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CHAPTERI
INTRODUCTION

1.1 Introduction

Sediment plays a significant role in the transportation of heavy metal
pollutants through a river system. It can be used to assess the metal contamination in
natural waters. This is because the sedimeni-acedmulated more heavy metals than the
water. Sediment itself acts as a transport"er and a possible source of pollution. Because
of heavy metals are not permanenily fixed to them. Sediment allows the metals to be
released back into the water body whengver water chemical properties have changed,
such as salinity, redox conditions, pH,-organic chelators (Furstner, 1985).

Cadmium wasfirst disecovered in f817 as a by-product of zinc refining process
in Germany (De Voogt;1980)..The minin(:g_ wastes have not only been having adverse
effects on the ecology butalsoe human heall't_:h.":Heavy metals from ore processing and
open-cast mine can be dispéersed- into the ea_-v-irgnment within a radius of 8 to 12 km.
Moreover, irrigation water can take hea_\Zy_ |;_netals to arable land up to several
kilometers away (Kalandadze, 2003). In Thailaﬁd, the richiest source of zinc is located
in Mae Sot district, fak province. Zinc mining has been in operation by several
companies for more than 30 years (Simmons et al., 2003). Since 1982, this area has
been producing an average.of 160,000 tons,of zinc, which are supplied to various
industries (Department of Primary Industry and Mines, 2006).

In Thailand, Mae Sot district was reported as the biggest source of zinc
minerals; and “many ., mining-. activities “were, ‘performed “by<.several companies.
(Unhalekhaka and Kositanont, 2008). Cadmium usually occurs in association with
zinc ore and released as by-product of zinc mining. People have been faced with
cadmium contamination in the agricultural system. Cadmium is not only found in soil
surrounding the zinc mine areas but also detected in water and agricultural products
(e.q., rice, garlic, and soybeans). Agricultural area, located within Phatat Pha Daeng
sub-district, receives irrigation from Mae Tao Creek which passes through active

mines. From extensive survey in 2001-2002, rice from this agricultural area contains



cadmium concentrations from 0.05 to 7.7 mg of Cd per kg of rice. Over 90% of the
rice grain samples collected had concentrations exceeding the Codex Committee on
Food Additives and Contaminants (maximum level for cadmium in rice grain of 0.2
mg of Cd per kg of rice grain). From a public health perspective, an estimation of the
weekly intake values ranged from 20 to 82 pug Cd per kg of body weight for rice
consumption. Therefore, people in this area have confronted a significant health risk
(Simmons et al., 2005). For this reason, in 2004, the Royal Thai Government declared
prohibition of rice cultivation in this area and. had to recompense for the local
agriculturists about 100 million-baht per year..Concurrently, the Ministry of Natural
Resources and the Environment bought and destroyed 130 tons of cadmium-
contaminated rice. At the same time, the mining companies agreed to provide a 1.1
million baht recompensation,” even -though there was no decisive evidence to
indicating that the cadmium contaminatioh came from mining activities.

As mentioned abeve, agricultural ‘préduction in Mae Sot has been seemingly
oppressed by cadmium contamination. Although the cadmium concentration is higher
in soil than sediment, potential mebility of'tﬁe Nsﬁoil IS less. Mae Tao subcatchment was
selected as the study area to demenstrate the 'brocesses that play significant role in
transport of cadmium, This sttidy will focus on temporal variation of hydrodynamic in
order to assess the mobtiity-of cadmium-associated with-the bed load and suspended
sediment in Mae Tao Creek. A numerical model, MIKE 11, can simulate flow, water
level and sediment transport in river (Andersen et al., 2006)

Therefore, IMIKE 11 wascusednin=this istudy-tossimulate the processes of
cadmium contaminated transport. MIKE 11 is also capable to simulate the processes
of bed sediment. transport,.which.is expected to be*the main.mechanism of cadmium

transport inthe area.

1.2 Objectives of the study

e To demonstrate the cadmium contaminated sediment transport via bed load and

suspended sediment in Mae Tao Creek, Mae Sot district, Tak province.



e To identify the processes that play significant role in the transport of cadmium in

the study area.

1.3 Hypotheses

e The dominating transport process of cadmium contaminated sediment in Mae Tao

Creek varies due to the dynamic change0f:hydrological characteristics.
1.4 Scope of study

e The study focusesson total cadmium accumulated in bed load and suspended

sediment.

e Bed load and suspended sediment samples were collected from ten stations of
field surveys and analyzed triplicate atthe laboratory

S

e Bed load and suspended sediment samp_li-ésrwere collected and analyzed two times
to determine the-effects of both the wet and dry seasons.

e Topography and metrological data were reviewed from the government sectors.

e Comparisons sbetween- thes transport-processes ~of ~bed. load and suspended
sediment ‘were.. made £fo identify the most significant: process of cadmium
transport.

e The!study use "MIKE' 11 ‘model “to simulate ‘the“hydrotlynamic system and
sediment transport in Mae Tao Creek.

e The model will be verified with the observed water depth that was record daily at
station 1 and station 4.



1.5 Expected outcome

The accumulated cadmium transfer values due to sediment transport during
both the wet and dry seasons are expected.

AULINENINYINT
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CHAPTER Il
THEORETICAL BACKGROUNDS
AND LITERATURE REVIEWS

2.1 The study area

The study area is located in Mae Soirdistrict, which contains zinc and the

largest zinc mine of the country. It also-has been-agricultural producing area.

2.1.1 Location

Mae Sot district, Tak province, which located on the Thai-Myanmar border, is
hidden in mountainous area. The study area is situated between 16° 42°47” N latitude
and 98° 34’ 29” E longitude; it is approg(_imately 11 km southeast of Mae Sot and
about 500 km north of Bangkok. Mae Sot cq'ntaéins 10 sub-districts: Mae Sot, Mae Ku,
Phawo, Mae Tao, Mae Kasa, Tha Sali Luza_'tf;"M.ahawan, Dan Mae La Mao and Phra
That Pha Daeng. Mae Sot is _characterized 'vas-_a tropical savanna. There are three
seasons: summer, from March to May; the raing/ season, from June until October; and

winter, from November through to February (Kaowichakarn, 2006).

2.1.2 Hydrology

Mae Sot.can bedivided'into-seven subcatchments, namely, Luang Creek, Pong
Creek, Mae Tao Creek, Mae Ku_Creek, Mae KuLuang Creek, 'Phak La Creek and
Mae Paen Creek, whieh| are shown dn Figure 2¢1 Streams inithe area are mostly
running westwards to the low land areas and discharged into Mae Moei River
(Kaowichakorn, 2006). The drainage in the study area is dendrite pattern, which is
characterized by the distribution streams resembling the veins of a leaf. This
agricultural area is customarily influenced by the floods occurring during the rainy

season (Maneewong, 2005).

Mae Tao Creek, approximately 25 kilometers long, flows through and directly

receives runoff from the zinc deposit. The sediment that discharges to hill slopes,



foothills, and alluvial plains are eroded from country rocks and the soil cover of the
hilly area including the areas where zinc is located. The alluvial plain, which contains
many villages, is normally used for growing agriculture. The creek moves westward
and supplies the Mae Moei River (Maneewong, 2005). At the same time, some
mining activity areas of the Padaeng Industry Public Company Limited take part in
the Mae Tao subcatchment area (Srisathit, 2004).

100 0 00
" re

re 2 Py

M) M0

Figure 2-1 S(ﬁ; sub-catchments belonging to Mae Moei Basin of Mae Sot area
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Cadmium is a soft, silvery-white, lustrous, but tarnishable metal with an
oxidation state of +2. It has a melting point of 320.9 °C and boiling point of 765 °C
and a relatively high vapor pressure Moreover, its environmental behavior resembles
that of zinc, and it therefore occurs naturally in almost all zinc ores by isomorphous
replacement. Cadmium is a relatively rare element, and generally present at an

average concentration of about 0.15-0.2 mg/kg in the earth crust. It is a cumulative



toxic element with a biological half-life in the human body of 16-33 years (WHO,
1982). Cadmium exists everywhere in nature (the air, water, soil, and foodstuff). It is
not naturally found in its pure state but is usually present in association with other
elements, such as oxygen, sulfur, or chlorine. The solubility of cadmium in water is
influenced by the pH of the water: high acidity in water can be dissolved cadmium
from sediment-bound (Ghinwa and Volesky, 2009).

Cadmium most generally present An small quantities associated with zinc,
copper, and lead ores, such as greenockite (CdS).and sphalerite (ZnS), it is mainly
gained as a by-productin-treatment process—of zinc copper and lead ores.
Carbonaceous shales, formed~tnder the reducing condition, are sedimentary rock
types that normally contain high cadmium contents. Cadmium is used largely in
rechargeable nickel-cadmitim batteries, . pigments, stabilizers in plastics, and
protective plating for metals'(Plachy, 2001').

The need to detegming the cadmiuh_] Tevels in suspended matter and sediments
in order to assess the degree of contamination of a water body has been identified.
The concentration of cadmium in unpolluted fresh water is generally less than 0.001
mg/L; the concentration of cadimitim in seawater averages about 0.00015 mg/L.
(Ghinwa and Volesky, 2009). Inh general, cadmiuimsis released into the environment
about 25,000 tons peryear.-About-haif of this-cadmium is released into the rivers by
the weathering of rocks and some cadmium is released into air through forest fires and
volcanoes. Additionally, the mining of zinc and lead ores, and manufacturing of
phosphorus fertilizers have beenithe main.sources of industrial:-cadmium emissions to
the environment, (Oliver-et al., 1994). Sources of cadmium emission to soil are shown
in Table 2-1.



Table 2-1 Sources of cadmium emission to soil (ICdA, 2010)

Categories Activities

Atmospheric deposition

Inputs to agricultural soils Sewage sludge application

Phosphate fertilizer application

Iron and steel industry

Nen-ferrous metals production

Inputs to non-agricultural soils : :
Fossil fuel combustion

Cement manufacture

Disposal of spent cadmium-containing products

Non-eadmium containing products, which may

Depositions in controlled dandfill 1 9 "
contain cadmium impurities

. Naturally-occurring wastes

Cadmium in the €nvironment is a_;.g_réat source of concern due to its toxic
effects to animals and humans. Cadmium Eﬁatlj.-accumulates in plants is not toxic to
them, yet it is toxic to the animals eating the plants. It is especially harmful to humans
because humans have longevity and it accumulates the organs (Tudoreanu and
Phillips, 2004). The{ong-term consumption of cadmium-in contaminated food may
result in chronic and-acute human cadmium diseases.. The effects of accumulated
cadmium intake can also' manifest as high blood-pressure, liver disease, and nerve or
brain damage. Symptoms @f acute effects include pulmonary edema, headaches,
nausea, vomiting, chills, weakness, and diarrhea (Nogawa and Kido, 1993). Chronic
effect known as “Itai-Itai” in Japan s/ specifically associated with a form of
osteomalacia, a proximal tubular renal dysfunction (Tohyama et al., 1982).

In Thailand, Hazardous Substances Acts, B.E. 2535 (1992) classified
cadmium as the third category of hazardous substances. The owners of the hazard
substances that are produced, imported, exported have to request for permit from The
Department of Industrial Works. The standards of cadmium concentration in the

environment are shown in Table 2-2




Table 2-2 Cadmium concentration in Water Quality Standards, Thai environmental
regulations (PCD, 2009)

Surface Water Quality Standards c%tssfniigt?;rfa(ﬁrg/irﬂg)
Hardness < 100 mg/L of CaCO3 5}
Hardness > 100 mg/L of CaCO3 50
Coastal Water Quality Standards 5
Groundwater Quality Standards 3
Ground Water Quality Standards for Drinking Purpoeses 0-10
Drinking Water Quality Standards 0-10
Bottled Drinking Water Quality Standard 5
Appropriated Water Quality Griteria for Aquatic Living 1
Industrial Effluent Standard'sl; 30
Water Characteristics Discharged into Irridajtion System 30
Water Characteristics Disgharged into Dl‘e*ep, Wells 100

e 5t A d

2.3 Information on cadmium in Mae Sot district

The dominant agricultural products in Mae Tao are paddy rice and soybeans.
The agricultural area of over 3000 hectares receives irrigation water from Mae Tao
Creek, which passes through azing deposit:zanel (Simmons, et:al., 2009) (see Table2-
3). Rice samples from household™ storage were detected. The average cadmium
concentration. in, rice samples.was 1.33, mg, Cd/Kg" rice, which 91%, of rice samples
exceeded Codex' Committee 6n Food-Additives and Contaminants of 0.2 mg Cd/kg
rice (Padungtod et al., 2006). The soil in the study area was found to contain cadmium
concentrations in the range of 0.5 to 280 mg Cd /kg soil, while the normal Thai
background concentrations are between 0.002 to 0.141 mg Cd /kg soil (Simmons et
al., 2009). Thereby, the Thai Investigation Level for cadmium is 0.15 mg Cd /kg of
soil (Zarcinas et al., 2004).
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Table 2-3 Measured parameters of the contaminated area in Mae Sot (Simmons et

al., 2009)
Parameter Measured values Unit
Soil pH 5.4107.68 -
Organic carbon remaining 1.86 £0.0168 %
Clay content 15.5t046.8 %
DTPA-extractable cadmium concentration 0.494 t0 31.92 mg/kg

Department of Pollution Cantrol reported asignificant difference of cadmium
concentration in sediments sampled alang Mae Tao Creek (Table 2-4). The results
showed that that cadmium coni@mination in Mae Tao Creek could be affected from

zinc mining activity.

Table 2-4 Cadmium concgntration found in sediment of Mae Sot district Mae Tao
Creek by Department of Pollution Control (2004) (Padungtod et al.,

20086). L
Location along Mag Tdo Creek . con(c;gtgag}oKng iSnO?I(;diment
Tham Sue vitlage (creek origin) 0.5

Zinc mining area 82 — 326
Small dam near Zine mining area 80104
Towards the endl of creek 44 — 63

Maneewong (2005)" found ‘that bed load and" suspended-sediment from Mae
Tao Creek contained the higher concentrations of cadmium than those of Mae Ku
Creek and Nong Khieo Creek, as show in Table 2-5. In the study, cadmium and zinc
in the water samples could not be detected by ICP, while the Department of Water
Resource proved that the cadmium level in the water from the study area was lower
than the standard level. The results revealed that cadmium and zinc in the study area
were not in their soluble forms, due to the natural pH of the water is about 7.0-8.5.

The soluble forms of cadmium decrease as a water pH increase.
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Table 2-5 Average total concentrations of cadmium, zinc, and their ratios in bed load
and suspended sediment from Mae Tao Creek, Mae Ku Creek, and Nong
Khieo Creek (Maneewong, 2005)

Total Cd Total Zn Average ratio of
Creek concentration concentration C%'Zn
(mg/kg) (mg/kg) '
Suspended sediment
Mae Tao 18.27 7,767.14 0.0023
Mae Ku vt 7,722.99 0.001
Nong Khieo 632 6,232.97 0.1
Bed load
Mae Tao Sy 335 4 1,231.47+10.76 0.03
Mae Ku 7894001 316.55+3.66 0.025
Nong Khieo 5.67+0.10 63.08+0.84 0.9

Karoonmakphol  and Chaiwiwati;\(qrakul (2010) measured cadmium
concentration in bed load from Mae Tao Créék.ljfbadmium concentration at station 5, 9
and 10, represents cadmium at upstream pérf of Mae Tao. left, Mae Tao right, Mae
Tao Creek (main) respectively;indicated that-cadmium cloud exist naturally in very
low concentration. However, the concentration at station 6 and 4 signified that
cadmium concentration increase through the zinc mine area. Stationl, located
downstream of-the Mae| Tao subcatchmant, has the highest<cadmium concentration
(see Table 2-6).

Furthermore, from.the.7,697, persans, surveyed in Mae.Sot, 54.4% had urinary
cadmium levels' =32 ug/g' creatining,“which 4.9%" were between-5 and 10 pg/g
creatinine and 2.3% were > 10 pg/g. In persons without excessive exposure to
cadmium, urinary cadmium excretion is usually < 2 pg/g creatinine (Department of
Health and Human Services, 1999). Consequently, people may face possible renal
damage and urinary calculus caused by their consumption of cadmium contaminated

rice and water over a long period of time (Swaddiwudhipong et al., 2007).
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Table 2-6 Average total concentrations of cadmium bed load from Mae Tao Creek
(Karoonmakphol, 2009)

Station Northing Easting [Cadmium co_ncentration in be_d load
(m) (m) (img of cadmium per kg of sediment)
1 1843017 457998 33.93+1.35
2 1843330 459400 13.34+0.74
3 1843034 461274 06.07+0.12
4 1843110 461376 28.79%9.46
5 1843286 461438 LD
6 1842870 462046 15.05+1.21
7 1842718 465638 01.12+0.04
8 1842750 466937~ 01.45+0.28
9 1842559 467228 \ 01.35+0.39
10 1842736 467088 .k & LD

*LD = lower than detection limit of the Flame atomic absorption spectroscopy

2.4 Model Selection

Hydrologic models represent actual hydrologic systems. They can be used to
predict hydrologic responses and study the function and-interaction among the various
components (Brooks et al421991). The goal‘of hydrologic modeling are to estimate
the distribution and’ movement of surface water, underground water, the water’s
quantity stored in the soil and in water system and their exchange. Changes in rates
and quantities overtime of the camponents can also be estimated (Dingman, 2002).

The suitable model was selected based on the following considerations: the
required model outputs important to the project; the hydrologic processes that can
estimate the desired outputs adequately; the available input data; and the price
limitations as defined by the investment in the project (Cunderlik, 2003).

MIKE 11 is a fully dynamic, unsteady models, with highly accurate hydraulic
modelling methods (Kamel, A.H., 2008). It can used as a tool for detail analysis,

desige, management and operation for complex chanel system. MIKE 11 also provide
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a complete and effective desige environment forengineering water resource and
planning application. For this reasons, MIKE 11 model was chosen to applied in this

study.
2.5 MIKE 11 model

MIKE 11 is a commercial engineering software package developed at the
Danish Hydraulic Institute (DHI). It can represent phenomena in a river system
including weirs, gates, -bridges, and-culveris;-as—it contains basic modules for
hydrodynamics, sediment tramspert, rainfall-runoff, advection-dispersion, and water
quality. v,
MIKE 11 performs one-dimensidnql dynamic modeling. MIKE 11 sloved the
Saint Venant equatioas (uSing kinemaﬁc, diffusive or fully dynamic, vertically
integrated mass and m@mentum equatic;bsﬁ, which can be computed numerically
between all grid points at spegific time intférvals for a given boundary condition. The
hydrodynamic module (HD), which is thé{tc_;qr.e of MIKE 11, employs an implicit,
finite difference computation Of uvnsteady ﬂO\;VS in rivers. In MIKE 11, a network
configuration depicts the rivers and ﬂob&ﬁh‘ms as a_.system of interconnected
branches. Water levels—(h)-and-discharges (Q) are calCulated at alternating points
along the river branches as a function of time. It operates on basic information from
the river and floodplain topography to include man-made features and boundary
conditions (Kamely A 2008):
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Figure 2-2 Channel section with cﬁ"prﬁputational grid (Kamel, A.H., 2008)

Due to the ‘Saint Venant"_'equatio;:r'.-which simulating the unsteady flows in
branched and looped river networks. The s@jﬁ"ons to the equations are based on the

v d

following assumptions - - -
e The water is incompressible and homogeneous

e The slope at the bottom is small, thus the cosine of the angle it makes with the

horizontal may be'taken as 1

e The wave lengths are large.compared to the water dépth, assuming that the

flow everywhere can be assumed to flow parallel to the bottom

® The flow iS sub-critical occurs when the actual water depth is greater than
critical depth. Subcritical flow is dominated by gravitational forces and

behaves in a slow or stable way.

There are two main modules for simulating sediment transport in channel
system including advection-dispersion module (AD), which is proper for cohesive
sediment such as silts and clays, and Sediment transport module (ST), which is

suitable for non- cohesive sediment such as gravels and sands.
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2.6 Unified Soil Classification (USC) System

The Unified Soil Classification (USC) System is a soil classification system
used in engineering and geology disciplines to describe the properties of a soil based
on the laboratory results of the grain size particles, the amounts of the various sizes
and the characteristics of the very fine grains. The Unified Soil Classification (USC)

”y)\ade up of the letters as stated below:

System is represented by a two-
(ASTM D 2487)

—

Suffix: Yo
e W =Wellmraded
T AEENENIweIng
-ANIMNTUNMINGAE

o L = Low plasticity; Liquid Limit <50%


http://en.wikipedia.org/wiki/Soil_classification
http://en.wikipedia.org/wiki/Engineering
http://en.wikipedia.org/wiki/Geology
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Table 2-7 Unified Soil Classification (USC) System (from ASTM D 2487)

o Group :
Major Divisions Typical Names
Symbol
Gravels oW Well-graded gravels and gravel-
50% or | Clean sand mixtures, little or no fines
more of | Gravels Al Poorly graded gravels and gravel-
course sand mixtures, little or no fines
fraction GM Siity  gravels,  gravel-sand-silt
retained | Gravels mixtures
Course- -
) ~jon with . Clayey gravels, gravel-sand-clay
Grained Soils f
the NO. 4 /Fines GG & mixtures
More than 50% | '
) sieve
retained :
Sands : \Well-graded sands and gravelly
on the No. 200 SWe, . ]
) 50% or /| Clean - | sands, little or no fines
sieve
more of | Sands & - Poorly graded sands and gravelly
course | sands, little or no fines
fraction SM ';Silty sands; sand-silt mixtures
Sands _
passes o Clayey sands, sand-clay mixtures
wi
the NG. 4 | SC
) Fines
sieve
N Inorganic-silts; very fine sands, rock
four, silty or clayey fine sands
Fine-Grained: Silts and-Clays [norganie, clays-of Jlow to medium
Soils Liquid'Limit 50% | CL plasticity;= gravellyfsandy/silty/lean
More than 50% | or less clays
passes oL Organic silts and organic silty clays
the No. 200 of low plasticity
sieve Silts and Clays Inorganic  silts, micaceous or
Liquid Limit MH diatomaceous fine sands or silts,

greater than 50%

elastic silts
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Group
Symbol

Typical Names

CH

Inorganic clays or high plasticity,
fat clays

Organic clays of medium to high
plasticity

Highly Organic Soils

AULINENINYINT

W N g organic soils
Sy O

Peat, muck, and other highly

¥

AU INYAE
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2.7 Literature Review

Cadmium

The problem on cadmium contamination in Mae Sot district, Tak province was
studied by many researchers (Zarcinas et al., (2003), Maneewong (2005), Simmons et
al., (2005), Unhalekhaka, and Kositanont (2008)). Zarcinas et al., (2003) determined
that the concentrations ranged from 0.5 to 284 mg/kg soil for cadmium and 100 to
8,036 mg/kg soil for zinc. Rice grain sampled from 524 fields contained cadmium
concentrations ranging from 0.05 to 7.2 mg/kg. Over 90% of the rice grain samples
contained cadmium coneentrations higher than 0.2 mg/kg, which is the proposed
maximum permissible«(MP)«level for rice grain by the Codex Committee on Food
Additives and Contaminants’(CCFAC). The research was confirmed the presence of
significant public health risks associatéd with  Cadmium intake by the local
communities. Simmons et aly; (2005) found that high eoncentrations of cadmium and
zinc accumulated in the rice grain and soil was assoclated with the irrigation supply to
fields. The cadmium and zine concentrations.of the soil in the area exceeded the EU
standard maximum permissible-fevel. ManééWBng (2005) collected 28 bed loads, 11
suspended sediments, and 11 water samples from Mae Tao Creek, Mae Ku Creek, and
Nong Khieo Creek (the control site). The resulis revealed-that cadmium and zinc in
the study area were net in their soluble forms, due to the natural pH of the water is
about 7.0-8.5. The study also reported that cadmiuntin bed load and suspended
sediment from-Mae ,Tao Creek.contained-maostly. extractable.forms. Therefore, the
distribution of‘cadmium-is occur'via'bed load and ‘suspended sediment. Unhalekhaka,
and Kositanont (2008) studied cadmium distribution in Mae Tao Left creek, Mae Tao
creek, Mae 'Ku creek and Nong/ -Khiao.creek. The results recommend that cadmium
source be at the upstream of Mae Tao creek (8.45 mg/kg soil) then causing the

cadmium accumulation downstream (22.5 mg/kg soil).

MIKE 11 Model
Several studies have been conducted using the MIKE 11 model in different
regions. Cheng, F. (2005) used MIKE 11 to study the short-term changes in channel

geometry, bed level profile and their relations with the sediment transport after dam
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removal at St. John Dam, north central Ohio, USA. The researcher suggested that
MIKE 11 predicts reliable in both hydrodynamic and sediment transport results. The
hydrodynamic module simulated that water level in the reservoir continued to
decrease at upstream and increased immediately at downstream after the removal. The
hydrodynamic model also simulated the attenuation of the wave generated from the
dam removal, which the peak of the flood wave was retarded. Moreover, the total of
sediment distributed out from the reservoir after 10 months of removal was
approximately 5 x 10° m*. The bed level profile.after dam removal shown that The
bed level downstream of the-dam showed a 20-em-aggradations at 1.8 km below the
dam and bed level increase.average of 10 cm increase from the dam to 2.1 km
downstream. Bed level does'noi change at further downstream. In addition, sensitivity
analysis was tested on'sediment grain-size of 0.5 mm and 1 mm using Engelund and
Hasen’s model. The resultsindicated-the model was strongly dependent on sediment
grain size, which the smallegr grain size ha{é higher capability to transport than the
bigger size. Tarakemeh et als; (2007) 'e'mployed MIKE 11 to investigate the
contaminant transport of Acid Reck Draih‘ége on Dee River, Mount Morgan mine,
Australia. Simulation was dore with di'-fféFent weather condition to assessed
management options, to _minimize the risk of uneentrolled discharge into natural
waterways. Kamel [(2008)developed-iMi<E 11 model fo simulated flow in the
Euphrates River in Irag. Available data are cross-sections, flow and stage hydrograph
in a time series format from field measurements. The study explained that the flow
simulated by MIKE 112 gave crediblecresultstduesto the-stage hydrograph evaluated
from MIKE 11 consistently matched with the observed stage hydrograph. Moreover,
The MIKE. 11 model was.checked the accuracy By comparing with the Uday model,
which was used for the'same ¢ross-Sections and: period. The simulated-of the shape of
the hydrograph, peak flow can be interpreted the MIKE 11 model gives better results.
Karoonmakphol and Chaiwiwatworakul (2010) evaluated the movement of cadmium
contamination caused by bed sediment transport in Mae Tao creek, Mae Sot district,
Thailand. The researchers implemented the MIKE SHE coupled with MIKE 11 for
determining the water depth, water discharge and sediment transport for the year
2009. Bed load in Mae Tao Creek was classified using the grain size distribution

method as composed primarily of sand-sized particles. The transport of bed load
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sediment was described by the Meyer-Peter and Muller model. The total sediment
transport at the downstream area in 2009 was equal to 24.522 m*® 99.77% occurred in
wet season and 0.23% take place in dry season. The researchers also computed
cadmium transport due to bed load transport in Mae Tao creek that was mainly occurs
during storm events. Approximately 1.599 kg of cadmium was transport out from
Mae Tao creek during 2009.

AULINENINYINT
AU INYAE



CHAPTER Il
METHODOLOGY

3.1 Data collection

The data required for the MIK include river geometry, time series of

water level and metrological dy‘area. The required data input was

supplemented from filed
—

government departmeV :

3.1.1 Topogr
The plan of the

ondary sources provided from

data map which belong i
(Figure B-1, Appendi
shown in Figure 3-1. T

sections at ten stations of t

3
B

RRERREERED
EE888L88
£g88

Undefined Value

460000 465000 470000

Figure 3-1 Topography of Mae Tao Creek area
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3.1.2 Meteorological data

Evaporation and precipitation of Mae Tao watershed were obtained from Mae
sot meteorological station, the Thai Meteorological Department (TMD). Mae sot
meteorological station located at Tha Sai Luat Subdistrict, Mae sot District
UTM Easting: 457098, UTM Northing: 1841791.

3.2 Filed observation

Ten sampling stattons along Mae Tao-Creek were designated to represent
various anthropogenic uses.of the creek water, particularly agricultural and mining
uses. Figure 3-2 shows chaﬁon of the séllected stations along Mae Tao Creek. Station
1 is located at the doWﬁstream Stationm's receives converged water from Station 4,
which is located downsfream from the se?’ond mine (abandoned mine), and Station 5,
which receives water from: Mae Tao Létt Station 6 is located between two zinc
mines. Station 7 is located before entermg Z|nc deposit area. Station 8 receives water
from Station 9 and Station 10 Staf fon 9 and statlon 10 represented Mae Tao Right

and upstream of the main Mae TerU creek igpectlvely The positions of each station

- ; -.'f':'"-q -

are shown in Table 3+1.

r
=
- -

o

>z

Abandoned
mine

Mae Tao ( Right)

1:50,000 scale
----- Kilometers

Figure 3-2 The 10 stations along Mae Tao Creek and the two zinc mines.
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Table 3-1 Positions of the ten observation stations along Mae Tao Creek

Station Easting Northing
1 457998 1843017
2 459400 1843330
3 461274 1843034
4 461376 1843110
5 461438 1843286
6 462046 1842870
7 465638 1842718
8 466937 1842750
9 467978, 1842559
10 467088 1842736

3.2.1 Sample collection i ds

Two sample groups (bed load and s@é_pénded sediment) were collected for the
investigation along Mae Tao Creek. i

Bed load: Sample from the top layer (0-5 ecm) of sediment was collected in a
polyethylene container. Then, the water and sediment was mixed and allowed to drain
so that as much of the water.as possible was,removed (Maneewong, 2005).

Suspended sediment: Two liters of water-was collected at the center of the
stream to represent the suspended sediment and water supplied throughout the area
and allthe'stations.. The top of polyethylene container was turn tQupstream direction,
the disturbance of bad load do not adulterate in the bottle. Then, the two liters of
water was filter using a pre-weighed filter paper (GFC WATTMAN) combined with a
vacuumed pump. The residue retained on the filter was placed in a Petri dish
(Maneewong, 2005).
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3.2.2 Flow measurement

The velocity-area method is the most common method for estimating stream
flow. The velocity is the change from place to place along the stream; the stream flow
becomes slower at the sides and bottom, and faster on the surface. In field
measurements, accuracy is accomplished by measuring the mean velocity and flow
cross-sectional area of many augmentations across a channel. This method consists of
measuring both the area of the cross-section of the flow stream at a certain point (A)
by dividing the area into many sections wiih censtant intervals, and the average
velocity of the flow in that-eross-section (V).-Fhe flow rate is then calculated by
multiplying the area of the #low by its average velocity. The wide interval (W)
depends on the width of .the .€ross section and surveying time as shown in the

following figure.

W4 - B P W

i

Figure 3-2 The-area-velacity methad

A) Instruments
The following instruments.were used:

e Propeller type current meter
e Automatic leveler

e 3-4 m staff gauges

e Measuring tape

e Pegs



B) Methods

Velocity measurement

At each divided section of a cross-section, the water depth of each section was
determined. Then, the measuring level and mean velocity equations based on the
water depth at each measuring point was selected from Table 3-1. A propeller current
meter was set at certain measuring levels to calculate the average velocity of each

section. The amount and level for the velocity measurements will depend on the depth

of the water at that section (see Table 3-2).

Table 3-2 The relationship beiween the depth of water, the velocity measuring

level, and the meanwelocity of the section. (Leewatchanakul, 1998)

Depth of water / s &
Measuring-tevel o )
at each 4 Mean velocity in the section
) ) from'water surface
measuring point ¢ (m/s)
(m) 4
(m) .
<0.60 0.6D == Vosp (3l1)
— V V
0.60 — 1.00 0.2D7ANd0.8D1 4 . w (3.2)
Vo o042V 60+V
3.05-6.10 | = -0:2D:0:6D-and-0:8D = Z-6D+ 080 (3.3)
S 6.0 surface, 0.2D,0:6D," "V +3V, ,5+2Vo 6p+3Vogp+Va (3.4)
0.8D and bottom 10
D = flowdepth (m)
Vs =5 water veloeity at 0.3 m above bottom (m/s)
Vs = water velocity at 0.3 m below the surface (m/s)
Voo = Water velocity at 0.2 times the depth from water surface (m/s)
Voep = Water velocity at 0.6 times the depth from water surface (m/s)
Vosp= Water velocity at 0.8 times the depth from water surface (m/s)
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Cross section surveying method

For obtaining the physical data of the stream, cross-section surveying has been
selected to be used for hydrological surveying. The cross-section area was used for
stream changing analysis, hydraulic design, and the like.

Surveying of the cross sections will start at the known leveling point. The
depth of cross section was measured at constant intervals of width for analyzing and
plotting the cross-section area of each 'section before combining all cross-section
areas. Thus, the flow rate and average velaeity of the cross section was calculated by

the following equations:

A = At AGFAH. A (3.5)
Q = ALV+ AN+ AVt AV (3.6)
Va = % (3.7)
where

A = total cross-sectionarea .. (m?)

Ai = areaof sectign’i s (m?)

Vi = water veloeity of section i - (m/s)

Vo = average velocity of the cross-section (m/s)

Q = water discharge (m*/s)

3.2.3 Water depth
Water depthiat'Station 1 ‘was used as downstream botindary condition, while

another water depth data at Station 4 were used forsmodel calibration.
A) Instruments
The following instruments were used:
e Vertical staff gauge
e Bench mark
e Tilting dumpy level

e Booking
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B) Methods
Staff gauge, which is a vertical graduated marker, established to visually
estimate the water depth at Station 1 and Station 4. The water depth was daily record

from these two Stations. At Station 1, record three times (8 a.m., 1 p.m., 5 p.m.). At

Station 4, record two times (8 a.m., 5 p.m.)

Station 4

3.3.1 Sam%&ﬁ‘/
Bed load: Tje the sa oratom as soon as possible. Each

sample was sets in a tr@y and dehydrate t 105 °C for 24 hours. After that, the

e s A AR i

a fine powder using a mortar and pestle before belng analyzed.

amamm UANINYAY
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Crush to
fine powder

)

¥ ///
Dry at 105 °C for 24 hours _:;b o~ - (‘//

Figure 3-4 Sample prepa oc ration-procedufes for-5edload

Suspended se s

at 60 °C for 24 hours.

2 liters of water filtere with filter JHry at 60 °C for 24 hours

paper and vacuum pumﬂp

AU ANYNINGINS

Figure 3-5 Sample preparation procedure r suspended sedlment
mp|

WIASDIAUNNIINYAY

The grain size distribution was determined following ASTM C136-06, the
“Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates” and
ASTM D422-63, the “Standard Test Method for Particle-Size Analysis of Soils.”
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A) Instruments
e Sieves (No. 3/4”,3/8”, 4,10, 20, 35, 65, 100, 150 and 200)

e Automatic shaker
e Weighing apparatus

e Cleaning implements

B) Method X

The sediment from.eaeh Station Was welightafter being dehydrated and grinded
up. Each selected sieved(No..3/47, 3/8%, 4, 10, 20, 35, 65, 100, 150, and 200) also
weigh. The sieves, ranked by their meg‘h numbers, were placed onto the automatic
shaker. The mesh was stack from smalll_gtét to largest; in other words, the smallest
mesh (mesh no. 200) is at‘the'battom. Th'g sample fills to the top of the sieve set and
cover with the sieve lid. After allowing the shaker shake for around 30 min, each
sieve and sediment sample was weigh. Thgittgfal weight of the sediment after sieving
must check by comparing it with the total Wéight of the sample before sieving. If the
sediment loses more than 2% of its Weight,?h“g experiment was repeated because the
disappearance of that much sediment would seem t0o high. If the sample passing
sieve No. 200 is mere than 10%, hydrometer analysis-was preformed to acquire

results that are more aceurate.

C) Data Analysis
The retained weight of the sediment, percent passing, ,percent retained,
cumulative percentretained, caefficient of uniformity and-coefficient-of curvature are

calculate’from the following equations:

Cumulative Percent Retained =) (Percent Retained of all larger mesh sieve) (3.8)

Percent passing = 100%- Cumulative Percent Retained of that sieve mesh (3.9)
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3.3.3 Soil Classification

Classifications of the sediment from each station use the Unified Soil
Classification (USCS) method (ASTM D2487). Sieve No. 200 used as a tool for
classify each sediment as coarse-grained soil or fine-grained soil. If the percent of the
sample passing sieve No. 200 is less than 50%, the sample classified as having coarse-
grained particles, such as gravel (G) or sand (S). If the percent of the sample passing
sieve No. 200 is more than 50%, the sample classified as having fine-grained
particles, for example, inorganie silt (M), inarganie clay (C), organic silt or clay (O),
or peat (Pt). The coarse-grained particles classified-by the coarse fraction (CF), which
is the ratio defined by the following equation

|
C [ /% coarser than 4-mesh sieve

CF=—=/= . 3.10
F % coarser than 200-mesh sieve ( )

If the CF is less than 50%, the sarﬁ'plé was classified as sand (S), but if the CF
is greater than 50%, the sample will classify aS'graveI (G)

The fine-grained were categorized: usmg the plasticity chart shown in Figure
3-6, which is a plot of the plasticity index (PI) with regards to the liquid limit (LL).

Meanwhile, the A-line was determined by the equatlon below.
Pl =0.73 (LL-20) (3.11)
If the ratio‘between the L and: Pl 45 underthe”A-line;the sample is classified

as inorganic silty(M) or organic silt or clay (O). If the ratio between the LL and PI is

above the A-line, the sample was.classified as.inarganic clay (C).



Figure 3-6 Plasticity

3.4 Total Digestion
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e Flame atomic absorption spectroscopy (FLAAS)
e Glassware and others

Note: All laboratory glassware and plasticware was first cleaned with
deionized water and then with 10% nitric acid for at least 2 hours prior to

being rinsed again with deionized water before use.

B) Methods
Digestion

The dehydrated. sediment of each station is put through a sieved (65-mesh
sieve). Around 0.5 g (£0:01 g) oi sediment is place in"each of the PTFE vessels along
with 9 ml of 65% nitrigracidand 3 'ml d‘f hydrochlorie acid. The vessels are covered
with Teflon covers. Theaesselsthen plac;eﬂ;into a microwave system at 170 +5 °C for
8 minutes, and remain at 470/°C for another 7 minutes, after which time they cooled
down to room temperature ;Each cooled sa?nple filter using No. 5 Whatman disc filter
paper into a volumetric flask The filtered solution further dilutes to adjust the volume
to 50 ml before place into a polyethylene bo'gﬂé-.’.}The sample then ready to be analyzed
by Flame Atomic Absorption Speetroscopy. e

3.4.2 Suspended sediment (EPA method 3050B):

A) Materials and Instruments

e Hot plate

e 65% Nitric acid

e Hydrochloric acid

e 30% Hydrogen peroxide

e Standard cadmium concentration
e Deionized water

e Whatman disc filter paper No. 41

e GFAAS sample vessels
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e Polyethylene bottles
e Weighing apparatus
e Graphite furnace atomic absorption spectrometry (GFAAS)

e Glassware and others

Note: All laboratory glassware, and plasticware was first cleaned with
deionized water and then with 10% nitric acid for at least 2 hours prior to

being rinsed again with deionized water-before use.

B) Methods
Digestion )

The filtered papersplus residual is weight. Then 10 ml of 1:1 nitric acid mix
with the slurry and the sample cover Witﬁlwatch glass. Heat the sample to 95 £ 5 °C
for 10 to 15 minutes without boiling. Affe_r the sample cools down, add 5 ml of the
nitric acid concentration; then cover the sa.n'j'pl"é and refluxes for 30 minutes. If brown
fumes generate, indicating the oxidation of Ehg_. sample by nitric acid, this step was
repeated with the continual addition of 5 mTof the nitric acid concentration until no
brown fumes generate.. The solution allows '-to evaporéate to approximately 5 ml
without boiling or heat at 95 + 5 °C without boiling for 2/ hours. After allowing the
sample to again cool, 2 ml of water and 3 ml of 30% hydrogen Peroxide mixed along
with 1 ml of 30% Hydrogen peroxide at,a. warm temperature until the generated
sample’s appeatance remained unchanged. Heat the sample until the volume reduces
to about 5 mlor heat at 95+5 °C without boiling for 2 hours. Then, 10 ml of
hydrochlori¢acid added and reflgx at 95 £5°°Cforl5 minutes: Then; the digestate fill
through Whatman No. 41 filter paper (or equivalent) and collect the filtrate in a 25 ml
volumetric flask. Make to volume of 25 ml and the solution was analyzed by

(GFAAS).



34

3.5 Cadmium distribution

To investigate the distribution of the cadmium concentration that accumulated
in different size of bed load, bed load from wet season samples were sieved with sieve
No. 65, 100, 150 and 200 (0.231- mm, 0.150- mm, 0.100- mm and 0.075-mm mesh
openings respectively).

A) Instruments

e Sieves (No. 65, 100, 150 and 200)

e Automatic shaker
e Weighing apparatts
e Cleaning implemenis

B) Methods ,

The sieves weresanked from-smallest to largest and placed onto the automatic
shaker. The sample fills to the top of the_si'eil-e set and cover with the sieve lid and
shake for around 30 min. Then, bed load :s:a“rqples that remain on each were digest
follow EPA method 3051. Cadmium cqnceﬁtration were calculate by weighted

average in which each, quantity to be averaged is assigneda weight.

3.6 Sensitivity analysis

Parameters and processes that play significant role in hydrodynamic model
were determined by .sensitivity<analysist The, methodaologyof ‘sensitivity analysis
followed:Lenhart et al. (2002) method. Sensitivity index (T) was calCulated to express
the model parameter sensitivity as shown in Eq. (3.12). It is a ratio between relative

changes of model output affected from change of model parameter.
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Figure 3-7 Representati /e between o 3 nd parameter X
(3.12)
(3.13)
(3.14)
Where I
X0
yO IIIIIIIIIIIIIII
N

model output calculates with x5,
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Table 3-% Sensitivity classes (Lenhart et al., 2002)

Class Sensitivity index (1) Sensitivity
I 0.00 < |I| <0.05 Small to negligible
I 0.05 < |Il <0.20 Medium
" 0.20 < |I] <1.00 High

v [I] = 1.00 Very high
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In this research, the sensitivity of water discharge and velocity to changes in
the parameters was analyzed. The parameters used (x) that were used for sensitivity
analysis consists of;

e The bed resistance
e The surface and the root zone parameters

e The ground water parameters

The parameters affecting water dise¢harge and velocity were studied. The Ax

was assumed equal to 50 pereentage of parametera for every parameter except for the
bed resistance. The bedsresistance used x4 equal t0-0.025 and x, equal to 0.045,

which is the minimum «sand « maximum value of Manning'sn values for
small, natural streams.(top width/at flood stage < 30 m respectively (Chow, 1959).
The output (y) are accumulated dischargé | and average velocity in August 2010 due
to the highest precipitation” occurred -in this month for estimate the effect of
parameters change to wateg discharge and velogity respectively.

Parameters used in the surface é'hd"';ihe root zone are described below
(DHI 2009b,c) T

o Maximum water content in surface storage (Umax).

Represents the cumulative total water content of the interception storage (on
vegetation), surface depresstonstorage:andsstarage:in the uppermost layers (a few cm)
of the soil. Mpisture“intercepted-on" the “vegetation as well as water trapped in
depressions and in_the uppermaost, cultivated paft of the ground’is represented as
surface storage. Umax‘denotes thewpper limit ofthe amount ofiwater in the surface
storage. The amount of water in the surface storage is continuously diminished by
evaporative consumption as well as by horizontal leakage (interflow). When there is
maximum surface storage, some of the excess water will enter the streams as overland
flow, whereas the remainder is diverted as infiltration into the lower zone and

groundwater storage. Typically, values are between 10 - 20 mm.
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o Maximum water content in root zone storage (Lmax)

Represents the maximum soil moisture content in the root zone, which is
available for transpiration by vegetation. The soil moisture in the root zone, a soil
layer below the surface from which the vegetation can draw water for transpiration, is
represented as lower zone storage. Lmax denotes the upper limit of the amount of
water in this storage. Moisture in the lower zone storage is subject to consumptive
loss from transpiration. The moisture content.controls the amount of water that enters
the groundwater storage as recharge and the‘iaterflow and overland flow components.

Typically, values are between50 - 300-mm.

o Overland flew runoff coefficient (CQOF)

Determines the  division® of excess rainfall between overland flow and
infiltration. Values range between 0:0 and 1.0 \When the surface storage spills, i.e.
when U > Umax, the exgess water gives riée-to overland flow as well as to infiltration.
Overland flow runoff dengtes the part of th-e' excess Water that contributes to overland
flow. It is assumed to be proportignal to thé','iexgess water and to vary linearly with the

relative soil moisture content, L/Emax, of the fower zone storage.

COOF M TR 5 “tor  L/Lmax >TOF
QOF = L (3.15)
0 for L/Lmax <TOF
where

QOF = the overlandflow

CQOF = overland flow runoff coeffi€ient (0 < CQOF< 1)

Pn = thelexcessiwater

TOF = the threshold value for overland flow (0 < TOF < 1)

o Time constant for interflow (CKIF)

Determines the amount of interflow, which decreases with larger time
constants. Values in the range of 500-1000 hours are common. The interflow
contribution, QIF, is assumed to be proportional to the moisture content and to vary

linearly with the relative moisture content of the lower zone storage.
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(CKIF) 20§ for L/Lmax > TIF
QIF =140 for L/Lmax < TIF (3.16)
where
QIF = the interflow contribution
CKIF = the time constant for interflow
U = the moisture content
TIF = the root zone thresholdvalue for interflow (0 < TIF <1)

o Time constants fer routing overlandflow (CK1, 2)

Determines thesshape‘of hydrograph peaks. The routing takes place through
two linear reservoirs (serial connected)i‘, vyjth the same time constant (CK1=CK2).
High, sharp peaks are simulated with sniail time constants, whereas low peaks, at a
later time, are simulated with'large valueé]- of these parameters. Values in the range of
3 — 48 hours are commons The .interflowz"i_s routed through two linear reservoirs in
series with the same timé constant CK12. The overland flow routing is also based on
the linear reservoir concept but'with a variabﬁa't’i"me constant.

o Rootzene-threshold value forinter flow-(FIF)

Determines the-+elative value of the moisture content in the root zone

(L/Lmax) above whichrinterflow is generated.
The GroundWater-parametersare described 'below-(DHI 2009b,c).

o Roet zone thresheld value for ground water recharge (Tg)

Determines the relative value of the moisture content in the root zone
(L/Lmax) above which ground water recharge is generated. The main impact of
increasing TG is less recharge to the ground water storage. Threshold value range
between 0 and 70% of Lmax and the maximum value allowed is 0.99. The amount of
infiltrating water G recharging the groundwater storage depends on the soil moisture

content in the root zone



(Pn-QOF) === U for L/Lmax >TG
G=10 for L/Lmax <TG (3.16)
where
G = the amount of infiltrating water
TG = the root zone threshold value for groundwater recharge
(0<TG<1)
o Time constant for routing base flow (CKBF)
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Can be determined.dromethe hydrograph recession in dry periods. In rare cases,

the shape of the measuredsrecession changes to a slower recession after some time. To

simulate this, a second grotindwater reservoir may be included.

S

o Specificyield for the grou"n_d water storage (Sy)

Should be kept at'the default valued;éxéept for the special cases. This may be

required in riparian areas, for éxample, Whiefé.{,the outflow of ground water strongly

influences the seasonal variation of the Ievelé._i_n the surrounding rivers. Simulation of

ground water level variation requires values of the specific.yield Sy and of the ground

water outflow level ' GWLBFO, which may vary in time. Fhe value of Sy depends on

the soil type and may often be assessed from hydro-geological data, e.g. test pumping.

Typically, values of 0.01=0:20 for clay and 0.20-0.30 for sand are used.

(GWLBFO -GWL) Sy CKBF~! for GWL <GWLBFQ
BF=10 for " GWILY 3 GWEBFD (3.17)

where
BF = base flow
GWL = the groundwater table depth



40

o Maximum ground water depth causing base flow (GWLBFO)

The parameter GWLBFO can be interpreted as the distance between the
average ground level of the catchment to the water level of the river. Due to the
variation in the river water level throughout the year GWLBFO can be given a

significant

3.7 MIKE 11 (DHI,2009a;:2009b, 2009c)

Simulations divided iato.two steps. Firstly, the hydrodynamic in Mae Tao
Creek was simulated using MIKE 11 hydrodynamic maodel. The model was calibrated
with the observed water devel. Secondly,-the sediment transport module was utilized

for simulating sediment transport results By inputting the hydrodynamic results.

1) Hydrodynamics module L

There are two significant- equation series in the hydrodynamics module,

namely the continuity equation.and momentum equation.

(A) Continuity equation

9A 00
E a =(q (3.18)
where
A = CrosSiseCtion area (m?)
Q = Discharge (m3/s)
q = Lateral inflow per unit width (m?/s)
x = distance (ms)
t = time (s)

The continuity equation at grid point j time step n +%
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J J
— K 3.19
ot At (3.19)
(Qﬁﬁl +Q?+1>_<Q7f11+Q7—1>
0 2 2
¢ < (3.20)
Ox Axj+Ax; 41
where
At = (s)
Ax = (m)
(B) Moment
(3.21)
AM . .
—  represents per unit length - velocity
At - =
N
AM-U) m
represents MQmentum flux Momentum - velocity
E
E W“Taﬂﬁ%?ﬁumfa%ﬁﬁﬁﬁ
F - - -
e represents Friction force = Force due to bed resistance
FS - . . . . .
E represents Gravity force = Contribution in x-direction
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There are four main momentum equation selections: kinematic wave, diffusive

wave, fully dynamic wave, and higher order fully dynamic wave.
¢ Kinematic wave

This option is suitable for steep rivers, while both backwater effects and tidal
flows are not applicable. Thus, the momentum flux and pressure force terms are
ignored.

AM Ff F
e 3.22
At Ax Ax (3.22)

e Diffusive wave

This opiion s @applied for relatively steady backwater effects and
slowly propagating flood waves. "H"owever, tidal flows are not considered.

Thus, the momentum fluxterm is ignored.

AVE= AP —Ff . Fs
2T, i

F— (3.23)
At AKX TAX T AX

o Fully dynamic wave

This option suitable for fast transients, tidal flows, rapidly changing

backwater effects, and flood waves:

AM AM-U.) AP Ff Fe
Wl v i w RN 3.24
At Ax Ax Ax Ax ( )

e Higher order fully dynamic wave

Finally, this option is very similar to the fully dynamic wave option but is
more specific for steep channels.
AM _ AM-U) AP Ff | F

= _——— o 3.25
At Ax T Ax Ax T Ax ( )
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2) Sediment transport
The sediment transport module was added on, once the hydrodynamic model

was calibrated.

(A) Sediment continuity equation
The major equation for erosion, deposition, and transport of the non-cohesive
sediment module is the sediment continuity eguation, which is used for predicting bed

level changes.

Z—i+(1—e)w : Z—jzo (3.26)
S = (qb + qs) w (3.27)
where
s = sediment.iransport rate _ (m3/s)
t = time - (s)
w = channel width 7, (m)
x = longitudinal co-ordinaie : (m)
z = bed level - (m)
e = sediment porosity )
qQ = bed load transport rate (m3/s)
qs = suspended.sediment transport rate (m3/s)

(B) Wan Rijn model

In the %an Rijn transport models, three modes of particle motion are
distinguished: (1) srolling:-and/or-slidingaparticles,motion,; (2) <altating or hopping
particle motion, (3) suspended particle motion.” According to the relative magnitudes
of the bed shear velocity and the particle fall velocity. When the bed shear velocity
exceeds the fall velocity then sediment is transported as both suspended and bed load.
Bed load is considered to be transported by rolling and saltation and the rate is
described as a function of saltation height. The suspended load is determined from the
depth-integration of the product of the local concentration and flow velocity. The

reference concentration is determined from the bed load transport.



Bed Load (Rijn, 1984a)

qp = UpsOpCp

where
q, = bed load transport rate
Ups, = the product of particle velocity
6, = saltation height
cp = the bed load concentration
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(3.28)

Expressions for the pariicle veiocity and _saltation height were obtained by

numerically solving the_equatons of motion applied to a solitary particle. These

expressions are given in.i€rms of two dimensionless parameters which are considered

to adequately describe bedload transport.

D= dsg[ % g (3.29)
o
i) ) (3.30)
(! f',c’r.‘)"-;- .
where
D~ = the diménsionless particle diameter
Dso = the diameter of which 50% are finer
u'y = the bed shear.velocity, related to grains
Wper = Shields eritical bed shear velocity:
T = transport stage parameter
(P defingd,so that the"influence of bed forms is eliminated since form drag
does not contribute to bed load transport given by:
Wy =y (3.31)

where

the mean flow velocity

Chezy's coefficient related to skin friction, expressed as:
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' R
C =10log (%) (3.32)
where
R = the hydraulic radius (or resistance radius) related to the bed
3dgg = considered to be th Wughness height of the plane bed
The following ex ions were eted/ﬁr particle velocity and saltation
height by applying the ' article:
(3.33)
where
Ups = the mea
This expression err;;;f_1 i:' expressing the computed particle velocity
as a function of flow conditions &nd sedime 2 (D+). A particle mobility, w,, was
then defined as: AT N

m p m (3.34)
e B 44 T 1
ARIANTBRRTINGINY

An expression for the bed load concentration, c;, is obtained from a

rearrangement of Equation (3.22):

cp, =bg, (3.36)
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Extensive analysis of flume measurements of bed load transport yielded the

following expression for the bed load concentration:

% =018~ (3.37)

where

a&) gives the following expression
———

(3.38)

or from Equation :

(3.39)

This relationship is valic nae 0.2 to 2
10 tor particles in the range. %

Z

o BTN IEI YA S crmcsi

determined from the bed load tramsport. Thus the reference cencentration (c,) is

descrived & lnelonlof te iensiiés partieleldlater 3afdransport sag

paramettﬂ' T:
1
(s=1Dg]3
D, = ds, [ — 9]3 (3.40)
L N2/, 2
T = Mﬁi (3.41)
(u f.cr)
where
u', =  the bed shear velocity related to the grains
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u'se = thecritical bed shear velocity

The reference concentration is defined for a reference level (a) below which
all sediment is considered to be transported as bed load. The reference level is

approximated by:

a = 0.5H (3.42)
where
H = the (known) bed form height
a=Kk (3.43)
where
k = the equivalent sand roughness when the bed form dimensions are

unknown or a minimum valug of
by 0..01_D (3.44)
where i h

D = waterdepth

The reference concentration is defined from :

qp = CpUpsOp = C U,a (3.45)
where
¢, =  the bed concentration,
Ups = the velocity of bed load particles
Op nrF the seltation height
u, = the effective particle velocity at reference level a. It is expressed as:
U, = AU

From an examination of flume and field data, the best agreement between
measured and computed concentration profile for all data was obtained for a, = 2.3
(Rijn, 1984b). Combining this value with the expressions for §, and ¢, (as functions

of D~and T) the following expression is obtained:
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d50 Tl

¢, = 0,0015—==
D?3

(3.46)

The representative particle size of suspended load is generally finer than that
of bed load. Van Rijn relates this particle size, d, to the ds, and geometric standard

deviation, o, of the bed material:

s =9 4 0,011GL="D( — 25) for T < 25 (3.47)
50
in which gy is given by:
L% dgy dso
v, =05 (dso dw) (3.48)

This d, value is then used to€alculate fall;\/elocity according to equation:

1, (sggd? -
18

If -fo'i* d <01mm
_ I $50.5 '_-"!._
w= 4' v { + 20gF LB F s ] = 1} Jor 0,1mm <d<10mm (3.49)

V2

1,1[(s = l)gd](_"_?_for 1,0mm <d

The threshold_for the initiation of suspension can be/determined from the

actual flow conditions. Using the overall bed shear stress u the criterion implemented

in the van Rijn model becomes:

Yr _Lx
" ds,forl < d, <10 (3.50)
and
—£'=70,4, for 10 < d, (3.51)

w

In describing the suspended load transport, van Rijn defines a suspension
parameter Z which expresses the influence of the upward turbulent fluid forces and

the downward gravitational forces. Z is defined as:
w

Brxu f

(3.52)
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where
ur = the overall bed shear velocity
K = von Karman's constant
B = acoefficient related to the diffusion of sediment particles

An expression for B was derived as:
/3—1+2[—]2f001<—w<1 3.53
™ L, u'f ( . )

Many factors affect the suspension parameter Z, e.g. volume occupied by
particles, reduction of Jall wvelacity an('j damping of turbulence. These effects are
grouped into a single eorrection facto[j"y, which is used to define a modified
suspension number Z as shown:
o= 2t (3.54)

1 was found to be a function of'the- main hygr'at'ulic parameters:

Wr=2:5 L]O'S [C—“]M | (3.55)

u' s ¢
where
c = the maximum, bed concentration (found to be 0.65)
The suspended load(g.) is found as the integral of the current velocity (u) and

the concentration of suspended sediment (c):

qs = [, cudy (3.56)
where
a = the thickness of the bed layer which can be approximated by 2 d
d = the grain diameter (mm)

D = theflow depth (m)
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The current velocity u at a distance y above bed level is described by the

logarithmic velocity profile:

u=25uln (3°y ) (3.57)
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The concentration is calc i Jance wi ncentration profile:

(3.58)

y above bed)

=  the sett@g ve
By combining tpe expression descrlblng the velocity and concentration

profiles (Equﬁ%g@rwe ﬁ)wmjwﬁ é‘Tiﬂs?r Z and y (Equations

(3.51)and (3 van e following expressmn

AR mnm&mn NEIAY 350)

in which F is given by:

B 550
[1—%]2 [1,2-2']
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©) Additional equations
Relative density or specific gravity of sediment

P sediment

o (3.61)
where
Psediment = (kg/m®)
Pwater = (kg/m?)

The sedimen he models and cadmium

concentration in the b ent were calculated to evaluate

cadmium transport rate i { sed nent ( mgtheequatlon below.

Cadmium transport rate = [( o5) % (€Al ] + 1. (Sss % pss) X [Cdlss] (3.62)

where o \ f

S,4 = e a.-.f.;,....g;.;‘—.....-.':..—.=V (m3/d)
S.. = a ‘ (m? /d)
Dss d nS|ty of suspended sediment (kg/m?3)

’;:;z]bd ﬂ ugaEsNgans o

cadmium conéentration in suspended sediment (mg/kg)

QW?ﬂ\ﬂﬂiﬂJ AA1INLIaE



CHAPTER IV
RESULTS AND DISCUSSTION

4.1 Field observation results

4.1.1 Hydraulic conditions

The hydraulic conditions along Mae }ao Creek are presented in Table 4-1.
The flow measurement results were computed using the area-velocity method, while
the cross-section profile'of each-station is displayed in"Figures A-1 to A-10, Appendix
A' |

From field observation,/Mao Tao. C;,reek were found two connection points as
shown in Figure 3-2. First connection péint was Station 8, which connect between
Station 10 (main creek of Mae Tao) and Sta'fion 9 (Mae Tao Creek (Right)). Another
point was Station 3, whichl connect between Station 4 (main creek of Mae Tao) and
Station 5 (Mae Tao Creek (Left)). Mention'f!oir Qischarge balancing, water discharge at
Station 8 was approximately equal-to sumrhaﬁbn of water discharge from Station 9
and Station 10. Similarly, water discharge'ét"S{ation 3 was proximately equal to the
total discharge at Statien-4-and-Station-5—However-water flow at Station 5 does not
occurred on the date of observation. The water discharge at Station 4 was lower than
Station 6; this may have been cause by the supply of water for agricultural irrigation
was take place-between Station/6 andsStations4 s The weather-during the observation
period was sunny with'cloudy periods

Precipitation in_the catchment varies_substantially in térms of timing and
amount."Most of the precipitation in'the-Mae Tao Basin generally occurs from May to
October. During the simulation period (May 2010 to February 2011), the average
daily precipitation value was 6.2 mm, and the maximum daily value of 104.8 mm was
recorded on July 1%. Meanwhile, the average daily evaporation amount was 4.7 mm,
and the maximum daily amount of 12.6 mm was record on July 2™. Precipitation and

evaporation rates from January 2010 to February 2011 are presented in Appendix C.
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Table 4-1 Flow measurement results from the 10 stations

. Date Water Chgnnel Cro.ss- Avera}ge .Water
Station surveyed depth width sectlzon velocity dlscr;arge
(m) (m) (m9) (m/s) (m°/s)
1 5 April 10 0.200 6.40 0.81 0.169 0.137
2 5 April 10 0.250 8.60 1.42 0.151 0.215
3 6 April 10 0.400 8.15 1.77 0.089 0.157
4 6 April 10 0.300 7.10 2.01 0.084 0.168
5 6 April 10 - & - - - 0
6 7 April 10 0750 9.20 4.72 0.072 0.341
7 6 April'10 0.200 | 7.70 0.62 0.466 0.289
8 6 April'10 0:250 2|4 ' 3.80 0.59 0.439 0.256
9 6 April 10 0.200 | ,3.10 0.61 0.203 0.124
10 6 April 10 0.300- = 3.10 0.73 0.184 0.134

Note: There was no flow at Station 5

4.1.2 Water quality results T

The pH of water affécr:trérmetal sollljl.f)iﬁt_y.: the higher the pH, the lower the
metal solubility. Thérv‘alues of water pH at all of the stations were slightly alkali (pH
= 7.86 to 8.35 in the dry season and 7.99 to 8.44 in the wet season). This type of
condition enhances thé present of insoluble form of badmium, thus hindering its
distribution threughoutthe body of-water (Waite and Moral, 1984). The pH values of
water samples from the ten stations in both the wet and the dry season are presented in
Table 4-2.




Table 4-2 The water pH at each station in the study area
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Station Wetilgason Dryg:a_'ason
1 8.27 +0.01 8.09 + 0.00
2 7.99 +0.01 8.07 +0.00
3 8.31+0.02 8.14 +0.04
4 8.44.+ 0.00 7.93 +0.02
5 8.02 + 0,05 8.03 +0.04
6 8.34 +0.01 8.35 +0.00
7 826+ 0.01 8.29 +0.00
8 824+ 0.12 8.22 +0.00
9 8.82.+10.01 8.17 +0.01
10 824+001 8.25 +0.01

4.2 Laboratory results

4.2.1 Total'eadmium and zinc in. fﬁ-é-.bed load

Ten bed load samples were collected from Mae Tao Creek during each of the
two seasons. Then, these samples were prepared for total cadmium and zinc analyses
based on EPA method 3051. Subsequently, all solution samples were measured by
flame atomic absorption * spectroscopy | (FLAAS). Tables ‘4:3 and 4-4 show the
analytical results'from the dry and wet seasons respectively.

Thejaverage-cadmiumeconeentratiangin-the-bed doadjranged from 0.90 to 38.83
mg of cadmium per Kg of bed load in the dry season~and 1.54"to 25.14 mg of
cadmium per kg of bed load in the wet season. The average zinc concentrations in the
bed load were ranged from 80.10 to 3,140.56 mg of zinc per kg of bed load in dry
season and 24.62 to 2,694.03 mg of zinc per kg of bed load in wet season. The heavy
metal distribution compared during the wet and dry seasons show a similar trend.
Cadmium and zinc distribution increased after pass through the first mine, which

made evident by concentration measured at Station 7 and Station 6. In addition, the



cadmium concentrations continued to increase through to the second mine, which was

revealed by the cadmium concentration in the bed loads of Station 6 and Station 4.

Table 4-3 The Cd and Zn concentrations in the bed load in April 2010 (dry season)

AUEINENINYINg

Dry season
Total Cd Total Zn
Station concentration ncentration sD Cd/Zn
(mg of Cd per kg Zn per kg Ratio
of sediment) iment)

1 28.51 +435' 82111 +11.71 | 0.035
2 32.44 98{ | (N2 111 +50.74 |  0.012
8 38.83 10 314 +44.42 | 0.012
4 30.94 37028\ \2) +46.93 | 0.011
5 319 .06 |\ 4 3 359 |  0.019

6 { J‘I-d-d
12.1 3 ;:Qgg; i 7 +30.23 | 0.016
7 1.19 1008 1.89 +8.30 | 0.013

"FT':‘T;-.I T-r ] "

8 0.90 005 < 101.00 +11.88 |  0.009
9 07/ 286 | 0.015
10 A0 +563 | 0.021

ARIAN TN INYAE
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Table 4-4 The Cd and Zn concentrations in the bed load in October 2010 (wet season)

Wet season
Total Cd Total Zn
Station | concentration sD concentration sD Cd/Zn
(mg of Cd per kg (mg of Zn per kg Ratio
of sediment) of sediment)
1 17.36 +4.31 1,735.28 +111.78 |  0.010
2 18.29 +3.42 1,335.31 +215.28 0.014
3 11.08 +1.92 184 .85 +12.42 0.060
4 25.14 +5.33 2,694.03 +103.7 0.009
5.40 +/0.36 79.57 16.01 0.068
6 13.76 £141 4 4 133268 +86.80 |  0.010
7 1.54 £0.17 _ 26.01 +3.35 0.059
8 1.54 00804 \ 24.62 £16 | 0.062
9 1.54 1045 |7, 8740 +2.66 | 0.041
10 1.55 £006 | 1 5260 94 | 0029

4.2.2 Total cadmium and zinc in suspended sediment

Suspended sediment was collected and filter ffom two liter of water, dry
weight of suspended sediment collated in beth wet and dry seasons are presented in
Appendix C. The total cadmium _and zinc conc¢entrations in suspended sediment
during the two seasons were measured using EPA.method 3051B. Then, the solution
samples, were measured by graphite furnace 'atomic @ absorption spectrometry
(GFAAS), as presented in Tables 4-5 to 4-6.

The total concentrations of cadmium in all suspended sediment samples
ranged from 4.40 to 62.02 mg of cadmium per kg of suspended sediment in the dry
season and 1.61 to 11.00 mg of cadmium per kg of suspended sediment in the rainy
season. The average zinc concentrations in suspended sediment ranged from 250.56 to
2,049.38 mg of zinc per kg of suspended sediment in the dry season and 60.37 to

491.47 mg of zinc per kg of suspended sediment in the wet season. The
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concentrations of heavy metals are tented to decrease towards the western lowland

and alluvial plain.

Table 4-5 The Cd and Zn concentrations in suspended sediment in April 2010

(dry season)

eason

Total Zn

entration Cd/Zn
(Mg.of Zn per Ratio
ment)*

Station

0.041

m/ ‘ 0.037
f///ﬂ‘"&\\\\a 5| ouss
7/ Ss i\
W AN

0.035

0.030
0.015
0.016

© | 0| N O | 0| B~ WIDN|E

0.016
0.020

“One sample coIIectlon ¢ o

ﬂﬂﬂ‘?ﬂﬂﬂ‘ﬁﬂﬁﬂ‘i
’QW’Wﬂ\ﬂﬂiﬂJ AN Y
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Table 4-6 The Cd and Zn concentrations in suspended sediment in October 2010

(wet season)

Wet season
Total Cd. Total Zn
concentration concentration Cd/Zn
Station | (mg of Cd per SD SD .

kg of (mg of Z_n per Ratio

sediment) kg of sediment)
1 10.47 +0.43 39.06 +8.95 0.118
2 11.00 +1.18 103.26 +15.15 0.107
3 6.26 +1°02 88.77 +12.17 0.071
4 7.17 +1.48 183.54 +63.32 0.039
5 1.61 £Q127- 13 # \ 60,37 +23.20 0.027
6 9.46 +2.46 AN TS +139.42 0.039
7 2.30 +1.15 ., 21454 +121.67 0.011
8 3.22 +0:83 279.35 +98.86 0.012
9 4.57 +0:30 | ©491.47 +54.72 | 0.009
10 1.93 +045 148.92 +66.31 0.013

Figures 4-1 and 4-2 show the distribution of total cadmium during the wet and
dry seasons in the bed:lead and suspened sediment respectively. Stations were
numbered from‘downstream to upstream. The samples from Station 6 are representive
of the water between the two zinc mines: the samples from Station 4, water that has
passed through twe, zinc ‘mines; and the samples from Station 5, water received from
Mae Taa Left.

Stations 1, 2, 3, 4, located downstream, receive water that passes through the
zinc mining area, and their bed load contained lower cadmium concentrations in the
wet season than dry season. Moreover, the different cadmium concentration between
wet and dry season at Station 3 can explain by the high flow that occurs in wet season
causing dilution from Station 5. In addition, at all sampling sites, except for the ones

situated upstream of the two zinc mines, the total cadmium concentration was well
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beyond the UK Health Protection Agency soil and sediment standard of 2 mg/kg, at
pH 7. Moreover, bed load sample at the Station 3 in the dry season also exceeded the
Thai standard of 37 mg/kg (PDC, 2004). While, cadmium concentrations in the bed
load samples collected from stations that located at upstream part of Mae Tao Creek
was close to each other between the wet and dry seasons.

The cadmium concentrations in suspended sediment that was collected in dry
season were greater than wet season at every station. In the dry season, the sediment
comes from creek bank and only the areasnearby the creek, which are highly
contaminated with Cd. While, sedimentin the wet-season was characterized by a high
input of alluvium from the large area of watershed, this diluted and therefore reduced
cadmium concentration. This Isimade evidence by cadmium concentration at Station 3
in wet season, which-receive suspended.sediment that come from Station 5, contain

cadmium concentrationfdower than in-dry-season.
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4.2.3 Grain size distribution

Grain size distribution was determined following ASTM C136-06 and ASTM
D422-63. The mean diameter and standard deviation of the bed sediment during the
dry and wet seasons at each station are respectively provided in Table 4-7 and Table
4-10.

The bed sediment capable of possible to passing through the 65-mesh sieve
was used to measure the cadmium concentrations in bed sediment. This size of bed
sediment was considered to the optimum size.t6 adhere to hand (duggan et al., 1985)
and biggest size that can.be-digested. The mean-adiameter and standard deviation of
the bed sediment that passed-through a 65-mesh sieve at each station are listed in
Table 4-8 (dry season) and rable 4-11 (wet season).

For sediment transport modeling,‘- it IS necessary to know the characteristics of
the sediment in the cregk. Therefore, bed:-ioad samples were analyzed in terms of the
grain size distribution using the Unifiéﬂ Jéoil Classification method (USC). The
percentage of bed load that passed through sieve No. 200 was lower than 50% at
every station. Moreover, the coarse fractio'rf:t(_(;l?) was used to classify the type of bed
load. The results show that the CF values \A;er-éj."ﬂlower than 0.5 at every station. Thus,
the bed sediment in the Mae Tao Creek coijfl'dﬂ'bé'categorized as sand during both the

dry and wet seasons, as-presented-in-fable4=9-and Fabie 4-12 respectively.
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Table 4-7 Grain-size distribution of sediment at each station (dry season)

Mesh Sleve Mean Weight of sediment (g)

Sieve No. Opening | size

(mm) (mm) Stal Sta2 .| Sta3 Sia 4 Sta 5 Sta6 |Sta7 |Sta8 | Sta9 Sta 10
Weight of sample before sieving 1015.19 | 815.55..-1171.73+ 11362 791.61 | 922.68 | 791.12 | 823.55 | 682.23 | 897.75
1 3/4" 19.000 19.000 0.00 0:00 0:00 0.00 0:00 1340 | 0.00 0.00 130.44 | 0.00
2 3/8" 9.500 14.250 58.94 7188 90,68 ‘”| 140.56 1995 |1119 |7119 |111.72 | 96.27 0.00
3 #4 4.750 7.125 10.85 2853 471 235 89 200.14 3873 | 1099 | 137.52 | 157.22 | 48.61 5.27
4 #10 2.000 3.375 110.27 4746 4 191.19 _iS9.06 159.43 | 1822 | 15245 | 138.31 | 51.46 22.60
5 #20 0.850 1.425 134.72 79.98 JI 11856 ”';.11‘5.84 161.47 |39.80 |87.73 |99.96 |5511 74.82
6 #35 0.500 0.675 97.55 151.09° /90.70 7679 5793 |9528 | 7333 |106.74 |62.98 170.14
7 #65 0.231 0.366 129.80 26348 157729 1}?169 7311 | 287.64 | 189.74 | 157.88 | 103.65 | 314.15
8 #100 0.150 0.191 106.65 130.67 | 772.84 82;5@} 5543 | 173.19 | 47.06 |29.57 | 44.08 116.52
9 #150 0.100 0.125 169.83 79.88 | 9460 11_635 | 8257 | 177.79 |19.93 | 1333 | 5044 104.90
10 #200 0.075 0.088 10.49 8.98 9.33 16.614 1356 | 9.22 1.21 0.02 421 7.57
Receiver - 0.075 184.12 26.17 | 108.62 118.52 129.92 | 85.88 | 8.08 3.31 31.11 78.39
Total(g) 1013.22 | 813.82 | 1169.20 [ 1134.06 | 790.10 | 922.60 | 788.24 | 818.06 | 678.36 | 894.36
Loss(9) 1.97 1.73 2.53 2,14 151 0.08 2.88 5.49 3.87 3.39
Loss (%) 0.19 0.21 0.22 0:19 0.19 0.01 0.36 0.67 0.57 0.38
% Passing Sieve N0.200 18.14 321 9.27 1043 1641 |9.31 1.02 0.40 4.56 8.73
Mean Diameter (mm) 1.63 0.97 3.37 3.76 1.80 0.91 3.51 4.23 6.70 0.55
S.D. (mm) 3.36 187 4.09 4.67 2.67 281 4.17 4.68 7.62 0.77
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Table 4-8 Grain-size of sediment that passed through a 65-mesh sieve at each station (dry season)

64

Mesh Sieve Mean Weight of sediment (g)
Sieve Opening | size

No. mm) | (mm) | Stal Sta6 |Sta7 |Sta8 |Sta9 | Stalo
Weight of sample before sieving 1015.19 922.68 | 791.12 | 823.55 | 682.23 | 897.75
8 #100 0.150 0.191 106.65 173.19 | 47.06 | 2957 |44.08 | 116.52
9 #150 0.100 0.125 169.83 177.79 | 1993 | 1333 |5044 |104.90
10 #200 0.075 0.088 10.49 9.22 1.21 0.02 421 7.57
Receiver - 0.075 184.12 85.88 | 8.08 331 3111 | 78.39
Mean Diameter (mm) 0.12 0.14 0.16 0.16 0.13 0.14
S.D. (mm) 0.04 0.04 0.04 0.04 0.05 0.05

AU INENINYINS
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Table 4-9 Bed sediment classification of each station by USCS (dry season)

Sieve Mean . .

Sieve Mesh Opening | size Weight of sediment (g)
No.

(mm) (mm) Stal Sta 2 Sta 3 Sta 4 Sta b Sta 6 Sta7 Sta 8 Sta 9 Sta 10
Weight of sample before sieving 1015.19 | 81555 | 11/ .43 | 1136.20 | 791.61 | 922.68 | 791.12 | 823.55 | 682.23 | 897.75
1 3/4" 19.000 19.000 | 0.00 0.00 0:00 0.‘?0 0.00 1340 0.00 0.00 130.44 | 0.00
2 3/8" 9.500 14.250 | 58.94 7.88 80654 |- 140.?6 19.95 11.19 71.19 111.72 | 96.27 0.00
3 #4 4.750 7.125 10.85 23.53 235139 | 20(_),i4 38.73 10.99 13752 | 157.22 | 48.61 5.27
4 #10 2.000 3.375 110.27 47.16 191.49+ 15@06" 159.43 | 18.22 15245 | 138.31 | 51.46 22.60
5 #20 0.850 1.425 134.72 79.98 118.56 .- 11584 . | 161477 39.80 87.73 99.96 55.11 74.82
6 #35 0.500 0.675 97.55 151.097| 90.70 - 76.7,'%{,_' 5, AL 95.28 73.33 106.74 | 62.98 170.14
7 #65 0.231 0.366 129.80 263.48 |1157.29.< - 113.69 ;_.1:4 73.11 287.64 | 189.74 | 157.88 | 103.65 | 314.15
8 #100 0.150 0.191 106.65 130.67 72‘.8.4_r 82.50::__", 15543 173.19 | 47.06 29.57 44,08 116.52
9 #150 0.100 0.125 169.83 79.88 94.éO 116.3I‘5- 8257 | 177.79 | 19.93 13.33 50.44 104.90
10 #200 0.075 0.088 10.49 3.9,8l 9.33 10.61 1156 | 9.22 121 0.02 421 7.57
Receiver - 0.075 184.12 26.17““ 108.62 118.52 129.92 | 85.88 8.08 3.31 3111 78.39
Total(g) 1013.22 | 813.82+|.1169.20 | 1134.06 | 790.10 | 922.60 | 788.24 | 818.06 | 678.36 | 894.36
% Passing Sieve N0.200 18.14 3.21 9.27 10.43 16.41 9.31 1.02 0.40 4.56 8.73
F =% Coarser than sieve No. 200 81.86 96.79 90.73 89.57 83.59 90.69 98.98 99.60 95.44 91.27
C =% Coarser than sieve No. 4 6.87 385 2783 29.99 7,41 3.86 26:38 32.66 40.36 0.59
CF = Coarse Fraction 0.08 0.04 0.51 0:33 0.09 0.04 0:27 0.33 0.42 0.01
Stream sediment categorization Sand Sand Sand Sand Sand Sand Sand Sand Sand Sand
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Table 4-10 Grain-size of sediment that passed through a 65-mesh sieve at ei?‘ !t’tl n (wet season)

66

Mesh Sieve Mean | \yeight of sediment /
Sieve Opening | size

No. mm | (mm) | Stal |Sta2 Sta6 |Sta7 |Sta8 |Sta9 |Stald
Weight of sample before sieving 1225.89 | 774.76 1231.77 | 2090.65 | 1274.68 | 1301.33 | 1561.05
8.00 #100 0.15 0.19 129.91 | 4881 13.95 68.37 130.54 | 32,52 69.59
9.00 #150 0.10 0.13 78.33 152.18 341 L 33 33.02 62.03 14.86 70.29
10.00 #200 0.08 0.09 6.10 11. 10.83 1.27 2.07 0.83 6.12
Receiver - 0.08 39.69 72.17 11.81 6.70 10.67 4.98 21.90
Mean Diameter (mm) 0.15 0.12 0.13 0.16 0.16 0.16 0.14
S.D. (mm) 0.045 0.038 0.049 0.038 0.037 0.041 0.042
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Table 4-11 Grain-size distribution of sediment at each station (wet season)

6/

) Mesh Sieve. Mean Weight of sediment (g)

Sieve No. Opening | size

(mm) (mm) Stal Sta 2. Sta3 Sta 4 Sta5 | Sta6 Sta7 Sta 8 Sta 9 Sta 10
Weight of sample before sieving 1225.89 | 774.76 | 142177 J1004.02 707.47 | 1231.77 | 2090.65 | 1274.68 | 1301.33 | 1561.05
1 3/4" 19.000 19.000 0.00 0.00 000 203.85 | 0.00 0.00 0.00 41.55 0.00 14.07
2 3/8" 9.500 14.250 33.52 0.00 0.00 802.25 | 0.00 9.62 0.00 44.60 34.66 139.27
3 #4 4.750 7.125 27.46 11.18 | 0.383 175.97 | 4.96 11.07 1.26 72.66 223.01 | 313.87
4 #10 2.000 3.375 29.97 34.99 4| 36.66 10867 | 4173 | 8580 26.00 64.06 382.20 | 316.62
5 #20 0.850 1.425 52.82 7046 4 147.90 6%18 159.60 | 267.21 | 394.47 | 197.65 |299.05 | 213.03
6 #35 0.500 0.675 158.05 | 137.90 | 190.66 48:,-9'1’-7 182,76 | 559.91 | 957.03 | 145.63 | 155.60 | 187.33
7 #65 0.231 0.366 668.32 | 224.79 | 528:68 56’?0 | 12343 | 260.64 | 599.99 |488.48 | 153.53 | 197.70
8 #100 0.150 0.191 129.91 | 4881 | 256.95 16.71_) u 5452 | 13.95 68.37 130.54 | 32.52 69.59
9 #150 0.100 0.125 78.33 152.18 |'841.16 | 1600 - | 70.73 | 10.33 33.02 62.03 14.86 70.29
10 #200 0.075 0.088 6.10 +#160 3857 077 L21 0.83 1.27 2.07 0.83 6.12
Receiver - 0.075 39.69 7217 | 167.54 | 8.17 61.56_ | 11.81 6.70 10.67 498 21.90
Total(g) 1224.17 | 763.78 | 1678.95 | 1003.17 | 706.56 | 1231.17 | 2088.11 | 1259.94 | 1301.24 | 1549.79
Loss(9) 1.72 10.9844 42.82 0.85 0.91 0.60 2.54 14.74 0.09 11.26
Loss(%0) 0.14 1.44 2.55 0.08 0.13 0.05 0.12 1.17 0.01 0.73
% Passing Sieve N0.200 3.24 9.45 9.98 0.81 8.71 0.96 0.32 0.85 0.38 141
Mean Diameter (mm) 1.01 0.66 0.43 9:92 0.84 1.11 0.74 2.18 3.05 3.93
S.D. (mm) 2.49 1.07 0.58 6.81 0.96 1.51 0.51 4.27 2.95 4.37
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Table 4-12 Bed sediment classification of each station by USCS (dry season)

] Mesh Sleve ) Mean Weight of sediment (g)

Sieve No. Opening | size

(mm) (mm) Stal Sta2 | Sta3 Sta4 StaS. | Sta6 Sta7 Sta 8 Sta9 Sta 10
Weight of sample before sieving 1225.89 | 774.76 | 172147 1002.02 70747 | 1231.77 | 2090.65 | 1274.68 | 1301.33 | 1561.05
1 3/4" 19.000 | 19.000 | 0.00 0.00 0:00 203,85 | 0.00 0.00 0.00 41.55 0.00 14.07
2 3/8" 9.500 14.250 | 33.52 0.00 0.00 302.25 | 0.00 9.62 0.00 44.60 34.66 139.27
3 #4 4.750 7.125 27.46 1118 [.0.83 475974 | 4.96 11.07 1.26 72.66 223.01 | 313.87
4 #10 2.000 3.375 29.97 34.99" | 36.66 /- 108.67{ 4 41.73 | 85.80 26.00 64.06 382.20 | 316.62
5 #20 0.850 1.425 52.82 70.16 41 117.90 65.18.%.; “ 159.60 | 267.21 | 394.47 | 197.65 | 299.05 | 213.03
6 #35 0.500 0.675 158.05 | 137.90 190.66" f 4891 182.76 | 559.91 | 957.03 | 145.63 |155.60 | 187.33
7 #65 0.231 0.366 668.32 | 224.79 | 528.68 i 56.70 :J:t‘_,‘ 12343 | 260.64 | 599.99 | 48848 | 15353 |197.70
8 #100 0.150 0.191 129.91 | 48581 256.95 ‘ 1670 —5152 13.95 68.37 130.54 | 3252 69.59
9 #150 0.100 0.125 78.33 152,18 |-341.16 [ 16.00 5 70.739,10.33 33.02 62.03 14.86 70.29
10 #200 0.075 0.088 6.10 1160—-38:57 077 27 0:83 1.27 2.07 0.83 6.12
Receiver - 0.075 39.69 72177 | 167.54 | 8.17 61.56 | 11.81 6.70 10.67 4.98 21.90
Total(g) 122417 | 763.78 | 1678.95 | 1003.17 | 706.56 | 1231.17 | 2088.11 | 1259.94 | 1301.24 | 1549.79
% Passing Sieve N0.200 3.24 9:45 9:98 0.81 8171 0.96 0.32 0.85 0.38 141
F =% Coarser than sieve No. 200 96.76 90:55- 90.02 99:19 91:29+ | 99.04 99.68 99.15 99.62 98.59
C =% Coarser than sieve No. 4 4.98 1.46 0.05 67.99 0.70 1.68 0.06 12.60 19.80 30.15
CF = Coarse Fraction 0.05 0.02 0.00 0.69 0.01 0.02 0.00 0.13 0.20 0.31
Stream sediment categorization Sand Sand | Sand Sand Sand | Sand Sand Sand Sand Sand
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4.3 Cadmium distribution

69

The bed load samples from the wet season were chose and sieved with sieve
No. 65, 100, 150 and 200 (0.231- mm, 0.150- mm, 0.100- mm and 0.075-mm mesh

openings respectively) to compare the distribution of the cadmium concentration in

each fraction. The results show that cadmium does not high accumulate in only

smallest size of bed load but it also accumulate in sand size particle as well. At the

upstream stations located above the zinc.mings, there show unvarying amount of

cadmium between each of the fraction. Meanwhile, at stations located at downstream,

the cadmium concentrations-tended to be highest in.the < 0.231-mm fraction (0.15-

0.231 mm). This may.have_been caused by ore dressing processes that affect the

1
cadmium composition in‘sediment (Krissanakriangkrai, 2009)

Table 4-13 The Cd andiZn concentrations_adistribute in the bed load

Station Grain size'(mm) Cd (m‘g/Ing_) SD Zn (mg/kg) SD

0.150 <size <0.231 27.92 | #543 | 189781 | +15037
0.100<size<0.150 3086 ' | 434 | 183129 | £136.37
' 0.075<size<0.100- 1945 | +4.41 | 1,08097 +84.91
<0.075 16.64 £2.56- 1 1,149.87 +19.36
0.150 <size <0.231 31.79 +5.75 | 2,802.91 | 39595
0.100<size<0.150 14.90 +1.27 | 113242 | +155.03
i 0/075%siz6<0T00 1342 2071 87630 | *22.34
<0.075 17.10 +2.15 844.37 +63.78
0/ 150 £3iz€)<0'231 6.91 +159 18177 +18.93
0.100<size<0.150 8.42 +1.73 130.22 +11.03
’ 0.075<size<0.100 8.72 +2.97 110.44 +6.59
<0.075 7.68 +0.57 118.49 +9.64
0.150 <size <0.231 40.65 +7.64 | 397023 | +167.33
0.100<size<0.150 19.87 +1.97 | 210458 | 3407

* 0.075<size<0.100 14.21 * 1,276.73 *
<0.075 477 +6.78 | 1,37333 | +78.75
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Station Grain size (mm) Cd (mg/kg) SD Zn (mg/kg) SD

0.150 <size <0.231 0.57 +0.23 63.59 +9.13
0.100<size<0.150 1.14 +0.15 63.04 +553
° 0.075<size<0.100 1.79 +0.05 90.09 +2.31
<0.075 1498 | +0.67 111.47 +5.03
0.150 <size <0.231 W4 | £304 | 157297 | +14834
0.100<size<0.150 10757+ +212 | 104017 | +23.26

° 0.075<size<0.100 18.80 x 1,032.55 *
<0.075 1597 | +090 | 132580 | 1041
0.150 <size <023 | 158 £0.23 24.23 +2.87
0.100<si7e<0450 1146 0,08 25.15 +2.09
! 0.075<siz€<0.400 1614 | |, *0.28 37.94 +6.93
<0.075 158 |\ 008 46.17 +1.62
0.150 <size <0.231 1.5:93:;;_‘ 4043 22.15 +1.37
0.100<size<0.150 1524 | £0.04 24.79 +1.88
° 0.075<size<0.100- 1~ 151 1% +0.06 34.34 +1.97
<0075 1.68 +0.07 51.94 +0.99
0.150 <size:<0.231 1.58 £023 | 2890 +2.10
0.100<size<0.150 1.46 +0.08 31.06 +3.75

’ 04075%siz6<0100 1,51 * 56.69 *
<0.075 1.46 0.10 108.22 +2.33
0/150 <size1<0:231 1.56 +0,09 6148 | +16.50
0.100<size<0.150 151 +0.07 38.96 +5.47
0 0.075<size<0.100 1.47 +0.01 48.91 +4.31
<0.075 1.59 +0.20 69.18 +5.60

Note : * One sample measurement

**Average Cd concentration calculated from weighted average.
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4.4 Model sensitivity
4.4.1 Parameters affecting water discharge
o The bed resistance

The sensible of resistance number were calculated using Eq. (3.12). The
results in table 4-14 show that effect of resistance number to water discharge is small

to negligible

Table 4-14 Sensitivity of bed resistancei

Parameter Sensitivity index Sensitivity
L}
Resistance number ‘. - 0.00 Small to negligible
o The surfage andithe rootzone

The amount of water in the surfacé’_;st;t.)rage and the soil moisture in the root
zone control the amount of water that enterg th;e groundwater storage as recharge and
the overland flow components. The sensiti\(ify,(if each parameter is presented in Table
4-15, which indicates, that thé most sensible t-r—ie 'surface and root zone parameter is
overland flow runoff Coefficient processes (CQOF), which 'peak runoff decreased and
runoff volume increased when CQOF increase. Meanwhile, the other parameters have

a few effects on water discharge.

Table 4-15 Sensitivity 0f Surface and root’zone processes

Parameter Sensitivity index Sensitivity
Maximum water content in surface 0.02 Small to negligible
storage
Maximum water content in root 0.02 small to negligible

zone storage

Overland flow runoff coefficient 0.21 Medium
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Parameter

Sensitivity index

Sensitivity

Time constant for interflow

Time constants for routing overland
flow

Root zone threshold value for inter
flow

0.00

0.00

0.00

Small to negligible

Small to negligible

Small to negligible

o The groundawater

Since water discharge‘in/Mae Tad Creek highly depends on amount of ground

water in the system, groundwater parameters were analyzed. The sensitivity of

groundwater components isipresented in Table 4-16. The results show that parameters

in ground water model have figh sensible ,t(? water discharge compare with the others

part especially for maximum ground. water "depth causing base flow. However, the

root zone threshold value for ground water ,r,éc_h_a_rge, which is the relative value of the

moisture content in. the root zone, is not sensitive to water discharge of Mae Tao

Creek.

Table 4-16 Sensitivity of ground water proeesses

Parameter

Sensitivity index

Sensitivity

Root-zone:threshald yalue for
ground water recharge

Time constant for routing base flow

Specific yield for the ground water
storage

Maximum ground water depth
causing base flow

0.00

0.48

041

0.91

Smiall.to negligible

High

High

High
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4.4.2 Parameters affecting water velocity
o The bed resistance
Even water discharge does not sensitive with the resistance. The effect of the

bed resistance number to water velocity is high as show in table 4-17.

Table 4-17 Sensitivity of bed resistance

Parameter Sensttivity index Sensitivity
Resistance number 0.37 High
o The surfacesandthe root zone

The sensitivity«0f surface and the root zone parameter to water velocity are
presented in Table 4-18ywhich.show.the Siﬁilar pattern with the sensitivity of surface
and the root zone parameter to water disChéfge. Moreover, the overland flow runoff
coefficient processes (CQQF) is the most sé_nsible parameter.

Table 4-18 Sensitivity of surface and root zdné"brocesses

Parameter Séh§ifiVity index Sensitivity
Maximum water ‘content in surface 0.01 Small to negligible
storage
Maximum water content in root 001 small to negligible
zone storage
Overland flow runoff coefficient 0.05 Medium
Time constant for interflow 0.00 Smallto negligible
Time constants for routing overland
flow 0.00 Small to negligible
Root zone threshold value for inter 0.00 Small to negligible

flow
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The sensitivity of groundwater components is presented in Table 4-19. The

results show that the maximum ground water depth causing base flow is high sensible

parameter to both water discharge and water velocity of Mae Tao Creek. While, time

constant for routing base flow and specific yield for the ground water storage are

show medium sensible to water velocity:

Table 4-19 Sensitivity of ground water Processes

Parameter

Sensitivityindex

Sensitivity

Root zone threshold.#value for
ground water recharge

Time constant for reuting base flow

Specific yield for the ground water
storage

Maximum ground water . depth
causing base flow

doe i

0.00

0.19

B4 0)7

0.38

Small to negligible

Medium

Medium

High

Sensitivity analysis shows that hydrodynamics (doth water discharge and

water velocity) of Mae Tao Creek sensitive to the processes in ground water

especially for the maximum ground water,depth causing base flow (CWLBFO).

Moreover, the bed resistance has high @affect to waster velocity but no affect to water

discharge. Therefore, the parameters.in ground water were the most attentive to adjust

the optimum calibralien.
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4.5 Model calibration

45.1 Hydrodynamic simulation

Model calibration

The reliability of the calibration between observed and simulated water depth
was evaluated based on the correlation cogfficient (CC), which equal to 1 indicates
the best performance of the model. The CC ebtained during this study was 0.87. The
root mean square errors (RMSE) value tends-to be zero (0) for perfect agreement
between observed and.simulaied- values. The RMSE value obtained was 0.06.
However, the model was prene to slightly underestimated especially from May to
June. These underestimations may have |bgen caused by data unavailable of each part
of the creek; these datatinavailable inclugllé bed material composition, anthropogenic
water used, hydraulic structures, and mo",r..ph'ology in each segment. However, in the
calibration, all parameters wefe set.uniformly along the creek. Furthermore, at the
beginning part of the calibration inaccdtacy could be attributed to the model’s
limitation to account for the complex me(iaﬂisms that occur during the transition
period between the wet and-dry season. -TC-"o'mparison between the observed and

simulated water depthat Station 4 is presented in Figure 4-3.

m
0.601 o g
‘ Al — Simulated
0501 A x Observed
Y c01=0.67
040, RMSE.= 0.06

0307

0.20;
1-5-2010 20-6-2010  9-8-2010 28-9-2010  17-11-2010  6-1-2011 25-2-2011

Figure 4-3 Observed and simulated water depths at Station 4(m)
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Hydrodynamic results

The hydrodynamic results, obtained by running MIKE 11, were water depth
and water discharge. Figures 4-4, 4-5 show discharge and water depths at each station,
except Station 1 that used as downstream boundary condition. The hydrodynamic
feature at each station was different due to the topography change. At Station 10
located in a high mountainous upstream part of Mae Tao Creek, there was very little
water discharge. The discharge increased as the topography decreased along Mae Tao
Creek, whereas the water discharge from'Mae Tao Right (Station 9) and Mae Tao
Left (Station 5) were smakl-in-guantity €ompared-to-the discharge from the main Mae
Tao Creek. The moving discharge for each station displays similar pattern to each
other. Factors that caused wariability in discharge and water depth are precipitation
and evaporation that directly influgnce the.amount of water in the creek. Each station
experience seven maia peaks/ in dischaége, First peak in July after shortly heavy
storm, followed by the gthei'peaks in Au‘g_uﬂs-t to October related to a combination of

high precipitation.
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4.3.2 Sediment transport simulation

The sediment transport module was added on once the hydrodynamic model
was calibrated. Sediment transports in Mae Tao Creek were evaluated in two seasons:
the wet and dry seasons. Total sediment transport was split up into bed load and
suspended sediment.

From May 2010 to February 2011, 179.01 x 10° m® of water transported
760.17 m® of the total sediment down to0 downstream of Mae Tao Creek. In storm
events from May to October 2010, 596.17 m® of the sediment was transported by
129.89 x 10° m® of water-discharge.~In the dry-season from November 2010 to
February 2011, a total”of 164.00 m’ of sediment was transported with a water
discharge of 49.13 x"10°.°./During the study period, 78.42% of total sediment
transport occurred during the wvet seasoh,,al.which was caused by high discharge and
flow velocity that increasedithe movemenf of sediment. The total sediment load in the
wet season was 3.6 times greater than th:_eftotal load in the dry season. Moreover,
86.84% of the sediment transported was' suspended sediment. This is in good
agreement that bed load may comprise :a:ﬁ-js_mall proportion (1-20%) of the total
sediment in sand-bed channels (Simens and Senturk 1977).

Sediment trafsportin-the-wetseason

Total sediment transport in the wet season was simulated from May to
October. Figure 4-6 shows the rate of the bed load transport at downstream, which
was closely related to the water/discharge«Theshighestrate, of:bed load transport was
occurred in August (27" to"28"™), ‘during which tiffe it from 3.25x10° to 4.83x10°
m?/s, while the discharge increased from 21.89.t0-26.68 m®/s..The Volume of bed load

transported downstream was simulated'to be'84.09:m? in the 2010 weét.season.
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Figure 4-6 Bed load transportrate at downstream inwet season (m®/s)

The rates of suspended sedimen't‘transport are shown in Figure 4-7. The

highest suspended sedinmient’ rate” occurred  in tandem with the highest bed load

amount, increased from 1.62x107 to'2.35%10% m?/s. During the 2010 wet season, the

accumulation of suspended sediment transported at downstream was simulated to be

512.08 m®. Therefore, the total sedimenf,fr'énsported (bed load and suspended

sediment) downstream in the wet season was 596.47.m®, as displayed in Figure 4-8.
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Figure 4-7 Suspended sediment transport rate at downstream in the wet season (m?)
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Figure 4-8 Accumulated sediment transport downstream in the wet season (m®)

Sediment transportin the dry season

Total sediment transport in.the d_ry season was simulated from November
2010 to February 2011. Figure 4-9 shows tﬁé"bg_d load transport rate downstream. The
volume of bed load transported downstream_,_\'/\_/as simualed to be 15.97 m®in the 2010

-2011 dry season.
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Figure 4-9 Bed load transport rate downstream in the dry season and wet season(m®/s)
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The rates of suspended sediment are shown in Figure 4-10. The transport of
suspended sediment downstream during the 2010 - 2011 dry season was simulated to
be 148.03 m®. Therefore, the total sediment transported (bed load and suspended
sediment) at downstream in the dry season was 164.00 m*, as displayed in Figure 4-
11.
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Figure 4-10 Suspended sedimefit transport rate downstream in the dry season (m®)
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Figure 4-11 Accumulated transport downstream in the season (m°)



83

The rate of sediment transport is primarily controlled by stream discharge
(Kavin et al, 2008). Variations in sediment transport can generally be interpreted that
the sediment transport rates naturally peaked as water discharges peaked, as shown in
Figure 4-12. The sediment transport rates were high in July and at their highest in
August. Thereafter, the rate of sediment transport gradually decreased until February.
The low seasonal discharge of the dry months generally leads to sediment
accumulation in the catchment. The lack of 'ghg transport capacity of the channel flow

effects decreases in sediment transport. =
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Figure 4-12 Total sediment'transport downstream (m°®/s) and water discharge

downstream (m>/s)

4.6 Uncertainty analysis

Suspended sediment concentration was the important data for calculate
calculation factor in sediment transport module, yet it was measured one time in each
season. Therefore, calculation factor in sediment transport module was considered to

have high uncertainty.
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Calculation factor is a factor in sediment transport module, which can be
applied to the calculated transport rates as correction factors. Calculation factor are
simple multiplication factors used to either up- or downscale the calculated sediment
transport. Calculation factor that used in the simulation was calculate from the ratio of
suspended sediment concentration that measured the field per suspended sediment
concentration simulated from the model, which used calculation factor equal to 1.

Suspended sediment concentration that measured at the field was a
concentration at the half water depth. While.the eoncentration profile of suspended
sediment is fluctuate with-water depth-as show-in-Figure 4-13. Therefore, the total

concentration can be calculate-from Eq. (4.1).

Ca

== [ (A D] o

where A
¢ = suspended sediment concentréti;:i'ﬁ
¢, =  reference concentration 3
a = reference level
d = depth(m)

zZ = vertical coordinate
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Figure 4-13 Sketch of goncentration profiie

Based on the basis of the analysis_!'..-(;fi,garameter uncertainty, the method of
sensitivity analysis can be used fo identifiedfh_e‘_jnput parameter that have the greatest
effect on the model\ output (Radwan and- \;Villems, 2007). Highest and lowest
suspended sediment éoncentration (see Appendix C) was used to calculate the

calculation factor. The uncertainty analysis were calculated using Eq. (3.12) and used
X1 equal to 0.036, x, equal to 0.44, whieh’is minimum and maximum calculation
factor in sediment.fransport respectively.« The autput y liscaccumulated sediment
transport in August 2010 due to the highest precipitation occurred in.this month.

To identify uncertainties due to model input, which is ealculation factor in
sediment'transport module. The sensitivity of model input change to the model output
response is studied. The results of the sensitivity analysis show that sediment
transport has high sensitive, therefore uncertainty in suspended sediment may have
high effect on the sediment transport output. The sediment transport has high
uncertainty because range of directly measured suspended sediment concentration as
showed in Table 4-20. Moreover, model input is more sensitive than model

parameters in general (Radwan and Willems, 2007).
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Table 4-20 Sensitivity of sediment transport

Parameter Sensitivity index Sensitivity

Calculation factor 0.56 High

The error in sediment transport simulation due to high uncertainty was used to
calculate the minimum and maximum total sediment transport that can possible occur
as showed in Table 4-21.

Table 4-21 Values of the-boundary total sediment transport at downstream of the

study area
Minimum total | Simulate total | Maximum total
Period Sediment sediment— sediment sediment
transport (Kg) | transport (kg) transport (kg)
Bed load 0.06% 10°%, |, 1§ 0,13 10° 0.74 x 10°
Wet | Suspended 087 % 105 0.82 x 10° 451 x 10°
season sediment :
Total 0:43 % 10° 1 +.0.95 x 10° 5.25 x 10°
Bed load 0.01 x 10° 0.02 x 10° 0.14 x 10°
Dry | Suspended 0.10 x 10° 0.24% 10° 1.30 x 10°
season sediment
Total 0,11 x 10° 0.26 x 10° 1.44 x 108

Due to high uncertainty of sediment transport results, the minimum and
maximum of sediment transport from uncertainty analysis was used estimate the
boundary of cadmium transport in both wet and dry seasons. The results showed that,
in worst-case; cadmium migration could be as much as 114.80 kg, which is 5.5 times
greater than the simulation result. On the other hand, the minimum amount of

cadmium migration could be transport out equal to 9.46 kg.
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4.7 Cadmium transport estimation

The sediment transport rate (m*/d) and the cadmium concentration in stream
sediment (mg/kg) were used to evaluate the cadmium transport rate via sediment
(mg/d) as displayed in Eq. (3.62).

At the downstream sampling site of Mae Tao Creek, the total amount of
sediment transported from May 2040 to February 2011 was equal to 1.21 x 10° kg. In
the wet season and dry season, the amount of accumulated sediment was equal to
0.95 x 10° kg and 0.26 x.10° kg, respectively. The later value was computed with the
accumulated sediment values.iransported in the wet season and dry season of 596.17
m® and 164.00 m®, respectively. Thus, the cadmium transport amount in Mae Tao
Creek from May 2010 to_February 2011,nl.could pe estimated at 20.74 kg from the
cadmium transport values of 11.39 kg-in éhe wet season and 9.35 kg in the dry season.
Because the transport capacity of suspend‘gdfsediment is higher than that of bed load,
suspended sediment was the dominant prbcess for cadmium transport in Mae Tao
Creek in both the wet and dry seasons. The:t:iafta.in Table 4-22 describe the amounts of

accumulated sediment and cadmium that were transported downstream.

Table 4-22 Values of the accumulated sediment and cadmium transport at

downstream of the study area

Simulated Measured.€d Cd
Period | Sediment | total sediment | cCancentration | transport
transport (kg) (mg/kg) (kg)
Bed load 0.18 x10° 18.29 2.37
Wet | Suspended | g5, 108 11.00 9.02
season | sediment
Total 0.95 x 10° 11.39
Bed load 0.02 x 10° 32.44 0.65
Dry | Suspended | ., 146 36.25 8.70
season | sediment
Total 0.26 x 10° 9.35
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Due to high uncertainty of sediment transport results, the minimum and
maximum of sediment transport from uncertainty analysis was used estimate the
boundary of cadmium transport in both wet and dry seasons. The results showed that
in worst-case cadmium could be transport out equal to 114.80 kg, which is 5.5 times
greater than the simulation. While in best case, cadmium could be transport out equal
t0 9.46 kg.

Table 4-23 Values of the beundary cadmitm_trkansport at downstream of the study

area
_ _ Minimum Simulate Maximum
Period | Sediment & €d gransport | Cdtransport | Cd transport
(ko)™ (ka) (kg)
Bed load 2% 2.37 13.53
season | sediment : = ' '
Total | #0522 il 11.39 63.14
Bed-ioad 0.37 0.65 4.54
Dry Suspended 3.87 870 47.12
season | sediment '
Total 4.24 9.35 51.66
Total 9.46 20.74 114.80




CHAPTER V
CONCLUSIONS

5.1 Conclusion

The cadmium contaminated sediment transport via bed load and suspended
sediment in Mae Tao Creek have been studieds The metrological data, topographic
map which provided by government departmeni-and hydraulic conditions from field
observations were applied-together as inputs of the MIKE 11 model for simulate
hydrodynamics and sediment-transport in Mae Tao Creek during wet season (May to
October 2010) and dry season (Novembér 2010 to February2011).

The processes indground water wgfé the most sensitive with water discharge.
The sensitivity analysis sshowed- that the™ parameters of ground water plated a
significant role in the amount of water disi;ha_rge, except for the root zone threshold
value for ground water recharge that sensitivity was small to negligible.

The hydrodynamics of thie creek was ealibrated with the water depth measured
from May 2010 to February 2011. The ."petformance of the model in term of
hydrodynamic has begen assessed using the correlation coefficient (CC) and the root
mean square errors (RMSE), which obtained values 0.87 and 0.06 for CC and RMSE
respectively. The results show that the discharge inereased with the topography
decreased along.Mae Tao Creek. Moreover,“water depth and water discharge in wet
season were much greater than they. were incdry season.

The sediment in the Mae Tao Creek, classified by the grain size distribution
method following the*USCS, mostly belonged to_sand size particles: Thus, the non-
cohesive'sediment transport module in MIKE 11 was applied to estimate the sediment
transport. In the calculation, the sediment transports are separated into bed load and
suspended sediment. The simulated results also manifested the difference between the
wet and dry seasons. The total sediment transport passed the downstream during May
2010 to February 2011 was equal to 760.17 m®, whereas 78.42% of sediment transport
occurs in the wet season. Moreover, 86.84% of sediment that transport through

downstream of Mae Tao Creek was suspended sediment. It was noted that sediment
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transport variability is related to changes in discharge. Factor that caused sediment
transport variable is variability in precipitation. High amount of rainfall directly
increase the amount of discharge and velocity of the creek, this events affect the
sediment that is likely to become available for transport. However, the result of
sediment transport obtained from the simulation has uncertainty in high level due to

the variable of directly measured data.

The evident of cadmium contaminatioia*Was obviously shown by the measured
cadmium concentrations-in-bed-load and suspended-sediment in both the wet and dry
seasons. The distribution of.eadmium concentrations in bed load and suspended
sediment were presented in‘the same pattern. Cadmium concentrations in both bed
load and suspended sediment in the Mae Tao Creek change seasonally, giving higher
concentration in dry season. Elevated co.ncentrations of cadmium in the dry season
may be reinforced by sediment that entranteg into the creek were dominated by runoff
from highly contaminated @rea along the creek. Meanwhile, sediment samples in the
wet season was characterized by-a-high mput of alluvium from the larger area than
dry season, therefore it contains-tower cadmlum concentration than dry season. At
downstream (station2), characterized as the' most significant station that responds for
cadmium distributed -Qut-from-the-area; bed-foad contained cadmium concentration
equal to 18.29 mg/kg and 32.44 mg/kg for wet and dry seasons respectively.
Meanwhile, suspended sediment contained cadmium concentration equal to 11.00

mg/kg and 32.65 mg/kg forwet and dry ;season respectively:

Even. though cadmium concentration..in-dry_.season was higher than wet
season, but the spread of/cadmiumicontaminated due to stream ‘Sediment transport in
Mae Tao Creek mainly occurred in storm event. This is because the high transport
capacity of sediment was greater in wet season. From May 2010 to February 2011,
approximately 20.74 kg of cadmium transport out of Mae Tao Creek (11.39 kg in wet
season and 9.35 kg in dry season). Regarding to the transport capacity, the suspended

sediment transport is a dominant process of cadmium transport in the Mae Tao Creek.
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5.2 Recommendations

Because this research was focused on cadmium transport via bad load and
suspended sediment, cadmium concentration was an important factor to estimate the
transport. Therefore, more of the samples should be collected in each season for
scrupulous estimation. Moreover, the cadmium contaminated area could represented
by the cadmium concentration at each position along Mae Tao Creek. Water supply
from downstream part of the creek for agriculttral irrigation may enhance cadmium
contamination in agricultural-area due to'suspended-sediment.

Overall, the MIKE 11.mode! provided reasonable solutions for channel flow;
however, the over prediction may be occurred due to data limitations. For instance,
the model did not consider.hydraulic structpres, which could affect hydrodynamics of
the creek. Nevertheless; this research Waé*the approximately transport of cadmium in
the study area. To imprave the model, rﬂpfé effort should be focused on collecting
accurate data of existing weirs along, sed‘-i-me'nt transport, which separately for bed
load and suspended sediment “to  be uged in sediment transport calibration.
Recommend future study, extend present medel to used ECOLab model, which can

describe heavy metal.transport with sediment and river flow.
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APPENDIX A

Cross section profile
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APPENDIX B
The topographic map of study area
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APPENDIX C

Weight of suspended sediment
Table C-1 The dry weight of suspended sediment

Dry season Wet season
(9/2L) (9/2L)
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APPENDIX D

Rainfall rate and evaporation rate in year.2010 - February 2011
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