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At the Mae Tao subcatchment high cadmium concentrations in environmental
samples have been found i.e. soil in paddy fields absorbing water from the Mae Tao
Creek, sediment in the Mae Tao Creek and rice. So, the government has established an
implementation plan to solve the problems of cadmium contamination such as
collecting and purchasing the contaminated rice and destroy it, establishment of the
sugarcane plantation for ethanol production, construction of dams for development of
water resources. This research concentrated on the effects of the change of agricultural
land usage and the hydraulic structure on cadmium transport via suspended sediment
and bed load in the Mae Tao Creek.

The cadmium concentrations of suspended sediment, bed load and grain size
distribution of bed load along the Mae Tao Creek were gathered from field
observations conducted from the dry and wet seasons. MIKE SHE coupled with
MIKE 11 was applied to determine the time series of hydrodynamics (water depth and
water discharge), which was calibrated with the measured water depth. Sediment
transport was consequently computed by inputting the simulated hydrodynamics into
the sediment transport module in MIKE 11. Eventually, the sediment transport data
was simulated by the model and observed cadmium concentrations were used to
obtain the cadmium transport in the Mae Tao Creek. From the results, cadmium
contaminated via sediment transport in the Mae Tao Creek is mainly generated in the
wet season, and was dominated by suspended sediment transport. From May 2011 to
February 2012, the amount of cadmium transported out of the Mae Tao Creek was
approximately 16.33 kg in the wet season with 16.20 kg and in the dry season with
0.13 kg.

As substitution of rice in current agricultural land use to sugarcane plantation
leaded to a decrease of accumulated sediment both suspended sediment and bed load.
However, the small change sediment slightly affected the cadmium; the land use
change was a small area when compared to the whole study area. The assessment of
hydraulic structure responses on cadmium transport in the Mae Tao Creek indicated
that the cadmium transport through weir location for case without weir and with weir
in the period May 2011 to February 2012 are 18.06 kg and 12.86 kg, respectively.
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CHAPTER |
INTRODUCTION

1.1 Introduction

Cadmium is a heavy metal that has been concerned in terms of usage and
toxicity of contaminants in the environment. Cadmium presents mainly as cadmium
sulfide and associates with zinc, copper and lead ores. Cadmium is a main by-product
of zinc treatment processes (National Toxicology Program, Department of Health and
Human Services, 2011). It can accumulate in plants is not toxic to them, but its toxic is
affected to animals and humans eating the plants. Moreover, cadmium is very harmful
to humans because of its longevity and accumulation. Long term exposure of cadmium
via contaminated food can produce chronic known as Itai-Itai with a form of
osteomalacia and proximal tubular renal dysfunction (Tohyama et al., 1982; Nogawa et
al., 1983; Kido et al., 1988; Honda et al., 2010). Acute effects include pulmonary
edema, headaches, nausea, vomiting, chills, weakness, and diarrhea (Nogawa and Kido,
1993).

Heavy metals are transported to natural water by trapping with sediments in
the water system, and their accumulation is dominated by physical-chemical
properties of the sediment. Beside acting as a pollutant accumulation and transporter,
sediments are concerned about being a possible source of contamination because
heavy metals can be released from the sediment bound back into the water system.
The solubilities of heavy metal depend on water chemical properties such as pH,
chelating agents, redox conditions and, salinity (Arnason and Fletcher, 2003; Jain,
2004; Chen et al., 2007; Yunus et al., 2011).

Thailand's largest zinc deposit is located in Mae Sot district, Tak province.
Zinc mines are operated by several companies over the past 30 years
(Tharathammathigorn, 2010). Some mining activities can cause cadmium
contamination in the nearby surroundings, for example, drilling material transfer,
disposal of mine tailings and drainage (Unhalekhaka and Kositanont, 2008). In the
1998-2003, the International Water Management Institute (IWMI) and Department of
Agricultural (DOA) reported that the cadmium levels in paddy fields and rice were
high at Ban Pateh and Ban Mae Tao Mai, Pratat Padaeng sub-district, Mae Tao



district Tak province (Simmons et al., 2005). Then, the study was reported to the
Ministry of Natural Resources and Environment for further action. In 2004, the ad hoc
committee was established to investigate the problem of high cadmium contamination
which consisting of representatives from the Ministry of Natural Resources and
Environment, Ministry of Public Health, Ministry of Industry, Ministry of Agriculture
and Cooperatives, Tak provincial officers and experts. According to several studies,
all of results are similar to the results from the study of IWMI and DOA. They
showed that Ban Pateh and Ban Mae Tao Mai, Pratat Padaeng sub-district covering 40
km” had low cadmium levels in surface water, groundwater and aquatic animals but
had high cadmium levels in soil, sediment and rice. The stream sediment, which
passed through the active zinc mine area, contained high cadmium concentrations
ranging from 82 to 326 mg/kg. On the other hand, the stream sediment which located
at the upstream contained a low cadmium concentration of 0.5 mg/kg. In agricultural
area, 95% of rice was found to contaminate with cadmium which the levels exceeding
the standard of Codex Committee on Food Additives and Contaminants; CCFAC,
1972 (maximum level for cadmium of 0.2 mg/kg in rice). The cadmium
concentrations of soil samples collected from the agricultural area receiving water
from the Mae Tao Creek were in the range of 61-207 mg/kg, which exceeded the soil
standard of European Economic Community (3 mg/kg). According to the public
health, the Ministry of Public Health reported that 220 from 1,000 local persons were
detected by urine examinations, high cadmium concentrations in a range of 5 to 10
ug/g creatinine was found, which is a significant health risk. Consequently, the Royal
Thai Government has solved the problems in the Mae Tao Creek since 2004 such as
collecting and purchasing the contaminated rice to be destroyed, establishment of non
food crops plantation such as a sugarcane for ethanol production, developing the
water resources such as canals, reservoirs and irrigation by construction of check
dams (PCD, 2011).

According to the previous studies as mentioned above, Mae Tao subcatchment
was high potential for cadmium contamination in agricultural areas and productions.
Moreover, the natural pH of the water in the study area is about 7.91-8.44 (Maneewong,
2005; Karoonmakphol and Chaiwiwatworakul, 2010; Tharathammathigorn, 2010) that

means cadmium is not in a soluble form. Therefore, Mae Tao subcatchment was



selected to demonstrate the cadmium contamination via suspended sediment and bed
load, and its transport. This study focuses on the effects of the change of agricultural
land use in study area on hydrological change to the sediment transport by simulating

with MIKE SHE coupled with MIKE 11.

1.2 Objective of the study

e To demonstrate the effects of agricultural land use on hydrological change in
term of the transport of cadmium contaminated sediment in the Mae Tao Creek,
Thailand.

Sub-objectives:

e To demonstrate the effects of land use changing by applying Geographic
Information System (GIS).

e To demonstrate the effects of hydraulic structures on the transport of
cadmium in the Mae Tao Creek, Thailand.

e To estimate the accumulated cadmium transport via bed load and

suspended sediment in the Mae Tao Creek, Thailand.

1.3 Hypothesis
e The changing of agricultural land use in study area could affect the

transport of cadmium via bed load and suspended sediment.

1.4 Scope of study

e The effects of agricultural land use focused on the transport of cadmium via
bed load and suspended sediment in the Mae Tao Creek, Thailand.

e The changing of agricultural land use focused on the crop type changing
and the hydraulic structure operation.

e There are four scenarios which are set up in the model to examine the
effects on sediment transport by focusing on the effect of agricultural land use and the
effect of hydraulic structure operation:

1. current agricultural land use: setup the land use as current crop type

2. conversion of rice to sugarcane plantation



3. without hydraulic structure operation
4. with hydraulic structure operation: by opening the gate’s weir
e Bed load and suspended sediment samples were collected and analyzed to
determine the effects of both the wet and dry seasons.
e The bed load and suspended sediment were collected by compositing and
analyzed triplicate at the laboratory.
e The study focuses on total cadmium accumulated in bed load and
suspended sediment.
e Topography, metrological data, properties of the saturated zone and
unsaturated zone data for model were reviewed from the government sectors.
e MIKE SHE and MIKE 11 model are used to simulate the hydrodynamic
system and sediment transport.
e Station MT 01 was used as downstream boundary condition.

e The water level at station MT 04 was record daily to verify model.

1.5  Expected outcome
e The accumulated cadmium transfer values due to sediment transport are

quantified with scenarios of agricultural land use change and hydraulic structure.



CHAPTER I
LITERATURE REVIEWS
2.1  Studied area
2.1.1 Location

The studied area is located in Mae Sot district, Tak province, Thailand
approximately from 1836000N to 1848000N and 457000E and 472000E. Mae Sot
consists of 10 sub-districts, namely, Mae Sot, Mae Ku, Phawo, Mae Tao, Mae Kasa,
Tha Sai Luat, Mahawan, Dan Mae La Mao, and Pratat Padaeng. There are two zinc
mines in the area which are operated by Padaeng Industry Public Company Limited

and Tak Mining Company Limited (Karoonmakphol, 2009).
2.1.2 Hydrology and Climates

Mae Sot district consists of seven subcatchments, namely, Luang
Creek, Pong Creek, Mae Tao Creek, Mae Ku Creek, Mae Ku Luang Creek, Phak La
Creek and Mae Paen Creek. Mae Tao Creek originates from Doi Mae Tao and Doi Re
Pha Do. Major branches are Mae Tao Right, Mae Tao Left, Pa Pu Creek and Pong
Creek. The Mae Tao Creek is a stream with continued flow throughout the year;
however: it has little amount of water and is shallow in some sections during the dry
season. The waterways formed a dentritic pattern. The flow direction is from the east
to west passing zinc deposits area to Moei River. The distance of the Mae Tao Creek,
riverhead to Moei River, is about 33 kilometers. The grain size particle in water is
classified as gravelly sand. The stream has a height bank about 1.5 to 2.0 meters, and
an average width about 3.0 to 4.0 meters. The depth of Mae Tao Creek is about 0.15 to
0.20 meters in the dry season, and 1.0 to 1.2 meters in the wet season. Average amount
of water is 16.3 million cubic meters per year. The lowest average minimum flow is
about 7,499 cubic meters in December while the average maximum flow is about 5.6

million cubic meters in August (Mahidol University, 2009).



The studied area is in the western part of Tak province. This area has a
high rainfalls potential because of the monsoon. Tak’s climates consist of 3 seasons:
summer (February to mid-May), rainy (mid-May to October), and winter (October to
February) (PCD, 2011).

2.1.3 Land utilization

According to the Department of Primary Industries and Mines, under
the Ministry of Industry, the land use of Mae Sot can be classified into five major

categories (DPIM, 2006).

1) Forest area: is in the eastern part of the study area. The area is in
the national forest area. Mae Sot Forest is covered with mixed deciduous forest and
underlain by sandy loams or lateritic soil with low fertility, which results in dwarfed
trees. Several areas are trespassed that results in forest degradation, so there are a

reforestation such as teak planting.

2) Agricultural area: is in the western part and is the largest type of
land use in the area. Main agriculture is growing rice which applied water from
rainfall and the Mae Tao Creek. The other economic plant, such as soybeans and corn,

are grown to replace the rice during dry season.

3) Urban area: Community of Karen by locating at the area by
consisting of Ban Mae Tao Mai (western part), Ban Thum Suea (north part), Ban
Nong Khiao (southeast part), Ban Pateh (northwest part), and a few of Ban Mae Ku
Nuea (southwest part).

4) Public area: Roads, creeks and reservoirs. The roads are not only
highways, but also the roads which are divided to get to other village such as concrete

roads, laterite roads and local ground road.

5) Mining area: 10 concession blocks to be granted the zinc mining

by including mining area, ore processing area and discharge area.



Table 2-1 Land use around zinc mines area

Area (m?)
Zone A Zone B Zone C Zone D
Land use | within0-5 | within5-10 | greater than
kilometers | kilometers | 10 kilometers aunpzjst/\r/ie{ahrinn Total
dowr_ls'gream dowr_ls'gream dowr_lst_ream mining
mining mining mining
Forest 2,907,743 749,060 3,320,631 | 13,516,819 | 20,494,253
Agriculture 18,763,074 | 21,004,936 8,689,164 | 7,369,610 | 55,826,784
Community 2,288,958 2,874,886 1,269,381 46,141 | 6,479,366
Public land 336,100 300,298 982,095 145,492 | 1,763,985
Mine - - -1 3,921,938 | 3,921,938
Industry 704,126 70,820 738,729 -1 1,513,675
Total area 25,000,000 | 25,000,000 15,000,000 | 25,000,000 | 90,000,000
2.1.4 Mining

Around 1947, the Department of Mineral Resources found the source
of zinc ore at Doi Padaeng, Mae Tao Sub-district, Mae Sot district, Tak province. In
1969-1975, Thai Zinc Company Limited surveyed and was granted the zinc mining
by obtaining about 150,000 tons of ore, and closed at a later time. The mine was left
for 6 years and was taken over by Padaeng Industry Public Company Limited in 1981.
In 1985, Tak Mining Company Limited was granted the concession for mining in a
relative area. The 2 zinc mines have been granted the concession for mining until now
(Nunman, 2006; PCD, 2012).

Padaeng Industry Public Company Limited has been received 6
concession blocks from the Department of Mineral Resources since 1982. Four of
these were expired and the other 2 concession blocks are still in operation, which will
be expired in 2017 and 2023. Tak mining Company Limited has been granted 5
concession blocks in operations both surface and underground mining. From 5
concession blocks, 2 were expired but have been continually renewed. One

concession block will be expired in 2012 and the other 2 concession blocks will be



expired in 2021. Although Tak Mining Company Limited has stopped mining
activities since 2003, the company has operated to take out zinc ore from the rock
gaps and sell it to Padaeng Industry Public Company Limited (DPIM, 2006).

For the environment impact assessment, Padaeng Industry Public
Company Limited conducts and submits report to the office of Natural Resources and
Environmental Policy and Planning (ONEP) and other agencies every 6 months. Tak
Mining Company Limited chose to stop mining activities hence dose not conduct the
environmental impact assessment report. However, environmental management of
Tak Mining Company Limited was not sufficient during the non-production period
that might affect the environment. According to the study, three major causes of
contamination could be identified as: (1) rainfall flowing through mining area, (2)

settling ponds near the creek, and (3) flooding of erosive mine drift (PCD, 2011).
2.2  Cadmium

Cadmium naturally presents in the environment as it occur together with zinc
ores and less occuring together with lead and copper ores. The cadmium using was
firstly in paint pigment, dental amalgams, and substitute for tin after discovering in
1817. However, almost all using has been occurred in nickel-cadmium batteries,
pigments, alloy electroplating and coating, and stabilizers in plastics (IARC, 1993;
Llewellyn, 1994; Plachy, 2001; National Toxicology Program, Department of Health
and Human Services, 2011).

Cadmium exists in nature in various inorganic forms. In air, cadmium vapor is
instantly oxidized to be cadmium oxide. Cadmium vapor is produced to be another
compound such as cadmium carbonate, cadmium hydroxide, cadmium sulfite, cadmium
sulfate and cadmium chloride when reacts to carbon dioxide, water vapor, sulfur
dioxide, sulfur trioxide and hydrogen chloride, respectively. Moreover, the transform
compounds can be accumulate and discharge to the environment. In water, cadmium
consists of two forms that are water-soluble form (Cd*") and water-insoluble form
(cadmium sulfide, cadmium carbonate, cadmium oxide). However, cadmium in
insoluble form can be changed to a soluble form when water quality in nature changes

such as water pH (IPCS, 1992; World Bank Group, 1998).



2.2.1 Sources of cadmium contamination in the environment

Cadmium contamination in environment is occurred from 2 sources
that are natural sources and anthropogenic sources (ICdA, 2011).

1) Natural sources: the major natural source of cadmium emission to
the atmosphere is volcanic occurrence which during episodic eruptions and
continuous low-level activity. The amount of natural cadmium accumulation is
different in each area depending on the types of rocks which the rocks originate from
(IPCS, 1992).

2) Anthropogenic sources: human activities are the greater source of
cadmium contamination than natural sources. Anthropogenic sources consist of many
activities such as industry activity, fossil fuel combustion, fertilizer application,
sewage sludge, municipal incineration, landfill, traffic and transport. Cadmium from
industry activities can be divided into 3 parts that are primary production, secondary
production and recycling production (OSPAR Commission, 2002)

- Primary production: metallurgic process such as non-ferrous
industry (mining, smelting and refining of zinc, lead and copper ores), meting and
pouring of cadmium element, and iron and steel industry.

- Secondary production: manufacture and disposal of cadmium
containing products such as nickel-cadmium battery, solar cell, alloy and electronic
compound, pigment and coloring agent, stabilizer, coating.

- Recycling production: cadmium recycling plants
2.2.2 Cadmium contamination and distribution in the environment

As mention above, human activities are major source of cadmium
contaminations in the environment; especially emission from manufacturing of
industry, mining wastewater, disposal of cadmium containing wastes. These human
activities can cause cadmium distribution into the environment by soil to water, water
to atmosphere, atmosphere to soil, soil to atmosphere and etc. Using of wastes or
contaminated byproducts can directly and widely increase the impacts. A cycle of

cadmium distribution is shown in Figure 2-1 (Llewellyn, 1994).
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Figure 2-1 Human exposure to cadmium (Llewellyn, 1994)
2.2.3 Cadmium and regulation

Cadmium exists everywhere in nature such as air, water, soil, and
foodstuff. The standards of cadmium concentration in nature are issued by various
organizations as shown in Table 2-2. Cadmium concentrations in air, water and soil
are under the Hazardous Substances Acts of B.E. 2535 (1992). Moreover, European
Economic Community (EEC) established the soil quality standard. Maximum levels
for cadmium in water are complied with in the surface water quality standard and
groundwater quality standard according to the Notification of the National
Environmental Board No. 8, B.E. 2537 (1994) and the Notification of the National
Environmental Board No. 20, B.E. 2543 (2000), respectively (PCD, 2009). Cadmium
level standards in aquatic animals are issued by various countries and organizations.
Cadmium concentration in food is compared with the Codex Committee on Food
Additives and Contaminants (CCFAC, 2002) and the joint FAO/WHO Expert
Committee on Food Additives (JECFA, 2003).



Table 2-2 Standard of cadmium concentration in the environment

11

Cadmium
Substances Concentration References
Permission
Air Quality Standards
- Air emission 1 mg/m’
- Dust in working area 0.2 mg/m’
- Dust in working area (maximum level) 0.6 mg/m3 PCD, 1998
- Fume in working area 0.1 mg/m’
- Fume in working area (maximum level) 3 mg/m’
- Emlssmn from infected waste 0.05 mg 3 PCD, 2009
mncierator
Water Quality Standards
- : <
Surface water: Hardness < 100 mg/L of 0.005 mg/L
CaC03
: Hardness > 100 mg/L of CaCos 0.05 mg/L
- Groundwater 0.003 mg/L
- Groundwater for drinking purposes 0-10 mg/m’
- Drinking water 0-10 mg/m’
PCD, 2009
- Bottled drinking water 5 mg/m’
- Water for aquatic living 1 mg/m’
- Industrial effluent 0.03 mg/m’
- Discharged water into irrigation system 30 mg/m’
- Discharged water into deep wells 100 mg/m’
- Zinc smelter effluent 100 mg/m’ PCD, 1998
Soil Quality Standards
- Soil for habitat and agriculture 37 mg/kg
PCD, 2009
- Soil for other purposes 810 mg/kg
- Sludge amended soil for agriculture 1.0-3.0 mg/kg EEC, 1986
- Agricultural soil 3.0 mg/kg NEPC, 1999
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Table 2-2 Standard of cadmium concentration in the environment (continued)

Cadmium
Substances Concentration References
Permission
Canadian Council
- Agricultural soil 1.4 mg/kg of Ministers of the
Environment, 2006
- Agricultural soil (Vietnam standard) 2.0 mg/kg Simmzo(;qosget al.,
Food Quality Standards
- Rice grain 0.2 mg/kg CCFAC, 2002
- Milled Rice (Codex & Japanese) 0.4 mg/kg JECFA, 2005
Aquatic animal Quality Standards
- Fish and fishery: CAC, WHO/FAO 1.00 mg/kg
: TPHR, Australia 5.50 mg/kg
: NHMRC, Australia 2.00 mg/kg
: FDA, USA 2.00 mg/kg
:EU 0.10-1.00 mg/kg
: Japan 1.00 mg/kg PCD, 2011
: India 3.00 mg/kg
- Sea fish (Czech Republic) 0.20 mg/kg
- Fresh water fish (Czech Republic) 0.10 mg/kg
- Molluscs (Czech Republic) 1.00 mg/kg
i{g;?litl?g;:ans and gastropods (Czech 0.50 mg/ke
Health Perspective
E}F;(\)}\\g;lonal Tolerable Weekly Intake Zvi;gg/lﬁs\sggﬁl JECFA, 2003

2.2.4 Cadmium contamination in Mae Sot district

The preliminary assessment of cadmium contamination previous research

conducted by many researchers consists of surface water quality, groundwater quality,

soil quality, sediment quality and rice quality as shown in Tables 2-3, 2-4, 2-5, 2-6 and 2-

7, respectively.



Table 2-3 Summary of cadmium contaminated surface water from literature review

Researcher and

study year

Study area/ Sample

Result of cadmium contamination

Padaeng Industry
Public Company
Limited, 1992-2002
and 2008-2009
(Padaeng Industry
Public Company
Limited, 2009)

During 1992-2002: Mae Tao

Creek: 5 stations located before
entering zinc mine area to Mae
Tao Mai

During 2008-2009:

- Mae Tao Creek: 11 stations,

Mae Ku Creek: 4 stations

- Both dry and wet season

Most surveyed stations in the Mae Tao Creek showed that cadmium
levels in surface water were lower than 0.003 to 0.005 mg/L. However,
cadmium at discharge point of zinc mine was in the range of 0.05-0.10
mg/L that was higher than the surface water quality standard.

Mae Tao Creek:

The water pH values were slightly alkali that ranged from 6.94-8.37 in
dry season and 7.33- 8.56 in wet season. The total cadmium
concentrations in surface water were between lower than 0.0001-0.0029
mg/L in dry season, and lower than 0.0001- 0.0278 mg/L in wet season.
Mae Ku Creek:

Water pH values tended to be slightly alkali liked in the Mae Tao Creek
that were between 7.33-8.50 in dry season and 6.61-8.40 in wet season.
Total cadmium values ranged from lower than 0.0001-0.0006 mg/L in
dry season and lower than 0.0001-0.0046 mg/L in wet season. The results
showed that all stations in the Mae Tao Creek and the Mae Ku Creek

contained lower cadmium levels than the surface water quality standard.
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Table 2-3 Summary of cadmium contaminated surface water from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

DPIM, 2003-2004
(DPIM, 2006)

- Natural Creek
- Water samples from zinc mine

project and water supply

From the water quality results, water pH values in surface water ranged
from 5 to 9. Cadmium concentration complied with Surface Water

Quality Standard for Type III surface water resource (< 0.05 mg/L).

Department of Water
Resources, 2004

- Mae Tao Creek: downstream

of Ban Mae Tao Mai for 10 km.

The amount of cadmium contamination was in the range of lower than 1-

2.81 ng/L, which was less than the surface water quality standard.

(PCD, 2011) (20 samples)

Mahidol University, |- Mae Tao Creek: 8 stations, Water pH ranged from 6.9-8.6 at the Mae Tao Creek and the Mae Ku
2004 Mae Ku Creek: 2 stations, Mae | Creek, and 7.0-7.2 at the Mae Sot Creek. At the Mae Tao Creek and the
(Mabhidol University, | Sot Creek: 1 control station Mae Ku Creek, cadmium concentrations ranged from 0.004-0.006 mg/L
2006) - Both dry (April 2004) and wet | in dry season, and 0.0241-0.0318 mg/L in wet season. At the Mae Sot

season (September 2004)

Creek, cadmium levels were 0.006 and 0.0241 in dry and wet season,
respectively. Cadmium was less than the surface water quality standard
in all stations. Control station was also detected because surrounding
area is agriculture. Cadmium in surface water may be influenced by
fertilizer using, which may distribute cadmium into agricultural area and

leach into water. Moreover, the cadmium level was higher in wet season.
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Table 2-3 Summary of cadmium contaminated surface water from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Maneewong, 2005

- Mae Tao Creek, Mae Ku
Creek, and Nong Khiao Creek

(control station)

Surface water’s pH varied in a range of 7-8.5. Cadmium values showed
very low concentrations and complied with the surface water quality

standard (less than 0.005 mg/L).

Krissanakriangkrai,
2006
(Krissanakriangkrai,

2007)

- Mae Tao Creek:

9 stations at upstream to
downstream of mining area for
10 km.

- Both dry and wet season

Average cadmium levels were 0.5 pg/L and 2.16 pg/L in dry and wet
season, respectively. During the dry season, cadmium along the Mae
Tao Creek was not significantly different for sampling stations at
upstream and downstream of mining area. During the wet season the
distribution of cadmium was significantly higher than the dry season.

However, cadmium levels in all stations were less than the standard.

Primary Industries
and Mines Office,
Northern part, 2009

- Mae Tao Creek: 13 stations,

Mae Ku Creek: 6 stations

The water pH values ranged from 7.3-8.2. The average cadmium
concentration was lower than 0.005 mg/L, which presented in very low

quantity and in range of surface water quality standard.

Pollution Control
Department, 2010
(PCD, 2011)

- Upstream to downstream of
Mae Tao Creek and Mae Ku

Creek with 20 water samples

The surface water samples were collected during Aug. 2010. The
cadmium concentrations in all sampling stations were < 0.0001 mg/L,

which complied with the surface water quality standard.
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Table 2-4 Summary of cadmium contaminated groundwater from literature review

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Padaeng Industry
Public Company
Limited, 1992-2002
and 2008-2009
(Padaeng Industry
Public Company
Limited, 2009)

During 1999: shallow wells: 3
stations

During 2008-2009 (dry and wet
season): shallow and deep wells

- Around mining area (village
area): Ban Mae Tao Mai, Ban
Thum Suea, Ban Pateh

- At mining area: before and after
tailing storage basin, discharge of

tailing storage basin

During 1999, pH values ranged from 7.2 to 7.6, and the total
cadmium values ranged from lower than 0.001 to 0.001 mg/L.

During 2008-2009, the total cadmium values from shallow and deep
wells around mining area were lower than 0.001 to 0.002 mg/L.

At mining area, the water pH values were between 6.74-7.67 in dry
season and 6.87-7.78 in wet season. The cadmium concentrations
were between lower than 0.0001-0.0034 mg/L in dry season and
lower than 0.0001-0.0310 mg/L in wet season.

Cadmium in wet season was not only higher concentration than in dry

season but also higher than groundwater quality standard for drinking.

Department of
Groundwater
Resources, 2004
(PCD, 2011)

- Ban Pateh, Ban Mae Tao Mai,
Ban Mae Ku Noi, Ban Mae Ku
Nuea, Ban Mae Ku Tai

- Shallow well for consumption
using (10 samples), and public

groundwater wells (4 samples)

All of groundwater samples had cadmium less than 1.00 pg/L, This
study monitored groundwater level in the study area that can indicate
the flow direction in floodplain deposits aquifer (Qfd) by flowing
from Ban Pateh, which is foothills area and sloping through the Mae
Tao Creek and Ban Mae Tao Mai, and finally flowing into Ban Mae
Ku Noi, Ban Mae Ku Nuea and Ban Mae Ku Tai, respectively.
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Table 2-4 Summary of cadmium contaminated groundwater from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Mabhidol University,
2004

(Mahidol University,
2006)

- Groundwater wells at Ban Mae
Ku Nuea and Ban Pateh,
Shallow wells at Ban Thum Suea
- Both dry season (April 2004),

and wet season ( September)

During dry season, the average cadmium concentrations ranged from
0.004-0.006 mg/L., which was
groundwater standard for drinking (lower than 0.003 mg/L), but still

higher than the appropriate
lower than maximum permission of groundwater quality standard
(less than 0.01 mg/L).

During wet season, the average cadmium concentrations ranged from
0.02 to 0.0268 mg/L, which higher than the groundwater quality

standard for drinking.

Pollution Control
Department, 2010
(PCD, 2011)

- Mining area and downstream: 17
groundwater wells and shallow
wells

- Padaeng Industry Public Company

Limited: 3 monitoring wells

The groundwater samples were collected during August 2010. The
cadmium concentrations in all sampling stations were between 0.001-
0.003 mg/L, which was lower than the groundwater quality standard.
Moreover, cadmium concentrations in groundwater from shallow
wells were not different when comparing between before and after

stirring water in the well.
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Table 2-5 Summary of cadmium contaminated soil from literature review

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

IWMI-DOA, 1998-
2000 and 2001-2003

(Simmons et al.,

2005)

- During 1998-2003: paddy field
area near Ban Pateh (154 plots)
- During 2001-2003: paddy field
near Mae Tao Creek (434 plots)

Total cadmium concentrations in soil were higher than EU standard
(level of cadmium contamination lower than 3 mg/kg) for 94 times

and 72 times during 1998-2002 and 2001-2003, respectively.

Somboon, 1999

- Upstream and downstream areas
located in the same watershed with
zinc mine, and nearby area outside

the watershed boundary

Total cadmium was 50.84 mg/kg, which was higher than that in
upstream area (0.93 mg/kg) and in nearby area (1.09 mg/kg).
Furthermore, average cadmium was higher than the soil quality
standard in downstream while the other two study areas were lower.

There was statistical evidence that the distribution of cadmium
concentrations in the downstream area was significant higher than the
other two areas at statistically significantly level of 0.05. The average
cadmium concentrations at 3 study area differed from the soil quality

standard at the statistically significantly level of 0.05.

Simmons, 2000-2002
(Simmons et al.,

2003)

Rice fields receiving water from

zinc mining area

Cadmium concentrations in soil samples varied between 2.91-284

mg/kg.
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Table 2-5 Summary of cadmium contaminated soil from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Simmons, 2001-2002
(Simmons et al.,

2005)

- Pratat Padaeng sub-districts

Soil samples contained cadmium concentrations between 0.5-284

mg/kg.

Simmons, 2001-2003

(Simmons et al.,

- Pratat Padaeng and Mae Tao Mai

sub-districts

During 2001-2002, cadmium levels in soil samples were in the range

0f 0.59-217 mg/kg with the average of 26.2 mg/kg. 89% of total soil

2008) - During 2001-2002: 308 soil samples led cadmium concentration exceeded the standard (3.0
samples at 0-20 cm. depth levels mg/kg). In comparison with the Thai Investigation Level of cadmium,
During 2003: 0.15 mg/kg (Zarcinas, 2004), total soil exceeded this standard.
20 fields During 2003, cadmium concentrations in 20 soil samples varied
between 2.38-168 mg/kg with the average of 36.7 mg/kg. Only 2
samples complied with the soil quality standard of EU.
Department of - Pratat Padaeng, Mae Tao and Mae | Upstream of the Mae Tao Creek and Mae Ku were designated 13

Primary Industries
and Mines, 2003-2004
(DPIM, 2006)

Ku sub-district
- soil at every depth levels of 20

cm. for 1-2 m.

stations located before zinc mines with 57 samples. Soil contained
cadmium lower than 1-9 mg/kg at depth level of 1 m.
Mine area was designated 24 stations, a high terrain and colluvium on

western region with 119 samples. Cadmium was <1-430 mg/kg.
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Table 2-5 Summary of cadmium contaminated soil from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Alluvial plain area was designated 16 stations with 83 samples. The
samples were collected at agricultural area on the western region of
study area. They contained cadmium between <1-101 mg/kg.
Furthermore, the cadmium contamination depended on distance from
the zinc deposit area; for example: they will comply with the standard

with 4 kilometers from the zinc deposit area.

Mahidol University,
2004

(Mahidol University,
2006)

- Soil samples at depth level of 0-
30 cm (10 stations):
8 stations at impact area and 2

stations at near zinc deposit area.

The soil pH values ranged from 6.2 to 8.0. The most surveyed station
contained cadmium concentrations between no detection (ND)-
136.13 mg/kg, except both in dry and wet season that the amount of
cadmium contamination at downstream of discharge point’s Padaeng

Industry Public Company Limited was higher than 37.0 mg/kg.

Department of
Mineral Resources,
2004-2005

(PCD, 2011)

Mae Tao Creek and Mae Ku Creek:

184 stations

Shallow soil samples contained cadmium concentrations between
0.3-192.3 mg/kg while the soil samples around road contained high

cadmium concentrations between 159-1,027 mg/kg.
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Table 2-5 Summary of cadmium contaminated soil from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

IWMI-LDD, 2004-
2005 (Simmons et al.,
2005)

Pratat Padaeng and Mae Tao Mai

sub-district: 660 soil samples

The total cadmium concentrations in soil were between 0.1-284

mg/kg, and over 85% was higher than EU standard.

Chanpo, 2005

Mae Ku Creek

Total cadmium ranged from 0.42 - 101.69 mg/kg, with an average of
493 mg/kg. Cadmium, which plant can absorb, ranged from 0.03 -
63.78 mg/kg with an average of 2.48 mg/kg. 75% of samples led

cadmium lower than 3 mg/kg, only 2 samples were >80 mg/kg.

Chanthachot. et al.,
2005

Mae Tao Creek: 12 stations

Soil samples contained cadmium concentrations between 4-92 ng/kg,

which higher than EU standard.

Sriprachot, 2006

- shallow soil: every 200 m. for 1
km? at Ban Pateh

- deep soil: at lowland/highland of
Mae Tao Creek (right/left side)

- control soil: at paddy field for 7

km. from northern of Ban Pateh

Soil contained cadmium levels between 23-27 mg/kg. The results of
soil analysis showed that soil, which received water from the Mae
Tao Creek contained cadmium higher concentration than other
samples in same study area. The cadmium contaminated was low at
more depth levels of soil and highest at depth levels of 0-20

centimeters by immediately decreasing at depth levels of 20-40 cm.
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Table 2-5 Summary of cadmium contaminated soil from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Phaenark. et al., 2006-
2007

(Phaenark. et al.,
2009)

- Padaeng Industry Public
Company Limited and Ban Pateh

- tailing pond area, open pit area,
stockpile area, forest area, and

cadmium contaminated rice field.

Soil pH values were between 7.1-7.6. Total cadmium concentrations
were in the range of 64-1,458 mg/kg. The total cadmium
concentrations at each station were 596 in mg/kg in tailing pond area,
543 in mg/kg open pit area, 894 mg/kg in stockpile area, 1,458 mg/kg

in forest area, and 64 mg/kg in cadmium contaminated rice field.

Akkajit, 2007
(Akkajit and
Tongcumpou, 2010)

- Downstream of Padaeng Industry
Public Company Limited
- 81 soil samples at 0-30 cm depth

level

Soil contained cadmium concentration in the range of 0.73-172.7
mg/kg, with the average cadmium concentration of 15.14 mg/kg. In
comparison with the soil quality standard for sludge-amended soil of
European Union (level of cadmium contamination lower than 3.0

mg/kg), 50% of 81 soil samples complied with the standard.

Unhalekhaka and
Kositanont, 2008

- Mae Tao Creek Ngae Sai, Mae
Tao Creek, Mae Ku Creek and
Nong Khiao Creek

- 8 soil sample: at 0-10 depth level

were taken with 55 mm. diameter

Soil pH values were between 6.3-6.8. The total cadmium
concentrations in soil ranged from 8.45 mg/kg (upstream) to 22.50
mg/kg (downstream) at the Mae Tao Creek, and 3.50 mg/kg at the
Mae Tao Creek Ngae Sai. The lowest cadmium concentration found
at the Nong Khiao Creek with 1.10 mg/kg while the highest cadmium

concentration found at the Mae Ku Creek with 34.95 mg/kg.
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Table 2-5 Summary of cadmium contaminated soil from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Pollution Control
Department, 2010
(PCD, 2011)

- Soil in agricultural area that
received water from Mae Tao
Creek and Mae Ku Creek

- 16,500 samples at depth levels of
0-30 cm., and 481 samples at depth
level of 30-60, 60-120, 120-180

cm.

Average cadmium levels in soil at 0-30 cm. were lower than 0.5-338
mg/kg. While 25 samples were collected from agricultural area,
where was not received water from the Mae Tao Creek and the Mae
Ku Creek, they contained cadmium concentrations between 0.5-3.96
mg/kg. 86.4% of soil samples were lower than soil quality standard.
88% of 161 soil samples at 30-60 cm. contained cadmium levels less
than 0.05 mg/kg with an average of 0.8 mg/kg, but 5.0% of 161 soil
samples had higher level than the soil quality standard. The highest
cadmium concentrations in soil found at Ban Mae Ku Nuea and the
Mae Ku Creek for 32 mg/kg and 21 mg/kg, respectively.

93% of 161 soil samples at 60-120 cm. depth level contained
cadmium concentrations lower than 0.05 mg/kg. Only 1 soil samples
at the Mae Ku Creek contained cadmium concentration higher than
the soil quality standard with 29.48 mg/kg.

158 of 159 soil at 120-180 cm. contained cadmium lower than 0.05

mg/kg while the other one contained cadmium with 1.94 mg/kg.

¢



Table 2-6 Summary of cadmium contaminated sediment from literature review

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Padaeng Industry
Public Company
Limited, 1992-2002
and 2008-2009
(Padaeng Industry
Public Company
Limited, 2009)

During 1999:

- sediment samples from tailing
storage basin and downstream of
water discharge point

During 2008-2009:

- Mae Tao Creek and Mae Ku
Creek (15 stations)

- Both dry (2 times/year) and wet

season (6 times/year)

During 1997, upstream and downstream of discharge point and
upstream of Ban Pateh village contained cadmium levels of 13, 50, 6
mg/kg in dry season, and 6, 7, 5 mg/kg in wet season.

During 1998, cadmium levels at same study areas were 40, 150, 223
mg/kg in dry season, and 289, 1350, 150 mg/kg in wet season.
During 1999, cadmium level became 0.01 mg/kg at tailing storage
basin and came down at downstream of discharge as 0.001 mg/kg.
During 2008-2009, cadmium levels at the Mae Tao Creek were
lower than 1-218 mg/kg in dry season and lower than 1-66 mg/kg in
wet season. Cadmium levels at the Mae Ku Creek were lower than 1-

34 mg/kg in dry season and lower than 1-182 mg/kg in wet season.

Department of Primary
Industries and Mines,
2003-2004

(DPIM, 20006)

- Mae Tao Creek and Mae Ku
Creek: 43 samples

- During March and May 2003,
April and August 2003

Cadmium levels tended to be high at downstream of mine area, but
they were decreased by distance. High cadmium levels were found in
the Mae Ku Creek with 101-114 mg/kg, even if it did not receive
discharge directly from the zinc mine. Sediment in tailing storage

basin had cadmium levels of 195-1,260 mg/kg.
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Table 2-6 Summary of cadmium contaminated sediment from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Mabhidol University,
2004

(Mahidol University,
2006)

- Mae Tao Creek: 8 stations,

Mae Ku Creek: 2 stations,

Mae Sot Creek: control station

- Both dry season (April 2004) and
wet season (September 2004)

At the Mae Tao Creek, cadmium levels were between ND - 49.0
mg/kg in dry season and ND - 80.79 mg/kg in wet season.

At the Mae Ku Creek, the cadmium levels were between 4.0 to 34.0
mg/kg and 16.15 to 22.25 mg/kg in dry and wet season.

At Mae Sot Creek, it was not contaminated both dry and wet season.

Pollution Control
Department, 2004-2009
(PCD, 2011)

- Mae Tao Creek and Mae Ku
Creek: from upstream of creek
before entering zinc mine to
downstream of zinc mine

- 30 stations with 285 samples

Cadmium levels at the Mae Tao Creek were very low before entering
zinc mining area, but they were high within and downstream of zinc
mining area. However, the cadmium concentration was decreased by
distance from downstream of the mining activity boundary. At the
Mae Ku Creek, cadmium distributed at upstream and downstream of

zinc mining, but it has tended to decreased since 2004-2009.

Maneewong, 2005

- Mae Tao Creek, Mae Ku Creek,
Nong Khiao Creek (control area)
- Suspended sediment and bed load

Average cadmium levels in suspended sediment were 18.27, 7.75
and 6.32 mg/kg at the Mae Tao Creek, the Mae Ku Creek, and the
Nong Khiao Creek, respectively. The average cadmium levels in bed
load were 37.11, 7.99 and 5.67 mg/kg at the Mae Tao Creek, the Mae
Ku Creek, and the Nong Khiao Creek, respectively.
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Table 2-6 Summary of cadmium contaminated sediment from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Krissanakriangkrai, Mae Tao Creek: 22 stations located | Cadmium concentration along the Mae Tao Creek was significantly
2006 at upstream to downstream of zinc | lower for upstream of mining area (with average of 2.2 mg/kg) than
(Krissanakriangkrai, mine for 10 km. for downstream of mining area (with average of 20.2 mg/kg) both
2007) dry and wet season.

Office of Primary Mae Tao Creek: 13 stations, Cadmium contribution at the Mae Tao Creek was < 0.5 mg/kg before
Industries and Mines, | Mae Ku Creek: 6 stations entering the mine, and was 2.9-75.8 mg/kg at discharge point and
Khet 3 Northern part, downstream of the mine. The cadmium concentration was highest at
2009 Ban Pateh and Ban Mae Tao Mai.

The cadmium contamination levels at the Mae Ku Creek ranged from
8.0 to 17.2 mg/kg at Ban Mae Ku Nuea and Ban Palad while the

other area was contaminated with concentration of 0.5 mg/kg.

Karoonmakphol and
Chaiwiwatworakul,
2009 (Karoonmakphol
and Chaiwiwatworakul,

2010)

Mae Tao Creek: 10 stations with

bed load samples

From water quality results, water pH values in surface water were in
the range of 8.16-8.46. The total cadmium concentrations in bed load
were in the range of 1.120-33.93 mg/kg. It was observed that high
levels of cadmium were found at downstream of zinc mining area,

and highest level was found at downstream of the Mae Tao Creek.
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Table 2-6 Summary of cadmium contaminated sediment from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

Tharathammathigorn,

2010

- Mae Tao Creek

: 10 stations with suspended
sediment and bed load samples

- Both dry (April) and wet season
(October)

Water pH values in surface water were in the range of 7.68-8.35 and
7.99-8.44 in dry and wet season, respectively. The total cadmium
concentrations in suspended sediment were in the range of 4.40-
62.02 mg/kg in dry season and 1.61-11.00 mg/kg in wet season. The
total cadmium concentrations in bed load were in the range of 0.90-

38.93 mg/kg in dry season and 1.50-25.14 mg/kg in wet season.

Pollution Control
Department, 2010
(PCD, 2011)

- Mae Tao Creek, Mae Ku, Nong
Nam Kaew, Huay Muang, drain
block of Padaeng Industry Public
Company Limited

- 220 stations with 224 samples:
220 shallow sediment, 4 deep

sediment at 30 cm depth level

The cadmium concentrations in sediment were between lower than
0.05-78 mg/kg, with the average of 5.71 mg/kg.

At the Mae Tao Creek, cadmium concentration was lower than 1
mg/kg at before the mine, and was 13.9 mg/kg from tailing storage
basin of Padaeng Industry Public Company Limited to Moei river.

At the Mae Ku Creek, the cadmium concentration at east before the
mining boundary at south was < 1 mg/kg while at south of mine
contained high cadmium with 2.6-9.8 mg/kg. At small hill at east of
Ban Mae Ku Nuea contained the cadmium level with 52.8 mg/kg and

came down at downstream of the Mae Ku Creek as 0.7 mg/kg.

LT



Table 2-7 Summary of cadmium contaminated rice from literature review

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

IWMI-DOA, 1998-2000
and 2001-2003
(Simmons et al., 2005)

- During 1998-2000: rice grain
(154 plots) at Ban Pateh

- During 2001-2003: rice grain
(434 plots) near Mae Tao Creek

During 1998-2000, 95% of rice grain samples were found that the
cadmium concentration ranged from 0.1 to 4.4 mg/kg.
During 1998-2000, 80% of rice grain was found that the cadmium

concentration exceeded Standard of Codex and Japanese (0.4 mg/kg).

Simmons, 2000-2002
(Simmons et al., 2003)

Rice fields receiving water from

zinc mining area

Cadmium levels in rice grain samples varied between 0.02-5.00

mg/kg.

Simmons, 2001-2002
(Simmons et al., 2005)

- Pratat Padaeng sub-districts

Rice grains from 524 fields receiving water from the Mae Tao Creek
contained cadmium between 0.05-7.7 mg/kg. Over 90% of samples

led cadmium levels higher than the standard (0.2 mg/kg).

Simmons, 2001-2003
(Simmons et al., 2008)

- Pratat Padaeng and Mae Tao Mai
sub-districts

- During 2001-2002: 308 rice

samples

During 2003: 20 rice fields

In 2001-2002, cadmium levels in unpolished rice were 0.02-7.75
mg/kg with average of 1.15 mg/kg. 67% of samples led cadmium
exceeded the Codex Alimentarius Commission standard (0.4 mg/kg).
In 2003, the cadmium levels in unpolished rice were 2.31 mg/kg
(0.04-16.2) in stem, 0.94 mg/kg (0.29-4.55) in leaf, and 1.05 mg/kg
(0.29-5.83) in grain. 14 samples led cadmium exceeded the standard.
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Table 2-7 Summary of cadmium contaminated rice from literature review (continued)

Institute/Researcher

and study year

Study area/ Sample

Result of cadmium contamination

IWMI-LDD, 2004-2005
(Simmons et al., 2005)

Pratat Padaeng sub-district and Mae

Tao sub-district: 532 rice samples

Cadmium levels in rice were < 0.01-7.78 mg/kg while 83% of rice
samples exceeded the Codex Standard (0.2 mg/kg). So, 75%-100%
of paddy fields which received water directly from the Mae Tao
Creek tended to have higher cadmium level than the Codex Standard.

Development of Mae
Tao Watershed, Tak
Province Project, 2008-
2010 (PCD, 2011)

Rice grain from: Mae Tao sub-
district (6 villages), Pratat Padaeng
sub-district (3 villages) and Mae
Ku sub-district (3 villages)

During 2008-2009, 166 rice samples exceeded the Standard of Codex
and Japanese (0.4 mg/kg).During 2009-2010, rice samples in the
study paddy field, which only exceeded the standard, had still higher

cadmium concentration than the standard for 105 rice samples.

Table 2-8 Summary of cadmium contaminated assessment from literature review

Sample Cadmium concentration Standard for Thailand
Water 0.0001-0.1 mg/L < 0.05 mg/L (Thai Water quality Standard)
Soil 0.1-1,458 mg/kg <37 mg/kg (Thai Soil Quality Standard for Residential and Agricultural area)

Sediment | <1-1,350 mg/kg

< 3.5 mg/kg (Probable Effect Levels standard: Canada)

Rice 0.02-7.75 mg/kg

<0.2 kg/kg (Codex Standard)

6¢
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2.3 Impact on sediment transport

Sediment in water system can be interfered by natural activity and
anthropogenic activity by resulting in change of sediment erosion, transport and

precipitation (Taylor et al., 2008).
1) Natural activity

The results from natural activities both short term changes and long term
changes especially in meteorological and hydrological conditions influence a
disturbance in sediment transport. One of the most impacts of climatologically
changes is rainfall. During the rainy season, increased rates of precipitation can cause
an increased of surface runoff, which results in the rise of sediment transport through
the river system. For example, in Mae Tao Creek, Mae Sot district, Tak province,
Karoonmakphol, (2009) investigated the transport of cadmium contamination due to
bed load sediment transport for the year 2009 both dry and wet seasons. The results
revealed that the total sediment transport in the study area was equal to 24.52 m’ by
occurring in the wet season for 99.77% of total. The researcher concluded that the
sediment transport during the wet season is a significant process and caused the
spread of cadmium contamination through the river basin. Tharathammathigorn
(2010) studied cadmium contaminated sediment transport during dry and wet season
in the Mae Tao Creek. During wet season, the total sediment transport over 78.42%
was estimated with resulting high levels of cadmium contaminated. High precipitation
had a major impact on increasing of water discharge and velocity. This event caused
the available transport of sediment. High-flow events, therefore, influenced the great

impact on increased movement of cadmium contaminated.
2) Anthropogenic activity

Human activities created greater disturbance of fluxes and transport of
sediment in the river basin. The disruption from anthropogenic changes focused on

construction in river and land use changing.
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- River engineering: the river engineering especially impoundments and
reservoirs cause a interruption on the transport of sediment in the river system by
trapping the inflow sediment both suspended sediment and bed load. Reservoirs are
caused a decreasing on capacity and a degraded on storing water quality from
sedimentation. Additionally, the impoundment for flood protection mainly reduces the
magnitude of downstream flooding, which can cause the major sediment transport.
During such events, decreased flooding can result in orders of magnitude decreases in
coarse sediment, such as sand and gravel transfer through the basin (Taylor et al.,
2008). For example, Vorosmarty et al. (1997) reported that large impoundment
disrupted over 40% of water discharge of the world’s rivers, and trapped transport of
contemporary sediment from land surface to ocean for more than 25%. The most
impact of dam construction was perchance the result in the Aswan Dam on the River
Nile that diminished suspended sediment from ca. 100 x 10° t/year to nearly equal

Z€10.

- Land use changing: the effects of deforestation on land use can cause
dramatic change on increasing soil erosion rates. Because of removing of the
protective vegetation cover, soil is likely to become available expose to water
especially enhancing by precipitation and overland flow. Morgan (1986) presented
that the land use with natural vegetation had a lower rates of soil erosion than the
clearance of natural vegetation. The clearance of natural vegetation not only builds
soil erosion rates up, but it also influences the increasing in river sediment loads.
Moreover, one of the most pronounced changes in land use is due to population
growth that impacted the extension in agricultural area for food production. Such
increasing in agricultural land use change and intensification, especially deforestation
and transformation of grassland to arable land, are likely to be reflected a building up

of soil erosion contributing to an increase in sediment yield.
2.4 Mathematic model

MIKE SHE and MIKE 11, which have been developed and extended by DHI

Group, were chosen as a tool to simulate the results in this project.
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MIKE SHE

MIKE SHE, a distributed and physically based model system, provides

the simulation for the hydrological cycle. It includes overland flow (OL),

evapotranspiration (ET), unsaturated flow (UZ), saturated flow (SZ) and river and

lake (channel flow, OC), as illustrated in Figure 2-2. Related water quality modules

composed of advection-dispersion, particle tracking, sorption and degradation,

geochemistry, biodegradation, crop yield, and nitrogen consumption (DHI, 2010).

Each process

can be specified in various levels of spatial distribution and complexity

corresponding to desired outputs, availability of input data, and user’s preference

(Butts et al., 2004). MIKE SHE has been used in a wide range of application for the

analysis, planning and management of a broad range of water resources and

environmental and ecological problems related to surface water and groundwater, for

example impact of land use change and anthropogenic effects (Refsgaard et al.,

1998).

Canopy interception
model FE

Net precipitation

Snow melt model

Infiltration

Water table
risa and fall

Rain and snow

Abstraction

1-dimensional
unsaturated flow
model for each
grid element

k ‘ k Exchange
3-dimensional saturated

across boundaries
flow groundwater model * Exchange

(rectangular grid) through seepage faces

Figure 2-2 Hydrological processes in MIKE SHE (DHI, 2010)
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Refsgaard and Kjelds (2001) selected MIKE SHE to be the best
modeling system to simulate groundwater-surface water related issues. Additionally,
MIKE SHE can provide the best and most comprehensive description interaction with

a full dynamic coupled description of the hydrological processes.
242 MIKE 11

MIKE 11 is used for simulating the channel flow, water quality and
sediment transport. MIKE 11 includes comprehensive modules to model complex
channel networks, lakes and reservoirs, and river structures, such as gates, sluices, and
weirs. The hydrodynamic (HD) module is the core of MIKE 11; moreover, MIKE 11
includes the add-on modules for hydrology, advection-dispersion, models for various
aspects of water quality, cohesive sediment transport, and non-co cohesive sediment

transport (DHI, 2010).

The hydrodynamic (HD) module consists of an implicit, finite
difference computation of unsteady flows in rivers. The module is simulated for the
unsteady flows in branched and looped river networks, and quasi two-dimensional
flows in floodplains. The module solves the equations of conservation of continuity
and momentum (the ‘Saint Venant’ equations). The solutions to the equations are
based on four assumptions. Firstly, the water is incompressible and homogeneous.
Secondly, the small of bottom slope caused the cosine of the angle it makes with the
horizontal could be equaled to 1. Thirdly, the wave lengths are greater than the water
depth by assuming the flow can be to flow parallel to the bottom everywhere. Finally,
the flow is sub-critical when actual water depth is higher than critical depth. (Kamel,

A.H., 2008).

The sediment transport in channel system can be simulated from two
main modules. Firstly, advection-dispersion module (AD) is suitable for cohesive
sediment such as silts and clays. Secondly, sediment transport module (ST) is proper

for non-cohesive sediment such as gravels and sands.
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2.5  Cadmium transport in the Mae Tao Creek

The cadmium contamination due to sediment transport was studied in the Mae
Tao Creek, Mae Sot district, Tak province by Karoonmakphol (2009) and
Tharathammathigorn (2010). Karoonmakphol (2009) demonstrated the cadmium
contaminated sediment transport via bed load in the Mae Tao creek. The researchers
applied the MIKE SHE coupled with MIKE 11 to simulate the hydrodynamic results
which were daily time series of water depth and water discharge, and sediment
transport using the Meyer-Peter and Muller model in 2009. According to grain size
distribution, the size distribution of the bed load in studied area shown that the Mae
Tao Creek was mostly covered with sand particles. The accumulated sediment
transport at the downstream of the Mae Tao Creek in 2009 was computed to 24.522
m’, whereas 99.77 % of sediment transport occurred in the wet season. The cadmium
transport amount could be estimated as 1.599 kg spreading out from the Mae Tao
Creek. The results revealed that cadmium distribute during wet season more than dry
season. However there was some level of uncertainty in the results due to insufficient
information. Tharathammathigorn (2010) also evaluated the cadmium transport in the
Mae Tao Creek due to sediment transport from May 2010 to February 2011. However
this study divided sediment transport into bed load and suspended sediment, selected
MIKE 11 to investigate the channel flow, and sediment transport using Van Rijn
model. The simulated results demonstrated the difference between the dry and wet
seasons. The total of accumulated sediment transport at the downstream of the Mae
Tao Creek was approximately 760.17 m’ during the study period, and mainly
occurred in the wet season with 78.46% of sediment transport. In addition, 86.86% of
sediment that transport was suspended sediment that concluded that the suspended
sediment was a dominant transport of cadmium transport in the creek. The cadmium
was distributed out from the Mae Tao creek for 20.74 kg during May 2010 to
February 2011. However the over prediction may be occurred due to model
limitations such as neglecting in hydraulic structure.

According to the previous study, this study will consider agricultural land use
and hydraulic structure in Mae Tao subcatchment to define their effect on the

hydrology in model and the more reasonable result will be gotten.



CHAPTER Il
METHODOLOGY

This study aims to clarify the possibility that agricultural land use and
hydraulic structure can affect to cadmium contamination due to sediment transport in
the Mae Tao Creek. Since the agricultural land use, it has a possibility that the
hydrological process of the creek by changing of crop type and existing of hydraulic
structure could impact the sediment transport, contributing to a change in cadmium
transport. So, this study set up four scenarios that were current agricultural land use,
conversion of rice to sugarcane, without weir in the creek and having weir in the
creek. The study of the effects of agricultural land use on the transport of cadmium in
the Mae Tao Creek consisted of four main phases which are:

1. Data collection: the land usage, topography and meteorology were obtained
from the government departments. The leaf area index which used to identify the
vegetation type in land usage was reviewed from the literature.

2. Field observation: suspended sediment and bed load were collected to
estimate the cadmium concentration during the dry and wet seasons. In addition to
bed load, the grain size distribution and soil classification were also determined. At
station MT 01 and MT 04 was measured the water depth daily to verify model.
Hydraulic structure existence between station MT 02 and MT 03 was measured the
parameter to estimate its effect on cadmium transport.

3. Model simulation: once the required information were collected and
analyzed, mathematic model was applied from MIKE SHE and MIKE 11. Simulation
processes were divided into hydrodynamic simulation and sediment transport
simulation. The hydrodynamic part was firstly simulated applying MIKE SHE
coupled with MIKE 11 and calibrated by daily water level at station MT 04. The
sediment transport was later computed with inputting the simulated hydrodynamic
result into MIKE 11.

4. Cadmium transport estimation: cadmium transport in the Mae Tao Creek
was calculated from observed cadmium concentration and simulated sediment
transport.

The methodology scope of the study is illustrated in Figure 3-1.
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Figure 3-1 Methodology scope of the study of effects of agricultural land use on the transport of cadmium in the Mae Tao Creek, Thailand
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3.1 Data collection

Input data required for MIKE SHE were obtained from the government
departments, field observation, and literature.

- Topography: Mae Tao subcatchment was obtained from the map sheet
4742111 of series L7018, edition 1-RTSD with a scale of 1:50,000 (Appendix A).

Elevation in the study area ranged from 200-950 m, as shown in Figure 3-2.

[meter]

1846000
1845000
1844000
1843000
1842000
1841000

1840000

1839000

2 g R TV
470000
[meter]

460000 465000

Figure 3-2 Topography of the Mae Tao Creek

- Meteorological data: Evaporation and precipitation rate data in year 2010-
February 2012 (presented in Appendix B) were collected from the Thai
Meteorological Department (TMD). Mae Sot meteorological station located at Tha
Sai Luat Sub district, Mae Sot district, UTM Easting: 457098, UTM Northing:
1841791.
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3.2 Field observation

Ten observing stations were located along the Mae Tao Creek at upstream,
junctions and downstream locations, as displayed in Figure 3-3. The stations were
ranged from downstream to upstream of main Mae Tao Creek, Mae Tao left, and Mae
Tao right. The positions of observing stations show in Table 3-1. At each station, the
observation during dry and wet seasons of water quality measurement including pH,
dissolved oxygen, conductivity, and temperature. Suspended sediments and bed load
were sampled and analyzed for cadmium content, grain size distribution, and soil

classification.

Mae Tao (Left)

Mae Tao creek MT MT

O : 08
MT  MT - S OO
01 02 MT TR

06

Padeang

Mae Tao ( Right)

Meters Kilomaeters

Figure 3-3 The ten observing stations and two zinc mines along the Mae Tao Creek



Table 3-1 The positions of each station along the Mae Tao Creek
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Station

Easting

Northing

Description

Field observation

MT 01

457998

1843017

- Village area

- Location at
downstream of Mae
Tao subcatchment

- Observation station

of water level

MT 02

459400

1843330

- Village area

MT 03

461274

1843034

- Connection between K

station MT 04 and
station MTL 01

- Receiving
converged water

from station MT 04

MT 04

461374

1843110

- Location at
downstream from
Tak mining Company
Limited’s mine

- Observation station

of water level

MTL 01

461438

1843286

- Mae Tao Left
- Receiving
converged water

from Mae Tao Left
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Table 3-1 The positions of each station along the Mae Tao Creek (continued)

Station

Easting

Northing

Description

Field observation

MT 05

462046

1842870

Location between
Tak Mining and
Padaeng

MT 06

465638

1842718

Location above two

zinc mines

MT 07

466937

1842750

- Connection
between station MTR
01 and station MT 08
- Receiving water
from station MTR 01
and station MT 08

MTR 01

467228

1842559

Mae Tao Right

MT 08

467088

1842736

Location at upstream
of the main Mae Tao

Creek
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3.3  Physical properties of sediment

3.3.1 Sample collection and preparation

At each station, suspended sediment and bed load were collected and
analyzed for their composition during the dry and wet seasons. The suspended
sediments were collected for estimating the total cadmium concentration. The bed
load samples were collected for estimating the grain size distribution, soil
classification, total cadmium concentration and the distribution of cadmium
concentration.

Suspended sediment

e At the center of the stream, two liters of water were collected to
take suspended sediment by using a polyethylene container.

e The collected water was filter with a pre-weighed filter paper (GFC
WATTMAN) by coupling with the vacuumed pump. The filter paper with retained
sediment was placed in a Petri dish.

e The suspended sediment on the filter paper was dehydrated in an
oven at 60°C for 24 hours and weighted.

Bed load

e About 2 kg of bed load were collected at the top layer of sediment
(0-5 cm) and contained in a polyethylene container.

e The bed load was dehydrated at 105°C for 24 hours in an oven, and
allowed to cool at room temperature.

e A mortar and pestle were used to grind the bed load samples before
analyzing of grain size distribution, soil classification and cadmium concentration.
The cadmium and zinc distribution was investigated from various size of bed load
which 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).

3.3.2 Grain size distribution
The bed load was analyzed grain size distribution by 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 Weighing apparatus

e (leaning implements

B) Methods

e The grinded bed load of each station and each select sieve were

weighed.

e The sieves were set up by ranking from the smallest sieve (no.

200) at the bottom to the largest sieve (no. 3/4°") at the top of the sieve set.

e The bed load was added to the top of sieve set and sieved for

around 30 minutes.

e FEach sieve which contained the bed load was weighed.

Note: The grain size analysis should be repeated if the sample loses more than 2% of
its weight. Moreover, the hydrometer analysis is recommended if there is more than

10% of sample passing sieve No. 200.

3.3.3 Soil Classification
The sediments from each station were classified by following the

Unified Soil Classification System (USCS) (ASTM D2487).

Table 3-2 The soil classification

% sample
passing sieve | Classification Equation
No0.200
Less than Coarse-grained | CF = C = % coarser than 4-mesh sieve  (3.1)
50% particles F % coarser than 200-mesh sieve
- Gravel (G) - If the CF (coarse fraction) is less than 50%,
- Sand (S) the sample will be classified as sand (S).

- If the CF is greater than 50%, the sample will
be classified as gravel (G).
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Table 3-2 The soil classification (continued)

% sample
passing sieve | Classification Equation
N0.200
More than Fine-grained P1=10.73 (LL-20) (3.2)
50% particles (PI= plasticity index, LL= liquid limit)

- Inorganic silt
M)

- Inorganic clay
©)

- Organic silt or
clay (O)

- Peat (Pt)

80
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| cL = OH & MH
20 | “F;
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PLASTIGITY INDEX (%)

|
|
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Figure 3-4 Plasticity chart and the A line
(ASTM D 2487)

- If the ratio between LL and PI is under the A-
line, the sample is classified as inorganic silt
(M) or organic silt or clay (O).

- If the ratio between LL and PI is above A-

line, the sample is classified as inorganic clay

(©).

3.3.4 Measurement of cadmium concentration
1) Suspended sediment (EPA method 3050B)

A) Instruments

e Hot plate

e Whatman disc filter paper No.41

¢ Graphite furnace atomic absorption spectrometry (GFAAS)
e GFAAS sample vessels

e Polyethylene bottles

e Weighing apparatus

e Glassware and others
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B) Materials

e 65% Nitric acid

e Hydrochloric acid

e 30% Hydrogen peroxide

e Standard cadmium concentration

e Standard zinc concentration

e Deionized water

C) Methods

e Before analyzing, the laboratory glassware and plasticware
were cleaned with deionized water and 10% nitric acid for 2 hours, and rinsed with
deionized water.

e The sediment on filtered paper was weighed and heated to
954+5°C with 10 ml of 1:1 nitric acid for 10 to 15 minutes without boiling (covering
with a watch glass).

e The nitric acid was added to the cooling solution about 5 ml
and refluxed for 30 minutes. (The replicate of this step must be done when the brown
fumes are occurred.)

e The solution was heated at 95+5°C without boiling for 2 hours.

e The 2 ml of water and 3 ml of 30% hydrogen peroxide
mixed along with 1 ml of 30% hydrogen peroxide were added to the cooling solution
until being of unchanged solution.

e The solution was heated at 95+5°C without boiling for 2 hours.

e FEach sample was filtrated with Whatman disc filter paper
No. 41 and adjusted the volume to 50 ml before placing into a polyethylene bottle.

e The filtered solutions were analyzed by graphite furnace
atomic absorption spectrometry. Detection limit for GFAAS is 0.0001 ng/mL for

cadmium measurement and 0.00005 ng/mL for zinc measurement.

2) Bed load (EPA method 3051)
A) Instruments
e Microwave digestion system: Mileston Ethos SEL
e Whatman disc filter paper No. 5
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e PTFE vessels and covers

e Polyethylene bottles

e Sieve No. 65, 100, 150, 200

e Weighing apparatus

¢ Flame atomic absorption spectroscopy (FLAAS)

e FLAAS sample vessels

e Glassware and others

B) Materials

e 65% Nitric acid

e Hydrochloric acid

e Standard cadmium concentration

e Standard zinc concentration

e Deionized water

C) Methods

e Before analyzing, the laboratory glassware and plasticware
were cleaned with deionized water and 10% nitric acid for 2 hours, and rinsed with
deionized water.

e The sieving sediment from each sieve (No. 65, 100, 150,
200) was weighted around 0.5 g and placed in each PTFE vessels.

e Each PTFE vessels were added 9 ml of 65% nitric acid and
3 ml of hydrochloric acid.

e [Each PTFE vessels were placed into a microwave system at
170+5 °C for 8 minutes and remain at 170 °C for 7 minutes, and allowed them cool
down to the room temperature.

e FEach cooled sample was filtrated with Whatman disc filter
paper No. 5 and adjusted the volume to 50 ml before placing into a polyethylene bottle.

e The filtered samples were analyzed by flame atomic
absorption spectroscopy. Detection limit for FLAAS is 1 ng/mL for cadmium

measurement and 2ng/mL for zinc measurement.

Note: The cadmium and zinc concentration used the t-distribution to estimate a

standard deviation at the 80% confidence level.
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3.4  Effects on sediment transport
Agricultural land use and hydraulic structure were selected as the factors that
play a significant role in cadmium contaminated sediment transport via the suspended
sediment and bed load in the Mae Tao Creek.
e Scenarios
In this study, there are setting scenarios to demonstrate the effect on
sediment transport by focusing on the agricultural land use changing and hydraulic
structure operation.
The effect of agricultural land use:
- Current agricultural land use: setup the land use by following the
current crop type such as rice, corn, forest etc.
- Conversion of rice to sugarcane plantation: is based on Thailand’s
policy for management of cadmium contamination
The effect of hydraulic structure operation:
- Without hydraulic structure operation

- With hydraulic structure operation: by open gate’s weir

3.4.1 Agricultural Land Use

Land use module in MIKE SHE is used to define the items on the land
surface that affect the hydrology in study area, focusing on vegetation distribution.
There are two relevant time series parameters: Leaf Area Index (LAI) and Root Depth
that are used to define the distribution of vegetation across the model area.

LAI is defined as the area of leaves per area of the ground. The role
cannot control either leaves control or the significance of this index is photosynthesis,
respiration, rain interception. Thus, LAI is a key parameter in many models to
characterize the relationship of vegetation and atmosphere especially of the water
cycles (GCOS, 2004). LAI is a dynamic parameter because its value of each crop
bases on many factors that are species component, stage of development, season,
environment and organization process. According to various factors and
determination methods, The LAI value is broadly in literature such as range value of

2-4 for annual crops and 6-8 for deciduous forest (Jonckheere et al., 2004).
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LAI can be investigated by two major measurements, one direct and
one indirect method, as shown in Table 3-3 (see review in Jonckheere et al., 2004,

Breda, 2003).

Table 3-3 Summarize of LAl measurement method

Procedure LAl measurement
Direct method:
1) Leaf collection There are two methods of leaf collection: harvesting

methods and Non-harvest methods.

a) Harvesting methods:

- Destructive sampling: leaves are harvested and removed
from a sampling area.

- Model tree method: destructive sampling is applied for
collecting vegetation out of the stand from which the leaf
area and vertical distribution of leaf area is estimated leaf
by leaf. This method is available for agricultural crop and
forest system.

b) Non-harvest method:

- Leaf litter collections: litter traps are predestined box
that design to collect the leaves during leaf fall season by
non-cover on the top and lateral sides with precluding

wind. This approach is applied for deciduous forest.

2) Leaf area Leaf area can be estimated by two techniques: planimetric
determination approach and gravimetric method.

- Planimetric method: it relies on the relationship between
individual leaf area and area, which is covered by the leaf in
a horizontal surface. Planimeter is applied for measuring the
leaf boundary, and then its area can be calculated.

- Gravimetric method: it relies on the relationship between
dry weight of leaves and leaf area. Leaf mass per area

(LMA) is primarily evaluated from a sub sample.
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Table 3-3 Summarize of LAI measurement method (continued)

Procedure

LAI measurement

When LMA is completely determined, the whole sample is
dehydrated and the leaf area is determined from its dry

weight and the sub sample LMA.

Indirect method:
a) Indirect contact LAI

measurements

- Inclined point quadrat: point quadrat is a long thin
needle that is used to pierce a leaf canopy with known of
elevation and angles, and contact between the needle and
green canopy component is counted. LAI is calculated
from equations of a radiation penetration model.

- Allometric techniques for forests: these techniques base on
correlation between leaf area and dimensions of woody
component, which sustain the green leaf biomass such as stem
diameter, height of tree. This correlation depends on species

vegetation, site condition, season and canopy structure.

b) Indirect non-contact

measurements

Indirect non-contact methods apply the determination of
transmission of light trough plant canopies. Instruments
have been developed to determine in real time LAI of leaf
canopies for 20 years. They consist of two major groups,
which are classified on whatever they measure: a first
category includes instruments by basing on gap fraction
distribution, and a second category includes instruments

by basing on gap size distribution.

- Gap fraction distribution: LAl can be determine by using
canopy image analysis approach (i.e. Digital Plant Canopy
Imager CI 100, MVI), or comparing light measurement
above canopy with light measurement below canopy (i.e.
Accupar, Demon, Licor LAI-2000 Plant Canopy Analyzer).
- Gap size distribution: this analysis determines LAI by

evaluating the proportions of individual ground area, which
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Table 3-3 Summarize of LAI measurement method (continued)

Procedure LAI measurement

are directly illuminated and converting them to the LAI
value. The Tracing Radiation and Architecture of Canopies
(TRAC) instrument and hemispherical photography are

examples of instrument based on this analysis.

This study obtained land use map from Land Development
Department, 2007. The land use map can be converted to a shape file using ArcGIS
and then interpolated in MIKE SHE (see Appendix A, Figure A-2). In MIKE SHE,
three vegetation parameters need to be specified by consisting of LAI, root depth and
crop coefficient. In this study, the values of these parameters were determined from
MIKE SHE manual (see Appendix D, Table D-2). Moreover, the leaf area index and
root depth should be specified at the end of each crop state. The developments of LAI
and root depth between the specified values are then interpolated linearly by the
model (DHI, 2010).
3.4.2 Hydrodynamic
e Water depth
At station MT 0l and station MT 04 were setup vertical staff
gauge. At station MT 01, the water depth was record three times on the morning,
afternoon and evening every day. At station MT 04, the water depth was record two

times on the morning and evening every day.

Mae Tao ( Right)

Finser

-------




e Hydraulic structure
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The discovering of concrete weir that located between station MT

02 and station MT 03, as displayed in Figure 3-6 was measured the hydraulic

structure parameters that illustrated in Figure 3-7.

Mae Tao [ Right)

16m
45 m

55m

Figure 3-7 Hydraulic structure measurement

3.5  Hydrodynamic simulation

e MIKE SHE (DHI, 2010d, 2010e, 2010f)
1) Overland Flow (OL)

If there is higher precipitation rate than infiltration capacity’ soil,

ponded surface water is generated. It is available as surface runoff to streams. The
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movement and quantity is depended on topography and the losses from evaporation
and infiltration along the flow route.

Overland flow module simulates the movement of ponded surface
water across the topography. It can be used for calculating flow on a flood plain or
runoff to streams by using the diffusive wave approximation of the Saint Venant
equations. The Saint Venant equations are applied for the diffusive wave
approximation by reducing momentum losses and lateral inflows perpendicular to the
flow direction because of local and convective acceleration. The expression for the
two-dimensional diffusive wave approximation to simulate surface runoff, and the

velocities and depths relation:

1

uh = K, (~2)hs (3.3)
1
vh= K, (- 2) h3 (3.4)
z=25+th (3.5)
where

u = flow velocity in x-direction (m/s)

v = flow velocity in y-direction (m/s)

K, = Strickler coefficient in x-direction (ml/ %)

K, = Strickler coefficient in y-direction (m"?)

h = flow depth (above ground surface) (m)

z = flow depth (referred to datum) (m)

Zg = ground surface level (referred to datum) (m)

The Strickler roughness coefficient is equivalent to the Manning M

because of the control of surface roughness to the overland flow rate. The value of n
is typically in the range of 0.01-0.10 (smooth channels-thickly vegetated channels),

which correspond to the value of M between 100 and 10.

1
K=M= - (3.6)

where
M = Manning M (ml/ %)

n = Manning n (m™?)
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The expression for a finite-difference from of the velocity term:
1

2 (uh) = —[Wh)east = (Wh)west] (3.7)
ZWh) = = [(WMnoren — Vhsourn] (3.8)
where
(uh) eqs = discharge per unit length across the eastern boundary  (m/s)
(uh) vest = discharge per unit length across the western boundary (m/s)
(vh)nor = discharge per unit length across the northern boundary ~ (m'”?)
(vh)soun = discharge per unit length across the southern boundary  (m'?)
Ax = side of length in x-direction (m)
Ay = side of length in y-direction (m)
The expression for the flow between grid squares:
Q= (2, - Zpyih,s (3.9)
AxZ
where
0 = water discharge (m’/s)
K = appropriate Strickler coefficient and water depth (ml/ %)
Zy = higher depth of the two water levels (referred to datum) (m)
Zp = lower depth of the two water levels (referred to datum) (m)
h, = depth of water that can freely flow into the next cell (m)

= actual water depth minus detention storage
The overland flow equation is calculated from successive over-
relaxation (SOR) method to avoid an internal water balance error and divergence of

the solution scheme.

Ax?h(t)

21Qout| < XQin + i0x? + ——= (3.10)
where
2. O0ut = sum of outflows (m’/s)
200 = sum of inflows (m’/s)
i = net input to overland flow (net rainfall less infiltration) (m/s)
h(t) = water depth (m)

At = time difference (s)
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2) Evapotranspiration (ET)

Total evapotranspiration can be calculated from weather and
vegetative data because of canopy interception, drainage from the canopy to the soil
surface, canopy evaporation, soil evaporation and transpiration from the vegetation.
The primary evapotranspiration model is relied on empirically derived equations that

follow a study by Kristensen and Jensen (1975).

A) Canopy Interception
Interception is defined as process whereby precipitation is
retained on vegetation. The intercepted water directly evaporated no storing to the soil
moisture. The interception process i s modeled as an interception storage that relies on
the vegetation type and its development stage, which is characterized by leaf area

index (LAI).

Lnax = Cine - LAI (3.11)
where
Lyax = size of the interception storage capacity (mm)
Cint = interception coefficient (typical value is about 0.05) (mm)
LAI = leaf are index (typical value is between 0 and 7) (-)

B) Evaporation from the canopy
The amount of evaporation from the canopy is time-step
dependent. The total amount of water stored in the canopy in temperature climates is

insignificant correlation to the precipitation, but the semi-arid climates are significant.

Ecan = min(lpqy, EpAt) (3.12)
where
E.on= canopy evaporation (m)
E, = potential evapotranspiration (m/s)

C) Plant Transpiration
The plant transpiration relies on the density of the crop
material, the soil moisture content in root zone, and the root density.

Eqe = fi(LAI) - f,(6) - RDF - E,, (3.13)
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fi(LAI) = C, + C; - LAI (3.14)
C3
f(0) =1 - (GE) (3.15)
z2
RDF; = % (3.16)
where

E, = actual plant transpiration (m3/ S)
J(LAD = function based on leaf are index ()
12(6) = function based on soil moisture content in root zone (-)
RDF = root distribution function )
O rc = volumetric moisture content at field capacity (-)
O, = volumetric moisture content at the wilting point (-)
o = actual volumetric moisture content (-)
C = empirical evapotranspiration parameter )
C; = empirical evapotranspiration parameter (-)
Cs = empirical evapotranspiration parameter (mm/d)
z; = depth below the ground surface bounded above layer I (m)
Z; = depth below the ground surface bounded above layer i (m)
Lg = maximum root depth (m)

The roots extraction for transpiration varies over the growing

season, and relies on the climatic conditions and the soil moisture conditions.

logR(z) = logR, — AROOT - z (3.17)
where
R(z) = root extraction vary logarithmically with depth (-)
Ry = root extraction at the soil surface (-)
AROOT = root mass distribution (-)
z = depth below ground surface (-)

D) Soil Evaporation

The following functions described the soil evaporation:

Ey = Ey - f3(0) + (Ep = Ear = Ep - £2(8)) - £u(6) - (1 = fy(LAD) (3.18)
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f:(0)4 €256, < 6 < 6y (3.19)
0,0 <86,
9_9W‘;9FC . Oy +6rc
6 Orc’ =
f2(6) = { brc—5EC 2 (3.20)
0; 6 < furtre
where
E; = soil evaporation (m/s)
E,;, = actual transpiration

Cy; 1s used in the plant transpiration function, and is about 0.3. C; effects the
distribution between the soil evaporation and transpiration: for example; the soil
evaporation has a larger relative to the transpiration from a smaller C; values in
agricultural crop and grass.

C,; 1s used in the plant transpiration function, and is about 0.2 for agricultural
crops and grass grown on clayey loamy soils. A larger percentage of the actual
evapotranspiration will be soil evaporation.

Cs; is used in the plant transpiration and soil moisture function, and is

estimated generally 20 mm/day.

3) Unsaturated Flow (UZ)

Unsaturated zone is usually heterogeneous and based on cyclic
fluctuations in soil moisture that water is replenished with rainfall, removed by
evapotranspiration and recharge to the ground water table. Because of the major role
during infiltration of gravity, unsaturated flow is primarily vertical. Thus, unsaturated
flow in MIKE SHE is calculated only vertically in one-dimension that sufficient on
very steep hill slopes with contrasting soil properties in the soil profiles.

A simplified gravity flow is used to calculate vertical flow in the
unsaturated zone. This procedure assumes a uniform vertical gradient and ignores
capillary forces. The driving force for water movement in the unsaturated zone is
shown as following:

h=z+ (3.21)
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where

h = hydraulic head (m)
z = gravitational head (m)
W = pressure head (m)

The gravitation head, z (positive upwards) is elevation of a point
above the datum. Atmospheric pressure is defined as reference level for pressure head
component (), which is negative under unsaturated conditions because of capillary
force and short range adsorption forces between the water molecules and the soil
matrix. However, the pressure head is not calculated and the driving force is due

entirely to gravity in the gravity floe module. So the vertical gradient of the hydraulic

head is one.
The volumetric flux is based on Darcy’s law:
q=-K(6)2 =-K(®) (3.22)
where
q = volumetric flux (m/s)
K©) = unsaturated hydraulic conductivity (m/s)

If the soil matrix is incompressible and soil water has a constant

density, the continuity equation will be:
96 dq

P _Z_S(Z) (3.23)
where
(&) = actual volumetric moisture content )
S = root extraction sink term (1/s)
t = time (s)

4) Saturated Flow (SZ)

The saturated subsurface flow is calculated from a fully three-
dimensional flow in a heterogeneous aquifer by playing between unconfined and
confined conditions.

The spatial and temporal variations of the hydraulic head are

expressed by the three-dimensional Darcy equation.
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The three dimensional ground water flow is calculated follow by
following the 3D finite difference method by the groundwater discharge to the surface

water. A three-dimensional saturated porous media is defined the governing flow by:

o (K ) + 5 (K ) + (K T) - 0= ST (.24
where
K. = hydraulic conductivity along x axis (m/s)
K, = hydraulic conductivity along y axis (m/s)
K. = hydraulic conductivity along z axis (m/s)
h = hydraulic head (m/s)
0 = source/sink terms (1/s)
S = specific storage coefficient (1/m)
The potential flow is followed Darcy’s law:
Q = (Ah)C (3.25)
where
Ah = piezometric head difference (m)
C = conductance (m?/s)
Horizontal conductance between node / and i-1:
where
C,_ % = horizontal conductance (mz/ S)
KH = horizontal hydraulic conductivity (m/s)
Az = saturated layer thickness of the cell (m)

The vertical conductance between two cells is calculated from the

middle of layer k to the middle of the layer k+1. Thus,

Ax?

2Kzk 2Kzk+1
where
C, = vertical conductance between two cells (m?*/s)

There are two dewatering conditions:

- Dewatered cell below, the actual flow between cell £ and k+1 will be:



qk+1 = Cv k+l(zt0p,k+1 - h’k)
2 ’ 2

- Dewatered cell above, the actual flow from cell -1 to &k will be:

U1 = Cv,k—%(hk—l ~ Ztopk)

where
Q1 = the actual flow from cell & to k+1
2
q,_1 = the actual flow from cell &~/ to &
The storage capacity is calculated from:
Aw _ 52(h"-z¢op)+51(Ze0p—h" 1)
At At
- Confined cells S = Ax%AzS 4,4
- Unconfined cells S = Ax*Stree
where
Aw 4
— = storage capacity
At
n = time step
S1 = storage capacity at the start of the iteration at time step n
S2 = storage capacity at the last iteration
S = storage capacity for the cells

5) Channel Flow (OC)

e MIKE 11 (DHI, 2010a, 2010b, 2010c)

1) Hydrodynamic module

A) Continuity equation

24 20 _
at dx

where

A = cross-section area

0 = Discharge

= Lateral inflow per unit width
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(3.28)

(3.29)

(m’/s)

(m’/s)

(3.30)

(3.31)
(3.32)

Q)
)
(1/m)
(1/m)
(1/m)

(3.33)

(m?)
(m’/s)
(m?*/s)
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X = distance (m)
t = time (s)
The continuity equation at grid point j time step n + %
oA A}l+1_ A}?
FIAY: (3.34)
(Q?Ih Q}‘+1>_ (Q?_*f+ Q}‘_1>
2 2
% . (3.35)
0x Axj+ Axjyq
where
At = time difference between time step n and n + 1 (s)
Ax = distance between point j and j — 1 (m)
B) Momentum equation
A A(M- A F
LA + & (3.36)
At Ax Ax Ax Ax
where
A : .
A_A: represents Momentum = Mass per unit length - velocity
A(M-U) N . .
— represents Momentum flux = Momentum * velocity
A .
i represents Pressure force = Hydrostatic pressure
F _ .
ﬁ represents Friction force = Force due to bed resistance
f—; represents Gravity force = Contribution in x-direction

Two main momentum equation selections are diffusive wave.

e Diffusive wave is suitable for relatively steady backwater effects and slowly
propagating flood waves. The momentum flux term is ignored because of indifferent
tidal flows.

AM _ AP Ff  Fs

At Ax  Ax @ Ax (3:37)
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3.6  Sediment transport simulation

e MIKE 11 (DHI, 2010a, 2010b, 2010c)

A) Sediment continuity equation
The sediment continuity equation is the sufficient for erosion, deposition,

and transport of the non-cohesive sediment to evaluate the bed level changes.

Zra-ow-Z=0 (3.38)
s = (qp +qs)w (3.39)

where

S = sediment transport rate (m’/s)

t = time (s)

w = channel width (m)

X = longitudinal co-ordinate (m)

z = bed level (m)

€ = sediment porosity ()

qb = bed load transport rate (m’/s)

qs = suspended sediment transport rate (m’/s)

B) Van Rijn model

According to the Van Rijn model, the sediment is divided into bed load
and suspended load by basing on the relative magnitudes of the bed shear velocity and
the particle fall velocity.

- Suspended and bed load transport: the velocity of bed shear is more
than the particle fall

- Bed load transport: base on rolling and saltation. The rolling
occurred when the value of the bed-shear velocity just exceeds the critical value, and
saltation is the increasing values of the bed-shear velocity.

- Suspended load transport: base on the depth-integration of the

product of the local concentration and flow velocity
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Flow surface

|
\

Finest clay particles
dispersed throughout flow

FLOW > Suspended load

Coarsest particles
rolling and sliding on
bottom as bed load

Figure 3-8 Suspended sediment and bed load classification (PCD, 2011)

Bed load (Rijn, 1984a)

An expression for bed load transport rate:

qb = UpsOpCh (3.40)
where
q» = bed load transport rate (m’/s)
Ups = the product of particle velocity (m/s)
Ob = saltation height (m)
Ch = the bed load concentration

The particle velocity and saltation height expressions use the

dimension particle diameter and transport stage parameter to express the bed load

transport.
s—1 .1
Ds = dso[S g5 (3.41)
N2 2
=) = Wrer) (3.42)
(w'er)
where

D+ = the dimension particle diameter
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Dsy = the dimension of which 50% are finer (mm)
uy, = the bed shear velocity, related to grains (m/s)
Uper = Shields critical bed shear velocity (m/s)
T = transport stage parameter

The influence of bed forms is eliminated when drag dose not contribute

to bed load transport:

uy =y (3.43)
C’ = 10log (3;90) (3.44)
where
u = the mean flow velocity (m/s)
C’ = Chezy’s coefficient related to skin friction (m"’/s)
R = the hydraulic radius (or resistance radius) related to the bed (m)
3dyy = considered to be the effective roughness height of the plane bed

An expression for particle velocity and saltation height by solving the

equations of motion to a solitary particle:

05
Ys = 9 4 2.6log(D,) — 8% (3.45)
uf (7]
Ups _ 0,6
oD 1.5T (3.406)
% = 0.3D7T0% (3.47)
Cp 1= j—;&b (3.48)
where
Ups = particle mobility (m/s)
(0p) = saltation height (m)
(cp) = bed load concentration

An extensive analysis of flume measurements of bed load transport

yielded for the bed load concentration:

Cp _ 1

= 0.18 o (3.49)
where
Co = the maximum bed concentration (0.65)
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Combining of an expression for the particle mobility, saltation height, the bed

load concentration expresses the bed load transport:

ap __0,0537%1
JG-Dga3, pX? (3.50)
0,0537%1
dp = —o3 (3.51)

Suspended load (Rijn, 1984b)
The suspended load transport is computed from a reference
concentration of bed load transport, expressions, so it expressed by the dimension

particle diameter and transport stage parameter.

1

D, = dso [<32J° (3.52)
p = (0 o) (353
(ufer)
where
D+ = the dimensionless particle diameter
T = transport stage parameter
uy, = the bed shear velocity related to the grains (m/s)
Uper = the critical bed shear velocity (m/s)
An expression for a reference level by all sediment transport is bed

load:

a=0.5H (3.54)
where
a = reference level (m)
H = the (known) bed from height (m)

a=k (3.55)
where
k = the equivalent sand roughness when the bed from dimensions are

unknown or a minimum value of

a=0.01D (3.56)

where

D = water depth (m)
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An expression for the reference concentration:

qp = CpUpsbp = CqlUagQ (3.57)
Uy = OUps (3.58)

where

Cq4 = reference concentration

Ch = the bed concentration

Ups = the velocity of bed load particles (m/s)

Op = the saltation height (m)

U, = the effective velocity at reference level a (m/s)

An expression for combining o, = 2.3 with the expressions for J, and

¢y (as functions of D+ and T7):

dso R

SAPOTG =0 (3.59)

*

An expression for relating particle size, ds to the dsyp and geometric

standard deviation, oy, of the bed material

2 — 1 40,011(0, — 1)(T — 25) forT < 25 (3.60)
50
_ dgs | dso
= 05T (3.61)

The expressions for fall velocity by using d; value:

1 (s—1)gd?
|{ wif rd < 0,1mm
0,5
= 4%{[1 +001(Sv—1)gd3] 1} for0,1mm <d <1,0mm (3.62)
l 1L1[(s — 1)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 the criterion

implemented in the van Rijn model becomes:

L= X for1<d; <10 (3.63)

w
—=04,for10 < d; (3.64)
An expression for a suspended parameter Z which expresses the
influence of the upward turbulent fluid forces and the downward gravitational forces:

7= (3.65)

BKu’f



where

ur
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W2 w
p=1+2[ for01< <1 (3.66)

the overall bed shear velocity (m/s)
von Karman’s constant
a coefficient related to the diffusion of sediment particles

An expression for a modified suspension number Z, which is defined

from a single correction factor y:

where

Co

where

qs

where

Z'=Z+y (3.67)

—> 5[ ]04 (3.68)

u’f

the maximum bed concentration (0.65)
a function of the main hydraulic parameter

An expression for the suspended load

= [ cudy (3.69)

the suspended load (m’/s)
the current velocity (m/s)
the concentration of suspended sediment

the thickness of the bed layer which can be approximated by 2 d
the flow depth (m)

At a distance y above bed level by the logarithmic velocity profile

u = 2,5u’ln (3”) (3.70)
k=2.5d (3.71)
D z
c=c, (TyD;ia) (3.72)
z=w/(0.4") (3.73)
the current velocity (m/s)
a distance y (m)
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uy = the friction velocity and the equivalent sand roughness (m/s)
Cy = the concentration at the bed

D = depth of water (m)
y = distance from bed level (m)
VA = the Rouse number

w = the settling velocity of the suspended material (m/s)

Combining the expression describing the velocity and concentration
profiles with the expression for Z and y gives the following expression:
qs = FuDc, (3.74)
[a]z'_[gr.z
F = Daz'—D (375)
[1-3]" [1.2-21

(C) Additional equations

Relative density or specific gravity of sediment

K = Hsedirert (3.76)
Pwater
where
S = relative density
Dsediment = density of sediment (kg/m3)
Pwater = density of water (kg/m3)

3.7  Computer modeling

e Simulation
ArcGIS is applied to work and manage the land use map, before
interpolating the data into the model. For simulations, the hydrodynamic simulation is
simulated using MIKE SHE and calibrated with the observed water level. The
sediment transport is simulated using MIKE 11 by inputting the hydrodynamic result.

e Sensitivity Analysis
To investigate a sensitivity of model parameter that had impact on
hydrodynamic model, the sensitivity analysis was computed by following the study of

Lanhart et al., 2002. Sensitivity index (/) was estimated for assessing the model
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parameter sensitivity by defining as a ratio of relative change between model output
and model parameter. / was calculated by equation as shown in Equation (3.77) and
expressed the sensitivity of model, which classified into four classes as displayed in

Table 3-4.

V(X)
Y

L
nl oo 2

Figure 3-9 The correlation between model output () and model parameter (x)

1= —(y;z;i{) Yo (3.77)
Ax = xp—X) (3.78)
Ax =X - Xo (3.79)

where

1 = sensitivity index (dimensionless),

X0 = initial value of parameter x,

Yo = model output calculates with xy,

Vi = model output calculates with x;, and

b = model output calculates with x;

Table 3-4 Sensitivity classes

Class Sensitivity index (1) Sensitivity
I 0.00 - 0.04 Small to negligible
II 0.05-0.19 Medium
I 0.20—0.99 High
v >1.00 Very high
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The parameters, which affected in the water discharge were analyzed the
sensitivity in this study. The parameters (x) that were applied to sensitivity analysis
contained overland flow, unsaturated flow and saturated zone parameters (see values
in Appendix D, Table D-1). The Ax was determined as a half of parameter x by
applying for all parameter. The model output (1o, y1, and )») are water discharge in
June 2011 because there was highest precipitation for determining the effect of
parameters change to water discharge.

e Uncertainty Analysis

Concentration of suspended sediment was an important key to estimate
calculation factor in sediment transport module. It was observed for one time during
the dry season and the other one during the wet season so the calculation factor was
identified as high uncertainty input for sediment transport simulation.

The calculation factor is applied to compute sediment transport rates as
correction factors in sediment transport module. The calculation factor can be
calculated from the ratio of measured suspended sediment concentration and
simulated suspended sediment, and approximated as 1. The concentration profile of
suspended sediment is fluctuated with water depth, as displayed in Figure 3-6. Thus,
the reference concentration can be estimated from Equation (3.80). For the
uncertainty analysis, the highest and lowest water depths were used to calculate the

calculation factor, which was applied to simulate the possible accumulated sediment

transport.

< _[a z 0.5d E z z d —42(5—0.5) Zz ]

== [d_a] [fa [Z] In (ZO)+ nsalel ) i dz (3.80)
where
c = suspended sediment concentration
Ca = reference concentration

= reference level

d = depth (m)

z = vertical coordinate (m)
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Figure 3-10 Sketch of concentration profile (Rijn, 1984b)

3.8  Estimation of cadmium migration

depth d

The cadmium transport in the stream sediment (mg/season) calculated from

the following equation.

Cadmium transport = [(Spa X pba) X [Cd]pa] + [(Sss X pss) X [Cd]ss] (3.81)

where

Shd = accumulated bed load transport

Ses = accumulated suspended sediment transport

Pss = density of suspended sediment

Pbd = density of bed load

[Cd]pq = cadmium concentration in bed load

[Cd]ss = cadmium concentration in suspended sediment

(m*/season)
(m’/season)
(kg/m’)
(kg/m’)
(mg/kg)
(mg/kg)



CHAPTER IV

RESULTS AND DISCUSSTION

4.1 Field observation results

Field observations during the dry and wet seasons of 2011 investigated the
water quality which at the ten stations along the Mae Tao Creek, as displayed in
Figure 4-1. The water quality had the same pattern for dry and wet season,
respectively. The pH values of water at all of the stations were slightly alkali which is
7.56 to 8.37 in the dry season and 7.68 to 8.36 in the wet season. The slightly alkali
pH values are indicating that cadmium was in an insoluble form at the ten stations and

were influenced by adsorption to sediments (Huynh-Ngoc et al., 1988).

z

Dry = 8.09
Wets 8.36 Mae Tao (Left) Dry= 8.28
] _F-'Q\ Wet ~ 8.07
\ h/'
Dry=~8.17 Dry=~7.56
Wet = 8.16 Wet~7.68 Dry=8.37
Dry=8.16 Wet = 8.24
TL Wet = 8.07

1 N?y MT
0

MT M
0102 PO T M .
Dry~8.07 mine A | 06 1
Wet~ 8.15 Dry~$.35
Dry~8.13 mine B Wet~8.14 Dry=~8.29
Wet = 8.31 \p \ Wet = 8.13

s se o UermRSODOONH . . Mae Tao ( Right]—\%

Maeters Kilgmeters

Figure 4-1 The water pH at each station in the study area both dry and wet season
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4.2 Laboratory results
4.2.1 Grain size distribution

Bed load samples were determined for the grain size distribution
following ASTM C136-06 and ASTM D422-63. Consequently, their mean diameter
and standard deviation at ten stations are shown in Table 4-1 for dry season and Table
4-3 for wet season.

The Unified Soil Classification System (USCS) method was
considered to classify the characteristics of the bed load samples. Results of sample
percentage passing sieve No. 200 were less than 50% in all stations, so the bed load is
classified as coarse-grained particles. The coarse-grained particles were completely
classified as sand or gravel type by coarse fraction (CF), as shown in Equation (3.1).
The results showed that the CF values were less than 0.5 almost sampling stations.
Thus, the bed sediment in the Mae Tao Creek could be almost categorized as sand,

but classified as gravel in a few station during both the dry and wet seasons, as shown

in Table 4-2 and Table 4-4.



Table 4-1 Grain-size distribution of sediment at each station (dry season)

mish gg\éiing L\i/lzeean Weight of sediment (g)
(mm) (Mm) | 'MToL |MTO02 [MTO03 | MTO04 | MTLOL | MTO05 | MTO06 | MT 07 | MTROL | MT 08

fizm'ge weight before 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0
3/4" 19.000 | 19.000 | 791 1328] 000] 4489 000] o000| 5685| 2773 0.00|  0.00
3/8" 9.500 | 14.250 | 29.77] 355| 186 23679| 77.02| 3.98] 196.42] 7927 60.06| 121.29
#4 4750 | 7.125| 6828 | 1578 | 897 | 254.65| 216.55| 17.46| 15134 | 89.88| 139.09| 174.97
#10 2000 | 3375| 237.87| 4194 60.64| 18491 | 251.83| 90.62| 122.92] 10123 | 19440 | 195.69
#20 0.850 | 1.425| 291.19| 69.60 | 230.07| 8586 | 14332 | 127.13| 85.40| 99.80| 158.06| 146.90
435 0.500 | 0.675| 240.18 | 157.88 | 42625| 5635| 83.34| 122.26| 93.03| 193.49| 126.92| 118.96
465 0231 0366| 77.00] 513.87| 20004 | 5450| 95.09| 16425| 170.71| 281.15| 150.48| 115.51
#100 0.150 | 0.191] 1352] 9635| 19.17] 18.02] 3373| 60.79| 6357| 5406| 51.62| 49.05
#150 0.100 | 0.125| 1828 67.13| 2247| 29.03| 5345 14139| 46.03| 5034| 70.65| 5433
#200 0.075| 0.088| 222 342 152] 990 7.03| 4452| 297] 469| 1032] 450
receiver 00751 992 1275 2177] 2460 3678 21270 897 1451] 3366| 1462
Total (g) 996.12 | 995.53 | 992.74 | 999.49 | 998.12 | 985.08 | 998.19| 996.14 | 99527 995.81
Loss (g) 388 | 447 726] 051 188 14.92] 181] 3.86 4.73 4.19
Loss (%) 039 045 073] 005 019] 149] o018] 039 047 042
9%Passing Sieve N0.200 099 128| 218] 246| 368| 2127| 090 145 3.37 1.46
Mean Diameter (mm) 248 098] 1.00| 686| 38| 087| 565 3.04 290  4.00
S.D. (mm) 326| 260 1.17| 598| 414 162| 646| 5.03 388 | 474

cL



Table 4-2 Bed sediment classification of each station by USCS (dry season)

miSh gg\éﬁing 's\i/lzeean Weight of sediment (g)
(mm) (Mm) 'MTO0L |MTO02 [ MTO03 | MT04 | MTLOL | MTO05 | MT06 | MT07 | MTRO1 | MT 08
fizmg’ weight before 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0
3/4" 19.000 | 19.000 791 | 13.28 0.00 | 44.89 0.00| 0.00| 56.85| 27.73 0.00 0.00
3/8" 9.500 | 14.250 | 29.77 3.55 1.86 | 236.79 | 77.02| 3.98| 19642 | 79.27 60.06 | 121.29
#4 4750 | 7.125| 6828 | 15.78 8.97 | 254.65| 216.55| 17.46| 151.34| 89.88| 139.09 | 174.97
#10 2.000 | 3.375| 237.87| 41.94| 60.64| 18491 | 251.83| 90.62| 122.92| 101.23 | 194.40 | 195.69
#20 0.850 | 1.425| 291.19| 69.60 | 230.07| 85.86| 143.32| 127.13| 8540 | 99.80 | 158.06 | 146.90
#35 0.500 | 0.675| 240.18 | 157.88 | 426.25| 56.35| 83.34| 122.26| 93.03| 193.49 | 12692 | 118.96
#65 0.231| 0.366| 77.00| 513.87 | 200.04 | 5450 | 95.09| 164.25| 170.71 | 281.15| 150.48 | 115.51
#100 0.150 | 0.191| 13.52| 9635| 19.17| 18.02| 33.73| 60.79| 63.57| 54.06 51.62 | 49.05
#150 0.100 | 0.125| 1828 | 67.13| 2247| 29.03| 53.45| 14139 | 46.03| 50.34 70.65 | 54.33
#200 0.075| 0.088 2.22 3.42 1.52 9.90 7.03 | 44.52 2.97 4.69 10.32 4.50
receiver -1 0.075 992 | 12.75| 21.77| 24.60| 36.78| 212.70 8.97 | 14.51 33.66 | 14.62
Total (g) 996.12 | 995.53 | 992.74 | 999.49 | 998.12 | 985.08 | 998.19 | 996.14 | 99527 | 995.81
%Passing Sieve N0.200 0.99 1.28 2.18 2.46 3.68 | 21.27 0.90 1.45 3.37 1.46
F = 9% Coarser than #200 98.62 | 9828 | 97.10| 97.49| 96.13| 7724| 98.92| 98.16| 96.16| 98.12
C = % Coarser than #4 10.60 3.26 1.08 | 53.63| 2936| 2.14| 4046| 19.69 19.92 |  29.63
CF = Coarse Fraction 0.11 0.03 0.01 0.55 0.31 0.03 0.41 0.20 0.21 0.30
Categorization sand sand sand | gravel sand sand sand sand sand sand

€L



Table 4-3 Grain-size distribution of sediment at each station (wet season)

miSh gg\éﬁing 's\i/lzeean Weight of sediment (g)
(mm) (Mm) 'MTO0L |MTO02 [ MTO03 | MT04 | MTLOL | MTO05 | MT06 | MT07 | MTRO1 | MT 08

fizmg’ weight before 1000.0 | 1000.0 | 1000.0 | 500.0 | 1000.0 | 1000.0 | 500.0| 500.0| 1000.0| 1000.0
3/4" 19.000 | 19.000] 0.00] 000] 000 000 000 661] 2975 000] 80.80] 0.0
3/8" 9.500 | 14250 | 0.00| 2099| 088| 297| 177.65| 66.60| 136.10| 0.00] 10495| 66.53
#4 4750 | 7.125| 0.00| 14174 | 699 | 8.16| 35046 | 134.03| 111.81| 0.00| 249.93| 160.07
#10 2000 3375| 272 363.40| 3861 | 5800| 28282 173.75| 76.83| 12.88| 25091 | 156.80
#20 0.850 | 1.425| 23.89| 205.44 | 140.85| 113.17| 7597 18148 | 5295| 5335| 12085| 8433
435 0.500 | 0.675| 180.96 | 138.14 | 313.48 | 147.76 | 33.68| 217.81| 5096 | 8530| 90.08| 131.82
465 0.231| 0366 | 526.54 | 105.96 | 408.44 | 13090 | 36.89| 169.82| 32.78| 184.60| 69.96| 292.15
#100 0.150 | 0.191| 14868 | 15.09| 53.05| 1893| 1299| 2266 503 73.17| 1632| 59.52
#150 0.100 | 0.125| 9624 | 725| 29.69| 1418| 1422| 2021| 320| 6803| 11.73] 3639
#4200 0.075| 0088| 415 o021 169 122 200] 137] o015]| 3.58 095 2.11
receiver [ 0075 1266  156|  447] 291] 1165] 395 033] 1446 281 819
Total (g) 995.82 | 999.76 | 998.14 | 498.18 | 99833 | 998.26 | 499.87 | 49536 | 999.26| 997.89
Loss (g) 418 | 024 186| 182| 167| 174| 013 464 0.74 2.11
Loss (%) 042 002 o019 o036] o017 o017] 003 093 0.07 0.21
9%Passing Sieve N0.200 127 016| 045 058 117] 039] 007] 2.89 0.28 0.82
Mean Diameter (mm) 040 296| 077 123| 14| 3.10| 737| 054 5.93 2.96
S.D. (mm) 030 285| 098] 167| 467| 415| 628 0.64 5.86 4.08

PL



Table 4-4 Bed sediment classification of each station by USCS (wet season)

miSh gg\éﬁing 's\i/lzeean Weight of sediment (g)
(mm) (Mm) 'MTO0L |MTO02 [MTO03 | MTO04 | MTLOL | MTO05 | MT06 | MT07 | MTRO1 | MT 08
fizmg’ weight before 1000.0 | 1000.0 | 1000.0 | 500.0 | 1000.0 | 1000.0 | 500.0 | 500.0 | 1000.0 | 1000.0
3/4" 19.000 | 19.000 0.00 0.00 0.00 0.00 0.00| 6.61| 29.75 0.00 80.80 0.00
3/8" 9.500 | 14.250 0.00 | 20.99 0.88 2.97 | 177.65| 66.60 | 136.10 0.00 | 104.95| 66.53
#4 4750 | 7.125 0.00 | 141.74 6.99 8.16 | 350.46 | 134.03 | 111.81 0.00 | 249.93 | 160.07
#10 2.000 | 3.375 2.72 | 363.40 | 38.61| 58.00| 282.82| 173.75| 76.83| 12.88| 250.91| 156.80
#20 0.850 | 1.425| 23.89| 205.44 | 140.85| 113.17| 75.97| 181.48 | 52.95| 53.35| 120.85| 84.33
#35 0.500 | 0.675| 180.96 | 138.14 | 313.48 | 147.76 | 33.68 | 217.81| 50.96| 8530| 90.08| 131.82
#65 0.231| 0.366| 526.54| 105.96 | 408.44 | 130.90 | 36.89| 169.82 | 32.78 | 184.60 69.96 | 292.15
#100 0.150 | 0.191| 148.68 | 15.09| 53.05| 1893 | 12.99| 22.66 503 | 73.17 1632 | 59.52
#150 0.100 | 0.125| 96.24 725 29.69 | 14.18| 1422 20.21 3.20 | 68.03 11.73 |  36.39
#200 0.075| 0.088 4.15 0.21 1.69 122 2.00 1.37 0.15 3.58 0.95 2.11
receiver -1 0.075| 12.66 1.56 4.47 291 11.65| 3.95 033 | 14.46 2.81 8.19
Total (g) 995.82 | 999.76 | 998.14 | 498.18 | 998.33 | 998.26 | 499.87 | 495.36 | 999.26| 997.89
%Passing Sieve N0.200 1.27 0.16 0.45 0.58 1.17 |  0.39 0.07 2.89 0.28 0.82
F = 9% Coarser than #200 98.32 | 99.82| 99.37| 99.05| 98.67| 99.43| 9991 | 96.18 99.65| 98.97
C = % Coarser than #4 0.00 | 16.27 0.79 222 5281| 20.72| 5553 0.00 | 43.57| 2266
CF = Coarse Fraction 0.00 0.16 0.01 0.02 054 021 0.56 0.00 0.44 0.23
Categorization sand sand sand sand | gravel sand | gravel sand sand sand

SL
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4.2.2 Cadmium distribution

Cadmium has high accumulation potential in small particles of sediments
(Salomons, 1980; Groot et al., 1982; Lucas et al., 1986), and the large grain particles
such as 0.204 mm of mean diameter usually low have accumulation of heavy metal
(Forstner & Salomons 1980). Hence, cadmium distribution was investigated by bed
load sieving with sieve No. 65, 100, 150 and 200 both in dry and wet seasons.

Results for cadmium distribution in each choosing bed load particles are
displayed in Table 4-5 for dry season and wet season. The results showed that the
cadmium concentrations were distribution in every fraction both the dry and wet
season. The smallest size (0.075- mm mesh opening) and sand size particle (0.231-
mm mesh opening) of bed load were the highest accumulated cadmium. Even though,
heavy metals are naturally occur in the coarse-grained particles such as sand, they
have the highest concentration in the fine-grained particle especially silt and clay both

on natural and contamination metals (Groot ef al., 1982).

Table 4-5 Cadmium concentrations distribute in bed load in dry and wet seasons

Station Grain size (mm) Dry season Wet season
0.151-0.231 1487 + 1.25 20.32 + 2.53
0.101 - 0.150 25.80 £+ 10.87 25.13 + 5.75
MT 01
0.076 - 0.100 1436 + 5.30 20.14 + 7.28
<0.075 6.99 = 2.54 27.76 + 3.07
0.151-0.231 1594 + 7.05 30.18 + 2225
0.101 - 0.150 1711 £ 1.63 17.10 + 2.61
MT 02
0.076 - 0.100 2752 + 484 20.44 + 7.09
<0.075 29.15 £ 141 17.47 + 5.33
0.151-0.231 6.59 + 3.34 8.24 + 6.00
0.101 -0.150 11.76 £ 9.48 15.46 + 5.28
MT 03
0.076 - 0.100 1096 + 1.48 18.43 + 1.78
<0.075 11.14 + 0.14 19.62 + 2.40
0.151-0.231 49.59 + 31.34 38.19 + 2.11
MT 04
0.101 - 0.150 1727 + 645| 15225 £+ 30.62




77

Table 4-5 Cadmium concentrations distribute in bed load in dry and wet seasons

(continued)
Station Grain size (mm) Dry season Wet season
0.076 - 0.100 7.04 + 1.08 64.67 + 8.26
MT 04
<0.075 554 £ 1.04]| 31.66 =+ 2.82
0.151-0.231 322 £ 0.56 3.68 + 0.79
0.101 -0.150 352 £ 045 1.66 + 0.25
MTL 01
0.076 - 0.100 380 £ 0.56 0.98 + 0.48
<0.075 390 £ 0.80 1.08 + 0.11
0.151-0.231 2449 + 3.10 28.42 + 7.77
0.101 - 0.150 1195 £ 9.69| 32.03 + 4.74
MT 05
0.076 - 0.100 343 £ 197 15.87 + 3.23
<0.075 241 £ 0.62 13.55 + 1.12
0.151-0.231 264 £+ 0.58 2.37 + 0.98
0.101 - 0.150 247 £ 0.14 2.21 + 0.14
MT 06
0.076 - 0.100 1.84 + 0.31 2.01 + 0.19
<0.075 210 £ 095 0.05*
0.151-0.231 1.32 £ 0.09 2.15 + 0.26
0.101 - 0.150 0.89 + 0.14 1.72 + 0.35
MT 07
0.076 - 0.100 084 + 032 2.00 + 0.55
<0.075 142 £+ 042 2.64 + 0.39
0.151-0.231 1.24 £ 032 2.29 + 0.74
0.101 -0.150 0.66 £ 0.21 3.33 + 0.54
MTR 01
0.076 - 0.100 091 + 0.52 5.79 + 3.69
<0.075 139 £ 0.11 3.27 + 1.70
0.151-0.231 142 + 0.13 1.72 + 0.33
0.101 - 0.150 134 £ 030 0.93 + 0.19
MT 08
0.076 - 0.100 129 £+ 0.11 1.57 + 0.04
<0.075 1.36 £ 0.20 6.17 + 5.71

Note: *Limit bed load samples
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4.2.3 Total cadmium in the suspended sediment and bed load

- Total cadmium in the suspended sediment

Suspended sediments were compiled from ten stations along the Mae
Tao Creek and prepared for the total cadmium measurement by following EPA
method 3051B in both dry and wet season. Then, the total cadmium concentrations
were completely analyzed by graphite furnace atomic absorption spectrometry
(GFAAS).

Figure 4-2 shows the total cadmium concentrations in suspended
sediment during the dry and wet seasons. The cadmium concentration in the
suspended sediment ranged from 2.55 to 12.80 mg/kg in the dry season and ranged
from 5.76 to 112.40 mg/kg in the wet season. Analysis results of suspended sediments
were different from the bed load results. This may be affected by the limited amount
of collected samples of suspended sediment. High amount of precipitation before
collecting samples during the dry season and wet seasons may be a factor for
significant high concentrations. High cadmium contaminations in suspended
sediments were detected at upstream of the Mae Tao Creek or before entering the zinc
mining area. It may be caused from weathering and human activities could have
increased the erosion by resulting in high level of cadmium contamination releasing to
the environment. It was indicated that deforestation for crop plantations increased soil
and ore erosions due to lack of trees covering ore potential area (PCD, 2011).

At present, Thailand does not establish a standard for heavy metal
concentrations in sediments. Consequently, the Probable Effect Levels (PELs)
standard of the Canadian Environmental Quality Guidelines established by the
Canadian Council of Ministers of the Environment was applied to compare the results
(PCD, 2011). In comparison with the PELs standard which allowed a level of
cadmium contamination lower than 3.5 mg/kg (CCME, 2002), only suspended
sediment samples at station located upstream of zinc mines area during dry season

complied with the standard.
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- Total cadmium concentration in bed load

Bed load sediments were collected and prepared for total cadmium
measurement during both seasons. Bed load sizes were selected to estimate the total
cadmium concentrations from bed load sieving with sieve No. 65, 100, 150 and 200.
The bed load samples that remain on each sieve were digested by following the EPA
method 3051. Then, the laboratory was completely analyzed by flame atomic
absorption spectrometry (FLAAS).

Figure 4-3 shows the total cadmium concentrations in bed load during
the dry and wet season. The average total cadmium concentrations in the bed load
ranged from 1.00 to 19.63 mg/kg in the dry season and 1.79 to 81.98 mg/kg in the wet
season. In comparison with the PELs standard, bed load sediments in the upstream of
zinc mining area had cadmium concentrations lower than the standard both seasons.
Furthermore, cadmium levels in Mae Tao Left (MTL 01) collected from the wet
season complied with the standard.

The result of the total cadmium concentrations in bed load sediments
showed a similar trend during the dry and wet seasons. Cadmium contribution in bed
load before the two zinc mines presented the low concentration as shown in station
MT 06, MT 07, MTR 01 and MT 08. On the other hand, cadmium became high
concentration at downstream of mining area, as presented in station MT 01, MT 02,
MT 03, MT 04. The total cadmium concentrations at station MT 06 and station MT
05 showed that the cadmium increased when passing the first mine (Padaeng Industry
Public Company Limited’s mine). Moreover, the total cadmium concentration at
station MT 04 showed that the cadmium still had high levels when passing the second
mine (Tak Mining Company Limited’s mine). The concentrations of cadmium in bed
load sediment along the ten sampling stations in the Mae Tao Creek have higher
concentrations in wet season. The causes of high cadmium accumulated sediment in
the wet season may affect by surface runoff and rainfall during storm season. The
high precipitation rate caused the greater transport of sediments. Consequently, the
most significant sources for cadmium contamination were rainfall rate and

anthropogenic activities such as deforestation and mining activities.
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Table 4-6 The total cadmium concentration in suspended sediment and bed load

Suspended sediment Bed load
Dry season Wet season Dry season Wet season

Station Dry Total Cd Dry Total Cd Total Cd Total Cd

weight | concentration | weight | concentration concentration | concentration

(mg/L) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg)
MT 01 20811280 + 5.82 7301445 + 8931761 + 503| 2244 + 4.09
MT 02 402| 872 = 1.32 2933 | 1661 + 086 1753 + 3.57| 2534 + 9.77
MT 03 8.68| 9.28 + 0.58 3450 | 576 £ 0.75] 10.01 £ 4.12| 1142 + 3.46
MT 04 435] 939 £ 146 15.12 14874 + 976 | 19.63 + 1240| 81.98 + 14.6
MTLO1 9.7512.58 = 1.67 5.08 | 56.87 + 4580 356 + 049 2.10 = 0.39
MT 05 2.15 85 + 2.04 32019398 += 3750| 837 = 4212836 + 3.94
MT 06 3751 408 £+ 235 303 (1124 + 1140 | 251 + 047| 222 + 047
MT 07 1.55] 845 £+ 1.96 3823|1874 + 577 1.14 £ 022 201 = 0.32
MTROI 470 2.67 £ 0.16 8490 | 11.59 + 11.60| 1.00 = 027 2.86 =+ 1.69
MT 08 510 2.55 £+ 0.59 13953881 += 1280 | 137 = 0.16| 1.79 = 232

18
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4.3 Simulation results
4.3.1 Hydrodynamic simulation
4.3.1.1 Model calibration

Hydrodynamic simulation of the Mae Tao Creek was calibrated with
the measured water depth at station MT 04 from March 2011 to February 2012. The
simulated and measured water level at station MT 04 as shown in Figure 4.4, statistic
calculations were generated for estimating the reliability of model calibration.
Correlation coefficient (R) is a measure of linear dependency between simulated and
measured values, and is closer value to 1.00 for the better match. Root mean square
error (RMSE) will tend to be 0 if there is a perfect match of the observation and
simulation. This study obtained the R value of 0.61and the RMSE value of 10.33 m.

The high significant values may be influenced by noise of beginning period of

simulation.
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Figure 4-4 Observed and simulated water level at station MT 04 (m)
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4.3.1.2 Hydrodynamic results

MIKE SHE coupled with MIKE 11 was applied to estimate the
hydrodynamic results, which were water depth and water discharge. Water depth and
water discharge focused on 9 stations along main of Mae Tao Creek, Mae Tao Right
and Mae Tao Left, which except station MT 01 for using as downstream boundary
condition. The simulated results revealed that high amount of water discharge
obtained from downstream and consequently came down until upstream of the main
Mae Tao Creek. The Mae Tao Left and the Mae Tao Right had less discharge than the
main Mae Tao Creek. According to the greater water depth and water discharge in
wet season, precipitation was a major impact for influencing instability of the amount
of water along the creek. The example of precipitation factor was first peak in March
after shortly heavy rainfall and other peaks in May to October related to wet season

(see precipitation rate in Appendix B, Figure B-1).



(a)

(b)

Figure 4-5
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According to Figure 4-5 (a) and (b), there is changing of crop type
from rice to sugarcane. The result showed that conversion of rice plantation to
sugarcane plantation brought to increasing of annual evapotranspiration from 560
mm. to 562 mm in sugarcane condition. Moreover, case of sugarcane plantation
detected the decreasing of boundary flow from unsaturated zone in water balance
chart from 663 mm in current land use to be 661 mm. In fact that the plantation of
sugarcane abundantly required water demand and growing period, and its leaf area
index was higher than rice. Nevertheless, sugarcane obtained growth time to be
mature development over 300 days, while rice took shorter growing period such over
100 days. The longer mutual developing time of sugarcane planting was resulted in
taking much water requirement. Moreover, sugarcane has greater leaf area index than
rice (see Appendix D, Table D-2). These reasons influenced a rising up of annual
evapotranspiration in assume agricultural land use, which contributed to a reducing in

water flows.

4.3.2 Sensitivity analysis

The sensitivity of model’s parameters affecting water discharge was
calibrated using Equation (3.77) and evaluated by sensitivity classes as displayed in
Table 3-4. The results in Table 4-7 showed the effect of parameters in overland flow,
unsaturated flow and saturated zone to water discharge. Sensitivity analysis showed
that simulating hydrodynamic focusing on water discharge of the Mae Tao Creek
sensitive to the process in saturated zone especially a drainage level to the river, and
the process in overland flow to the river. The drainage level is determined from the
saturated zone layer from which drain water is extracted. If surface drainage is routed
by drain levels, the drainage routing is calculated from the drainage level in each cell.

So, the drain flow will continue until crossing a river.



Table 4-7 Sensitivity of parameters in MIKE SHE
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Parameters Sensitivity index (1) Sensitivity

Overland flow
- Manning number 0.09 Medium
- DetenSion Storage 0.00 Small to neghglble
Unsaturated Flow
- Saturated hydraulic conductivity 0.01 Small to negligible
- Groundwater depths used for UZ

. . 0.00
classification
Saturated Zone
- Lower level 0.00
- Horizontal Hydraulic Conductivity 0.01
- Vertical Hydraulic Conductivity 0.00

) _ >Small to negligible

- Specific yield 0.00
- Specific storage 0.00
- Initial potential head 0.00
- Drainage level 0.19 Medium
- Drainage time constant 0.00 Small to negligible

4.3.3 Sediment transport results

After calibrating the hydrodynamic results from MIKE SHE model,

sediment transport module was added on MIKE 11 with hydrodynamic results for

simulating sediment transport results along the Mae Tao Creek. Both wet and dry

season, total sediment transport was estimated by dividing into suspended sediment

and bed load. The study periods were from May 2011 to October 2011 as the wet

season, and November 2011 to February 2012 as the dry season.

During the wet season, the total sediment transport was computed as

532.60 m’ that was transported by water discharge of 388.36x10° m’. Whereas 8.03

m’ of the sediment was occurred in the dry season, it was transported by 15.39x10° m’

of water discharge. Therefore, 540.63 m’ of the total sediment both suspended

sediment and bed load was transported with a water discharge of 403.75x10° m’. The
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sediment transport was mainly contained during wet season with 98.52% of total, and
transported via suspended sediment with of 72.75% of total. The results revealed that
instability of sediment transport depended on discharge rate. According to wet season,
high water discharge which affected from high rainfall caused the sediment to be high
available of transport along river system. The small amount of bed load was
transported because the proportion of total sediment in sand-bed channels contained a

few of bed load (Simons and Senturk, 1977).

Sediment transport in the wet season

From May 2011 to October 2011, sediment transport along Mae Tao Creek
was simulated as wet season. The results showed that both suspended sediment
(Figure 4-6) and bed load (Figure 4-7) had a great transport rate when the rainfall was
occurred. So the highest transport rates occurred in June 2011.

Figure 4-6 displayed transport rate of suspended sediment at downstream.
Highest suspended sediment rate obtained from 25" June 2011, which had the highest
precipitation. The highest rate was 3.63x10™ m’/s with a water discharge of 20.45
m’/s. The volume of accumulated suspended sediment was determined as 387.46 m’.
According to Figure 4-7, bed load transport rates downstream were presented by
having the highest period liked the period of suspended sediment. The highest bed
load transport rate was 0.21x10™ m*/s, and accumulated amount was 145.14 m>. Thus,
accumulated total sediment transport, consisted of suspended and bed load sediment,
was estimated at 532.60 m’ at downstream during the wet season of 2011, as shown in

Figure 4-8.

Sediment transport in the dry season

Sediment transport via suspended sediment and bed load was simulated by
applying the period from November 2011 to February 2012 as the dry season.
Transport rates of suspended sediment and bed load at downstream are displayed in
Figure 4-9 and Figure 4-10, respectively. Figure 4-11 presented the total sediment
transported downstream in dry season. The accumulated total sediment transport
during dry season was 8.03 m’ that composed of accumulated suspended sediment

transport with 6.59 m® and accumulated bed load transport with 1.44 m’.
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Figure 4-6 Suspended sediment transport rate at downstream in wet season (m>/s)
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Figure 4-7 Bed load transport rate at downstream in wet season (m’/s)
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Figure 4-9 Suspended sediment transport rate at downstream in dry season (m’/s)
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Sediment transport rate illustrated similar pattern to moving of water
discharge, as displayed in Figure 4-12 and Figure 4-13. During May 2011 to February
2012, the rate of sediment transport generated highest peak in June and the other
peaks were followed in July to October related to high discharge occurrence. After
storm event, the sediment transport rate gently became down until the end of the study
period. This is a good agreement that discharge as a result of wet season can affect
variations in the rate of sediment transport. Therefore, high flow seasonal played

significant role on total sediment input into downstream of river system.
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Figure 4-12 Total sediment transport rate at downstream (m>/s)
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4.4  Cadmium transport estimation

The amount of cadmium transport (kg) at downstream could be computed
from accumulated sediment transport (kg) from model and cadmium concentration
that measured from the field (mg/kg), as presented in Equation (3.81). At downstream
station of the Mae Tao Creek, station MT 02 was chosen as significant sampling site
to estimate cadmium transport amount distributed to a village area. Because of high
uncertainty of sediment transport results, the uncertainty analysis determined the
minimum and maximum of sediment transport to examine the boundary of cadmium

transport.
Agricultural land use scenarios

In this study, land use scenarios were developed by directions of national
policy. The impacts of agricultural land use on the accumulated cadmium transport in
the Mae Tao Creek. The effect of agricultural land use was divided into two scenarios.
The first one was original condition that based on current crop types in the study area,
and the last one was the setting condition by replacing rice plantation with sugarcane
plantation. Scenario with switch of rice to sugarcane was set by relying on the Royal

Thai Government’s policy for management of cadmium contamination.

- Scenario 1: current agricultural land use

The results from original condition (current agricultural land use) are
shown in Table 4-8 and Table 4-9. The amount of sediment transport, which was
estimated from accumulated sediment transport and sediment density, was equal to
866,090.89 kg from May 2011 to February 2012. It was simulated from wet season as
853,230.27 kg and from dry season as 12,860.62 kg, as mentioned in Table 4-8. So,
the total amount of cadmium transport at downstream of the Mae Tao Creek during
this period was computed to 16.33 kg. It was separated into wet and dry season with
16.20 kg and 0.13 kg, respectively, as shown in Table 4-9. The result revealed that
suspended sediment was a greater transport than bed load so the cadmium transport in

the Mae Tao Creek was mainly controlled by suspended sediment transport.
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Moreover, the wet season caused the sediment become available for transport that

resulting in high distribution of cadmium contaminated in the storm event.

Table 4-8 Possible values of total sediment transport (current agricultural land use)

Minimum total Simulate total Maximum total
Period | Sediment sediment sediment sediment
transport (kg) transport (kg) transport (kg)
Suspended
sediment 90,189.63 620,716.87 1,013,307.04
Wet
season | Bed load 33,784.00 232,513.40 379,573.14
Total 123,973.63 853.230.27 1,392,880.19
Suspended
sediment 1,534.30 10,559.61 17,238.33
Dry
season | 5ed load 33433 2.301.01 3,756.35
Total 1.868.64 12,860.62 20,994.68

Table 4-9 Possible values of cadmium transport (current agricultural land use)

Minimum Simulate Maximum
Period | Sediment cadmium cadmium cadmium
transport (kg) transport (kg) transport (kg)
Suspended 1.50 10.31 16.83
sediment
Wet | Bed load 0.86 5.89 9.62
season
Total 2.36 16.20 26.45
Suspended 0.01 0.09 0.15
sediment
Dry 1 Bed load 0.01 0.04 0.07
season
Total 0.02 0.13 0.22
Total 2.38 16.33 26.67
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- Scenario 2: conversion of rice to sugarcane

In this scenario, effects of agricultural land use were determined by basing
on substitution of rice plantation with sugarcane plantation. Table 4-10 and Table 4-
11 described the downstream results of sediment transport and cadmium transport
from assume condition from May 2011 to February 2012. When assume agricultural
land use compared with original land use (scenario 1), it could be observed the
different in the amount of total sediment transport both suspended sediment and bed
load. According to Table 4-10 showing the total sediment transport at downstream,
the results presented a significant effect on decreasing from original condition’s
results. They obtained relatively small changes by reducing from 853,230.27 kg to
853,069.89 kg during wet season, and from 12,860.62 kg to 12,830.24 kg during dry
season. In addition to decrease of the amount of sediment transport, it could be
hypothesized that a long growing time of sugarcane could have effect the water flow.
Sugarcane plantation obtained a great water demand and took long growth period to
be maturity, while rice plantation took shorter of mutual growing time. So, the long
period in sugarcane growth was gained a lot of water requirement that may be had
impact a decrease in water flow, responding for sediment transport reduction.
However, the decrease in amount of sediment transport was small different from
previously scenario that could not be contributed to take much change in cadmium
transport reduction. The results in Table 4-11 expressed the amount of accumulated

cadmium from land use changing that was transported downstream.
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Table 4-10 Possible values of total sediment transport (conversion of rice to

sugarcane)
Minimum total Simulate total Maximum total
Period | Sediment sediment sediment sediment
transport (kg) transport (kg) transport (kg)
Suspended
sediment 90,172.84 620,601.25 1,013,118.33
Wet
season | Ded load 33,777.50 232,468.64 379.500.10
Total 123,950.34 853,069.89 1,392,618.43
Suspended
sediment 1,530.92 10,536.34 17,200.36
Dry
season | 5cd load 333.30 2.293.90 3,744.75
Total 1,.864.22 12,830.24 20,945.11

Table 4-11 Possible values of cadmium transport (conversion of rice to sugarcane)

Minimum Simulate Maximum
Period | Sediment cadmium cadmium cadmium
transport (kg) transport (kg) transport (kg)
Suspended 1.50 1031 16.83
sediment
Wet | Bed load 0.86 5.89 9.62
season
Total 2.36 16.20 26.45
Suspended 0.01 0.09 0.15
sediment
Dry 1 Bed load 0.01 0.04 0.07
season
Total 0.02 0.13 0.22
Total 2.38 16.33 26.67
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Hydraulic structure scenario

From the field observation, concrete weir was found between station MT 02
and station MT 03 at the Mae Tao Creek. Hydraulic structure was considered as the
other one of factors that would play significant role in cadmium contaminated
sediment transport via the suspended sediment and bed load in the Mae Tao Creek.
Effects of hydraulic structure on cadmium transport were evaluated on two
conditions: with and without hydraulic structure.

Changes in sediment and cadmium transport according to hydraulic structure
construction scenarios were summarized in Table 4-12. As having construction of
hydraulic structure condition at downstream of the Mae Tao Creek, the results
reported that this condition attributed to decrease of total accumulated sediment
transport at downstream of hydraulic structure location explicitly in bed load
transport. This is in good agreement that coarse sediment such as sand and gravel may
be disrupted and decreased by the impoundment construction (Taylor et al., 2008).
From May 2011 to February 2012, the amount of total accumulated sediment
transport when passing the weir was equal to 691,826.72 kg in scenario of having
hydraulic structure. While, the scenario in removal of hydraulic structure, it resulted
in increase of total accumulated sediment transport amount for 954,378.11 kg. Thus,
the cadmium transport in hydraulic structure removal condition could be estimated at
18.06 kg, and came down when having hydraulic structure operation as 12.86 kg, as
displayed in Figure 4-14.

Due to high uncertainty of sediment transport simulations, the possible of
sediment transport and cadmium transport in hydraulic structure scenarios were
estimated from uncertainty analysis as minimum and maximum values, as showed in

Table 4-13, 4-14, 4-15 and 4-16.



Table 4-12 Sediment and cadmium transport results from comparison between

without hydraulic structure and with hydraulic structure

Sediment transport (kg)

Cadmium transport (kg)

Cadmium transport
=12.86 kg

. . No having Having No having Having
Period | Sediment hydraulic hydraulic hydraulic | hydraulic
structure structure structure structure
Suspended | .10 00081 | 521,023.86 10.78 8.65
sediment
Wet
Bed load 273,502.95 162,805.12 6.93 4.13
season
Total 922,303.76 683,828.98 17.71 12.78
Suspended | 1 ¢c ¢g 6.647.47 0.21 0.06
sediment
Dry
Bed load 8,213.47 1,350.27 0.14 0.02
season
Total 32,074.35 7,997.74 0.35 0.08
Total 18.06 12.86
- Flow
Station Station
MT 02 Cadmium transport MT 03
= 18.06 kg
. Flow
° @ v o
Station Station
MT 02 MT 03

Figure 4-14 Comparison of cadmium transport between without and with weir
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Table 4-13 Possible values of sediment transport (without hydraulic structure)

Minimum total

Simulate total

Maximum total

Period | Sediment sediment sediment sediment
transport (kg) transport (kg) transport (kg)
Suspended 9427021 648.800.81 1,059,153.44
sediment
Wet
Bed load 39,739.74 273,502.95 446,487.69
season
Total 134,009.95 922.,303.76 1,505,641.13
Suspended 3.466.97 23,860.88 38,952.38
sediment
Dry
Bed load 1,193.41 8,213.47 13,408.32
season
Total 4,660.38 32,074.35 52,360.70

Table 4-14 Possible values of cadmium transport (without hydraulic structure)

Minimum Simulate Maximum
Period | Sediment cadmium cadmium cadmium
transport (kg) transport (kg) transport (kg)
Suspended 1.57 10.78 17.59
sediment
Wet | Bed load 1.01 6.93 11.31
season
Total 2.57 17.71 28.91
Suspended 0.03 021 0.34
sediment
Dry 1 Bed load 0.02 0.14 0.24
season
Total 0.05 0.35 0.57
Total 2.62 18.06 29.48
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Table 4-15 Possible values of sediment transport (with hydraulic structure)

Minimum total Simulate total Maximum total
Period | Sediment sediment sediment sediment
transport (kg) transport (kg) transport (kg)
Suspended 75,704.32 521,023.86 850,560.31
sediment
Wet
Bed load 23,655.44 162,805.12 265,775.87
season
Total 99,359.76 683,828.98 1,116,336.18
Suspended 965.87 6,647.47 10,851.86
sediment
Dry
Bed load 196.19 1,350.27 2,204.29
season
Total 1,162.07 7,997.74 13,056.15

Table 4-16 Possible values of cadmium transport (with hydraulic structure)

Minimum Simulate Maximum
Period | Sediment cadmium cadmium cadmium
transport (kg) transport (kg) transport (kg)
Suspended 1.26 8.65 14.13
sediment
Wet | Bed load 0.60 413 6.73
season
Total 1.86 12.78 20.86
Suspended 0.01 0.06 0.09
sediment
Dry 1 Bed load 0.00 0.02 0.04
season
Total 0.01 0.08 0.13
Total 1.87 12.86 21.00




CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
51 Conclusions

Cadmium contaminated sediment transport in the Mae Tao Creek was studied
by focusing on the effect from agricultural land use changes and hydraulic structure.
The input data, which was obtained from government departments, field observation
and literature, was applied into MIKE SHE coupled with MIKE 11 model to simulate
hydrodynamic and sediment transport results during May 2011 to February 2012.

The assessment of hydrodynamics in the Mae Tao Creek was carried out by
calibrating with the observed water depth at station MT 04. Statistics for a simulation
were applied to evaluate the performance of the simulated hydrodynamic results by
using correlation coefficient (R) and root mean square error (RMSE). The values of
R and RMSE were generated with 0.61 and 10.33 m, respectively. According to
results, wet season influenced the higher water depth and discharge than dry season.
Water discharge was great amount at downstream highly increased along the Mae Tao
Creek by taking highest discharge at downstream. Moreover, a drainage level in the
saturated zone and the process in overland flow to the river were the significant
compartment that majorly affected the water discharge from sensitivity analysis.

As classification of field sediment belonged to sand size particle, non-cohesive
sediment transport module in MIKE 11 could be applied to assess a sediment
transport. The sediment transport was simulated both wet and dry season for the
period of May 2011 to October 2011 and November 2011 to February 2012,
respectively. Total sediment transport was divided into suspended sediment and bed
load. During May 2011 to February 2012, the total accumulated sediment transport
was simulated to 540.63 m’, which explicitly occurred in the wet season by 98.52%. It
could be explained that the wet season had greater rainfall leading to have more
discharge and velocity than the dry season, contributing to high available transport of
sediment in the creek.

According to field observation, the cadmium contaminated along the Mae Tao

Creek had higher concentrations in wet season both in suspended sediment and bed
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load. The higher cadmium accumulated sediment could be affected by rainfall rate
and anthropogenic activities. It could be demonstrated that rainfall rate and
anthropogenic activities played significant role on conversion of surface covering zinc
ore potential area, conducing to the cadmium releasing into environment. Station MT
02 located at downstream was identified as significant site to estimate cadmium
transport amount distributed to a village area. Suspended sediment had the cadmium
concentrations of 16.61 mg/kg and 8.72 mg/kg for wet and dry season, respectively.
Bed load contained cadmium values with 25.34 mg/kg and 17.53 mg/kg for wet and
dry season, respectively.

The distribution of cadmium contaminated via sediment transport in the Mae
Tao Creek mainly generated in the wet season. According to high transport capacity
of suspended sediment, the cadmium transport was dominant by suspended sediment
transport. From May 2011 to February 2012, cadmium was transported out of the Mae
Tao Creek about 16.33 kg by occurring in wet season with 16.20 kg and in dry season
with 0.13 kg.

The impact of agricultural land use and hydraulic structure on the accumulated
cadmium transport in the Mae Tao Creek was studied. Conversion of rice in current
agricultural land use to sugarcane plantation presented a decreasing on accumulated
sediment both suspended sediment and bed load. The small change in sediment
transport slightly affected the cadmium transport because the area of land use change
was small when compared to the whole study area. As scenarios of hydraulic
structure, with the hydraulic structure at downstream of the Mae Tao Creek leaded a
decreasing of accumulated sediment transport both suspended sediment and bed load
after passing the weir, contribution to a lowering in cadmium transport. From May
2011 to February 2012, the cadmium transport amount of removal hydraulic
structure’s condition was simulated at 18.06 kg, and came down when having

hydraulic structure operation as 12.86 kg.
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5.2 Recommendations

To accomplish the investigation of cadmium transport via suspended sediment
and bed load, cadmium concentration was a key factor to define the transport.
Cadmium transport in the Mae Tao Creek was evaluated in two seasons which are dry
and wet season. However, the accessibility to sediment collection during wet season
had limitation from the extensive flood occurrence. According to the important of
cadmium concentration, more of sediment samples should be collected in each
season. Additionally, the cadmium concentrations would be collected from the
agricultural area receiving water from the Mae Tao Creek to more understanding on
source and cadmium contamination in the area. In accordance with the assessment
impacts of land use, leaf area index of each crop was defined by basing on literature.
The leaf area index should be measured at the study area to obtain more reliable
simulated results. The sediment density was obtained from literature reviews that
caused the high uncertainty in this study. To improve the cadmium transport result,
more effort should be focused on estimating accurate density of sediment both in
suspended sediment and bed load to be used in cadmium transport estimation.
Moreover, other eating crop type in study area would be taken into account for further
discussion.

As result from this study found that weir in the Mae Tao Creek may reduce a
lot of contaminate sediment to downstream which is the more dense resident area. It
would be worth to do more study on using such structure to manage cadmium
contaminate. More extensive field survey at structure may require to refine and
validate the simulation result. Further recommend for future study is extended to
ECOLab model in MIKE 11 that would be taken into simulation to describe heavy

metal transport with sediment and river flow.
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APPENDIX A

Topographic map of study area
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Figure A-1 The topographic map 1:50,000 scale, sheet 4742111, series L7018, edition
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Land use map of study area
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Figure A-2 The shape file of land use for MIKE SHE (Land Development Department, 2007)
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Table A-1 Land use classification (Land Development Department, 2007)

Code Land use classification
A101 Rice paddy

A202 Corn

A301 Mixed perennial
A401 Mixed orchard
A412 Tamarind

A413 Longan

A602 Corn

A616 Upland rice

F100 Disturbed evergreen forest
F200 Disturbed deciduous forest
F201 Dense deciduous forest
M301 Mine

M403 Rock out crop
M405 Landfill

U201 Village

U405 Road

Us02 Factory

W101 River, Canal
w102 Lake

w202 Farm pond
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APPENDIX B

Rainfall rate and evaporation rate in year 2011 — February 2012
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APPENDIX C

Field observation results

Table C-1 The water quality data at each station in April 2011 (dry season)

Station pH DO (mg/L) EC (uS) T (°C)
MT 01 8.17£0.01 7.99 +0.01 140.1 +0.09 25.3+£0.05
MT 02 8.07£0.01 8.39 £0.01 136.9 £ 0.05 24.9 +0.05
MT 03 8.09 £0.03 8.50 £0.04 441.0 £0.00 24.8 +£0.05
MT 04 8.13+£0.01 7.99 +£0.01 441.0+0.00 24.6 +0.05
MTL 01 7.56 +0.07 6.18 £0.01 647.0 £2.50 25.2+0.20
MT 05 8.16 £ 0.00 5.25+0.02 443.0 £0.00 23.2+0.05
MT 06 8.35+0.00 9.13+0.03 461.0 £0.00 24.7+0.05
MT 07 8.28 £0.00 6.54 +0.03 443.0 £ 0.00 23.7+0.20
MTR 01 8.29 £0.00 8.31+£0.02 490.0 = 0.00 24.9 +0.05
MT 08 8.37 £ 0.06 6.54 +0.01 402.0 £ 0.00 23.1£0.05

Table C-2 The water quality data at each station in December 2011 (wet season)

Station pH DO (mg/L) EC (nS) T (°C)
MT 01 8.16 + 0.00 8.29 +0.00 207.0 £0.00 23.3+0.09
MT 02 8.15+0.00 8.46 +0.00 418.0 £ 0.00 23.2+0.25
MT 03 8.36+0.01 7.35+0.00 203.0 +£0.00 22.1+0.14
MT 04 8.31+0.01 7.61 £0.01 419.0 £ 0.00 22.1+£0.05
MTL 01 7.68 +0.07 7.99 £ 0.00 183.6 +£0.19 22.9+0.09
MT 05 8.07 £ 0.00 8.19 +0.07 210.0 £ 0.00 21.8+0.00
MT 06 8.14 +0.01 8.43 +0.00 401.0 £ 0.00 21.0+£0.05
MT 07 8.07 +£0.01 7.59 +£0.01 460.0 + 0.00 22.6 +£0.05
MTR 01 8.13 +£0.02 8.63 +0.03 452.7+0.55 22.7+0.14
MT 08 8.24 +0.00 8.42 +0.02 399.7+0.55 21.9+0.05
Note: pH = potential of the hydrogen ion
DO = dissolved oxygen (mg/L)
EC = conductivity of water (uS)
T = temperature (°c)




Table C-3 The total zinc concentration in the suspended sediment

Dry season Wet season
ng:;;] t Total Zr(l rT(io?kce)ntration %‘ZES ngg;] t Total Zr(1 rgo;:é:e)ntration %‘Zﬁg
S| (molL) s (%) | (mglL) s (%)
MT 01 2.08 28,098.35 + 1,216.20 0.03 7.30 10,682.06 3,541.14 0.14
MT 02 4.02 13,912.68 =+ 1,834.36 0.06 29.33 4,685.35 1,091.94 0.35
MT 03 8.68 35,935.35 + 9,365.39 0.03 34.50 1,814.72 1,825.01 0.32
MT 04 4.35 22,697.58 + 13,007.34 0.04 15.12 9,905.89 6,241.96 0.49
MTLO1 9.75 31,786.76 + 7,892.56 0.04 5.08 11,207.02 5,552.42 0.51
MT 05 2.15 47,770.83 =+ 23,069.36 0.02 3.20 13,942.37 3,308.15 0.67
MT 06 3.75 15,816.67* 0.03 3.03 39,993.93 4,776.09 0.28
MT 07 1.55 46,419.04 + 278.34 0.02 38.23 2,669.56 488.25 0.70
MTROI 4.70 17,669.12 + 2,143.46 0.02 84.90 2,343.02 2,206.48 0.49
MT 08 5.10 10,887.50* 0.02 13.95 6,187.28 + 1291.55 0.63

Note: *Limit suspended sediment samples

8I1



Table C-4 The total zinc concentration in the bed load

Dry season Wet season
] Cd/Zn . .
Total Zn concentration Rati Total Zn concentration Cd/Zn Ratio
atio 0
(mg/kg) o (mg/kg) (%)
) (%)

Station
MT 01 1,680.74 =+ 1,302.39 1.05 1,703.02 =+ 136.27 1.32
MT 02 1,493.85 =+ 1,015.49 1.17 1,390.15 =+ 95.43 1.82
MT 03 960.30 =+ 660.14 1.04 872.77 =+ 247.38 1.31
MT 04 2,033.10 =+ 2,533.12 0.97 8,225.38 + 801.26 1.00
MTLO1 9425 + 67.94 3.78 69.05 =+ 14.00 3.05
MT 05 1,288.32 =+ 1,327.43 0.65 2,22048 =+ 173.03 1.28
MT 06 28.28 + 21.73 8.89 55.21 + 30.45 4.02
MT 07 26.28 + 26.09 4.33 34.56 + 3.56 5.81
MTRO1 18.18 =+ 13.51 5.51 148.70 =+ 25.74 1.93
MT 08 22.61 + 16.80 6.06 32.35 + 4.84 5.54

611



Table C-5 The distribution of zinc concentrations in the bed load (mg/kg)

120

Station Grain size (mm) Dry season Wet season
0.151-0.231 1,978.63 =+ 73.57 | 1,736.23 =+ 127.74
0.101 -0.150 2,005.50 £+ 109.25| 1,721.80 +  286.07
MT 01
0.076 - 0.100 1,237.65 + 86.06 | 1,191.11 =+ 98.99
<0.075 775.57 = 21.57 | 1,337.73 =+ 71.55
0.151-0.231 1,51833 £+ 37.54 | 1,492.81 =+ 99.32
0.101 - 0.150 1,358.04 + 39.51| 1,377.88 +  183.22
MT 02
0.076 - 0.100 1,904.71 £+ 2631 | 1,024.33 =+ 107.35
<0.075 1,913.68 + 29.69| 50585 =+ 22.09
0.151-0.231 1,129.51 £+ 263.14| 714.65 =+ 37548
0.101 - 0.150 82691 £+ 23.50| 1,096.18 =+ 11.07
MT 03
0.076 - 0.100 878.20 + 13.12| 1,115.82 =+ 82.76
<0.075 95471 + 2452 1,173.69 <+ 17.75
0.151-0.231 3,894.75 £+ 673.56 | 825.79 + 15.89
0.101 - 0.150 2,07343 £+ 12.86 | 19,957.29 + 1,618.07
MT 04
0.076 - 0.100 1,168.49 =+ 42,16 | 3,523.27 =+ 189.91
<0.075 969.94 + 11.64 | 1,146.22 + 157.55
0.151-0.231 105.12 = 19.74 | 102.80 + 33.71
0.101 - 0.150 72.84 £+ 1551 | 4872 + 5.39
MTL 01
0.076 - 0.100 87.72 = 10.38 46.29 + 1.09
<0.075 116.64 =+ 2.61 60.12 + 5.22
0.151-0.231 2,800.58 + 379.74 | 2,552.34 +  295.27
0.101 -0.150 1,368.08 =+ 25.67 | 2,148.13 =  305.04
MT 05
0.076 - 0.100 984.08 + 39.13 | 1,176.59 <+ 39.45
<0.075 866.81 =+ 6.96 | 1,047.76 =+ 22.64
0.151-0.231 2695 =+ 5.35 50.67 + 52.79
MT 06
0.101 -0.150 25.57 =+ 8.12 56.52 + 38.03
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Table C-5 The distribution of zinc concentrations in the bed load (mg/kg) (continued)

Station Grain size (mm) Dry season Wet season
0.076 - 0.100 2574 =+ 0.82 52.81 + 1.02
MT 06
<0.075 5240 <+ 5.61 1.14*
0.151-0.231 20.36 =+ 1.20 36.13 + 3.33
0.101 -0.150 2291 =+ 0.86 29.42 + 1.48
MT 07
0.076 - 0.100 33.16 =+ 0.54 39.04 + 7.68
<0.075 5775 + 080 | 49.67 + 2.16
0.151-0.231 15.54 + 0.78 62.60 + 14.77
0.101 -0.150 16.23 =+ 0.73 | 269.28 =+ 52.82
MTR 01
0.076 - 0.100 18.64 + 096 | 20298 + 31.04
<0.075 26.19 =+ 2.54 | 12686 =+ 7.90
0.151-0.231 22.09 =+ 2.51 33.74 + 8.63
0.101 - 0.150 19.39 + 327 | 2629 + 4.94
MT 08
0.076 - 0.100 25.06 =+ 2.73 26.78 + 3.86
<0.075 3554 + 0.49 50.58 + 3.30

Note: *Limit bed load samples
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APPENDIX D
Parameter values in MIKE SHE

Table D-1 The values of parameter in each compartment of MIKE SHE

Parameters in MIKE SHE Value
Overland flow
- Manning number 10 m"/s
- Detention storage 0.01 mm

Unsaturated Flow

- Saturated hydraulic conductivity 10® m/s

- Groundwater depths used for UZ classification 3m

Saturated Zone

- Lower level -27m
- Horizontal hydraulic conductivity 10°®* m/s
- Vertical hydraulic conductivity 10 m/s
- Specific yield 0.8 %
- Specific storage 10*m™
- Initial potential head -3m
- Drainage level -1.5m

- Drainage time constant 10




Table D-2 Vegetation setup for land use compartment in MIKE SHE

Vegetation End day LAI Root Kc
Rice 0 1.5 200 1
15 1.5 200 1
30 4 600 1

60 5 800 1.1
80 5 1000 1
120 4 1000 1
Sugarcane 0 v/ 500 1
75 4 1000 1

95 6 600 1.5

145 6 1500 1.4

250 6 1500 1.2
300 3 1500 1
366 1 1500 1
Corn 0 0.5 500 1
30 0.5 500 1
75 5 1000 1

105 5 1000 1.1

125 5 1000 1.1
175 5 1000 1
Forest 0 6 800 1
100000 6 800 1
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Table D-3 The values of parameters in hydrodynamic module of MIKE 11

124

Hydrodynamics parameters (HD) Value | Unit
Initial conditions Water level 5| meter
Discharge 14| m's
Wind Topographical Factor 1 -
Friction Factor 0.0024 -
Bed Resistance Resistance Number 0.01 | s/m"
Default Values Delta 0.85 i}
Delhs 0.01 -
Delh 0.1 -
Alpha 1 -
Theta 1 -
Eps 0.0001 -
Dh Node 0.01 -
Zeta Min 0.1 -
Struc Fac 0 -
Inter] Max 10 -
Nolter 1 -
MaxlterSteady 100 -
FroudeMax -1 -
FroudeExp -1 -
Quasi Steady Relax 0.5 }
Beta Limit 10 -
Fac 0 2.5 -
Qconv_Factor 0.001 -
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Table D-3 The values of parameter in hydrodynamic module of MIKE 11 (continued)

Hydrodynamics parameters (HD) Value | Unit
Quasi Steady Hconv_Factor 0.01 -
Min_Hconv_In_Branch 10° | meter
Q _struc_Factor 0.05 -
Hstop 0.0001 | meter
Stratification No.of layers 1 )
Turbulence model (Viscosity) 0.003 | m?s
Corrections (reductions):
Baroclinic Pressure - Factor 1 -
- Local bed slope 0 -
Convection/Advection:
-Factor horizontal momentum 1 -
- Factor vertical momentum 1 -
- Factor advection 1 -
Dispersion:
- Factor horizontal viscosity 1 -
- Factor vertical viscosity 1 -
Flood Plain Resistance | Flood Plain Resistance 299 | m"%s
Encroachment Max no. of iterations 20 -
Encroachment positions:
- Left offset 0 -
- Right offset 0 -
- Left position 0 -
- Right position 0 -
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Table D-4 The values of parameters in sediment transport module of MIKE 11

Sediment transport parameter (ST) Value | Unit
Sediment Grain Diameter Global Grain Diameter 0.001 | meter
St. Deviation 1| meter
Transport Model Model Parameters:
-Rel. density 2.65 -
-Kin. Viscosity 10° | m%s
Bed Shear Stress Manning (M):
- Minimum 20| m's
- Maximum 40| m'"/s
- Omega 1| m"s
Non Scouring Bed Level Thickness of active layer 0.1 | meter
Non scouring bed level -1.5| meter
Calibration Factors Factor 0.117 -
Data for Graded ST Min. depth of active layer 0.1 | meter
Init. Depth of passive layer 1| meter
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APPENDIX E

Calculation method

Laboratory results

1. Grain size distribution of bed load

e Loss(g)

Loss weight of bed load samples after sieving is calculated from the difference
between weight before sieving (g) and total weight after sieving (g). The bed load
weight at each were displayed in Chapter IV, Table 4-3 for the dry season and in
Chapter IV, Table 4-5 for the wet season.

Loss = Sample weight before sieving (g) — Total sample weight after sieving (g)

Station MT 01, dry season: Loss =1000.0 - 996.12
Loss=3.88¢

e Loss (%)

After the loss weight of bed load samples after sieving was calculated, percent
loss of bed load in each station after sieving can be computed from the ratio of the
loss weight (g) per sample weight before sieving (g). The bed load weight at each
were displayed in Chapter IV, Table 4-3 for the dry season and in Chapter IV, Table

4-5 for the wet season.

Loss (%) = Loss (g) x 100
Sample weight before sieving (g)

Station MT 01, dry season: Loss= _3.88 x 100
1000.0

Loss =0.39 %
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e 9 Passing Sieve No. 200
The amount of bed load passing sieve no. 200 is estimated from sample weight
on receiver (g) per sample weight before sieving (g). The bed load weight at each
mesh sieve in ten sampling station were displayed in Chapter IV, Table 4-3 for the dry

season and in Chapter IV, Table 4-5 for the wet season.

% Passing Sieve No. 200 = Sample weight on receiver (g) x 100
Sample weight before sieving (g)

Station MT 01, dry season: % Passing Sieve No. 200=_9.92 x 100
1000.0

% Passing Sieve No. 200 =0.99 %

e Mean Diameter (mm)

Mean diameter of bed load samples in each station was calculated from the
pooled data of bed load from sieves No. 3/4°, 3/8°°, 4, 10, 20, 35, 65, 100, 150, and
200. The mean size of each mesh and sample weight on each mesh were displayed in
Chapter 1V, Table 4-3 for the dry season and in Chapter IV, Table 4-5 for the wet

s€ason.

Mean Diameter (mm) = X34 W3/4» + X587 W3/g7 + ... + Xieceiver Wreceiver
Sample weight after sieving (g)

where X Mean size of each mesh

W

Sample weight on each mesh

Station MT 01, dry season:

Mean Diameter = (19.000x7.91)+(14.250x29.77)+...+(0.075x9.92)
996.12

Mean Diameter = 2.48 mm
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2. Cadmium concentration

e Cadmium concentration of suspended sediment and bed load
Cadmium concentration for suspended sediment and bed load were computed
from cadmium concentration result from the ratio of atomic absorption spectrometry

(ng/L) and volume of digested sample (L) per weight of digested sample (g)

Cadmium concentration (mg/kg) = AAS result (ug/L) x digested sample vol. (L) x10~
Weight of digested sample (g)

Station MT 01, dry season: Cadmium concentration = 1.583x25 x 10~
0.0043

Cadmium concentration = 9.20 mg/kg

e Total cadmium concentration of bed load
From bed load samples which were sieved with sieve No. 65, 100, 150 and
200, the total cadmium concentration is calculated by weighted average in which each
quantity to be averaged is assigned a weight. Cadmium concentration of bed load in
sieve No. 65, 100, 150 and 200 showed in Chapter IV, Table 4-1, and weight of bed
load samples in sieve No. 65, 100, 150 and 200 displayed in Chapter IV, Table 4-3 for
the dry season and in Chapter IV, Table 4-5 for the wet season.

Total cadmium concentration (mg/kg)

= Cu65Wies T Cu100 W00+ X150 W50+ Xao00 W00
Wiss + W00 = W50 W00

where C Cadmium concentration of each mesh

Y

Bed load weight on each mesh

Station MT 01, dry season:
Total cadmium concentration

= (14.87x13.52)+(25.80x18.28)+(14.36x2.22)+(6.99x9.92)
43.94

Total cadmium concentration = 17.61 mg/kg
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e Standard deviation from several cadmium measurement in bed load

Just as several means may be combined to obtain a grand average, standard

deviations also can be combined to obtain a single estimate. Pooled standard deviation

is calculated from standard deviation of separate sets of cadmium measurement in

sieve No. 65, 100, 150 and 200.

Pooled standard deviation = J Sis (s~ D+ i1 00 (100~ D+ iy s (150~ Dt Sizo0 (2001

where

S

n

(nges—1)+(Mu100—1)+(My150—1)+(My200—1)
= Standard deviation

= Number of measurements

Station MT 01, dry season:

Pooled standard deviation = \/

(1.322)(3—-1)+(11.492)(3—1)+(5.612)(3—1)+(2.68%)(3-1)
(B-1)+B-1)+(B-1)+(3-1)

Pooled standard deviation = 6.57

Simulation results

1. Sensitivity Analysis

The sensitivity index (/) was calculated to determine the sensitivity of input

parameter in MIKE SHE model that effected water discharge (see parameter values in

Appendix D, Table D-1). For example, the Manning’ M used input value (xo) equal to

10, then x; and x, were calculated equal to 5 and 15, respectively. The output (y) is

water discharge in 26 June 2011due to the highest rainfall rate occurred in this period.

where [
X0
Yo
V1
Y2

_ 02-y1)/¥o
2Ax/xq
Ax = x9 — x|
Ax = x5 - Xo

sensitivity index (dimensionless),
initial value of parameter x,

model output calculates with xy,
model output calculates with x;, and

model output calculates with x;
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(27.27-24.91)/27.62
2(5)/10

Manning number (10): I=

~
Il

0.09

2. Sediment transport (kg)

The sediment transport (kg) at downstream of the Mae Tao Creek is computed
from the accumulated sediment (m’) that simulated from model and density of
sediment (kg/m®). For example, suspended sediment transport at downstream (Station
MT 02) during the wet season was calculated from accumulated suspended sediment
(Station MT 02) in the wet season equal to 387.46 m’ (see Chapter IV, Table 4-10)
and density of sediment equal to1.602x10’kg/m’.

Sediment transport = Accumulated sediment (m’) x Sediment density (kg/m®)

Station MT 02, suspended sediment in the wet season:
Sediment transport = (387.46 m’) x (1.602x10°kg/m")
Sediment transport = 620,716.87 kg

3. Cadmium transport (mg)

After sediment transport amount value was computed, the cadmium transport
could be estimated. The amount of cadmium transport (mg) is calculated from
sediment transport (kg) and observed cadmium concentration from field observation
(mg/kg), as shown in Chapter IV, Table 4-6. For instance, the cadmium transport due
to suspended sediment at station MT 02 during the wet season was estimated from
suspended sediment transport equal to 620,716.87 kg and Observed cadmium

concentration in suspended sediment at station MT 02 equal to 16.61 mg/kg.

Cadmium transport (mg)

= Sediment transport (kg) x Observed cadmium concentration (mg/kg)

Station MT 02, suspended sediment in the wet season:
Cadmium transport = (620,716.87 kg) x (16.61 mg/kg) x 10
Cadmium transport = 10.31 kg
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