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Chapter 1 RESOURGES MANAGEMENT AND THE
ENVIRONMENT

1.1 Environmental ansfr'aints_

The rapid economic expansion in Thaifand in the recent past is partly a result of intensive
‘exploitation of natural resources. However, Thailand's natural resources, which had
once served as key contributors to economic prosperity, have now become constraints
on future development. '

A comprehensive policy of systemalic management and rehabilitation of natural
resources in the fields of land, water, and forestry resources, as well as environmental
‘quality improvements, should be considered in order to achieve sustainable development
in the WSB region. ' ' :

. .and Resources

'[}_u_ring the last three decades, lhe' problems of land availability, land use, land -
de\felopment,:ahd soil cbns_ervalion have been graduatly incréa_sing in the WSB reg_i;on..
- The major causes of these problems have included population pressure and a gradual -
- shift in land use from forest to 'agric'ullu‘re, pa'xﬁcula:rly traditional shifling (slash-and-
~ burn) cultivation, ' '

- Ris generally understood that most of tand suitable for agricultural use hés already been
utilized. The shift from forest highland 1o agriculture has been associated with land
deterioration through inappropriate land use. As a result of these existing problems,
some previously cultivated lands have been abandoned. An cquaﬂy impbrlam factor
& respouszblc for the land- -related problems is a !ack of a so!:d land management palicy,
since a Jarge number of government agencics: and commiltees have over}appmg
_ tesponsibilities, and there are a number of' laws, regulauons cabmct resoiuhons ~and
ministerial decrees. ’

Major land forms in the WSB region include the mountains in the west, consisting of part

of the rugged central cordillera along the Thai-Myanmar border. Several subparallel
ridges, divided by narrow and deep valleys, are observed. The westernmost of these

1-1



ridges is the Tanaosi range. East of this ridge, in the catchment area of the Mae Klong
river, lies an extensive area of rugged limestone hills.

The soils of the WSB are varied and the agriculture diversified, with the region having

~ the most common soil types, i.¢., Inceplisols, Alfisols, and Ultisols. Land for agricultural

-use can generally be considered suitable for paddy, upland crops, and perennial crops. 1t
“has been found through the GIS analysis undertaken in this Study that agriculture is the

major land use type, accounting for 54.5 per cent, with 36.6 per cent for mixed upland
“crops, 7.1 per cent for rice, and the rest for other types of agricultural crops.

A field survey and the GIS analysis have revealed that there would be certain areas of
problematic fand that are unsuitable for agricultural use, such as land with acid soils,

- alkaline soils, and saline soils. Such problematic land is widely observed in the lower

 part of Petchaburi and the upper part of Prachuap Khirikhan provinces. Top soil erosion

associated with infréquent rainfall, excessive evaporation, and sea water intrusion are -
considered major factors creating this problematic | land. Remedial measures to vitalize

‘such land should be considered in line with this Study's proposal for eslabllshment of an

- amenily zone in order to foster development in the Central WSB. '

In addmon to natural phenomena human-induced soil degradahon is also a concern.

One probable factar ‘causing low soil productwny is the excessive use of chemical |
 fertitizers for monoculture cultivation.: It is well known that the loss of humus due to the
~ excessive use of chemical fcmllzcrs ulumately reduces so:l productivity. - The’
introduction of orgamc t‘armmg would be a solution -for rcs!ormg Ihe low soil

productmly '

(2)  Water Resources

Avm!ablc water supplies are derived from two different sources, surface water and
groundwater As the name implics, surface water consists of the fresh water in rivers,
lakes, and reservoirs that collects and flows on the earth's surface. - Groundwater by
(_:onirast collects in pdrpus tayers of undérgrotihd rocks known as aquifers.

“Water resources are used by agricultural, industrial, and houschold users. The gradual
economic c’qunéioh of: the WSB region has led to increased demand for water in non-
agricultural seélors, particularly the industrial sector. It is well known that Thailand
suffers from a water shortage in the dry scason; the WSB is not an exception. During the

“dry season, the levels of reservoirs and major rivers falls substantially. Groundwater
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levels have also been falling recently in some areas in the WSB region as a result of
intensive pumping for mainly industrial uses.

Major rivers in the WSB region include the Mae Klong, Petchaburi, Peanburi, and Lang
Suan. Among these four major rivers, the Mae Klong has a catchment area of about
30,800 km® while the other three rivers have catchment’areas of about 5,600 km? (the

" Petchaburi), 2, 900 km’ (lh@ Pranburi), and 1,600 km’ (the Lang Suan). Water qualiiy |
momlormg of key parameters, Dissolved Oxygen (DO), Biochemical Oxygen Demarid
(BOD), and Faecal Coliform, was conducted by the Publlc Health Department in 1995
- and the results are given in Table 9.1.1.

-+ The monitoring resulls indicate that water ql_lality in the four major rivers in the WSB

| region is generally at acceptable levels for agricultural and industrial uses, but not at

- levels suitable for the purpose of drinking water or for ecosystem conservation so that

basic living organisms can breed naturally. DBased on the Classifications of Water |

Condmons and Objectives set by the Pollution Control Department (PCD), the Ministry .

of Scwnce Technology and Environment (MOSTL) walter quality conditions tested at -

" 11 locations on the Mae Kiong river are categorized i Class 2 (Very Clean) or 3
(Medium Clean) regarding DO aid BOD, while the quality has fallen into Class 4 (Fairly

~Clean) regarding the Fecal Coliform indicator. These results indicate that a heavy load
of organic waste ‘water is d1scharged from households and commercial and industrial

: estabhshmenis into the Mae Klong river. The monitoring results a!so mdlcate that water
quahty in the lower stream of the Mae Klong river is more poliuted than in the upper

_ stream, implying the accumulation of waste water impacts on the water body

' Mlligatlon measures should be taken to improve the water quahly

‘Major sources of water quaiity deterioration in the WSB region are considered domestic
waste water and industrial waste water. The former accounts for a majolr part, as
industries in the region are not yet well-developed and there are few significant industrial
waste waler sources. It is, however, also anticipated that industrial waste water will
c_ausé more waler qualily deterioration as the industrial'@ector contiﬁu’cs to grow.

Few domesuc waste water irealmem sysleins are currently operanonal in the WSB
‘region. With the likelihoad of an increase in population, it is antwlpated that household
waste waler arises as a consequence of development. Poor provision of domestic waste
water facilitiés is primarily due to a lack of technical expertise, institutional weakness,
and financial vulnerability. Two domestic water treatment systems in the WSB region, in

! These classifications are reproduced and attached in Tables 9.1.2and 9.1.3.
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Petchaburi and Hua Hin municipalities; are currently operational but no such system is
available in the other WSB municipalities. Sciting up treatment systems in other major
municipalities should be considered in line with the national policy of water quaity
improvement in provincial areas.

~ At present, the Oftice of Environmental Policy and Planning (OEPP) and the Pollution
Control Department (PCD) under the Ministry of Science, Technology and Environment
(MOSTE) have been engaging provincial environmental quality improvements. OEPP
and PCD have been promioting Provincial Environmental Action Plans to improve
environmental quality with the focus on doniestic waste water treatment and sokid waste
management. - '

The niajority of medium- and small-sized industrial establishments in the WSB region are
not equipped with appropriate waste water treatment systems. Waste water discharged
from these industrial establishments flows into nearby water bodies and eventually
reaches the coastal areas. Although the volume of industrial waste water or magnitude
of water pollullon is considered still within the capacity of the natural purification
. ‘process {(no s;gmticant toxic subs{ances were detected in the major water bodics), an

~ indiscriminate increase in waste water discharged into the water bodies would

significantly worsen the water qualily and cause problems for. wa'er use. The potential
 risk of hazardous industrial wastes, typically in the form of waste water contammg heavy
metals, would also need to be considered.! ' o

(3)  Forest Reé_ources (including Mangmv:e Forest)

The WSB region, particularly near the Thai-Myanmar border, still possesses pristine
forests. The GIS analysis has revealed that forest cover in the WSB region accounts for
42.7 per cent of the study area.  Major tree types include hill evergreen (28.3 per cent)
and mixed deciduous (7.4 per cent). l)isturb#d forests have also been observed in 5.9
per cent of the total land area. ! '

lllegal logging aind traditional shifting cultivation are majo'r constraints on appropriate
forest management. Jllegal logging is particularly prominent in Kanchanaburi province.
The degradation of mangrove forests, which accounts for 0.47 per cent of the total WSB
land area, is also a concern in coastal areas. It was observed that a large area of

! It shoutd be noted that quite low lead (Pb} concentrations in waters of the Petchabud, Pranburt, and [ang Suan rivers,
were detected. Although the concentration Tevels are well below the set standard of §.05 ppm, considerations shoutd be
made for preventing funther heavy metal substanées concentration in the ivers.
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mangrove forests in Samut Songkhram and Prachuap Khirikhan provinces were cleared
for the use of shrimp farming or damaged by industrial waste water discharged mainly
from food processing factories in the nearby provinces. It was reported there were
83,000 rai of mangrove forests in Samut Songkhram province in 1957 but only 500 rai at
present. Similar massive deforestation has resulted in only 437 rai of mangrove forests
surviving in Prachuap Khirikhan province.

“4) Solid Waste Management

Sofid waste disposal problems have reached the critical level in major muﬁicipalilies.
throughout the Kingdom. This problemis expected tobea bottleneck harming the life of
WSB residents. - The disposal of sofid waste generated from households, commercial,

and industrial establishments into open dumps is a standard practice for municipalities in

the WSB region, and the sanitary conditions of the dumping sites are poor. It is

anticipated that continuous use of open dumps will result in public health hazards such as

vector breeding, disease transmission, foul edors, and surface and underground water

'comamination The introduction of sanitarﬁr landﬂll systems to substitute for existing

' open dumps wouldbea vmble solution to avoid the un necessary samtary nsks assaciated

- with poor solid waste managcment

‘The vd!umé of solid waste generated has also been increasing and the availabitity of land
for treatinent will become 'addilional constraints for man§ wsB munibibalilies in the near -
future. Coupled ‘with improving sanitary condition of dumplng sites, remedial measures
to feduce solid waste volumes should be considered. Among various potential waste
- volume reduouon methods, composting will be one of the most vnable ophons to be
applied in the mumcnpalit:es of the WSB rcgmn '

- (5)  Eavironmental Advocacy

Although local inhabitants have been paying more attention 1o the en#ironn_wnt, their
undersianding of .speciﬁc environmental issues is generally weak, and such limited pubﬁc
understandmg hinders the adoption of appropriate natural resources managemcnt and
eivironmental qualily improvements. E nvnronmental advocacy may lhercforc play a
vital role to address the issue in the long run. '



1.2 Alternative Frameworks for Environmental Improvements

{1)  General

Sustainable environmiental improvenents in the WSB region should be considered in line
with appropriate land zoning classifying land/forest as (i) protected area, (ii)
conservation area, and (i) development area.

Protected areas have the role and functions of prescrﬁing valuable flora and fauna,
fostering water reSouréeS, and preventing natural disasters including soil erosion. The
areas categorized as protected areas include national parks, wildlife sanctuaries, and
walershed Class 1. These areas are completely protected by law and neither industrial
and agricultural activities nor human settlement is allowed, unless cabinet approval is
obtained; oblaining this kind of approval is considered quite diflicult. In the WSB
region, there are seven: national parks aud four wﬂdhfe sanctuaries that have been
designated as protected areas since 1966.

Conservalion areas can be defined as arcas having development potential with
environmental sensitivity. Major concerns in this area include soil conservation, water
potlution prevention, and conservalion of areas having high lourism_developmént

“potential, - Conservation areas typically include forested land not designated as a
protccted area," watershed Class 2 and coastal areas of Samut Songkhram, Petchaburi,
Prachuap Khirikhan, and Chumphon provinces. |

Other areas, designated as 'devéiopmeﬁt-aréas,émay'servc as sites for dcvelopmént
projects. Development areds can be divided into two types based on the purpose of
development: (i} agricullura.l development areas and (it) urban and industrial areas to be
equipped with comprehensive infrastructure and waste treatmeit systems.-

Alteinative frameworks of natural .resources conservation and environmental quality

-1mpr0vemenls inline with the WSB reglonal devclopment objectives are proposed in the
: follo\wng subsecuons .

i : . . . . . ae
Fhese Fands are also called ecanomic/oommercial forests inwhich developmenl adtivities ace allowed.
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(2) Land Resources

Alternative frameworks for land resource improvements are focused on the prevention
of further soil degradation and improvement of soil fertility to increase agricultural yield
through the continued transfer of curremly unused land or low-productive agricultural
~ land to higher value uses, including tree crops and livestock, and even use for other
purposes. The following alternatives have been formulated to preserve/improve soil

FES0UrCes:

(i) To avoid any earth-moving ‘activities in vulnecable land arcas, particularly
watershed Class 1, to prevent possible soil erosion.

() To l;_li!izé currently abandoned Jands through the application of appropriate
~ soil quality improvement measures (¢.g., drip/trickle irrigation) in the lower
part of Petchaburi and the upper part of Prachuap Khirikhan, A conibination
with an agroforestry application should be considered for successful land

: trans_formation:to the bentral'ameni{y zone coh'cept'.

(i)  To promote orgalxic farming praclices in order to pré\?ent' a decrease in soil
productivity ‘and to reduce the potential risk of accumulating - toxic
substances in agricultural crops and dircct health eftects on farmers.

3) Water Resources

}nll}roi'en;ezzt of water ‘quality in the major water bodies and the preveation of ﬁu_ther -
water quality deterioration caused by domestic and industrial waste water is a major
‘alternative for water resources. These alternatives associated with water resources are
set as follows:

@ . Te mamtam water quality to set surface water quahly slandards pcnod!cal
" monitoring of water quality should be conducled '

(i) To construct domestic waste water treatment systems in the major fiverine .
municipalities; high priority should be given to the municipalities closest to
* the major rivers wilh low water quality.

(i) To refocate small- and medium-sized industrial establishments into industrial
estates/parks equipped with waste water treatment systeins.



(tv) To locale newly constructed industiriat establishiments into industrial
estates/parks for the collective waste water and solid waste treatment.

(4)  Forest Resources
The following alternatives should be considered for preserving forest 1esouices:

(i) To preserve foresls in protected areas, measures to prevent illegal togging
should be considered. Preservation of existing forests in the arcas having
high eco-tourism development potential in Kanchanaburi and Petchaburi
provinces should be considered as high-priority areas.

(i) To preserve existing mangrove forests in coasta! areas.

- (ili)  To replant mangrove - forests -in coastal areas, particularly in Samut
~ Songkhram and Prachuap Khirikhan provinces.

(5)  Solid Waste Management

To improve the sﬁnitary conditions of open dump' sites by Shiffing to 'sanitaly landfilt
systems, the construction of sanitary landfill solid waste managcmenl systems in certain
mumcapahlncs is required - Also, camposting should be mlroduced to reduce solid waste
volume and thereafter the bencﬁmal use of wastes lhmugh sonl producilwly
improvenients should be undertaken. '

(6) - Environmental Advocacy
Environmental advocacy may enhance public environmental awareness of problems
through promotional measures that “are  practical in local communities. * The

establishment ‘of an institute with comprehiensive environmental monnormg, research
and cducatlon funcnons is recommendcd in the WSB region.
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1.3 Strategy for Improving the Environment

1.3.1 Soil Management

Soil degradétion problems, including declining soil fertility, soil compaction, soil
“erosion, and salinization, threaten to become more prominent in the WSB region.
Attention should be paid to soil conservation since past programs have rarely been
successful. ‘The limited success of past soil conservation projects has been largely dueto
(i) a lack of support from the governiment agencies, (ii) immaturity of the social ‘and
- economic conditions of the farmers, and (i) difliculty in ilsing conservation techniques
or the lack of an expectation of immediate return to the tarmers. |

Soil improvement measures should be: (i) simple enough for local farmers to apply, (ii)

low costs, (jii) used for farm-based projects, and (iv) easily replicable. An introduction

of drip irrigation in combmahon with agroforestry practices would be one promising

remedial measure to vitalize once-abandoned problematic land. With the establlshmcm

of the drip irrigation system', perennial trees having a nitrogen fixing effect would be _
planted. Vegetable and/or fodder crops would be successfully ‘cultivated when the _
perennial trees become mature and function as a soil fixer. Appropriate tree species and
vegetable and/or fodder crops should be investigated at local research institutes with
support from the - responsible central agencies. When an application method IS.'
established, suﬂlcscnt cxphnahon should be gwen to local users so that the system is
einployed most eftfectively

- Comprehensive land reform projects first commenced more than threc decades ago have
been successfully implemented in Kanchanabusi, Ratchaburi, Petchaburi, and Prachuap

* Khirikhan prOvinces.-: ‘The projects. consist of: (i} investigating appropridte crop
cultivation and animal husbandry methods in low fertility lands with limited water
supply (i) dlssenunatmg agricultural techniques to farmers; (iii) providing land plots to
Iandless farmers; {iv) prowdmg financial assistance to farmers and (v) sctting up-
produc{lon-marketmg-sys_tems._ Successful projects have scned. as’ dissemination
centers for farmers and the public who benefit from the practices. -

'A dripirnigation system consists of a network of pipes delivering filtered water conlaining soluble fertilizecs dimtl) o

the soil around the crops, ‘The drip irrigation system which can provide a continusus supply of water order relatively tow

* pressure, has the advantage of using 50- 70 per cent less watet than the other watering methods (e 8., , sprinkler inigation

system). Other advaniages of drip irrigation includs casy weed control and flexibility in the timing of ferditizer

applications in relation to crop growth. Successfully- practiced drip irmigation systems for fruit ree gromnb on poar suil
in northern and southern Thaitand have provento be a promising irrigation methud in the WS region,

1-9



Tt is desirable that additional sites for comprehensive land reform be designated in the
WSB region. A target location would be in lower Petchaburi and/or upper Prachuap
Khirikhan provinces. Successful application of drip irrigation and agroforestry practices
will also help enhance envitonmental aesthetics in the WSB region.

Another remedial measure worth considering to restore low soil productivity is the
introduction of organic farming in unhealthy soils. The organic components of healthy
soil,- called humus, can be maintained if manure, straw, or other plant wastes are
regutarly added to the soil. In a field fertilized only with synthetic chemicals, the hunius
will run off more quickly, carrying away valuable fertilizers. It might be true, if only
short-term factors are considered, agriculture based on inorganic fertilizers coupled with
‘herbicides and pesticides is the most productive method available. However, this
method does not promote long-term stability, which is more important in order to
achieve a sustainable agriculture system for local farmers. Itis worth noting that organic
farming will reduce the burden on farmers to continuously purchase chemical fertilizers.

© Osganic farming will also help reduce the poteitial risk of accumutation of the residues .
of toxic substances in soils and agricultural produce and eventually the human body. A
study conducted by the Thailand Development Résearch Institute Foundation revealed
that farmers using chemical fertilizers have been suffering health risk although the risk
* was mainly caused by inappropriate uée of chemical fertilizers.” Composting proposed
for a solid waste management syslcm will help produce organic materials to be used in
organic farmmg :

:T'he M'inislry'of Agriculture and Co-operatives has recently announced its supporl to
' facmers for converting from the curcently practiced cultivation systeni that is highly
refiant on chemical fertilizers and’ pesticides in organic systems. Mcanwhile,.
nongovemmehl organizations (NGOs) working on organic farming have also been
promoting organic farming practices. Organic agriculture deals not only with natural
and cconomic aspects but with sociocultural aspects in such a way that natural means to
~ cultivate crdps will enhance a positive view of “Mother Nature” as farmers respect the
intcicate rclataonsh:p between an arid nature that was conceived long ago through
traditional valucs and cultures of md:gcnc)us communities in the ngd(:m

- Eftorts to revamp the agricultural prOduction system from a chemical-dependent system
10 an organic one will also help boost exports of farm products to developed countries
(e.g., Furopean Union) which are indicating that the quality of farm products is the main
consideration in their decision to purchase from overseas. Even though the prices of

1-10



chemical-free organic products would be higher than those of their chemically raised
counterparts, the increasing demand for safe and environment-friendly agricultural
products would sufliciently offset the higher prices.

1.3.2  Water Quality improvement

Water quality improvement shoutd be considered far both domestic and mduslnai wasle
water treatment. Local initiative for domestic water quality improvement and collective
~industrial waste water treatment should be considered for the implementation of -
trealment system operation. ' '

" For domestic waste water treatment, the construction of waste water frealment systems
in major municipalities is recommended. * The first priority for consiﬂcting domestic
" waste water treatment systems should be given to the municipalities of Kanchanaburi,
* Ratchaburi, and Samut Songkhram as these municipalities are located along the Mae
- Klong river and waste water discharged from these mumcapahiles is a major source of
~ the deterioration in the river water quality,. The central agenc:lcs responsible for '
municipal sewagc tréatment have completed vanous stages of studies {e.g., feas&blhty' .
' study, detailed design) for conslmctmg domestic waste water treatment systems in Ban
Pong and Potharam in Ratchaburi province, and in Prachuap Khirikhan and Chumphon
mumcupalltlcs constructlon of the lrcalment systems in these munmpallttcs is expected
to commence soon. In addxllon {o these completed studies of system consliruction, the
agencies have also bcen conduclmg studies of the mlroducﬂon of domestic waste water:
- trealment systems m Kanchanabun and Ratchabun l"hcse pO‘iltWC acuons towards
water quality improvements should bu praised and continuous efforts shou!d be highly .
cncourage_d_

In addition to the studies of these two inajor nutnicipalilies along the Mac Klong river,a
similac study should be conducted for Samut Songkhram municipality. As the water |
: quahly monitoring results indicate, lhe water near Samut Song,khram nmmc;pahty s -
most polluted; mlmcdmtc action to introduce a treatnwnt system in this munwlpahly is

~ herefore recommended. ' '

‘Suitable types of waste water trealment systems depend on the availability of land and -
construction and operation costs, Typical domeslic waste water treatmient systems
suitable for local municipalities in the Kingdom include: (i) oxidation ponds, (ii) aerated
lagoons, (iii) extended acration (including oxidation ditches), and {iv) aclivated sludge.



Oxidation pond and aerated lagoon systeins are land-based treatment methods, generally
requiring farge areas for the storage and treatment of waste water, for the disposal of
eflluent when no suitable outlet is available, and for isolation of the site from neighboring
land use. The hydraulic and organic loading rates of these systems are commonty based
on land area requirements, an approach which provides a convenient way for comparing
the various processes. - Their advantages over waste water treatment plants (e.g.,
extended aeration and aclivated sludge) are their simplicity and, in most cases, their
lower capilal and operating costs. Because treatment proceeds at a slow rate in land-
based systems, applications are restricted to installations where small flows are
generated or large land areas are available. Relativcly small municipalities in the WSB
region are considered to have such conditions. Therefore, municipalities having
sufticient land for a treatment system use either the oxidation pond or aerated lagoon
system due to their low construclion and operation costs.

Extended aeration {i.e., oxidation ditch) or activated sludge systeins would be a
recommendable alternative for municipalitics having limited land but adequate financial -
Sources for:systcm cOnstfubtion and operation; however very few municipalities in the
WSB region fall in this category. The major causé of incurred operational costs is the
required continuous use of electricat power for rotating paddles or brushes.

Economic and financial viability sholul_d also be considered for making domestic waste

w%.ter systems operational, The financial situations of municipalities in the WSB region

~ate inadequate to construct and operate the ‘trealment systems, necessitating the
collection of user charges from’ polcnllal beneficiaries, households, and commercial
establishments. With the recent application of the Polluter Payment Prmc;ple (PPP) to
local mhab;lams it-is now p0351ble to obtain the understanding of the public to pay

 affordable user charges for the operation of domeslic waste water treatient systems.

The willingness to pay for the improvement of the environment in some major cities (i.e.,

~ parts of Bangkok, Pattaya, and Phukct) has proven that the PPP concept is accepled at’
least to somie extent.

‘For industrial waste water treatment, installation and operalion of a treatinent system in
‘industrial establishments should be strictiy enforced. Medium- and small-sized industrial
establishments that are unable to operate their own treatment systems should consider
reloca;i0:1: to industrial estates/parks equipped with central treatment systems
accommbda_ling waste water discharged. From the environmental point of view, it is
strongly recommended that all newly constructed industrial establishinents be located in
industrial eslates/parks.
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1.3.3 Forest Resources Management and Reforestation

Proper management of natural forests controls erosion, stabilizes slopes, moderates
streamflows, protecls aquatic environmeats, maintains soil fertility, and preserves
wildlife habitats. Poor forest management will cause adverse impacts on soil erosion and
- siltation, disrupt hydrology resulting in flooding, cause water shortages, degrade aquatic
ecosystems, aird diminish genetic resources.

I.ogging in mangrove swamps is particulacly destructive both to the forest itself as well
" as to adjacent arcas protected by the mangrove swamps. Mangroves are finely balanced
ecosystenis quite sensitive to change and also highly productive coastal ecosystems that
ofter physical protection to the fand from the sea (i.e., mangroves stabilize and protect
" the coast against erosion). These beneficial functions also support the imporlant coastat
fisheries in such a way that mangrove forests export a considerable portion of their
production to the surroundi-ng w'atersj,' largely as a form of leaf fall and other detrital -
materials that becone the base of a detrital food web supporting an array of impoﬂanl
commercial finfish and shellfish. These fish typically include mullet, $ea trout, crab, and
shrimp. ‘

Mitigation nicasures to conserve forest resources would include: (i) avoiding logging in
- the rainy season and establishing criteria for logging on slopes and near water and also -
marking arcas that should not be harvested; (ii) supcr'vising'loggin'g to redLicc damage
‘and encotirage rapxd regenerauon {1ii) restormg tand by grading and reseedmcr disturbed
areas; and (iv) observmg the established protected forest areas (e g, national parks and -
wildlife sanctuaries), ensuring that areas are well-protected by laws and that no illegal
encroachment occurs, '

Reforestatlon on degraded land provides a range of envnronmenlal benef'ts and services.
© Reestablishing forest cover can enrich soil fertility by i :mprovmg, moisture retention, 5011_
structure, and nutrient contents, l:slabhshmg, forest cover on bare or degraded lands
helps reduce runofY of rainwater, regulate’ stream flow, and improve water quality by.
réducing sediment inputs into surface waters. Tree replanting ca take various forms,
including village or community woodlots, and planting on gov'ennn'cnl-owned land or
along rights of way. There are few negative environmental impacts associated with such
plantings. 1n fact, the trees provide useful producis, as well as environniental and
aesthetic benefits. Tt was observed from the field survey that tree replanting has been
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widely practiced in the WSB region, particutarly in Petchaburi province. Continuous
efforts in tree planting are strongly recommended.

Mangrove planting is another issue to be considered. It is recommended that mangrove
trees in coastal areas in Prachuap Khirikhan and Samut Songkhram be planted in order to
restore the previously rich ecosystem.

Mangrove forest reforestation has been observed in Samut Songkhram and Prachuap
Khirikhan provinces. Coastal mangrove forests in Samut Songkhram were replaced
with fast-cash-earning shrimp cultivation, but the shrimp fields were eventually

- abandoned dug to a crash in shrimp prices, kaown as the Ban Khkong Khon disaster in

the early 1990s. The degraded area near the shrimp ficlds in Ban Khkong Khon was
chosen for a mangrove reforestation experiment and the devastated areas were soon
rejuvenated. As a result of the planting of number of mangrove trées, fish resources are
increasing and siltation and erosion have been improved. This mangrove reforestation
project has been supponcd by about 500 local families who wish o restore the -
ecological balance in the area. The planting has been successfully completed on about

1,000 rai of planned total planting area of 1,200 rai.’ Financial and technical suppart for ™ .

~this mangrove reforestation project and possible expansion of the reforestation area are
urged. Recommended reforestahon areas would be chosen based on & careful field
investigation to be Jomlly conducted by local research institutes and cenlral supervising
agencies. . ' |

'Sc_ame ma_ngrove'rcforestaiion programs are also ongoing in Prachuap Khirikhan
province, mostly in the inner coastline in order to protect juvenile mangrove trees from
~ seasonal storms and/or tidal contamination mainly originated in the upper proviﬁccs. On
the condil'i(‘_)n of countenmeasures for contaminated water, planting mangrove trees in
* the coastal areas is recommended. Site selection for planting should consider that
Mangroves cémrbc most cllfectively established in areas where a lack of wave action
allows fine sediment or mud 10 accumulate. |

' A mangm\ ¢ f'orcst rcforcstallon plan was put forward by the Royal Forestry Department
(R¥D) in 1994 and the plan aims to plant a total area of 1,248 hectares in Petchaburi,
Prachuap Khmkhan, and Chumphon provinces.  No reforestation plan was included for
* Samut Songkhramy provirice at the time, while experimental activities in the province are
" underway, as mentioned.

! 4 rai= 1,600 m?
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1.3.4 Solid Waste Management

Municipal dumps are located in low-lying areas near watercourses in the WSB region.
The unsanitary condition of dumping sites and unavailability of future land for the sites
are major constraints on solid waste management. Remedial measures addressing the
solid waste problems are two-fold: improvement of sanitary conditions and waste
volume reduction.

Visnal results of unsanitary open dumps are fire, water contamination, offensive odors,
rats, flies, and blowing paper. Burial of the waste would reduce these problems, but the
- greatest improvement can be obtained by compacting the waste in layers and covering it
with earth. This treatment method, called sanitary landfill, has been practiced in some
municipalities {e.g., Phuket) in the Kingdom. A gradual shift from the currently
practiced open dump method to sanitary landfill should be considered and undertaken,

- The central supervising agencies (e.g., OEPP and PCD) initiate the improvement of
solid waste management -systems, and feasibility studies of sanitary landfill for some
mummpahtles in the WSB region wul be commcnced shoniy It is recommended that
densely populated municipalities in the WSB region be equipped with samlary landftill
systems in order to avoid the unnecessary sanitary risks assocnated with poor solid waste

" management. Provasmn of sqmtary landfill syslems will ensure a great reducuon in the
"+ probleras mentioned. ' o ' ' :

: Some recdmmendaiions are preséﬁted on ideal 'san_ilaiy landfill site selection. higéneré_l,
~ the site should be ine.\'pensiw within economical Hanling distance, have year-round
access, and be located at least 2,000 m downwind of residential and commercial
neighbors. The arca should be reasonably clear, level, and well drail_acd,.wiih capacity for
not less than about threc-};ear's use until its future role as “open” space is realized. Soil
of low permeability, well above the grou'ndwater table; is also desirable for protcction of
underground water suppliers and as cover material. Final choice of the site s‘nould not be
made wuhout a detailed hy drogeologlca! investigation. '

It is recommended that during Phase 1 (1997 200]) a sanitary landﬁll system wnh its
- capacity of about S0 tons/day be eslabhshed in six major WSB nunnc:palmcs (i.c, Samut
Songkhram, Kanchanaburi, Petchaburi, Ratchaburi, Prachuap Khirikhan, “and
Chumphon). Animmediate action plan should be drafted in consultation with NESDB,
QEPP, and PCD.
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A schematic drawing of a reccommendable sanitary landfill system is shown below,
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To address the scarcity of land on which to put solid waste, chemicat processes (e.g.,
fluidized bed incineration, pyrolysis, and wet oxidation) and biological processes (e.g.,
composting and anaerobic digestion) are potential methods for reducing municipal waste
volumes and/or converling the waste to useful produczs. Among these potential waste
‘volume reduction methods, composting would be the most viable option to be app_iied in
the municipalitiés of the WSB region. The objécti\'e of composting is to convert casily
degraded organics into humus and produce a nutrient-rich, stable product useful for
reclaiming lind or improving s:oi_l. Through the compos'tin'g process, organic waste may
be partially decomposed by bacteria, worms, and other living organisms, and valuable
fertilizers and soil conditioners can be prddui:c_d. Almost ény plant or animal mater,
such as food scraps, old newspaper, straw, sawdust, leaves, and grass clippings, will
form a satisfactory base for a compostiﬁg_ operation. Composed sewage sludge
" represents a valuable soil conditioner that can be used to increase the humus content of
soils, as well as produce fodder for livestock ‘raisi'ng. ~As composting is a waste-
réc’ycling technique with many berieficial functions, introduction of compostirig is highly
recommended. |

Composting may take place naturally under controlled conditions or in mechanized
éomposl_ing plants, 1n natural systems, ground garbage, preferably with glass and metals
- renmoved, is mixed with a nutrient source {¢.g,, animal nanure, night soit, and sewage
sludge) and a filler (e.g., wood chips, ground corn tobé) that permits air to enter the pile.
The mixture is placed in wind rows, typically 2-3 meters wide, and turned over once or
twice a week: In four 1o six weeks, de.pen'ding on atmospheric temperature, when the
color darkens, ‘the temperature drops, and a musly odor develops, the process is
con'\plelé. - After the completion of the process, the filler may then be removed and the
remaining humus used as soil conditioner. With mechanical planié, continual aeration
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and mixing enable composting time to be reduced by about 50 per cent. A short pc'riod_.
usually follows the mechanical process to allow the composting material to mature,

The study has revealed that solid waste generated in  the central amenity zone
municipalitics/santtary districts ranged from 2 to 41 tons per day in 1996, having the
largest volume of 41 tons per day in Hua Hin municipality, To cope with the increasing
concern of clearing up beach resorts {Cha Am and Hua Hin) and the proposed Science City
Development project, it is reconunended that a composlmg plant be established in Cha
AnviHua Hin and the Science Clly It can be reasonably estimated that dairy solid waste
generated in Cha Anvilua and the Science City is about 50 tons. It can.be, therefore,
"~ recomniended that a composting plant with its capacity of 50 tons per day be established in
thearea. A feasibility study determining the appropriate capacity and investment cost should
be conducted during Phase I, and plant construction shoutd be started in Phase 11 (2002-06). -
An action plan of setting up the composting plants should be drafled and consulted with
concerned agencics (i.e., OLPP and PCD). : '

* Industrial hazardous wasle disposal generated from industrial establishments has
. become a subject of considerable concern in the WSB region as the number of industrial
establmhmculs using hazardous materials is growing. The hazardous wastes causing
greatest conccrn are heavy metals dissolved in waste water. Although there is no clear
“evidence of problems associated with heavy metals, their concentrations should be
 carefully ‘monitored, patticularly groundwater, underlying major industrial plants.
Industrial plants potentially generating these type of wastes should be located in -
industrial estates/parks and a treatment system should be installed in the cstates/parks in

“order 'to 'pre_vént"uimeccssary environniental problems. - Fo deal with an increasing

volume of indu'sl'rial'hazardoué waste, the Pepartment of Industrial Works (Dl\V)'of the

Ministry of Industry has established a waste treatment plant in Ratchaburi province that

has been operational since the early 1990s. An increase in its treatment capacily or the

setting up additional plants to facilitate future increases in hazardous wastes in the WSB

region- will be required.  The Bang. S’éphan Industrial Estate Study proposed

cs{abhshment of an mdus(nal hazardous waste (rcaiment system in 1hc Bang Saphan _
area!

To deal with the considerable volume of coal fly ash to Bc'p‘roduccd by IPPs inthe Lower -
WSB, fly ash reuse/recycling is a matter of concern.  As evidenced in lignite fly ash
dumping site at Mae Moh, Lamphan province, the accumulated volume of coal fly ash
will be another kind of solid waste problem. One possible solution is to utilize coal fiy ash

! Reference is made to the Feasibility Study on the Bang Saphan Industrial Istate by (EATAICA, January 1997.
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as a component of construction materials {e.g., cement) or other beneficial uses. One

possibility is to produce “environment-friendly cement” by using fly ash. Although

careful examination of the chemical cormposition of fly ash is required, it is likely that fly

ash could be used for the cement material. The produced cement could also be used for

the composition of concrete blocks as a form of actificial reefs for the rehabilitation of
coastal fisheries. It is recommended to carry out a study examining the possibility of
applying fly ash for the above mentioned purposes.

1.3.5 Environmental Advocacy

Enhancement of public environmental awareness imay play a significant role in improving
living conditions. Achicvement of eftective environmental improvements will only be
made with the understanding and support of local inhabitants.

Promotional activities would  most 'likcly be . conducted - through (i) educatioha]
institutions at various levels , (1) mass media (c.g., participatory radio and television and
newslcllers) and (iii) public gathering places (e.g., the poslmg of promot:onal matenals .
and the organizing of advocacy meetings). -

T hrough formal cclucatlon systems, various levels of educauonal institutions could be
involved in enhancing natural resources conservation and environmental quality
- improvements.  Up to the upper sccondar_y level, emphasis on environmental benefits
- enhanced by personal hygiene is encouraged. - At the university level, in énviro_nmental
sciences, environmental engineering, environmental nianagement, and teacher education
fdréhvironmenta! education is reccommended. As the country’s three Iargeét universities
(Chutalongkorn, Mahidot, and Kasersart) all are located in Bangkok and have large
faculties and research outputs, it is recommended the results of this research be
transferred to local research mstitutes through the exchange of faculty in order to
- strengthen academic research in local institutes in the field of environmental studies.
_ ’_l"his kind of in'tcnmi'."ersily exchange can also be enhanced throvgh the Internet system.

~* Through nontormal educational systers, active use of mass-media and public gathering
“places can be an effective means of environmental advocacy. Close coordination with
NGOs is recommended for the effective use of the nonformal educational systems.

“Another effective means of enhancing environmental awareness is to establish an
‘region-based envirommental monitaring, research and training center. The center would
~have the functions of (i} environmneital monitoring supported by measurement
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instruments; {ii) research base for challenging new approaches to drip irrigation;
agroforestry, and organic farming that would be applicable to the WSB region; and (iii)
the provision of environmental education in the fields of waste management, natural
resources conservation, and environmental aesthetics for local government officials,
tourisni-engaged staft, national park rangers, and NGO staff.  The center would be
located in the Science Cily within the proposed central amenity zone of the WSB region.

Some examples of environmental advocacy through the nonformal education systems
include (i} to organize nature exploration tours for local people in order to enhance their
vnderstanding of importance of natural forests and associated environment, (i} fo
organize waste waler treatment plants and reforestation (including mangrove forests)
sites visiting tours for better understanding of ongoing environmental improvement
activities, and (iii) to set up nature exhibition centers at appropriate locations (e.g., near
dam sites and reservoirs). As proposed in tourism seclor recommended measures, the
third example would help local people understand the importance of water management '
for efficient water use, natural disaster 'prevenl'ion, and even power generalion. '

These environmental advocacy activities would be achieved by close cooperation among’ '
- NGOs, local educational institutes, and supervising agencies. In addition, ‘pmp_ose'd
Environmental Monitoring, Research and Training Center would also be of great
assistance for enhanéi‘ng region-based environmental advocacy.

'1.3.6  Envirenmental Monitoring

* Anenviropmental monitoring system suitable for the WSB region should b¢ established.
An effective monitoring system carefully watching the environmeiit will be realized by a |
- combination of the direct involvement of local people and supervision of the central
agencies. Learning/lraihing of actual environmental monitoring will be attained through
“the Envirbnme’ntal Monitoring, Research and “Training Center proposed to be setup at
“the “Science City.* - Prototype of  the center is atinbuted to the JCA-assisted
Environmental Research and Tr‘aining Center (ERTC) in Pathumthani pro.vincc' Siﬁcc _
its establishment in 1991 ERTC has been providing hngh quahty trammg in various ’
environmental momtormg fields (e.g., water quality, air quality, noise and v:bratton and
soil quahly) Itis recommended that environmental monitoring know-how accumulated
at ERTC be utilized for the region-based monitoring system establishment in the WSB
region. It is also recommended that forest and wildlife management be added for more
suitable monitoring system in the region. In order to make the environmental monitoring
successful, it is essential that cenlral agencies supervise the monitoring system and
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provide necessary advice. The supervising agencies will include DA for soil quality,
OEPP, PCD and DIW for water quality, OEPP and PCD for air quality, OEPP and PCD
for solid waste management, RFD and OEPP for forest resource conservation, and
OLPP for noise level monitoring. {n addition, DEQP is also expected to provide any
necessary advice through its supervising ERTC to proposed region-based
- Environmental Monitoring, Research and Training Center.

1.4 Environmental Sector Projects

The following environmental sector projects have been identified through a series of
field investigations and close communication with ceutral and provincial government
" agencies, research institules, private and nongovernmental organizations.

(1)  Organic Farming for Environment-Friendly Agriculture -

* To improve soil productivity of unhealthy soil and to reduce the potential risk associated

with excessive use of chemical substances, it is"_proposed to promote orgahic farming

' praclicesz in the WSB region. The promotion program could be combi_hed with the

 rehabilitation of proble'malic land, the program for promoting fivestock raising, and the

' pmgra:h for setting up a composting plant for solid \i.'asie disposal ifit is evaluated to be
- viable. ' '

) Promoiion of Mangrove Reforestation

The current :jwngroﬁc reforestation plan of RFD_ in Petchabuti, Prachuap Khirikhan, and
Chumphon provinces has encouraged expansion of reforestation arcas. ‘Furthermore, it
is proposed to take up reforestation preparation in Samut Songkram province, where a
vast mangrove forests were cut for shrimp farming. - Currently ongoing mangrove
planting in coastal area near Samut Songkram municipality should be praised and an
‘expansion of the planting area should be implemiented. |

Beugﬁciai‘ use of destroyed mangrové forest areas currently abandoned after use of
‘shrimp farming in Prachuap Khirikhan and Samut Songkram provinces will also be
p_ropo:;ed (e.g., usc for aquaculture development projects, and for an environment-
friéndly free trade zone and recreational areas).
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(3)  Promotion of Domestic Waste Waler Treatment

The program proposes to install domestic waste water treatment plants in méjor
municipalities located on the banks of the principal river systems in the WSB region.
“The priority of plant installation will be accorded to the municipalities of Kanchanaburi,
Petchaburi, and Samut Songkhram as these municipalities are located along the Mae
Klong river and untreated waste water are discharged into the river. Oxidation ponds or
aerated Iagoons would be a rccommendable treatment method due to its low
construction and operation costs. '

4y Proniotion of Solid Waste and Hazardous Waste Management

The proposed approach to solid waste disposal management witl consist of two principal
“programs: (i) to promote sanitary landfill instead of unsanitary open dumps curcently
prachced and (it) to demonstrate and promote a composting plant for waste-recycling
(rcusmg organic wastes for soil improvements andlor animat fodder). The composling
i plant is proposed to be established in the central amenily zone where existing resort
areas (ie., Cha Am and Hua Hin) are located and a newly proposed Science City will be
developed. - '

(5)  Environmental Monitoring, Research, and Training Center

To enhance environmental awarén_ess,' the establishment of anlcm’ironn_lentai_ monitoring,
‘research, and training center in the Science City within the central amenity zone is proposed.
The center:would have the finctions of (i) environmental monitoring. supported by
measurement instruments, (ii) research base for land rehabilitation, agroforestry, and orginic :
+ farming, and (jii) envi ronmenial education in the fields of water and solid wasle management,
natural resources conservation, and environmental aesthetics.
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Lang Suan

Table 9.1.1 Water Quality at Selected Sampling Stations
Name of River _Sampling Location _ DO BOD _ Faecal Coliform
Mae Klong Kanchanaburi {1) 6.5 1.2 200
Mae Klong Kanchanaburi (2) 6.6 1.2 4,800
Mae Klong " Kanchanaburi (3) 6.4 1.5 3,500
' Mae Klong Kanchanaburi (4) 6.0 10 800
Maé Klong Ratchaburi (1) 56 12 110,000 .
Mae Klong Ratchaburi (2) s4 12 32,000
Mae Klong Ratchaburi (3) 54 RE -15,000
Mae Klong Ratchaburi (4)- 5.4 1.1 15,000
MaeKlong  Samut Songkhram (1) 5.3 12 23,000
Mae Klong Samut Songkhram (2) 5.1 13 15,000
Mae Klong Samut Songkhram (3) 4.9 14 4,600
Petchaburi © Petchaburi nfa 1.2 ‘n/a |
Peanburi P_ran'bu_ri nfa 1.3 ‘nfa
Lang Suan . n/a 1.3 wa

~ Unit: DO (mg/1),BOD (mg/l), Faccal Coliform (MEN/100mi)
* Source: The Depariment of Public Health (1995)



Table 9.1.2  Surface Water Quality Standards

Standards for class*##
Parameters Units . R
] 2 3 4 5
Temperature C n n' n ' -
jpH n 5-9 5-9 5-9 -
Dissolved Oxygen mg/l ‘ 0 6 4 2 -
BOD (5 days, 20C) mg/l n 1.5 2.0 4.0 -
Coliform bacteria : . _
-Totat coliform ] MPN/10Om - 5,000 | 20,000 | 20,000 -
-Fecal coliform | MPN/100m - | 1000]| 4000| 4000 -
1 NO-N | | mgn n 5.0 5.0 sof -
4 NHa-N | mgfl n 05 0.5 0.5 -
| Phenol 1 'mg/l n 0.005 0.005 0.005 -
Cu _ | mgA ' n o 0.1 0.1 0.1 -
Ni R B117:7) : n o 0.1 0.1 0.1 -
Mn o {wmgt N 1.0 1.0 10| -
An _ | mg % TR 1.0 1.0 1.0 -
Cd o fmgn - - [ 0.005% | 005 | 0.05¥e| -
Cr (hexavalent) | mgA ' no- o 0.05 - 0.05 0.05 -
rb - g 0o 0.05| 005 0.05 -
Hg (to!a!) mg/1 : n o -0.002 0.002 0.002 -
As ) mg/l " n 0.0t 0.01 0.01 -
CN | mg/l on | oo00s| oo00s| o000s5| -
Radioactivity e : _ . :
-Gross alpha - Becquerel/l ‘o 0.1 6.1 0.1 -
-Gross beta | Becquerel/] ‘R 1.0 10| 1.0 -
Pesticides {total) mg/l ' n 0.05 0.05 0.05
-DDT micro.g/l n 1.0 1.0 1.0 -
-Alpha BIIC - | micro.g/l n 0,02 002 = 002
-Dieldrin - | microgn | 0.1 0.1 0.1
-Aldrin micro.g/l o n 0.1 0.1 0.1 -
-Heptachlor micro.g/l n - 02 0.2 0.2 -
-Endrin . - | micro.g/l no. None None None -

‘Note::  n .= natural condition
' n' = natural condition but chang,mg not more than 3 C
* = water hardness not more than 100 mg/! as CaCo;
* = water hardness more than 100 mg/l as CaCOs
A = Water Classification :

Source: The Watei' Qualily Control Division, The Departmem of Pollution Control,
The Ministry of Science, Technology and Environment, 1986.



Table 9.1.3  Classification of Water Conditions

Classifications

Water Conditions

Objectives

Class 1

Extra cléan

(1) Drinking water (require only ordinary sterilizing
process)

(2) Lcosystem conservation which basic living
organisms can spread breeding naturally

Class 2

V.ery'clean

(‘1) Drinking water (requlre the ordinary water
- treatment process)

1-{2) Aquatic organism_cohservation for living and

. assisting for fishery
(3) Fishery
{4) Recreation

" Class 3

Medium clean

| {1) Drinking water (the ordinary water teeatment

process is mandatory)
(2) Agriculture

Class 4 s

B Fairly clean

(1) Drmkmg waler (the special water treatment process

is mandatory)

- _(2) Industry
(3) Other activities

Class ]

Other than above,

(I_)Navigation' '

- Source: The Water Quality Management Diyis_ion,‘ The Pollution Conirol Department,
The Ministry of Science, Fechniology and Environment, 1986,




APPENDIX | To Chapter 1

PROFILES OF PROPOSED PROJECTS/PROGRAMS

(Project No.) ' | (Project Title) - (Page)
O BVI Organié Fa'rming for Environment-Friendly Agriculture Al-1
EV2 Promotion of Mangrove Reforestation - Al-2
"EV3 Domeslic Waste Water Treatment Al-3
. EV4 Solid Waste Management . | i |  Al4

‘EVS - Environmental Monitoring, Research and Training Center : Al-S



Project No. EV1

1. PROJECT TITLE: Organic Fanmiog for Environment-Friendly Agriculture
2. LOCATION: WSB Arcawide

3. AGENCY: | Department of Agriculture, Department of  Agriculture,
Depariment of Agricultural Land Reform

"4, OBJECTIVE: (1) Toimprove low soil productivity

- (2) To reduce the potential risk of accumulation of residues of
- toxic substances in agricultural crops

(3) To protect farmers’ health from excessive use of chemical
fertilizers and pesticides :

- (4) To promote organically grown produce for domeslic
consumption and experts

‘5, PHASIN_G: ~ . Pilot site selection, organic farming application, and promotion
- of organic products will be carried out durmg Phase 1 (1997-
2001) and Phase 11 (2002 2006) :

6. PRO!ECT DTSCR!P'I ION
: Exccsﬂve use of chemical ferliﬁzers and pesﬁcide’s has reduced soil productivity and also
increased the potential risk of accumulation of residues of toxic substances in agncultural '

- crops and direct health eﬂccts on farmers.

- To improve the soil produchwly of degraded land and to reduce ihe potennal risks
~associated with the use of chemical substances, it is pmposed to promote orgamcally .

grown products especially on land with low soil productivity in the WSB region. The =

‘promotion program will be combined with the rehabilitation of problematic land, the .
-program for promolion of livestock raising, and with the program for setting up a
composting plant for solid waste volume reduction and recycling.

7. RELATION WITH | -
" OTHER PROIECTS: "EVS (Environmental Momtonng, Research
: - -and Training Center)

' 8 COST (APPROX)): Phase I: Ussstion'
* Phase II: US$10 Million
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Project No. EV2

1. PROJECT TITLE: Promotion of Mangrove Reforestation

2. LOCATION: Coastal Areas of Samut Songkram and Prachuap Khirikhan
~provinces
3. AGENCY: Royal Forest Department
4. OBJECTIVES: (1) To support currently ongoing mangrove teforestation
: projects

(2) To newly plant mangrove forests near coastal areas

5. PHASING: - Phase I Study of identification of currently - ongoing
: mangrove reforestation projects and finding a

~ possibifity of the area expansion and new planting
- site selection '

‘Phase Il; Mangrove planting in new sites |
6. PROJECT DLSCRIPT ION:

lt is proposed 1o take up mangrow reforeslation programs'in Samut Songkhram province
where a vast area of land previously used for shrimp cultivation has been abandoned. The -
mangrove reforestation program will target the coastal area in Samut Songkhram, while
the abandoned shrimp fields will be utilized for establishment of an environment-fiiendly
frec trade area o recreational area. Mangrove reforestation will also be implemented in
“the coastal area in Prachuap Khirikhan, together with aquacullure developmeiit pro;ecls
“having appropnale waste treatment facuhues

7. RI‘LAT[ON Wl T™H
.- OTHER PROJECTS: Not Appllcable

8. COST (APPROX.): Phase I:.US$ 3 Million
Phase I11: US$ 32 Million
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Project No. EV3

1. PROJECT TITLE: Domestic Waste Water Treatment

2. LOCATION: Major Municipalitics in the WSB régioh
3. AGENCY: Ofiice of Environmental Policy and Planning, Pollution

Control Department

4. OBJECTIVES: - (1) To manage and control domestic waste water discharged
: from households and commermal cstabhshmems

(2) To improve water quality of major rivers for the betterment
of inhabitants’ water use '

(3) To improve sanitary conditions of the municipalities

5. PHASING: Phase I:  Based on feasibility study and detailed design,
: . domestic waste water treatment facmly construction
- and operation in the three high priority municipalities
(i.e., Samut Songkhram, Kanchanaburi, and
Ratchaburi) : e -

Phase I1: 'Facility construction and operation in the other -
major WSB municipalities L

6. PROJECT DESCRIPTION:

- It is'proposed to install domestic waste waler treatment planls in the major mumc:pahnes fhat _
are located on the banks of the principal river systems in the WSB region Prionty for
installation should be accorded to the municipalities of Kanchanabun, Ratchaburi, and Samut
Songkhram as these municipalities are located along the Mac Klong nver and wasle water is
d}schargcd into the niver without treatment.

-Oxidation pond or aeraled 1agoon wou!d be a recommendable system for WSB
municipalilics due to its low construction and operation cosls.

It is assumed that an aerated lagoon system with its daily treatment capacity of about

© 10,000 m” be established in Kanchanaburi, Ratchaburi, and Samut Songkhram mumcnpahucs
“during Phase I; and in the other five mumupahhes during Phase 1.

7. RELATION WITil |
OTHER PROJECTS: Not Applicable.

8. COST (APPROX.):  Phase1: US$ 96 Million
Phase 11: US$ 160 Million
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Project No. EV4

I. PROJECT TITLE; Solid Waste and Hazardous Waste Management

2. LOCATION: Major Municipalities and Industrial Estates

3. AGENCY: Oftice of Environmental Policy and Planning, Pollution Control
Department, Department of Industrial Works, and IEAT

~4. OBJECTIVES: (.l) To improve sanitary conditions of municipalities

(2) To prevent possible toxicshazardous waste intrusion into
nearby waters

" (3) To reduce waste volume and utilize waste for soil
improvement and animal fodder.

5. PHASING: Phase I: Improvement from open dumps 1o s'atiitary landfill
Phase II: Establishment of composting plants :
s PROJECT DESCRiPTION: '

' 'Ihe proposal for so!rd waste managenent ‘consists of two principal programs; one is to
promote sanitary landfill instead of open dumps, while the other is to demonstrate and promote
a composting plant for waste-recycling and production of organic materials for soil
improvement and animal fodder. The composting plant is proposed ficst to be set up in the
ceniral amenity zone where resort areas (Cha Amand Hua Hm) are Iocated aud development
of a Science Clty is ncwa proposed. :

It is aSSumed that dunng Phase l a samtary landfill system with a capacn) of about
50 tons/day be established in six ‘major -WSB municipalities (i.e., Samut Songkhram,
Kanchanaburi, Phetchaburi, Ratchaburi, Prachuap Khirikhan, and Chumphon) and during

Phase 11 a composting plant with a capacity of about 50 ton/day be constructed in the
Central WSB.

In addition to solid waste, industrial hazardous wastes will be managed by the panned
hazardous waste treatnient system in the Bang Saphan Industrial Estate.

1. RI“LAT[ON WITI! ‘
OTHI R PROJE CI S: Not Appllcablc _

3. COST (APPROX) : Phascl US$ 96 Million
* Phase 1I: US$ 35 Million
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Project No. EVS

{. PROJECT TITLE:
2. LOCATION:

3. AGENCY:

4. OBJECTIVES:

5. PHASING:

Environmental Monitoring. Research and Training Center

Science City in the Central Amenity Zone

Department of Environmental Quality Promollon Pollution
Control Department

{1} To set up region-based enwronmtntal monitoring system
with analysm equ1pment

(2) To collect and update envrronmemal mf‘ormatlon for
‘research and other beneficial purposes

(3) To provide environmental training and education in the
- various fields

Phase I: Basic study and plan fom'xulali'on

Phase I1; Center construction and operation

6. PROJECT DESCRIPTION:

In parallel with the environmental advocacy programs to be promoted in the WSB region, it is
proposed to set up an environmental monitoring, research, and training center in the science
" city proposed in the central amenity zone. ' The center would have the functions of (i)
~environmental monitoring ‘supported: by measurement instruments, (i) research base for
challenging new approachies to drip ifrigation, agroforestry, and organic farming that would be
* applicable to the WSB region, and (iii) the provision of cavironmental education in the fields of
* - waste management, naturzﬂ resource conservation, and environmental aesthetics.

: 7. RELATION WITH
'OTHER PROJECTS:

8. COST (APPROX.):

EV1  (Organic Farming for anaronmem l*ncndly

Y

- Agriculture)
EP1 (Cooking Stove Dissemination)
EP2  (Energy Substitution)

: ‘Phase I: '_USS 3 Million
" Phase H: UUS$ 80 Million






Chapter2  WATER RESOURCES

2.1 Background

244 National Water Resource Development Policy

Water resources development and management in Thailand is entering into an advanced
stage characterized by demand-side management as well as supply-side- expansion.
Although the planning, development, and management of various water related facilities
“js still conducted largely by sector such as irrigation, hydropowet, and water supply, the -
altocation of limited water resources reflects increasingly a viewpoint of river basins for
overall efficiency and as an eco-system for environmental soundness. The establishment
- of the National Watcr Resources Board under NESDB in 1983 represents an early
“aclion taken along this line.

The 8th Plan has re-defined thc emphasns of natlonal development to account explicitly
for human-centered and socially-oriented development One of the central ideas is to
pursue hotistic development on the balance among difterent sectors, regions, and
“segments of the society 10 ensure improved quality of life for individuals, and sustainable

development andé international competitiveness for the King:dom:. A holistic :o_r :
‘comprehensive river basin gpprda;:h is naturally‘ an import_an{ part of this strategy.

:Spemﬁcally, the 8th Plan’ proposes thal water resources development “establish
systematic management of water resources, cspec:aily at the river basin level, including
the provision of clean drinking water and supervision of water quality, poliution control
~ and drainage.” ~ This will be supported by (i) establishment of supemsow and
coordinating mechanisms for water resources development at national and river basin
levels, (i) wide ‘participation by agencies, local governments and people for water
allocation, (m) ‘user charges for water supply and wastewater treatment, (iv)
improvement of water delivery systeins, ‘and (v) 4 public mformatlon campmgn to -
promote more effective water use and waler saving. '

The 8th Plan aims at establishment of international competitiveness of the Thai econoniy
and proposes broad measures for infrastruciure development to improve quality of life
and efficiency in production. Measures related to water are (i) development of water
resources consistent with basin potentials and eco-system preservation, (i} public-
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private coordination for management and maintenance of existing waler resources for
full utilization, (iii) support for private sector investment in waterworks for regional
urban areas, (iv) reduction of the average water loss ratio through efficient management,
(v} differential water pricing, (vi) public awareness campaign together with incentive
measures for water-saving, and (vii) cstablishment of a central agency for water
- 1esources development.

- The 8th Plan also sets specific targets to protect water quality as part of quality of life of
individuals and communities. It prescribes to “ensure that water guality does not fall
below 1996 standards in rivers, seas, coastal areas and all natural water resources, with
parlicular emphésis on the lower Chao Phraya River, the Tha Chin River, pollution
control zones and major tourist destinations.” The Plan also dictates to “formulate
pollution contro! plans for 25 major river basins around the country.”

2.1.2 Water Related Agencies

For many years, government efforts for waler resources development and maﬁagemént
" have been undertaken a large number of agencies in charge of different aspects. At
present, a total of 35 agencies under elght ministries are involved in water resources
deve[opment and management. Of these agencies, 16 have been implementing water-
related projects. Ma_lor agéncies involved in different subsectors are the Royal lrrtganon
‘Department (R1D) for irrigation, the’ Electricity Generatmg Authornty of Thailand
(EGAT), the National Energy Admm]sttauon (NEA), and the Provincial Electricity
Authonly (PEA) for hydropower’ generalton and deh\ery, the Depaﬂmcnt of Mineral
~ Resources for groundwater exploration, and the Metropohtan Watenvorl\s Authority
(MWA) and the Provincial Waterworks Authority (PWA) for domestic water supply.

Implementing arrangements differ for large, medium, and small-scale water resources
development pro;ccts Definitions of and involvement of main entities in projects of -
E d;ﬂerent scale are outlmed in lhe f‘o]lowmg subsection: '

j (l) 'L'al“g'e-S.cale Projecis

Large-scale water resource development projects have been implemented by two
responsible a'gcncies,: the Royal Imigation Depariment (RID} under the Ministry of
Agriculture and Co-operatives (MOAC) and the Electricity Generating Authonity of
Thailand (EGAT) under the Office of Prime Minister (OPM). RID has been directly involved
Jin project planning, design, implementation, and maihtenance services to meet water
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requirements for irrigation of agricultural land and other water demand sectors, including
expansion of urban and industrial areas. The definition of large-scale projects is as follows:
- Construction costs, over Baht 200 million;
- Storage volume, over 100 million ' (MCM);
- Water surface area, over 15 ko
- Irrigable area, over 90,000 rai; and
- Construction period, over five years

(2)  Medium-Scale Projects

Medium-scale projects are defined as follows:
- Construction cosl, from Baht 4 to 200 million;
- Storage volume, from 10 to 100 million m" and;
- Construction period, from one to five years.

RID is responsible for irrigation canal system implementation from water intake (at dams,
diversion work, and pumping stations on river bahks) to water distribution offlake. Planning
and i]ﬁpiellleillatidil of medium-scale projecls involve three agencies: RID, the Office of ‘_
Accelerated Rural Development (ARD) under the Ministry of Interior (MO1), and the
Department of Energy Development and Promotion (DEDP) under the Ministry of Science,
Technology and the Environment (MSTE). | '

(3)  Small-Scale Projects

: Small- scale pr0jects are those with construction costs smaller 1han 4 mﬂhon Baht and
construction penods shorter than one’ year. These schenes involve - ‘water hanestmg _
management in small valleys and community areas for domestic and supplemental irrigation
PUrposes; théy are initiated typically by village peoples through consensus, supported by
technical and financial assistance from the 16 agencies involved in water resOurce
dcvelopment projects, including t,roundwater explonanon

2.4.3 Basin System and Main Rivers

The WSB is divided into four main river basins: (i) the Mac Klong nver baéin, whichincludes
pait of Kanchanaburi, Ratchaburi, and Samut Songkhram provinces; (ii) the Petchaburi river
basin largely coinciding with the boundaries of Petchaburi province; (iti) the Westem coast
river basin in Prachuap Khirikhan province; and (iv) the Southeastern coast niver basin,
covering most part of Chumphon province (Refer to Figure 9.2.1).
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Of the entire Mae Klong river basin covering 30,800 km® with 14 sub-basins, about a
half or 15,500 km? falls in the Study Area. The lower Mae Klong river basin within the
Study Area consists of five sub-basins: (i) the lower part of Mag Nam Khwae Yai (4,100
* kin?), (i) the fower part of Mae Nam Khwae Noi (2,000 km®), (iii) Huai Taphpen (2,600
kmz), (iv) Lam Pa Chi (2,500 km®), and (v) the Mae Nam Mae Klong Plain Area (4,300
km?).

‘The Petchabun river basin, located just south of the lower Mae Kiong niver basin, has an area
of 5,603 kim’, consisting of fourr sub-basins: (i) the Upper Petchaburi (2,210 m?), (ii) the
Middle Petchaburi (1,328 km®), (iii) the Lower Petchaburi (1,027 km?), and (iv) the
* Petchaburi Coast (1,042 km?). The area of this river basin coincides largely with Petchaburi
province. The western area of the river basin features a mountain range about 1,000 to
1,500 m above sea level along the international border with Myanmar.

The Western coast river basin, located jﬁSE south of the Petchaburi river basin, me;; 7100
' km? and encompasses four basins: (i) the Pranburi (2,900 kii®); (i) the upper part of the
. Prachuap Khirikhan coast {1,400 km?); (iii) the middle part of the Prachuap Khirikhan ¢oast .
(1,600 km) and (iv) the lower part of the Prachuap Khirikhan coast (1,200 km?®).:The -
- Westem coast river basin extends 200 km noith to south and 15-70 km west to east.

- The Soulheastem coast river basin, located in the souther part of lhe WSB region, covers
abom o, 7(}0 km? and include three sub- basins: (i) Khlong Ta: Taphrao basin (2,230 kn? }, (i)
the upper part of the Southeastein coast basm 2, 840 ki’ ), and (jii) Khlong Lang Suan basii
(1,650 km®), all within Chumphon province. This narrow basin extends 150 km from north

to south and 60 km from west to east. The wester part of lhe basin is mountainous, 500 to
1000 m abave sea level.

- 2.1.4 Rainfall and Runoffs
(1)  Rainfall
Annual precipitation is high in the mountainous areas in the north and also the

~ southern-most part of the \VSB,'exceedillg 2,000 mm, and low in the central part,
~ especially along the coast, around 1,000 mm or even lower. The mean annual rainfall

© varies within each of the main river basins. In the Mae Klong river basin, it varies from

- 1,100 mmin the lower basin to 2,200 mnt in the upper basin (Refer to Figure 9.2.2). The
annual sainfall in the Petchaburi river basin (Refer to Figure 9.2.3)' and the upper part of
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the Western coasl basin ranges from 1,200 mm along the border with Myanmar to less
than 1,000 mm in the coastal area. In the lower part of the Western coast basin, the
annual rainfall increases toward the south up to 1,400 mm (refer to Figure '9.2.4)"The
annual rainfall in the Southeastern coast basin ranges from 1,500 mm in the north to
2,400 mm along the mountain range in the south.

Seasonal variation of rainfall is significant throughout the WSB. Inthe Upper WSB, 90

per cent or more of the annual rainfall occurs during the rainy season between May and

November, with the peak usually in September. The peak of tainfall tends to come later

toward the south: usually October in the Central WSB and November in the Lower

WSB. The seasonal variation is less pronounced in the Lower WSB, and about 60 per
cent of the annual rainfall oceurs in May-Novémber.

(2) Rurioff

Runofl pattemns are affected not only by rainfali pa'ttems but also by othet factors such as
: Iopcgraphy, vegetauon soil types, and land use. The runoff coeflicient is extremely fow
~in the Petchaburl river basin and the Western coast river basin due mamly to low
: prempltatwn short and steep river morphology, and soil conditions. A typical runoff |
coeflicient is 25 per cent in the Petchaburi siver basin and 20 per cent in the Western
~ coast river basin.  The’ nmoﬂ‘ boeﬂlc:ent in the Mae Klong nver ba%m and the
~ Southeastern coast siver basin is in the range of30 60 per.cent.

" Seasonal variation of unregulated ruﬁoﬂ' is.th'e_large’st in the Southeastern coast river '
basin and the smallest in the Western coast river basin. For instance, the 80 per cent

' dcpendablc monthly flow is less than 20 per cent of the average monthly flow in the
Southeastern coast river-basin, in the range of 20-25 per cent in the Mae Kiong river
basin, and about 25 per cent in the Western coast river basin. | |

21.5 Issues for Water_Résources Developméht and Management

' The WwSB region is about 450 km long from’ nonh o south and has an mtematlonal border
with Myanmar at the watershed. ‘Prachuap Khirikhan provmce is particularly rtarcow, only
about 20 km wide al its narrowest part. The river basin system of the WSB, lhercfore is
characterized by comparamely small basins except for that of the Ma¢ Klong river. The
longitudinal profile of the small rivers is characterized by the stecp gradient and short
distance from the upper watershed in the west 1o the seacoast in the east.
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The WSB region receives 900-2,400 nun of annuat rainfall on an average. However, 80-90
per cent of this annual rainfall generally occurs from May to October during the rainy scason.
Due to this extrene concentration of rainfall in six months, seil erosion and other flooding,
and other problems occur during the rainy scason, while some areas face water shortages in
the dry season.

Considering the region's natural hydrological cycle and the local topography and soil
conditions, the strategy for regional water resource development focuses on conservation
utilizing modem scientific technology and engineering methods in combination with sound
agro-ecological practices following the national policy. Water resources in the WSB are
limited and development costs are increasing, particularly since project costs must now
cover not only direct costs, but also land acquisition costs and compensation for property
damage in the project area, as well as costs required for resource proteclion and
conservation, as identified through environmental impact assessments (EIAs).

* Water requirements for agricultural crop production, including irﬁgatéd paddy and upland
crops, vary seasonally as well as with various climatic conditions such as tenlperatﬁrc,
sunishine duration, -and evapotranspiration.  From the view'point of water resource

conservation, lrngauon water use should be minimized through water saving eftorts;
- alterative irdigation practices, such as the use of spmlk!er and drip systems for cash crops
during the dry season may ofter viable options. Partlcular attention should be pald to land
degradation caused by an increase in soil salinity ‘as a result of water logging caused by
irrigation of upland cfops during the dry season. It is reported that an area of about 182
& miltion rai has acid soil and soil salinity problcm and aboul 107 nnlhon rai is aftected by soil
- eros;on in the ngdom ' -

Water pollution is related to discharges from domestic sewerage and industrial plants, as well

as to pesticide contamination to river water and also groundwater, Increased use of fertilizer
~ to enhance agricultural productivity is another source of non-point pollution.
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2.2 Existing Conditions and Plan by River Basin

2.2.1 Mae Klong River Basin

(1) General Characteristics of the River Basin

River system and reservoirs

The lower Mac Klong river basin in Kanchanaburi has two e\uslmg reservoirs, the Khao
Laen dam in the Khwae Noi river and the Sri Nagarindra dam in the Khwae Yai river. The
Tha Thung Na regulation works have been built about 50 km downstream from the Sri
Nagarindra dam for regulai ion of discharge from the dam and runofY from the Huai Taphoen
river. - About 20 km downstream from the Tha Thung Na regulation - works, the
~ Vajiralongkom diversion works were built for water supply; in association with the two
upper dams and the Tha Thung regulator, the works function to divert water to both banks
for agricultural crop production and to urban and industrial areas. The river system and
' reservmrs in thc lower Mae Klong river basin are shown in the figure below.

" River System and Reservoir Location in Lower Mae K]ong_'Ri\"ci' Basin

@n Dam _ o
$1i Nagarindra Dam

Khwae Yaif River

Huai Taphozn River

. Khwae Noi River

¥

Vajirziongkom Diversion Works

© R BGMIP

F.

(Gulfof Thaitand ) :
. Salinity Control) -

Notes:
GMIP : Greater Mae Klong Trrigation Projoct
R.B. : Right bank
L.B. : Leht Bank



Hydrometeorology

The Mae Klong river basin is the second largest river basin in Thailand, after the Chao
Phraya. The analysis of rainfatl records at key gauging stations in the Mac Klong river basin
indicates that annual rainfall varies from 1,100 mm at the Iower part of the basin to 2,200 nim
in the upper pait of the basin, with most rain produced by the southwest or summer
monsoon (Refer to Figure 9.2.2). Rainfall usually begins in May and increases in intensity
untit it reachics its peak usually in September, after which it decreases toward November;
about 90 per cent of annual rainfall occurs in this May-November period. Evaporation
throughout the Mae Klong river basin is normally highest in March and April. The annual
evaporalion depth is 1,330 mm to 1,860 mm on average, which is sigpificant from the
viewpoint of water losses at the surface of reservoirs and evapolranspiration in agricultural
croplands. Annual average temperature in Kanchanaburi is 28 degreeé Celsius and relative
* humidity is 87 per cent.

Soil Characteristics

Agricullural tainds in the lower Mae Klong river basin are mostly irrigated areas located on

“both banks of the river from the Vajralongkorn diversion works to the point 120 km
downst ream of the works. The dominant soil type in the arca is Land Unit 14 in the standard
classification system of Thailand.  In the irrigated aréa about 99 per cent of the soil is alluvial,

~ non-calcic brown, and humic gray. Most of the soil shows a weak acid to neutral reaction
{except acid sulphate soils) and has a high cation exchange capacity and high saturation as
well as a relatively high moisture fe_te'ntic)n capacily owing to the topographic conditions and
soil texture. The acidily of Mac Klong soil is distributed in the lower areas. |

In the land classification study, the arca slope was found to be 2-5 'pér cent with suitable soil
drainage conditions. The surface soil is about 30 e deep and of a sandy loose texture with
apl1of $.0-7.0. More than 30 e deep, a fertile clay soil with a texture that is sandy loose to
Joose is found.  The lower Maé Klong river basin includes a large area of high agricultural
_ crép_p'rod uctivity, patticularly for paddy cultivation and tro’picél upland crops.

Groundwater
“The Hydro-geological Map of Thailand indicates that extensive and productive Chao Phraya
aquifers are found in the lowland between the Mae Klong and Tachin rivers. In the highland

area in the Khwae Noi and the Khwae Yati valleys, aquifers generally overlay older sediments
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that form multiple productive aquifers at relatively shallow depths. The profile is modcrate
1o well sorted sands and gravels, with intercalated clay or silty sand beds, as thick as 10-40
m. Yield is generally 180-800 Umin depending on the type of aquifers. Water quality varics
usually from place to place, but is slightly salty in the coastal areas along the Gulf of Thailand
where salt intrusion in the groundwater is common.

Groundwater use in the lower Mae Klong river basin involves 1,423 wells (823 in
Kanchanaburi, 408 in Ratchaburi, and 96 in Samut Songkhram, as well as 96 in Nakhén
- Pathom). These wells have a yield capacity of 100 to 200 m’/hour and water quality of 310
to 1,120 mgAt of suspended solids (SS), 8 to 310 g/l of chlorine (Cl), and 0.03 to 1.56 g/l -

of iron (Fe), based on records oblained from selected public supply wells in the basin. These
- groundwater sources have been providing about 125,000 m'/day of water to domestic users -
in city, town, and rural areas as well as to industry in Kanchanaburi province. |

(2) Water Utilization

Utilization of river water in the Mae Klong river system has been operated throtigh the main-
dams and reservoirs, diversion works, ang water supply canal networks, as described below.

Sri Naganndra reservoir and Tha Thung Na regulator

- The Sri Naganndra reservoir was constructed in 1 the Khwae Yal river in 1978 and has been
operated by EGAT. The reservoir bas multiple functions, mcludmg hydropower generation,
- water supply fori |mgation domestic use, and industrial use, as well as salinity control in the
*estuary through the Tha Thung Na regulation works and the Vajiralongkom dwcr:.:on'
“works. The Sri Nagarindra reservoir is characterized as follows: . '
- Catchment area, 10,880 kw’; |
- Annual mean inflow, 4,280 MCM (the average from ]9!8 to 1995)
- Gross storage capacity, 17,745 MCM; and
- Effective storage capacity, ?,4_’10 MCM.

“The volume of water stored in the Sri:Nagarindra reservoir was 12,500 MCM to 14,500
- MCM per annum during the past 17 years of operatién’ (1978-1995), representing 70 to |
82 per cent of the reservoir's groissl storage capacily (17,745 MCM). An average
outflow of 3,080 MCM was released from the reservoir pér year; i.e., 211025 per cent
of the annual storage volume, while the average annual inflow was 4,280 MCM. The
difterence between inflow and outflow (1,200 MCM) largely represents losses due to



cvaporation from the reservoir surface and seepage in the reservoir body. Monthly
inflow, outflow, and storage of the Sri Nagartindra reservoir is shown in Table 9.2.1.

Monthly Sri Nagarindra Reseavoir Operation  (Unit : MCM)
(dMonthly Average in 1978-1995)

16,000
14,000
12,000
10,000

Outflow
: . -~
-

%

o i T TR TSN 12 N et

The Tha Thung Na regulator is located about 50 km downstream from the Sri.
Naganndra rcscrvmr the function of this regulator is mamly to control discharge to
downstream areas, which involve water released from the Sri Nagarindra dam on the
main Khwae Yai river and runoff in the Taphoen river {one of the‘ lnbutanes of the
Khwae Yai), which is upstream of this regulator. The T ha Thung Na regulator has a
regulation capacity of S5 MCM. Annual méan outflos is 3,770 MCM at Tha Thung Na.
: PL_unp_irrigatioh projects have been developed on both banks along this 30 km section of
the K_hwa'e Y ai river. | '

Khao Laen reservoir and Vajiralongkorn diversion works

~ “The Khdo Laen reservoir in the Khwae Noi river has been opérated by EGAT sinoc'lQSfl,
with mulli_pié funclions as those of the Sri Nagarindra reservoir. It is characterized as
: foflows: . |

- ( atchment area, 3 720 km

- Annual mean inflow, 5,120 MCM (the average from 1984 to 1995),

- Gross storage capacity, 9,500 MCM; and

- Effective storage capacily, 5,800 MCM,

2-10



Operation of the Khao Laen reservoir from 1985 to 1995 indicates that the reservoir
volume varied from 3,300 to 6,700 MCM, which accounted for 35 to 71 per cent of the
gross storage capacily of 9,500 MCM. Annual average outflow of the reservoir was
about 2,520 MCM, i.e., 38 to 76 per cent of the average reservoir volume, while the
average inflow was 5,120 MCM over the period. The difference between inflow and
oulflow (2,600 MCM) largely represents losses due to evaporation and sccpage.
Monthty inflow, outflow, and storage of the Khab Laen teservoir is shown in Table
922

Monthly Khao Laci Reservoir Operation (Unit: MCM)

The water released at the Khao Laen dani will reach the Vajireilongkom diversion works
located about 150 km downstream. Along this d1s!ancc scvcral irrigation pmjects have
been developcd using the Khwac Noi river water, which is fed by water reléased froim the
Khao Laen dam and several tributaries that flow into the Khwae Noi.

The Vajiralongkorn diversion works, located about 100 km upstream of the estuary of

- the Mae Klong river, play akey ralein dwenmg water of the Khwae Nm and the Khwae
Yai rivers to the agricultural land, residential areas, and industrial arcas, as well as water
for salinity control in the Mae Klong river estuary, where sallwaler 1nlrusxon occurs in
the dry season. According to inflow records from May 1972 to January 1996 (refer to
Table 9.2.3), the operation involved an annual mean inflow of 6,750 MCM and outflow
6f 2,520 MCM. The balance of 4,230 MCM was diverted to main canals on both banks
of the Mae Klong river.
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Greater Mac Klong Inigation Project (GMIP)

The GMIP is a particutarly large-scale irrigation scheme introducing water from the
Vajiralongkom diversion works to the development of the area along both banks of the Mae
Klong river. The irgated area is about 3 million rai (480,000 ha), located in the lower Mae
Klong river basin and the surrounding arcas in Suphan Bun, Nakhon Pathom, Samut
Sakhon, and Petchaburi provinces. The irrigation canal network includes 190 kny of main
canals and 1,200 km of lateral canals (80 km of main canals and 770 km of lateral canals on
the lefl bank, and 110 km of main canals and 430 km of lateral canals on the right bank). In
the irrigated area of 3 million rai (480,000 ha), the cropped area has increased from 2.3
- million rai in 1979 {representing crop intensity of 76 per cent) to 5.4 million rai in 1990
{crop intensity of 180 per cent) as shown below.

Cropped Area under Different Crops (Unit: rai)

Crop 1979 (%) 1990 (%)
Paddy 830,000 (36) 2,600,000  (48)
Sugar cane - 1,000,000 (44) . - 1,400,000 (26)
Perennial crops 300,000 (13) 900,000 (17)
" Ficld crops 160,000 (7) 500,000  (9)
Total - -2,290,000 (100) 5,400,000 (100)

Alihough updated data are not avallablc it has been Iearned in the field that ihe crop
jmtensﬂy has decreased subslanhally in recent years.

Anmlal water supply from the Vajiraloﬁgkdm diversion works in a recent year (1992) is
summarized below. '

~ Annual Water Supply from GMIP in 1992

© Units: MCM
- Water Requiremenls* ~Water

Scason RICC Upland Cmp Fishpond Total ‘ Sllliply. 'Percen!agc
- ‘Dry : 1,1]3. 1,444 47 - 2,604 2030 45%

-‘_.‘t’el‘ 1,328 0716 20 2,063 2461 55%
CTotal 2,440 : 2,160 - 67 - 4,667 449] 100%
Note: * Cakenlated for net fictd water requirement (MCM)
Source: NESDB
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On-farm devclopment in the GMIP has been delayed, and as of 1996 arcas covered by
land consolidation and ditch-and-dike (on-farm) development are limited as summarized
below.

*  Extensive land consolidation area 439,500 rai {15 per cent)
* Old type of ditch-and-dike 1,200,000 rai (40 per cent)’
* New lype of ditch-and-dike 160,000 rai (3 per cent)

 Further, the Mae Klong river water is released for salinity control in Samut Songk_hfam
provincé; this water is also used for orchard and shrimp farming. For these purposes, the
nver imaintenarnce flow from the Vajiralongkdm diversion works should be at least SO m*/sec
in the dry season (aboutl 1,577 MCM per annum) so that the salinity level is controlled at less
than 2.0 gav/l. - |

Small and medium reservoirs

Medium-scale reservoirs in the lower Mag Klong river basin have a storage capacity of 0.2 to |
43 million m*, including seven projects in Kanchanaburi province and six in Ratchaburi
province, nainly for irrigation and a few for domestic water supply that have been under
"RID management since 1950.  The small-scale reseivoirs, which include about 43 in
Kanchanaburi and 33 in Ratchaburi under RID; are mainly for water storage through the
 harvesting of rain water, typically in a small basin in the valley. The project scale is below 1.0
“MCM stéragc _capacity'f_or' inigatibn,-domestic use, and also intand fish culture praojects, -
‘implemented sincé 1982, The small- and medium-scale projects in Kanchanaﬁ_uri and .
*Ratchaburi provinces are suhunadzed in the table below. - | '

Summary of Sma!l- and Medium- Scale Projects

| Kanchanaburi - Ratchaburi
Unit - Medium Small  Medium Small Total
Project " No. 7 43 U6 33 89
Capacity MCM 30 114 70 79 293

Beneficial Area Rai = 12,100 37,000 4,800 ;37,2(}0. : 91,100
Note: Additional small-scale projects are under construction, nine in Kanchanaburi and seven in Ratchabun
Source: RID o

Pumping irrigation projects have been implemented from 1982 to 1992 by the Depamm_’mt of
Energy Development and Promotion (DEDP), with no recent projects implemented in the
lower Mae Klong river basin. The projects implemented to date have involved 36 pumping
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stations and a combined beneficial area of 97,100 rai, including 32 stations and 86,600 rai in
Kanchanaburi and four stations and 10,500 rai in Petchaburi, The small-scale projects have
been implemented by the Oftice for Accelerated Rural Development, which has provided
water supply to rural areas. Projects now operating include 138 small reservoirs and 339
wells in total.

{3) Future Plans

In the Mae Klong river basin, the following medium-scale projects have been included in the
" 8th Five-Year Plan, for implementation by RID.

Planned Reservoir works

. Project ~ Location Capacily  Beneficial Area
PutaKean  Kanchanaburi N/A N/A

- Huai Lum Sai -~ Kanchanabui - 139~ "24,0{}0 fai
Source: Royal Isrigation Department : .

. Also, another medium-séale project, the Huai Tha Koey. storage dam {13.8 MCM), is
- planned for multipurposé use in the sub-basin of Lam Pachi in Suan Phung district,
Ratchaburi; RID plans to complete this project by the end of 2001

{4) -~ Flood Control

Floods in the middle and lower reaches of the Mae Klong river 'arc'inainly due to
discharges from tributaries other than the Khwae Yai and the Khwae Noi, which are
reghlalcd respectively by the Sri Nagarindra reservoir and the Kﬁhao Laenreservoir. One

~ of the major tributaries without any regulation work at the moment is the Lam Pa Chi
tiver, having a catchment area of about 2,500 km®. The Lam Pa Clﬁ fiver drains waterin

“the mountain ranges of 1,000-1,200 i above sea level in Kanchanaburi and Ratchaburi
provinces, where annual rainfa_ll avera gés atound 1,100 mm: The Lam Pa Chi river joins
the Khwae Noi river in the vicinity of Ban' Lam Pachi, located upstream of the
\’aji'ralongkdrﬁ diversion works, | '

A severe flood was experienced in Septeniber-October 1996, and it was reported that
about 6,100 houses were damaged and 452,000 rai (72,300 ha) of agricultural fand were
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affected by the flood. The flood discharge of the Lam Pa Chi river at that time was
unavailable,

One of the alternative solutions to control water of the Lam Pa Chi river is to construct
a reservoir on the mainstream.- The Metropolitan Watenworks Authority conducted a
master plan for water supply and distribution of Metropolitan Bangkok in 1990, in which
~ a plan for the construction of the Lam Pa Chi dam was involved. Since water resources
~ development in the Lam Pa Chi river basin has not been thoroughly studied, it is
- suggested that such a study be conducted from the viewpoint.s of flood control, water
's'upply, and irrigation in the medium and long term.

(5)  Salinity Control

: Sahm.aallon is in progeess in the lower basm of the Mae Klong fiver, due mainly to: (i)
direct seawater intrusion from the coast, (i) saltwater intrusion into river estuariés as a

~ result of tidal ﬂucmauon and (jii) lack of adequate dramage For seawater mtrus:on

“along the coast, RID completed construcnon of a 36 km long coastal protection dike on
- the right bank, and planned to construct a 52 km long like on the left bank.

The Vajiralongkorn :diversion works have‘ been designed to secure S0 m'fs of
maintenance flow in the dry season.” This water is equivalent to 1,577 MCM per annum.
However, according to the operation records of the Vajlralongkorn diversion works, the -
_ momhly discharge from- the diversion works has fallcn ‘short of this requirement in
December-January in most years. ' '

'Operatioh of the water works in the Mae Klong river should be further reviewed taking
into account the following aspects: '

(1) Whether the nlaizltef_laliCe flow of 50 m’/s in the downsiream from the
Vajiralon1gkof|1 diversion works can be gt‘larameed through modification
of reservoir operations at the Sri Nagarmdra and Khao Laen TESEIVOIrs; .
(i) How farge the water requirement is in the coastal !ands tobe prolccted by
the coastat dike constructed by RID, and how dramage works can bc
inproved in these lands;
(i)  Whether water supply from the Mae Klong river basm to thc BMA is
indispensable; and
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(iv)  Whether the construction of a structure on the Mac Klong river estuary is
required to prevent salt water intrusion, and if it is economically feasible
and environmentally acceptable.

2.2.2 Petchaburi River Basin

(1) General characteristics of the River Basin

" The Petchaburi river is joined by three tributaries before it debouches into the Gulf of |
Thailand. Water resource development projects in the basin consist of the large-scale Keang
Krachan reservoir and two small ones, as well as the Petch diversion works.  The water is
- distributed from the diversion works to an im'gaiion area that covers 462,500 rai (74,000
; ha). The Keang Krachan reservoir (710 MCM), with a catchment area of 2,200 kn’, has
 been regutating the water flow in the basin since 1955. A diagram of the Petchaburi river

 systemn is illustrated below.
- Petchaburi River System and Reservoir Location

Petchaburi River

"7t Keang Krachan :
. Reservoir

Petch Diversion Works

Gulf of Thaitand

The main Petchabuii basin, which covers 4,570 ki or 81 per cent of the total Petchaburi
basin of 5,600 knt’, is divided into three subbasins based on the extent of runoff control by
the Keang Krachan réservoir and the Petch diversion works. The irrigation area covers 340

~ Irrigation Arca

villages and 20,850 families.” The Keang Krachan réservoir serves m’ulliple'ﬁmclions,
including hydropower generation, the priority for seservoir operation being irrigation. The
operalion of the Keang Krachan sesérvoir and the Petch diversion works is sunmarized
below. (Refer to Table 9.2.4).
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Keang Krachan Reservoir and Petch Diversion Work Operation

L L Units; MCM
Keang Krachan Reservoir Petch Diversion Works
Inflow QOuiflow Inflow Outflow
‘Mean 930 860 10 480
Maximum 1,590 1,580 960 1,440
‘Minimam 410 480 490 110

Note: Averages rom 1967 to 1995
Source: Royal Ierigation Dopartment

Monthly Operation of Keang Krachan Reservoir

Unit : MCM

{2)  Water Utilization

| Large-scale project -

The Petchaburni project irngates ;162,50_0 rai (74,000 ha) of agricultural land. The average
atinual rainfall is 900 mm and mean air temperature is 27.8 degrees Celsius in the irrigation
command area; the wet season in the basin is from May to December. Water for irrigation is
diverted by the Petch diversion works, located at Tha Yang about 55 km downstreant of the
Keang Krachan reservoir. The water supply canal network consists of 87 km of main canals
~and 41 lateral canals on both banks of the Petchaburi river. The reservoir storage and

imigation water supply are regulated as follows:
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- Dry season (February to May):
* Qver 380 MCM, rice cultivation has no restriction;
* 300-380 MCM, rice and other crops can be cultivated partly in imigable arcas; and
* Below 300 MCM, cultivation of rice and other crops is impossible.

- Wet season (June to December):
* Qver 300 MCM, water is supplied for rice cultivation on st June;

% 250-300 MCM, water is supplied for tice cultivation on 1st July, and
* Below 250 MCM, waler is supplied for rice cultivation on 15th July.

A review of the Keang Krachan reservoir operation from 1967 to 1995 indicates that
only 57 per cent of outflow of the reservoir (860 MCM) or 68 per cent of the inflow at
thie Petch diversion works (710 MCM) have been used for irrigation over 462,500 rai
(74,000 ha). About 17 per cent (150 MCM) of the outflow from the reservoir have been
~ used in the area located between the reservoir and the diversion works. This implies that
- about a quarter of the release from the reservoir is not effectively used.

Out of the gross irrigable area, about 439,000 rai (70,240 ha) is currently used for.
agriculture. Cultivation of paddy accounts for 93 per cent of the irrigated agricultural
land, while the remaining 7 pfer. cent for upland crops and orchards. According to the
Land Consolidation Office; extensive-land consolidation works have been completed
enly for 9.6 per cent or 42,100 rai (6,740 ha) of the irrigated tand.

- Small- and me di_ug&gl; p[gjécts

While there are no med;um-scalc pro;ects in lhe Petchabun basm RID and ARD have
_3'dcveloped small pr0}ccts harvesting rainwater in small reservoirs since 1977, The small-
~scale projects are limited to an maximum irigable arca of 4,500 rai for surface water
schemes. There are 227 small-scale reservoirs and 114 groundwater wells in the Petchabun
river basin. ' '

Domestic water sources are available from reservoirs and wells mamly operatcd by ARD and

" PWA. Domestic water users consist of five types:

- Water supply authority, 9 unis;

- Public acli'viii_es‘, 260 units;

- Indusity, S units;

- ‘Tourist industry, 6 units; and

- Water user, 20 cities, 850 houscholds.
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In the coastal areas, irrigated agricultural land is influenced by the tidal fluctuations of the
Gulf of Thailand, and two 91 km-long dikes were constructed to prevent seawater infrusion :
in the arcas of Cha Am, Tha Yang, Petchaburi, Ban and Khao Yoi districts. These dikes not :
only prevent salt water intrusion but also play an important role in coastline conservation.

{3)  Future Plan

In the Petchaburi basin, RID has planned the following two (medium-scale) reservoirs in the -
8th Five-Year Plan. . .

Fufure Plan in Petcllabﬁri River basin

‘Name of Praject Location . Capacity - Benelficial Area  Remarks

Huai Mae Pra Chan Petchaburi 4&_.5 MCM 22000 rai ~ Medium-Scale _
HuaiPak Petchaburi  27.5MCM . 4,100 rai -~ Medium-Scale

{(4)  Flood Conirot

Inits lowcr.reaclllcs ‘the Petchaburi river meanders on the flat land, causing flooding
" during the seasons of heavy rain. Flood damage is caused on bndges roads, and a
number of houses along the river course, as experleuced during the flood in
: Septcmbcr -October 1996. Since appropriate measures have not been taken for flood
~ control in this area, it is suggested mal sludles be conducted ﬁtnher with respect to the
: followmg aspccis ' L o
- (i) Operation of the Keang Kracnan reservoir and two other rescrvmrs
planned in upstream to reduce flood volume and peaks;
(i) Straightening of extreme meandering segment of the river course and
development of inundation ponds; and |
(iii) | Revelments along the residential arcas.
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2.2.3 Western Coast River Basin

(1)  General Characteristics of the River Basins

River morphology

The rivers in the Western coast river basin have a steep gradient from the mountain in the
west 1o the Gulf of Thailand. - The profiles of the six rivers in the Western coast basin are
tabulated below.

Characteristic River Profife

- River - Original Elevation 'Distance  River Slope
- Pranbun 420m 180 km 1:1,200
Kuibui -~ 580 70 1:400
Khlong Bung . © 530 S a5 1:350
Khlong Thap Sakac - 800 25 - 1:150
Khiong Bang Saphan 450 45 1:420°
Khlong Bag SaphanNoi 80 = - 30 1:580

Given the steep longiludilial proﬁfes of the rivers in the We:stem coast basin, Cénsiﬁcratioh

shiould be given to: (i) eflective use of runoft water and ﬂood water as much as posqble (ii) . |
‘the need not only for the dc»clopment of reservoirs, but also soil conservation and
. groundwaler cu]llvanon and (iii) the nccd for water storage works. '

‘River system and reservoir

The existing Pranbun reservoir is the only large-scale project in the Western coast river
- basin. In addition, six medium-scale projects are in operation as welf as a number of small-
~ scale projects. RID has been 6perating the Pranburi reservoir for 18 years (i.e., since 1978)

- mainly to suppl)"'waler for irrigation of 231,000 rai (36,960 ha). . .
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Pranburi River System

Pranburt River

Pranburi Reservoir
Gulf of & hs@

Key features of the Pranburi reservoir are sunimarized as follows:
- Catchment afea, 2,030 ki, . |
~ Annual inflow, 360 MCM (the average from 1978 to 1995);
- Gross storage capacity, 537 MCM; and
- Eftective storage capacity, 445 MCM.

Characteristics of the Pranbusi reservoir operation are shown below (Refef to Table 9.2.5).

Pranburi Rescrvoir Operation’

Units; MCM
fem Inflow - Outflow
Mean 30330
. Maximum © 1,220 830
~Minimum 30 ' 100

Sourde: Royal Irdgation Department

‘Monthly Pranbu i Rese noir Gpcfalion
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HESE Tt
-"&‘;-\.‘f.' rpfg?g‘,yr
iy EAES

At
X tnios

=
=)
Fa

%

.

T AP
i E; x o0 .
ity v, 0

o

At
T,

=

. RERALTS R

Tt

e




A review of reservoir operation from 1978 to 1995 shows that this dam and reservoir has
refeased 92 percent (330 MCM) of its inflow (360 MCM) for irrigation of about 23 1,000
rai {36,960 ha). Over the 17-year peticd, storage volume varied from 200 MCM to 300
MCM, i.e., 45 to 67 per cent of effective storage capacily (445 MCM). No water has
been spilled over the dam.

{2) Water Utilization

There are two medivim-scale projects in the Western coast basin, the Yang Chum reservoir
- (32 MCM) in Amphoe Kuiburi and the Klong Kraja reservoir (10 MCM) in Amphoe
Prachuap. In addition, many small-scale projects are operating at several locations in the

basin. These projects of small- and medium-scate, are summarized below.

Small- and Medium- Scale Prajccts in the Western Coast River Basins

Ttem - ‘Unit - Mediun-Scate Projects Small-Scale Projects Total
Projects No.o . 6 22 128
Capacity MCM 62 768
Beneficial Area rai 51,000 84800 135800

Source; RID and ARD
(3) - Future Plan

The following medium-scale reservoir works are planned' by RID for the 8th Fi've-‘_:’ear Plan.

* Planncd Reservoirs in the \\-’csteng Coast

_ Pject Logation Capacity  Beneficial Area
-Khong Jakca ~ P. Khirkhan 104 MCM 4,000 rai
-Khlong Tong P Khirikhan ~ 92MCM 7,000 rai
- Qan Sai Tong - Bang Saphan- 7.8 MCM 4,000 rai

- Huai Pak P.Khirikhan  22.5MCM 4,100 rai
Source: Roval Irnigation Department
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2.2.4 Southeastern Coast River Basin

(1)  General Characteristics of the River System

The river system in the Southeastern coastal basin consists mainly of five rivers: the
Chumphon river, the Swai river, the Khao Bang river, the Lang Suam river, and the La Mac
fiver. Several varietics of tropical fiuits and vegetables are growi in these river basins,

including rambutan, dunan mangosteen, coconut, and oil palin as well as beans, tomatoee '
and rice. The rainfall pattem in the basin is favorable for these crops, with 36 per cent of
rainfall distributed from April to July, 51 per cent from August to November, and 13 per cent
* from December to March. Rice comprises half of the croppéd areas in the rainy season and
25 per cent in the dry season. . | '

- (2) Water Utili_zation
- While this basin has no large-scale reservoir at pre»cnt it has a nwdmm scale reservoir and

160 small-scale reservous developed by RID and ARD since 1962, wnh a total irrigation -
area of133 ooo rai 2, 280 ha)

In the upper pait of the Soulheastcm coastal basm dramage work on the Chumphon plam is
under consiruction to protect  against surface inundation of agncultural land. Also,
improvement ofold regulators in meandenng rivers near the estuary is being undertaken to

‘prevent salt intrusion due to tidat ﬂilctlialions and also for flood control. | |

"'(3) ~ Fiture Plan

" In the thrée river basing of Chumphon province, R1D. plans to construct the two reservoirs
{one large and one mediun) during the 8th Five-Year Plan. '

- Planncd Future Reseivoirs.

_ Project "+ Location Capacity *©  Benclicial Arca
Tha Sac, RubRo*  * Chumphon 337 MCM 179,000 i
" Klong TamMang .~ Chumphon - 10,000 rai

Note:
* Feasibility study was comph!cd in 1995, The project includes two subpro;ccis:
- Tha Sac subprojoct: 194 MCM, 87,000 rai
- Rub Ro subproject: 143 MCM, 92,000 rai
" Source: RID
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Water stored in the Tha Sac and the Rub Ro réservoirs is planned to be utilized in the
following manner.

Watcr Supply Plan

Units: MCM
Water Dentand Tha Sae Reservoir Rub Ro Reservoir

Irrigation 1343 1548
Amphoe Muang 8.35 8.35
Amphoe Tha Sae : 6.24 ' -

- Chumphon | '- - - 375

- Amphoe Bang Saphan - 300 -
Salinity Control (cu. m/sec) 024 1.03
Total - 1791 201.7

Nole: For Tha Sae tesenvoir operation, “about 30 MCN‘! of water annuatly will be supplied to Anphoe
. Bang Saphan througha pipclmc conveyance syslem.
Souice: RID :

(4} ' Flood and S:illin.ily' Control

" The lower reaches of the Chumphon river basin (Chl’lmphbn river and Tha Taphao river)
ar¢ subject to periddic floods. Flood damage is particularly notable in' the area |
downstream from the confluence of the Rub Ro and Tha Sae rivers. A sludy was made
to mitigate floods by constructing two floodwater dwersxon canals (Pak Phraek and Hua
Wang-Phanang Tuk canals with a total capacity of 540 !’ */s) and improvement of the °
upper reaches of Tha T aphdo river (mcreascd design discharge of 450 m’/s), Togelher

-~ with the flood control eftect of lhe Tha Sae and the Rub Ro reservoirs (totaling 360
m's), the flood discharge might be substantially decreased in the lower Tha Taphao
river. The economic effects of the proposed flood control scheme should be furiher-
examitted before its implementation. '

Salinization is another constraint in the lower reaches of the T ha Taphao river and the

- Chumphon siver. The nced for a salinity control steucture in these river estuaries should
. be further evaluated from economic and environmental points of view.
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2.3  Water Supply-Demand Balance

Water endowments and availability are widely varied among river basins in the WSB not
only due to the variable rainfall pattern but also reflecting topography, soil, vegetation,
and land use. To plan for long-term water resources development for balanced and
sustainable performance of the WSB socio-economy, a macro water supply-demand
balance has been worked out based mainly on past studies by RID.

2.31 Water Demand

The existing water demand in 1996 has been estimated by matn river-basin for irrigation,
urban/industrial use, rural water supply, and other uses.” The irrigation water demand
estimate is based on RID data fdr irrigated area. ‘The urbawindustrial and rural water
demand has been estimated based on urban/rural population and assumed per capita
water use. Other uses are added such as the need for maintenance flow for sahmty
conlrol and other purposes -Results are summanzed below.

Estima(cd Water Demand in 1996

(Unit : MCMfyear)

Main chr Basms '

_l{se‘ 'Vlae Klong Petchabun Westem Coast S_ouihea’slcm Coast-.

leigation - 7,632 L1260 1,174 521
© Urbanfindusirial a7 9 -9 9
Rurad o 2 2 3
Others 388 18 30 39
Total . 8077 1215 1215 - s72

- Irrigation water demand in the futuce has been projected, incorporating the future plan
by RID for irrigated agriculture.  Domestic ‘and industrial water demand has been
projected in line with the socio-economic framework for development of the WSB and
corrésponding sector plans. Water demand for specific development projects suchasthe
Bang Saphan development i is reflected in the projection. Resulls are summarized below
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Projected Water Demand in 2001 and 2011
{Unit : MCMAcar)
Main River Basins

Water Demand Mac Klong Petchaburi  Western Coast  Sountheastern Coast
Existing Water Demand, 1996 8,077 1,215 1,215 572
Projecled Water Demand, 2001 8,093 1,391 1,350 1,182
Projected Water Demand, 2081 8113 1,446 1,566 1,502

2.3.2 Surface Water Resources

Surface water availability has been determined by main river basin based on the rainfall

' ~ data and rainfall-runofY relationships derived on the basis of data obtained from RID.

~ The tong-term average availabilily of surface water has been calculated and critical flow
conditions have also been analyzed. Calculation of the average availability of surface
water is given in Table 9.2.6 and summarized below.

Average Availability of Surface Water

S © Catchment - ‘Surface Water _
Main River Basin CArea(km?)  Availability (MCM/year)
Mae Klong | 15,500 10,721
- Petchaburi . 5607 1,540
 Western Coast _ o S71000 P 1,446
Southeastern Coast _ 67200 4359
- Total | - - 34927 18,066

~2.3.3 Water Supply-Démand Batance

The projected water demand and the calculated availability of surface water are
summarized in the table below.

Water Supply-Demand Balance by Basin
: : (Unit : MCMAyear)

- Water Demand 3 ‘Surface Water

. MainRiver Basin__~ 1996~ 2001 12011 - Availability
. MacKlong 8,077 8093 . §113 10,721
Petchaburi 1,215 1,391 1446 1,540
Western Coast | 1,215 - 1,350 1,566 1,446

* Southeastern Coast 572 1,182 1,502 4,359
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Water demand in the Mae Klong river basinis not projected to increase much although it :
contains a rapidly developing urban area, since the dominant water demand for irrigation
was assumed to stay at the present level. Intensification of the irrigated agriculture for
diverse crops is the direction to pursuc inthis basin. The projected demand also includes
a maintenance flow of S0 m*/sec to control salf water intrusion during the dry season,

The water demand in the Western coast river basin is projected to increase miore rapidly
‘than in the Petchaburi river basin duc mainly to the Bang Saphah development. As a
‘result, projected demand in 2011 exceeds even the average availability of surface water
" in the Western coast river basin.

The water demand in the Southeaslern coast river basin is also projecied 1o increase
rapidly. - This is due to the two dams/reservoirs planned to be developed during the Sth -
Plan period for irigation and urban water supply, and also much increased fruit
produchon under supplemental irrigation in the WSB master plan Shll the Southeaslern
coast m'_e_r basin will have a farge amount of surplus water.

‘The water availability in the WSB region is and will be miore critical than the average |
availability of surface water indicates. : Without further water resources development,
unregulated flow in rivers is such that the 80 per cent de’péndab!e monthly flow is only
20-25 per cent of the average monthly flow in the Mae Klong river basin, around 25 per.
; cent in the Petchaburi and the Western coast river basins, and less than 20 per centinthe
| Soulheastcm coast river bastn. ‘This can be mcreascd as mdlcated below by constmclmg
flow regulating slructures wch as dams ' '

" Operation records of existing dams/resevoirs indicate the following. “The 30 pér cent
' dépendablc monthly discharge is over 50 per cent of the average monthly flow at the
" Khao Laen and the Sri Nagarinda dams in the Mae Klong river basin. The Pranburi dam
in the Western coast basin has increased the 80 per cent dependable monthly discharge to
some 45 per cent of the average unregulated monthly flow. The 80 per cent dependable
T mohlth discharge from the. Kaen Kracha‘n‘dam in the Petchaburi river bésin has been
“about 36 per cent of the average unregulated monthly flow |

Without additionat flow regulating struclures, both the Petchaburi and the Wcsle_m coasl
river basins will face critical water shortages by 2001, The water shoﬂagcs in the
Western coast river basin cannot be resolved by in-basin development alone, as the
demand in 2011 would exceed the supply even if the fow were fully regulated. Trans-
basin water supply to the Western coast river basin is therefore required.
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The serious water shortages expected in the Western coast river basin are due in part to
~ the Bang Saphan development. The water demand-supply balance has been separately
worked out for the Bang Saphan area. Results are shown betow,

Waler Demand and Supply in Bang Saphan

Units; MCM

2001 2006 201%

Deimand:  lirigation 15 15 15
Domestic use _ 1 2 3

© Stect Complex : 12 16 6

Industrial Estate - 1 9 24

Others .02 1 1
________ (o) __________ G0)__dh_ a9

Supply: ~ Bang Saphan river _

: -Diversion for irrigation 13 15 15

- Pump for industry 13 15 15

- New reservoirs - - 20

- Tha Sac pipeline - 15 30

(Total) 30 (45 (80

Source; J ICA stud) on Bang Saphan Industrial Estate .

As indicated in the above table, water requirements 'in the Bang Saphan area have to be met
by the Tha Sae dain and reservoir to be constructed in Chumphon province by 2006 by
means of a {rans-basin water supply scheme. A supply of 30 MCM planned for and reserved
in the Tha Sae reservoir w:ll be required by 2011 Y

Addition’ally', new reservoirs will ha_\?e tobe plaime'd in the Bang Saphan river basin to secure
a total supply of QO MCM by 2011. A set of small reservoirs in the Baig Saphan river
system should be studlcd in time for the scheduled dcmand by the stee! complex and the -
industrial eslate ' '

24 WSB Water Resources Development Plan

24.1 Objectives

. Objectives for water resources development in the WSB region have been defined in
- view of the potentials and consteaints in each river basin analyzed above, as well as the
overall WSB regional development objectives and the government policy outlined in
“Scection 2.1. LThcy are defined as follows, covering social, economic, and environmental
aspects: |
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(i) To ensure a sufficiént supply of domestic water of reasonable quality to satisty basic
human needs and ¢nhance quality of life ;

(i) To expand the urban water supply to support high economic growth with
accelerated indusirialization ; and

- (iii) To manage watershed and irrigated Jand as an essential part of integrated land and
water ecosystems.

‘2.‘4.2 Strategy

The 8th Plan represents a [‘llEile’ departure fromi growth and economic efficiency-
oriented ' development to more socially- onented and human-centered as well - as
~ environmentally sustainable development. It is reﬂected in the national policy and

o stralegy for the management of environment and natural resourccs Related specifically

to water resources, holistic devclopment and management of rwer basin level and
- control of water quality are taken as the basic strategy for water resources developnient
. and management in the WSB. More specific strategy comporients are described. '

(1) Holistic River Basin Approach

Tn ling with the renewed natiohal policy, a holistic river basin appr630h is to be taken for
water resources deve!op'mcht and management in the WSB. This approach takes an
entire river baSinfrdm its uppermost watérsh_ed all the way to the coastal area as a
totality to realize environmentally sustainable dc\_relopm'enl"in the.balanc"e belween
various water-uses. The following would be particularly important in the WSB river
basins: '

Watershed management

l*xlslmg foresls inthe upper catchment areas mcludmg virgin ﬁ)resls should be protected
as an essential condition for watershed management, ‘Catchment areas should be
improved with reforestation, if necessary, associated with additional flow ‘regulating
structures for cultivation of both surface water and groundwater. Rescrvoir operations
shauld take account of the need to reduce salt water intrusion. lrrigation should be
taken as the means to increase and retain soil moisture during the dry season, and crop
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selection should reflect residual soil moisture to be determined by soit type, topography,
and other tocal conditions.

"To make eftective use of limited water resources, existing and additional water facilitics
‘should be used for multiple purposes. - Operation of existing danvreservoirs and other
“hydrautic structures should be improved to make irrigation for diverse crops more |
effective and to allow better control of water quality. New dams should be constructed -
based on economic and environmental viability for flood control, irsigation, domestic -

waler supply and ofher purposes. New dams in the Petchaburi and the Western coast .

river basins should take account of their effects on groundwater cultivation and retention
of soil moisture during the dry season.

Demand-side management

‘Demand-side management is an important part of the holistic approach to water
resourcés management. More iniportant for this would be the intensification of irrigated
. agriculture e.specia!ly in the Mae Klong river basin, and rationalization of water charges
for various uses. The latler may include increased user -charges for irrigation
"~ concomitant with larger responsibilities given lo'farmcr's' for management of on-farm
development and water use. ' '

Trans-basin diveision

The water balance analysis in the previous section has clarified that the Western coasl
river basin will face serious water shortages, even if its in-basin potential is fully
developed. The only option to realize the planned development based on locationat
advantages and the deep sea port is to introduce additional water by trans-basin
diversion. The most viable source of additional water is the Southeastern coast river
~ basin, where there will be a large amount of surplus water even under critical condnhons
- of lhe dry season after its in-bastn dcvclopmcnt by 2011. '

(2)  Water Quality Conirol
Control of water guality will increasingly be more important for development of the

WSB. Poor water quality would become a critical constraint to sustainable economic
~ development through increased water treatment costs and reduced land productivity as
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‘well as exhaustion of assimilative capacily of the environment. The following are
important components of the water quality control strategy for the WSB.

Groundwater use and drainage

Groundwater in most coastal areas of the WSB has been affected by salinization duc in
part to over extraction. To reduce groundwater use, availabilify of surface water should
be increased by additional flow regulating stmciures. 'S!uch structures in the Petchaburi
and the Western coast river basins should be seen also as the means to cultivate
groundwater. |

Groundwater tables may be raised as a result of groundwater control and cuillivé_alion: .
This may aggravate drainage conditions in some boas;al arcas, éailsinig more serious soil
salinization probleins in the dry season. Drainage by adificial means (e.g., by pumping),
however, shoutd be avoided especially in areas of acid sulphétc soil. Drainage should be
-planned caréﬁllly in association with irrigation development, :

Reservoir operation

* Operation of existing dams/reservoirs néeds 1o be improved based on a thorough review,
to ensure sufficient discharges during the dry season to minimize salt water intrusion into
river estuaries. As clarificd in Sub-section 2.2.1, the maintenance flow requirement in
the Mae Klong river has not been met during Décémbe_r—]anuary in most ye.é_ars..

. - Sewage treatment

Water - quality - in rivers and “coastal  waters has been degrading along with
urbanization/industrialization. - Even in the Southeastern coast river baéin, water quality
~in the Chumphon, Park Paung, Au Tapan, and Saiburi rivers have been designated as
Class 3 and Class 5 in the five rank classification. Poor water quality involves serious
social costs in term of reduced value of land aid water for economic activities and higiiei _
‘health sisks.  Advanced. sewage treatnient facilities need to be introduced in steps.
- Priority in the WSB should be given to more rapidly growing urban centers and tourism
areas. -

2.4.3 Projects

The following five projects have been formulated for inclusion in the \WSB master plan.
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ProjectNo.  Project Tille

WR 1 Irrigated Agriculture Intensification

WR 2 Improvement of Water Management

WR 3 Multipurpose Reservoir Development

WR 4 Salinity Control

WR 5 Flood Control and Drainage Systems Improvement

Iach project supports different components of the strategy presented above, and serves
collectively the attainment of the objectives.

Trrigated Agriculture Intensification représcnls the strategy component of demand-side
management. Farmers® organizing for the management of on-farm development and
water use, and the introduction of revised user charges are important components of the
project as well as land consclidation and physical infrastructlure.

Improvement of Water Manageihent represents part of the watershed management
strategy to be applied in the Mae Klong river basin. Improvement of operation of the
existing water works, as suggested in Subsection 2.2.1 is a pre-reqili'site_ for the
implementation of this project. ' e

Multipurpose Reservoir Pevelopment consists of several multipurpose dah_n projects to,
be implemented in phases. The Tha Sae danvreservois project will be implemented first
~ during Phase 1, not only - for ir‘rigatibn and water supply for‘tirban‘areas in the -
© Southeastern coast river basin but also for water supply for the Bang' Saphan
- development by trans-basin diversion. :

Salinity Contro! addresses a specific issue of the water quality control in the Mae Klong,
~ Tha Taphao and Chumphon rivers. Review of the reservoir operation is imporiani part
of the project in view of changing needs for water supply due to more intensive
irrigation, dive'rs'sfying'croppihg patterns, and increasing urban and industrial uses. In
the _IOng n, conslm_ct_ion of a salinity cont rol barrage may be required at the estuary,
subject to assessment of environmental i:ﬁpact and economic viability.

~ Flood C.omkrol and. Drainage Systenis’ Improvement represents another strategy

~ component for water quality control. Drainage systems in major river basins should be
planned carefully together with selection of crops and farming systems.
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