e DEPARTMENT OF MINERAL RESOURCES
~ MINISTRY OF INDUSTRY

. AND i O
 PUBLIC WORKS DEPARTMENT =

' THE KINGDOM OF THAILAND

iy ' JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

MINISTRY OF INTERIOR

THE STUDY ON

MANAGEMENT OF GROUNDWATER AND

LAND SUBSIDENCE
| N s

THE BANGKOK METROPOLITAN AREA AND ~
| « ITS VICINITY e

. SUMMARY REPORT

~ MARCH 1995

'KOKUSAI KOGYO CO LTD
~ TOKYO, JAPAN




PREFACE

In response to a request from the Government of the Kingdom of Thailand, the

: Government of Japan decrded to conduct a study on the Management of Groundwater and
'Land Subsrdence in the BanOkok Metropohtan Area and Its Vrcmrty -and entrusted the study

. to the Japan Internatlonal Cooperatron Agency (JICA)

B HCA sent to Thatland a study team headed by Dr. Aklra KAMATA, Kokusax Kogyo |
Co ,Ltd., 7 times between July 1992 and February 1995. :

The team held drscussron wrth the ofﬁcxals concerned of the Government of Thalland
and conducted field surveys at the study area. After the team returned to Japan, further studies

were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the

“enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government

' of the Kingdom of Thailand for their close cooperation extended to the team,

| , March 1995

Kimio Fujita
: - President -
~ Japan International Cooperation Agency
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- Mr Kimio Fujita i

‘March 1995

President

e Japan International Coope1 ation Agency

'LETTER OF TRANSMITTAL

~ Dear Sir, -

. We are pleased to submit the final report of “The Study on Management of Groundwater and

Land Subsidence in the Bangkok Metropolitan Area and Its Vicinity ”. This report has been

- prepared based on the field survey and the study conducted during the perlod from July 1992
o March 1995 : : ‘ :

i The report contain‘s the study results on the hydrogeology, the groundwater database, the
“groundwater quality and the prediction of future grOundwater levels and land subsidence by
“computer modeling as well as the details of the three new monitoring stations. A‘target =

pumpage for the management of groundwater and allev1at10n of land subsidence is presented ‘
- based on the predictions. v :

We hope that the implementation of the groundwater management plan would greatly
- contribute to the mitigation of land subsidence in the Bangkok Metropolitan Area.

All the members of the Study'Tearn wish to express their sincere thanks to the personnel of k;

- your Agency, the Embassy of Japan in Thailand and the officials and personnel of the
- Department of Mineral Resources and the Public Works Department, the Government of
- Thailand for the assistance extended to them. : :

. Very truly yours,

e/ﬁ\'\l>' e
, g_,,ff‘\ ‘1) \Bi* -
Akira KAMATA ‘
Team Leader
The Study on Management of Groundwater
‘and Land Subsidence in the Bangkok
Metropolitan Area and Its Vicinity




¥ 3 StudyArea i

The Study on Mamgement of Groundwater and Land Subsndence in the Bangkok -
,Metropohtan Area and Its Vicinity : N

Study Period:  July 1992 to March 1995

Counterpart Agencies: Department of Mineral Resources
o L kPublrc Works Department

1. kaackground . |

‘ 'The recent economlc development of. Tha1land has brought about increases in water
- demands for industrial, _comrmercial and domestic purposes, particularly in the Banol(ol(‘ 5

. Metropolrtan Area. In order to meet the growmg water demands, groundwater is pumped ‘

~ heavily, causing increased and more widespread land subsidence and saltwater intrusion in’

~ the area. Though land subsidence has slowed down in the central part of Bangkok dueto .

regulations undertaken in the early 80’s, it is still progressing in the vicinity of the

~ Bangkok Metropolitan Area. The land subsidence not only damages roads, bridges,
'bu1ldmgs and canals but also causes flood in the low lands, which has brought huge

~ economic losses. It is therefore “urgently needed to establish a “sound groundwater‘" R

. management plan and nnplement comprehenswe measures against land subsrdence :

2. Study Objectives

‘ The Study aims at aehieving thefollowing: |

() .To estabhsh groundwater management system [ S
(2)  To prepare alleviation plans agamst land subsidence and salme water e

- intrusion
(3)  Technical transfer through out the Study

',The 5 600 km Study Area covers the Bangkok Metropohs and 1ts Vrcrmty, comprlsmg“ k 5
‘wholly or partly the following erght (8) provinces, namely : t

whole of BANGKOK NONTHABURI SAMUT PRAKAN, PATHUM THANI and
parts of CHACHOENGSAO, SAMUT SAKHON NAKHON PATHOM, PHRA

NAKHON SI AYUTTHAYA
k ‘4 Study Results

” , ‘,The'Study had established the‘following major pillars for the management of groundwater and

land subsidence in the Bangkok Metropolitan Area and its vicinty.

1) Development and Installatron of Groundwater Database System RO M
- 2) Construct1on of Momtormg Statrons at Lat Krabang, AIT and Samut )
_Sakhon . e .
3) Groundwater Modelmg and Predlctrons




. vaased on the data collected processed and analyzed throughout the Study, the followmg

- results were obtained.

. 41 Gmundwaterstef:y‘ R

© The Study Area’s total groundwater pumpagem 1992 was estimated from the well inventory ,
~database at 1.48 MCMD.- Pumpage is recently mcreasmg in Bangkok’s vrcmrty, eg, Lat

e Krabang, Pathum Thani and Samut Sakhon.

| - (2) Groundwat‘er Levels

‘~P1ezometr1c levels of the main aqu1fers have declrned from 30m to 60m below MSL Inthe
‘,central area of Bangkok groundwater level is again lowermg because of the effect of the

= Prearonal dechne of groundwater level caused by overpumpmg in the v1cm1ty

O LS

Land subs1dence occurs w1dely at more than 20mm/year in the Bangkok Metropohtan Area , ’

: Subsrdence of SOmm/year to  60mm/year were recorded in Samut Prakan, 40mm/year to
~ 55mm/year in Min Buri and Lat Krabang, 30mm/year to 40mm/year in Pathum Tham and :
 Samut Sakhon N

‘,_‘(4) Chloride Concentr‘ltlon
Hrgh chlonde concentrations were observed from Samut Sakhon to Pathum Thani along the, '
* . Chao Phraya River and in the coastal areas of Samut Prakan. High chloride concentrat1ons o
' ‘rangrng from 3 000 to 16 000 mg/L were observed in the mam aqurfers :

: ,(5) Momtormg Stations

The new land subs1dence and groundwater level monitoring stations were constructed in Lat

. Krabang, AIT and Samut Sakhon. Each observation well “automatically records “the

‘groundwater level and land subsidence of the different aqurfers Together with the DMR’s

~ existing monrtormg stations, the new momtormg stations ‘would be utilized for the‘ o

groundwater management conjunctwely wrth the database and the groundwater rnodels
, (6) Groundwater Modelmg ,k _

‘ Groundwater flow and land subsidence models were made to predict the future groundwater

- levels and land subsidence. A solute transport model was also prepared to analyze saltwater

"*mtrusmn These models have shown the mechanrsm of land subs1dence and saltwater
1ntrusron ' s ‘ ~

]7(7) Pr’ediction of 'Groundwater Levels 'and' Land Subsrdence

c Groundwater flow and land sub51dence models were used to predlct the future groundwater .
levels and land subsidence up to year-2017 using different future pumping’ scenarios: Using '

. the worst scenario, the models predicted that land subsidence would reach a maximum of




Rt

200cm by year-2017 ‘While, using the best scenario, the models predxcted that the maximum

- . total land subsidence would be 35cm by year-2017

(8) Tentatlve Permnssnble Yleld

A tentative permissible yleld was determmed by giving 1mp0rtance to the rate of land

subsidence. The response of the models was carefully reviewed and assessed. It was

- concluded that the tentative permissible yield for the Study Area would be 1.60 MCMD.

~ (9) Groundwater Basin Management

~ The groundwater basin managemetil is implemented by targeting the tentative permissible -
- yield in year-2005. The expansion of the present critical zone and the regulation of

groundwater pumpage are concurrently implemented. Groundwater level, land subsidence,

 water quality and groundwater pumpage are momtored and used conjunctively with the :
database and groundwater models

: S. Recommenda'tions

(1) Groundwater Management

Expansion of the Critical Zone
Regulation of Pumpage

~Construction of New Momtormg Stations
Leveling of Benchmarks :
Installation of Water Meter ‘ -
Application of the Groundwater Database System
Improvement of Groundwater Models
Model Applications and Permissible Yield
Hydrogeological Investigations :

'(2) Comprehensive Measures

: Substltutlonal Water Supply
Rational Use of Water
- Groundwater Fee
Artificial Recharge
Strengthenning of the Techmcal Sub- Comrmttee
Orgamzatlon : :
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 CHAPTER1 INTRODUCTION




cﬁAPTER' 1 INTRODUCTION
' 1 1 Background of the Study ]j o

The Bangkok Metropohtan Area is the capital of the ngdom of Thailand and the =~

ot biggest city among the capital cities in Southeast Asia. It is situated at the southern edge
of alluvial plain in the downstream of the Chao Phraya River. It has a total population of -

* 8.2 million including its vicinity. Because of rapid urbanization, the said ‘metropolitan

~area and its suburbs are confronted with serious problems in water supply, sewerage, S
- transportation, housmg, waste dlsposal and other related problems. ‘

'Waterworks of the Bangkok Metropohtan Area is bemg operated ‘and managedkby the

. Metropolitan Waterworks Authonty (MWA). The Chao Phraya River is the main source
- of water supply. However, the present water supply can not meet the increasing

- domestic and industry water demand brought about by rapid economic growth. Areas
not covered by the MWA’s water supply networks resort to groundwater for their water 5

supply

In early 1970 uncontrolled -development and excessive withdrawal of groundwater
- resulted in the decline of groundwater levels and land subsidence. A maximum total land

subsidence was recorded at 75 ¢m during the 10 year period between 1978 and 1987.
Land subsidence damaged various private and government infrastructures such as =
, bu1ldmgs roads and bridges. It also caused flood in the low land and brought huge’

economic loss and risk of dlsaster L :

In order to overcome such situations, the Department of Mmeral Resources (DMR) and
other governmental agencies initiated the investigations of groundwater and land

- subsidence in Bangkok in collaboration with the Asian Institute of Technology (AIT) ‘
~since late 1970's. Based on these studies, the Cabinet issued a resolution on “Mitigation

of Groundwater Crisis and Land Subsidence in Bangkok Metropolis” in March 1983.

" In 1985, the Ministerial Regulations were issued according to the Groundwater Act,

~ B.E.2520 which was enforced in 1978. These regulations specified “the Bangkok

Groundwater Area” which covers six (6) provinces located at the downstream of the

- Chao Phraya River. Several initiatives were adopted and carried out such as the phase 9

~ out program of MWA wells control of groundwater use collectron of water fee etc

,Insplte of such efforts, the decline of groundwater levels and land subsrdence sl

~ continue in the industrial areas located along the main roads at the eastern, southern and y
western suburbs of Bangkok. However, they have been reduced in the central Bangkok

area. The problem is further aggravated by groundwater salinity which is spreadmg o

the west and south of the Bangkok Metropohtan Area

In the hght of the foregomg, the Government of the ngdom of Thailand requested the

Government of Japan for techmcal assistance on “The Study on Management of

Groundwater and Land Subsidence i in- the Bangkok Metropohtan Area and Its VlCll’llty

~in October 1989 and March 1990




o The request was favorably considered and a prehmmary survey mission was sent by the

 Government of Japan to clarify the background and specrﬁcs of the request. An
' agreement was reached between the Counterpart Agencies -- the DMR and the Public
R Works Department (PWD) and J ICA on the Scope of Work (SW) for the Study

. 12 Study Objectlves and Area ,k :
| t \‘ Study Objectlves
k The Study alms at achlevmg the followmo i ; e

(1) To estabhsh groundwater management system

(2) To prepare alleviation plans against land sub31dence and sahne water e n

mtrus1on oo

S‘F‘StudyA’rea o

 The Study Area covers the Bangkok Metropolis and its vicinity.‘As‘ shown in Figurek' 11,

: 'the Study Area comprises wholly or partly the following eight (8) provinces, nam‘ely'

* whole of BANGKOK, NONTHABURI 'SAMUT PRAKAN, PATHUM THANT and |
. 'parts of CHACHOENGSAO, SAI\/[UT SAKHON NAKHON PATHOM PHRA L
-NAKHON SI AYUTTHAYA S RN o
| 1.3 Study Framework

b The Study commenced in July, 1992 and Iasted for 33 months untll March 1995 The s

- Study pertod is d1v1ded into three (3) stages:
Stage I - Basrc Survey k

~ Stage I - Detailed Survey
Stage III Analysns and Plannmg

: lStage I Basnc Survey

Thxs stage mvolved the review and analysrs of exrstmg studres and data ﬁeld geologrcal o
. reconnaissance, arrangement of existing well inventories, questionnaire survey on

 groundwater utilization, preparation of the groundwater database, and appralsal Survey A
. onthe avatlabthty and capability of local drlllmg contractors : ’

s Stage II Detalled Survey

iy The Study in this stage included the reviews of artificial recharge exi’stmoyuwater supply '

- systems, urban planning, preliminary environmental impact survey, core drilling and soil

~ testing, construction of observation stations, survey on groundwater utilization and " s
- completion of well 1nventor1es and groundwater database. After the construction of new :
~ observation stations, long-term measurements of groundwater level and land subsidence

~were conducted. Groundwater samples were collected and analyzed The vanous data
obtamed throughout Stage IT were arranged for Stage III SRR :

G




St:ige IIT: Analysis and Plannihg

5 ~ The Study at Stage III concerned the prediction of land subsidence and saltwater

intrusion, the plannmc for the mitigation of land subsidence, and the groundwater
- management system m Bangkol\ Metropolitan Area and its vicinity.

14 Orgamzatlon of the Study

The Study was camed out ]omtly by the JICA Study Team the DMR Team and the

PWD Team:

JICA STUDY TEAM

. Akira KAMATA

Shoichi OHMORI
~Reynaldo R. MEDINA
Mutsuo ASANO
Yoshinao MIURA
Chujiro TAKAHASHI
Naoaki SHIBASAKIT
Masaharu KINA
. Eiji TAKEMORI
~ Hajime TAKAHASHI
" Presha CHUNTAKORN

DMR Team
Vachi RAMANARONG
Subsidence
* Somkid BUAPENG

Samrit CHUSANATHAS
Aranya FUANGSWASDI

Suchai SHINPOOL-ANANT =

~ Paisal LAKANANURAK
Oranuj LORPHENSRI

Sanguansak SUNGKABUN

PWD Team
* Nathanwuth USOMBOON

Posit NIPPITAWASIN

Roongroj KIATPANICHKIT
Chaiporn SIRIPORNPIBUL

Team Leadér/Hydrogeologist

Geologist

~ Hydrologist
Soil Engineer

Drilling Supervisor

- Drilling Supervisor
- Hydrogeologist

Urban Planner L
Water Supply Engineer

:Socio-economist

Coordinator

Research Expert, Director of the Mitigation
of Groundwater Crisis and Land
~ in Bangkok (MGL Project)

Chief of Groundwater Data Center,

Groundwater Division
Hydrogeologist

~ Hydrogeologist

Hydrogeologist
Hydrogeologist

~ “Hydrogeologist -
Hydrogeologist

Chief, Deep Well Dr1111ng and Development‘
Division '
Senior Hydrogeologist
Hydrogeologist
Hydrogeologist
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- CHAPTER 2 j mE STUDY AREA
2.1 Natural Condltlons
: (1) TOpography et

, The main physrographrc featutes of Tharland can be drvrded into seven (7) regtons namely,
the Central Plain, the West Continental Highlands, the North Continental nghlands the

~ Central Highlands, the Northeast Plateau, the Southeast Coast and the Peninsular Thailand

~ (Figure 2.1). The widest lowland area is the Central Plain which stretches from the Gulf of
Tharland to as far as Uttaradit in the north, over 500 km long and 100 to 200 km wide.

~ Three (3) big tivers, “namely, the Pmo ‘the Yom and the Nan, whose ‘source lies in the ,
northern mountainous regions traverse the plain and join together at Nakhon Sawan to form
the Chao Phraya River. The Central Plain is divided into two(2) plains, namely, the Upper
Central Plain and the Lower Central Plam at Nakhon Sawan area, where the wrdth of the' 7
plam narrows. ~ ' : ~ '

S , The Lower Central Plam is a larg,e and ﬂat plam consisting of young fluvial and marine

deposits. From Chai Nat, the Chao Phraya River branches out to smaller rivers, two (2) of

‘which are the Tha Chin (or Suphan Buri) River and the Noi River which flow southward
joining the Pasak River on the way. The Mae Klong River, drammg the ‘motuntainous areas

_in the west, flows southeast and south through the plain. The Bang Pakong River enters the

. ,Lower Central Plam from the east and ﬂows southward to the Gulf of Thalland

The Study Area'is srtuated in the Lower Central Plam and is bounded on the west by Tha

- Chin River, on the east by Bang Pakong River, and on the south by the Gulf of Thailand. Tt
~ has an area of about 5,600 km2 and geomorphologically comprises the fan, the delta and the

tidal zone (Figure 2.2) with the natural ground elevations rangmg from one (1) to three (3) o

! meters above MSL. Recently, land subsidence caused certam areas to be below MSL
; (2) Climate

The Study Area is located in the monsoonal region whtch has a distinct dry season ﬁom j

g V'V' December to April and a rainy season from May to November. About 85% of the rainfall P

occurs in the rainy season. The mean annual rainfall is about 1,500 mm in Bangkok and g
averages 1,300 mm in the Study Area (Figure 2. 3). The ‘mean monthly temperature varies

from 25.4°C to 29.7°C and the average monthly rmmmum and max1mum temperature are
20 6°C and 34, 9°C in Bangkok respectrvely ' PO

r (3) Hydrology

The Chao Phraya River is‘a blg river whlch has a totai dramage area of 160 000 km2 The

' annual mean flow of the Chao Phraya River at RID's Sta. C.2 in Nakhon Sawan is 683.62 &

m°/sec. About 100 km downstream from Nakhon Sawan near Chai Nat Province, the Chao
Phraya Dam was constructed to divert the river flow for irrigation. The flow of the Chao
Phraya River downstream of thlS dam at RID's Sta C.13 has decreased t0'336.10 m*/sec.




',Downstream of Cha1 Nat Province many efﬂuent branches come off from the main river.

: o The discharge of the Chao Phraya River before it reaches the c1ty of Ayutthaya as observed Ay
ot RID'S Sta. C.7A averages 358 02 m /sec , e

ey :_?vaer ﬂow ﬂuctuates shalply according to the season. For instance, the dlscharge of the o

~ Chao Phraya River at Sta. C.7A varies from 495.8 to 835.3 m/sec in the period from

0 - January to August, while the discharge in the period from September to December exceeds k

- 1,000 m/sec. The capacity of the river is only 1,500 m*/sec near Ayutthaya and the excess
: water will overﬂow and flood the low-lymg areas mcludmg the Study Area (Flgure 24).

s (4) Hydrogeology

~ Pre-Cambrian, Paleozoxcand Triassic rocks are distributed in the highlands west and north “

_ of Thailand and southern Peninsula. The highlands on the east and south consist of Trlassm
rocks. In the plateau situated in the northeast of Thailand, Mesozoic rocks from Jurassic to

- Cretaceous ages are extensively distributed. The Central Plain consists mainly of Neogene i

= and Quaternary sed1ments

e The basement of Neogene and Quaternary scdiments in the Central Plain is divided into =~

~ several blocks which constitute the grabens. The basement depth was estimated to be more o
- than 1,800 m according to the oil exploratory drilling, aero-magnetic and seismic data.
 Geology of Neogene sediment is still not clarified yet. Quaternary sedlment consists of the .

terrace deposn :the alluv1um and the laterlte

The hydrooeology of the Study Area was mvestlgated usmg llthologlc logs of productlon

 wells and shallow borings. The ground surface of Bangkok is entirely underlain by blue to .

grey marine clay, 15 m to 30 m in thickness, known as the Bangkok Clay. Unconsolidated
-and semi-consolidated sediments underlying the Bangkok Clay consist of sand, gravel and

- clay of Pleistocene to Pliocene ages. From a detailed study of electrical logs, the DMR
identified and named eight (8) aquifers within 550 m depth. These aquifers con51st mamly of =~

o - sand and gravel separated by clay beds

Bangkok Aqulfer (BK, 50 m zone)

- Phra Pradaeng Aquifer ( PD, 100 m zone)
- Nakhon Luang Aquifer ( NL, 150 m zone) -
. Nonthaburi Aquifer ( NB, 200 m zone) -
- Sam Khok Aquifer (SK,300mzone) .~ ..
-~ Phaya Thai Aquifer (PT, 350 mzone) .~ . .-
- Thon Buri Aquifer ( TB, 450 m zone) .
: Pak Nam Aquifer ( PN, 550 m zone)

e e Rl

,Among the elght ®) aqu1fers Phra Pradaeng, Nakhon Luang and Nonthaburi Aqurfers |
are the most developed and extensrvely used for water supply (Flgure 2. 5) N

2 2 Socno Economy

" (1) Economic Development in Thailand

2 e




e

Economic growth in Thailand over the past decade was ‘one of the highest and steadiest
among the developing countries. Beginning 1986, the economy began a period of very

" rapid growth brought about by increase in exports, capital inflows, as well as tourism:

" The growth in GDP during the last three (3) years had been remarkable averagmg over
- 10 percent per annum (Table 2. 1) 2 , ket

A:The Bangl\ol\ Metropohtan Area and its Vlcmlty and the Central Region served as the _
~core of Thailand's economy and contributed one half of the country's GDP. Recently,“ I
: the annual growth rate of the Bangkok Metropohtan Area exceeded 20% I [

The concentration of economy in' the Bangkok Metropohtan Area lured the rural :

k ~ populace to migrate to the urban areas. The heavy influx to the metropolis caused ' -
- severe environmental problenis, such as traffic congestion, shortage of hOusmg fac1ht1es :
~ f,and wate1 supply systems air and water pollut1on etc ‘ : :

(2) Populatlon

. 'Accordmo to Thalland S nooulatlon census, the pooulahon of Thailand was 56.3 million

“in 1990 with Bangkok having 5.62 million. The population of Bangkok and the
- adjoining 7 provinces reached 9.98 miilion. Considering the number of unaccountame
' mtgrants BanOkok’s populatton may exceed 8 mllhon (Table 2. 2) e

(3) Transportatlon and Electl ic Power Supply

Thailand's transportatlon network is characterized mamly by hlghways and roads These

~ highways and roads are well consolidated. However, the present rate of construction of

new highways can not meet the demand of rapid mobilization in the Bangkok -

‘Metropolitan Area; Serious and chronic traffic congestion hinders daily urban activities. =
- Alternate means of transportation, such as the subways and- the elevated rail road
- pro;ects have been planned but are yet to be 1mplemented

Almost 100% of the Bangkok Metropohs and 90% of its adjommg provinces have

o electr1c1ty
o 2.3 Water Supply
@ Water Supply Orgamzauons

- ‘In the Study Area the MWA supplles water to the Bangkok Metropohs and the provmces o
of Samut Prakan and Nonthaburi. The PWA serves the Pathum Thani Province through its

Regional Office IIT in Bangkok. Groundwater is used for domestic purpose in areas not

 covered by the MWA and PWA water d1str1button networks.

Four (4) goverment agencies, namely, the Office of Accelerated Rural Development (ARD)
the Public Works Department (PWD) the Department of Mineral Resources (DMR) and
the Department of Healih (DOH) are involved -in well constructions for the use of
- groundwater in the rural areas. The Industrtal Estate Authority of Thailand (IEAT) supphes

water from 1ts own deep wells to the factones located inits mdustnal estates.




* More than 10,000 private dee'p’wells were constructed iin the Study Area mainly for
L domestic and industrial consumptions. Drrllmo of these puvate wells and use of
- :groundwater are controlled by the DMR - ¢ (o ; '

' T"(z) MWA

The MWA’s water supply service in 1991 covered an area of 710 km ‘which is about 22% |

of the MWA’s total service area (3,195 km®) and 5.6 million of the service population

 which is about 78% of the total population (7.2 million) (Figure 2.6). The total water
~production in 1991 was 1,143.4 MCM (3.13 MCMD). About 97% of the total production,
. 1,109.2 MCM (or 3.04 MCMD), came from the Chao Phraya River. The rest, which
~ amounted to about 34.2 MCM (or 93,000 CMD), about 3% of the total , came from
- groundwater pumped from its 41 deep wells. The total pumpage of the MWA wells
- amounted to 142.4 MCM (390, 000 CMD) in 1983 (Table 2.3). However, since then, the’
- MWA s phasmg out its wells accordmg to the Cabmet Resolutton in order to alleviate land
‘ ‘subsrdence ~ b G

| l(3) pr (Pa h'"n Thanv)r'~ ,

o »,;;‘Pathum Tham Provmce is located north of Bangkok Metropohs The PWA Reglonal Ofﬁce |

“ III in Bangkok manages the waterworks system in Pathum Thani provrnce -This system

. relies on 20 deep wells. In 1992, PWA’s service area covered about 180 km” and about 6.27 -

o MCM of groundwater was produced. About 98, OOO people were served, Wthh is about
21% of the provmce S total populatton L : :

. f(4) anate and Pubhc Wells

| Prtvate wells are regxstered at the DMR as requlred by the Groundwater Act of Tharland At : ey

, present the DMR charges water fee at 3.5 baht/m for these wells

- Pubhc wells numbermg about 12 600 have been constructed by government agenc1es such

e ~as PWD, DOH, ARD and DMR Pumpage from these wells is estrmated at 1.4 MCMD (see 7

' Chapter 5)

o 3(5) IEAT

There are presently nine (9) mdustrlal estates in the Study Area The total pumpage fromt ‘

. the erghty (80) deepwells located in these estates amounted to 33 MCM in 1992 (Frgure

24 Rev:cwofLandSubsrdcncc m Bangkok e

" (1) Brief History e

~ In 1969, land SUBSidence' in kBangkOk caught public attention when its evidence,esuchas

~protrusions of well casings and foundations of buildings, were observed in many places. A

seminar organized in 1979 recognized the major cause of land subsidence as due to

,“"t\




g

'excesswe w1thdrawal of groundwater Consequently, the DMR and the AIT started research :

projects on the management of groundwater and mitigation of land subsidence in Bangkok.

‘The ground surface leveling revealed that Lat Phrao, Bang Kapi, Hua Mak, Phra Khanong - :

and Bang Na areas subsided more than 10 cm/year and the center of land subsrdence,

‘ ,comc1ded with the center of depre551on of artesian pressure.
‘7(2) Groundwater Use S

j Groundwater is used as supplemental ‘source of the MWA ‘water supply ' systems

~ Groundwater is used mainly for residential, commerc1al and industrial water supplies’in
“areas not covered by the MWA distribution networks. The Groundwater Act requires
‘groundwater users to secure permit for drilling of wells and usage. Likewise, installation of -

water meter was required since 1985. As a result, groundwater pumpage can be estimated.

The total estimated pumpage of groundwater of the private wells and MWA’s wells o
. mcreased from 1. 12 to 1.48 MCMD in the Study A1ea (see Chapter 5) ‘ ' :

! 3) Groundwater Level and Land Subsndence i

l Groundwater levels in the Phra Pradaeng (PD), the Nakhon Luang (NL) and the

Nonthaburi (NB) Aqutters declined through late 60's to 70°s. They declined to a maximum -
of between 40 m to 50 m in each aquifer in early 80’s. However, groundwater level

récovered at the central area of Bangkok since 1985 due to the control of groundwater

pumpage by the Ministerial Regulations. On the other hand, groundwater levels continued
to decline in the vicinity of Bangkok, such as Lat Krabang, Pathum Thani and Samut
Sakhon areas. Groundwater pumpage in these areas increased yearly due to continuous™

. construction of factories and housing. ThlS has caused the steep declme of groundwater
levels. '

,k Le'veling"suryeys for land subsidence have been conducted by the Royal Thai Survey ,

Department (RTSD), Bangkok Metropolitan Authority (BMA), and DMR. Based on the

'RTSD’s data, a maximum subsidence of 75 ¢cm occurred during the 10 year period between
1978 and 1987. It can be estimated that a maximum subsidence of over 160 cm had

occurred in 45 years based on the old levelmg survey data

" As mentioned above, land subsidence rate in early 80’5 was 5 to 10 cm/year in central, :

Bangkok. It decreased to less than 2 cm/year accompanied with a recovery of groundwater

level. Meanwhile, Bang Phli, Samut Prakarn and Samut Sakhon, located at the east, at the

south and at the southwest of Bangkok Metropolitan Area, respectively, suffered from

i ;extreme land subsidence at the rate of over 5 cm/year

(4) Legal Aspect

~ To conserve groundwater and minimize land sub31dence the Government of Thalland -

enforced the Groundwater Act B.E. 2520 in 1978. Under this Act, permits for drilling of |

“groundwater, for use of groundwater and for disposal of water into wells must be secured
by the user. :




As a result of the promulgatron of said law Bangkok and ﬁve (5) adjomm prOVinees were
-designated as the Bangkok Groundwater Area and users of wells in these areas were
»charged groundwater fee.

G k(S) Mltrgatlon of Groundwatex Cnsns and Land Subsndence B

. Based on the DMR and AIT joint study on "Groundwater Resources in Bangkok Area:

~ Development and Management”, the Cabinet issued a resolution on the -"Mitigation of
.. Groundwater Crisis and Land Subsidence in Bangkok Metropolis" in March 1983. The e

~resolution aimed at controlling the groundwater pumpage to recover the ptezometnc levels f

S in the three (3) heavily used aqulfers to as high | levels as possible and to slow down the rate .
~ofland subsrdence L ‘ :

'In tlus resolutton a control area of groundwater use was desrgnated and the area was k

: ~divided into three (3) critical zones according to the rate of subsidence, rate of water level
o decline and water levels. The MWA wells were planned to be phased out. The rate of
S private'pumpage was regulated in the critical zones by the target year (Fig ioure 2.8).

From 1983 to 1987 groundwater recovery was obsewed and the rate of land subsidence

~was ‘reduced in the centrai area of Bangkok due to the instituted control measures. .
-Unfortunately, annual private pumpage kept on increasing since 1988 because of the

unexpected rapid national economic growth. This phenomenon caused an upsurge in water

- demand and hastened the decline of water levels as well as the rate of land subsidence. It is - i
~in this light that groundwater control and management programs should be reassessed tobe
‘more responsrve to the present srtuatron AN
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 Table 2.3 WATER SUPPLY ACHIEVEMENT OF MWA

TN

Description / unie | rost | rosa | tosy | resa | 1985 | 1986 | 1987 | 1988 1989 | 1950 | 1991

Lk Toval Water Production | M3 | 624 {630 [626 |730 |01 |20 |41 |59 | 934 | 1049 | 1109
~(Include Groundwater) SRR N PR IS RS IS I I e B RSB R B
; B+ Water Loss # 1 | ‘ ’

| BWater Sales 40 | Mond| 334 340|960 |423 {477 485 |23 | 670 |628 {718 |74l

..................................................................................................

P U AP A S Ors: [FURPRINEIp: IUEPIPETIE GRaRPvA RERES SUSPHEHE I S Lttt el E R B i o e iy il feea il

Z)B’usiness,Gove.Agéncies‘ Mom3 1143 | 144 ] 162 | 1823 195 2041‘ 216 | 240 1 298 347377

| Water Sales %, B/A $ 1535542 50,0 57,9 | 59,5 ] 69,1 623 (66467468 5[70.5

D.Totsl Customers, No. | 1000|423 | 445 | 468 |520 | 602 |660 | 721 | 790 [867 | 949 | 1028

L Population Responsible | 1000 | 6202 | 6476 | 6096 | 6293 | 6530 | 6684 | 6023 | 7102 1289 | 7070 | 1205 |
| Ares, - Person 0 R R N N FE IR N AT S IS B RPN R e

FoWater Con'sumption ’ ; - ; : o ,
‘Ratio, @ /Person/day Q148 142 p 148 L 163 [ 178 {168 ) 1T {172 164|188 | 190

16 Service Area e | 315 {330 350 L300 [aso |15 {520 {580 {625 |60 {710
IWater Supply Ratio | % |86 | 58 | 62 | 60 | 66 [ 68 | 10 f 14 | 75 | 76 | 18
I Groundwater ol Momd | ree {163 | 143 Las0 |ros | 7uo 76 | 72 | 89 | 28 | 34

Supply Volume - RURIEE B RO RTINS I EE 6 BRSO B8 P ) NS B R I A
J.Groundwater Supply o lans s 0 an s o 1n ] 86| 01| 84| 6.3] 28] 31
‘Rativ,  1/A° ’ : L :

’ Source ¢ MWA M. oad =Million m\3> Note: MWA_service ares is BKK Met'ro/polis,'Non‘thaburki aﬁd

SamutPrakars,

12
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CHAPTER 3 AQUIFER SYSTEM

‘ 3 1 Topocraphy and Geology

A schematlc topographtcal and geologlcal map of the Lower Central Plam is’ shown in '

Figure 3.1. Mountains are situated in the west and the east of the plain. High and middle

terraces are distributed from the mountain foot to the plain. Old and young alluvial fans are -
located at the outlet of the rivers from the mountain. The plain consists of delta and tidal
- zone. The delta is composed of ﬂuvratrle sediments in the vicinity of Chai Nat and brackish

sediments in Ayutthaya. Marine to brackish delta underlain by Bangkok ‘Clay and tidal zone

are distributed in the Bangkok Metropolitan Area. As the "C age of Bangkok Clay (soft

clay) indicates 4,000 to 7,000 Y.B.P., ‘the clay was deposited during the Holocene

= Transgression. Overlain by Bangkok Clay, Pleistocene to- Plrocene sed1ments overlay the

basement at the thickness of 500 to 1 ,800 m.

o 32 Core Bormgs

Core borings were conducted to mvestlgate subsurface hydrogeological eondmons as’ well s

as to collect core samples for core analyses and soil tests Three (3) srtes were selected to B

" perform core bormgs and to construct observat1on wells ‘

Site-A: Rom Klao Vlllage of NHA, Lat Krabang : depth 600 m
Site-B: AIT Campus, Pathum Thani : depth 300 m
Site-C: Ron Rlang Wat Klong Kru, Samut Sakhon i depth 325 m

(D Hydrogeologlc Classrﬁcatlon o
Site’-A"

~ Sixteen (16) facres units were 1dermﬁed based on the detailed 11tholog1c logs and the results
- of geophysrcal loggings. Hydrogeological classrﬂcatlon at Site-A i is summar1zed as follows

. (Frgure 3.2):

 Hydrogeological Classification ~ Depth et T
~ Bangkok Clay (softclay) - 1.50m to 17ﬁ20 m
Bangkok Clay (stiffclay) = 17.20mt020.30 m
Bangkok Aquifer - ©2030mto57.80m
Phra Pradaeng Aquifer ~~~ 57.80mto 12150 m
| Nakhon Luang Aquifer 12150 mto 17828 m’
o Nonthaburi Aquifer =~ 178.28 m to 280.80 m
- Sam Khok Aquifer 280.80 mto 361.40m
- Phayathai Aquifer ~ ~ 361.40mto 440.00 m"
- Thonburi Aquifer ~ .~ 440.00mto482.00m -
Pak Nam Aquifer =~ 482.00 mto 600.00 m+
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 SiteB

3 ;’,Eleven'k(ll) facies units were identified based on the detailed litkholodicj logs and the results
o of geophysical loggings. The hydrogeoloclcal class1ﬁcat10n at Slte B 18 summanzed as

5 : follows
' Hydrogeological Classification ~~ Depth |
~ Bangkok Clay (soft clay) 200mto9.20m
~ Bangkok Clay (stiffclay) . 920mt015.80m
 Bangkok Aquifer -+ 1580 mto49.00m
- Phra Pradaeng Aquifer . 49.00mto 126.25m
*Nakhon Luang Aquifer 126.25 m 6 193.40 m
Nonthaburi Aquifer 193.40mto 281.13 m
- Sam Khok Aquifer 281.13 m to 300.00 m+

© SiteC o

A flj ,Thi’rteen‘ ( 1'3) facies units were idenyti'fled based on the 'deta'iled 1it’h¢1¢5gié legs andﬁthelesults’
. of geophysmal loogmgs The hydrogeologlcal clas31ﬁcat1on at Slte Cis summarlzed as 3

. follows:

"+ Hydrogeological Classification -
~ Bangkok Clay (soft clay)
~ Bangkok Clay (stiff clay)

' Depk‘th B B
1.40mto 14.50 m

1450mt61945m

Bangkok Aquifer 19.45mto43.45m
Phra Pradaeng Aquifer  43.45mto 108.00 m
~ Nakhon Luang Aquifer = 108.00mto 170.00 m
Nonthaburl Aquifer ~  170. 00 m to 281.00 m
- SamKhok Aquifer ~281.00 m to 325.00 m+

< .(2)‘ Analysis of Co’re Samples' SR
- \Core samples were analyZed for the followmg 1tems
- *C datmg

- Microfossils (D1atom and F orammlfera)
- Salt content - '

" . '14C Datmg

: The age of Bangkok Clay (soﬁ clay) was estlmated by e datmg The results of dating

: ranged from 1,110+100 to 8,620+340 Y.B.P. at Site A (Lat Krabang) and Site B (AIT) |
: md1catmg the dep051ts of the Alluv1a1 Transgresswn B , :
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~Environments of Deposition

A few diatom and foraminifera are contained in the Bangkok Clay. Results of microfossil
~analysis indicated that the Bangkok Clay is deposited in a marginal sea environment.

il Salt Content Aiialysis

‘ Salt contents in the core samples showed high concentration at depth of 30 m to 90 mat
- Site A and 30 m to 50 m at Slte B. These results mdlcated the sahmty of the Bangkok .
Aquifer. « ~ ‘o

~Soil TeSt

- Undisturbed samples were taken by thin wall sampler and tested for physical properties and -
- consolidation. Pleistocene sediments may also be consolidated. Therefore, core samples
. were taken at depth from 50 to 600 meter by wire line method and tested for physical
properties and consolidation (some samples for high stress consolidation). Future land
~subsidence was predicted by using parameters obtained by the soil tests. Bangkok Clay isa
‘consolidated bed which affects land subsidence. ~ ,

" 3.3 Basement Structure

- ~Based on previous studies and results of the core borings, the basement structure of the
- Lower Central Plain was delineated as shown in Figure 3.3. The depth of the basement was
~estimated at more than 1,000 m in the right bank of the Chao Phraya River. The depth of
- the basement is 385 m and 412 m'at two (2) existing boreholes in the left bank near the river
- mouth. However, the core boring at Site A did not reach the basement at depth of 600m.

~ Therefore, the depth of the basement of the entire left bank was estlmated at 500 to 1,000

3.4 Aquife'r Unit

Based on the core bormg data and the existing hthologlc logs, - the geology and

hydrogeology of the Study Area were interpreted and analyzed. Figure 3.4 shows a-

- representative profile of the Study Area. Eight (8) aquifer units were classified according to
~DMR’s definition. The 1sodepth maps of main aquifers were prepared as shown in Flgures

351, 352and353

: 3. S Constructlon of Momtormg Statmns

- Momtormg wells were drilled at Slte A (Lat Krabang) B (AIT) and C (Samut Sakhon) for
. measurement of land subsidence and groundwater levels at different depths. Number of

wells and their depths are shown in Figure 3.6. The set of subsidence equipment and water

- level recorders were installed at each rnomtormg well (Figure 3. 7) Pumpmg tests were
3 conducted to obtam aquifer parameters
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JICA-A  LOGGING

Age lpeptt] - |Facis|  Facies o spmV) RCp)(Q-m) , ‘ r(eps) - | Aquifer | Aquifer

W Units P o w =0 1 Unit Name

Dark greenish gray clay
Benghok top clay

Holocene

-
=]

Gray silty stiff clay

Fite to mediva sand

Trown stiff clay

BK

Tine to mediva sand '
{ vith gravel

Brova reddich browa yel-
Lovish drova silt clay
send alt celearesus
nodele

180 |
g36[s

PD

- 1100

102 =
‘108

Brownish gray fine to
nediva send vith granule

NL
upper
Lower

| Yellovish to reddish
brovn ¢lay with caleare~
ous nodule

Brown to yeliovish brova
fine to medivs sand with
silt

Drovnish gray dark gray
fine to coarse sand with
silt with gypsum

Ha.¥e nodule

NB

_upper |
Lower

Pleistocene

Yellovish -brown gray por-
plisk gray very fine to
very cosrse saad aed gray
broveish gray silt alt

°| #ith consolidated silt
caleareous odule

250

Upper consolidated elay

== SK

Lover deckgrey brovnish
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| send

13504




Pleistocene

| plish gray very fine to
very cosrse saed and gray
brovaish gray silt alt
vith consolidated silt
1 calcareous fodule

Tellovish brovn gray por-

3504

Upper ‘consolidated clay

Lover darkgray brovaish
gray very fine to mediom
send

-} brovalsh gray durk gray

| ed caleareous bed and

4004

fine to medinm sard snd
darkgray reddish brovn
clay alt with consolidat-

nodule 383-334 vood frag.

aent

Brov grey fine to very

cozrse sand vwith gravel
silt calcareous beds

Gray calcareous ¢ilt and
fine to very cosrse cand

alt consolidated

Gray reddish brova fine

to coarse sand with ilt
vith consolidated sand
d silt
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Figure3.2

JICA-A Logging and Aquifer
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CHAPTER4 GROUNDWATER QUALITY |




'CHAPTER4  GROUNDWATER QUALITY
- 4.1 Water Quality of DMR Moilitorlng Wells 7‘
}(1)" Method of'SVampling v,
A total of 237 oroundwater samples from the DMR monitoring wells and 16 samples from /‘ ‘
- production wells were collected and analyzed in the laboratory. The submersible pump was
~ used to remove stagnant water from the well so as to collect reliable samples. Pumping was
“done for ‘at least one (1) hour. Water level, discharge rate, electric conduct1v1ty, pH and‘ :
'temperature were measured at an mterval of lO minutes durmg pumpmg SR
03 Dlstl 1butlon of Water Quallty
" DMR monitoring wells tapped three (3) major aquifers, i.e, Phra Pradaeng (PD) Nakhon”i
~ Luang (NL) and Nonthaburi (NB) Aquifers. Groundwater of these aqutfers were mtex preted” '
~ from the geochemtcal point of view. : i

Trllmcar Dngr‘lm An‘tlys:s -

" The results of analysis were plotted on the tnlmear dtagram The central diamond shape
area of the diagram was dtthed into 5 domams :

~ Domainl f'Ca(HCO;‘)ztype' e
‘DomainII = NaHCOs type

" DomainIlI  CaSOyor CaCl, type

- Domain IV NaZSO4 or NaCl type o

~ Domain V  the middle =

 Groundwater chemically evolved along the path from domam III(V) to domain I, and from
- domain I to TI(V). Most of PD Aquifer samples were plotted on domain IIL IVand V. A~
few samples were plotted on domain I and II. NL Aquifer samples were also located in
~~ domain IIL, IV and V. More NL ‘Aquifer samples were plotted on domain I and II than PD
~ Aquifer samples. NL Aquifer samples were divided into two (2) groups: one at domain III
“and IV and the other at domain II and V. Fresh water was generally represented on domain" =
LIl and V. Groundwater at domam IV was affected by sea water or- fossﬂ water (thures i
411t0413) R , : | S

_ Pattern Diagram Analysis

- PD Aquifer samples were classified into two (2) groups: one was characterized by

 dominance of (Na+K) and the other was characterized by almost the same contents of

- (Na+K) and (Ca). The former group is in Samut Prakan and western Bangkok, while the
,latter group is dtstrlbuted in northern Bangkok, Pathum Thani, and Nonthaburi. .

NL Aqu1fer samples taken from the coastal area had h1gh content of chlorlde and (Na+K) '

“which could have originated from sea water. Samples taken from the inland area had higher =
~ content of calcium as well as (Na+K) in cations. This may indicate that the source of saline
© water in the inland area may be dlfferent from that in the coastal area. -
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L 'NB Aquifer samples taken from the s’outhérrl part oti the 'Study Area were tich rn“chlorlde' : L
- and (Na+K), similar to the water quality of NL-Aquifer. The cause of salinity of the NB

' Aqu1fer may be the same as that of the NL Aquller (Flgures 42, 1to 42. 3)

| ‘4 2 W‘lter Quallty of JICA Momtormg Wells

- ;The results of analysrs of groundwater collected from the 18 monrtormg wells are :
 summarized in Figure 4.3 and Table 4.1. BK Aquifer samples were plotted on domain IVor
- I because of high chloride concentration. ~Groundwater of PD and NB Aquifers were.:-g?'

plotted on domain IV at Site A (Lat Krabarw) and Site B (AIT), however, in Site C (Samut -~~~
~ Sakhon), PD and NB groundwater not affected by sallmty yet were plotted at domam V and S
St respecttvelv : - T oY S

5 ,'NL,:groun'dwaterjwhich was affected by szilin‘ity was plotted on domain 1V at Site C (Samut
Sakhon). At Site A (Lat Krabang) and B (AIT), it was plotted on domain IV to' V and was

not affected by salinity yet.

Groundwater of deep SK, PT erld‘ PN Aquifers at Site A (Lat Krabang) was moved fo s

| domam IV At Slte C (Samut Sakhon), it was stlll on domain I indicating fresh water,

‘4 3 Sahmty of Groundwater

In PD Aqurfer the area of high chloride concentratlon spread over the entlre Study Area i

- ‘except the eastern part. On the other hand, in NL Aquifer, the area of concentration laid

. along the coast from Samut Sakhon to Samut Prakan and right bank of the Chao Phraya

~ River. NB Aquifer showed more than 5,000 mg/l of chloride concentration in the areas at

. the mouth of the Chao Phraya River, Samut Sakhon Samut Prakan and Pathum Tham e
e (Frgures44 1to443) ~~ ,

o Spatlal dxstrlbutlon of chlorrde concentratton suggested that the sallmty of groundwater was
. brought about by downward leakage of fossil water from shallow BK Aquifer to deep

“aquifers. Leakage occurred due to depletion of the deep aquifer’s artesian head which was
~ heavily pumped. Aquifers deeper than PD Aquifer are possible to crop out at the bottom of
the Guif of Thailand. However, they may crop out several hundred kilometers far from the .-
~mouth of the Chao Phraya River. In addition, aquifers are overlain by Bangkok Clay in the -
g 'coastal area. This mdrcates low possibility of d1rect sea water 1ntrus1on ‘ : ,
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WORL g

 CHAPTERS GROUNDWATER PUMPAGE
5.1 'Background
This chapter ptesents the results of the eshmanons of year—1992 groundwater abstractlons and
hisforical ‘groundwater pumpage records (1983-1992) based on the compilation of well

ot mventones of both pnvate and public wells in the BanOkok Metropohtan A1ea and 1ts vicinity.

Private wells are those wells ’reglstered at DMR for water 1'1ghts,‘ while publlc wells are those”
‘wells constructed or managed (or both) by DMR, PWD, MWA, PWA, DOH, ARD and TEAT.

Meanwhile, the Whole Area shall include wholly the eight pr ovinces containing the 11,222

private wells and 2,475 public wells. Inside the Whole Area is the Study Area which covers -
~ wholly Bangkok, Nonthaburi, Pathum Thani, and Samut Prakan and partly Samut Sakhon,
- Ayutthaya, Nakhon Pathum and Chachoengsao, i.e., between 35°E and 115°E and between‘, L

93°N and 173°N, and locates the 10,772 pnvate wells and 884 pubhc wells

‘ S0 ‘52 Well Inventory 5 L

i The groundwater pumpage estimations basically relied on the Gtoundwater Database System i
prepared by the Study Team, specifically on the system's well inventory database which stores all . - ‘

- the different well inventories collected from the said agencies during the Study. = These well 1
. inventories contain 11,222 private wells, 2,475 public wells and 258 groundwater observation
e ’wells‘ for a total of 13 ‘9’55 wells as 0f 1992, encompassino active, inactive and abandoned wells. '

As shown in Figure 5. 2 1, of the 11 222 1nventoned private wells more than 75% of the pnvate_'i: e
“wells are located in Bangkok (4,853 wells) and Samut Prakan (3,669 wells) and more than 45%

(5,140 wells) 37% (4,189 wells) and 14% (1,667 wells) are tapping Nakhon Luang, Phra
Pradaeng and Nonthaburi Aquifers, - respectively.  Nakhon Luang Aquifer is giving out

- groundwater to 52.5% of the wells in Bangkok, 57.2% of the wells in Pathum Thani, 52.9% of . -
- the wells in Samut Sakhon and 72.4% of the wells in Ayutthaya In Samut Prakan, 62.2% of the L
- wells are tapping Phra Pradaeng Aquifer. More than 72. 4% of the wells in Nonthabun provmce R

are thhdravsnng from a deeper aquifer, Nonthabun

' Around 45, 3% (5,088 wells) of the 11,222 pnvate wells are for domest1c consumptxon The ;

. distributions of the rest consist of 4.2% (478 wells) for institutional use; 10.6% (1,186 wells) for .
-~ commercial use; and 39.8% (4,470 wells) for industrial use. Around 47% of the 5,088 domestic
- wells are abstracting from Nakhon Luang Aquifer, and 39. 3% from Phra Pradaeng Aquifer. The f

- largest number of industrial wells, 1,129, are pumping from Phra Pradaeng Aquifer i in Samut

~Prakan. The second largest number (645 wells), which i is also smlated in Samut Prakan, 1s‘j
o w1thdrav\/1nor groundwater from Nakhon Luang Aquifer. o - EEa :

. l

A'As shown in F1gure 5.2, 2, of the 2 475 pubhc wells 1,019 (41. 2%) were constructed by DMR L
932 (37.7%) by PWD, 157 (6.3%) by MWA, 111 (4.5%) by PWA, 83 (3.4%) by DOH, 93 -

G. 7%) by ARD, and 80 (3.2%) by IEAT. Wells constructed or managed (or both) by DMR, -

;’ PWD, PWA, DOH, and ARD are specifically for domestic use. MWA well produc’nons are i
‘ largely for domestic consumptlon, whtle IEAT wells are utlhzed for mdustnes ’

W More than 6.6% (163) of the 2,475 publlc wells are located in Bangkok, 32% (79) in
T Nonthabun 8% (198) in Pathum Tham 7.1% ( 175) in Samut Prakan, 12. 2% (303) in Samut
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Sakhon 34, 3% (847) in Ayutthaya 14 3% (395) in- Nakhon Pathum and 14.3% (355) in 8

- Chachoengsao.  There -are 1,110 (44.8%) pumping out from Nakhon Luang Aqu1fer 602

L : M(74 ?%) from Phra Pradaen(y Aqun‘er and 534 (21 6"/)) ﬁom Nonthabun AqullLr

i Of the 1 I 222 pnvate wells (rathex ed from the DMR‘s Groundwater Dmsxon 10, 777 are located i
" in'the Study Area. More than 60.6% of the 884 inventoried public wells in the Study Area are |
~ located in Barrokok Pathum Thani and Samut Prakan, and more than 46.4% were constructed
- byPWD. The combined total of the inventoried number of private and public productlon wells -
o n the Study Areais 11,656, Of this total, pubhc wells represent only 7.6%.

= :On the other hand the number of prtvate wells wnh actlve wate1 permns was est1ma’red at 4 141 o
for the year- 1992 based on the years of the issuance, expiration and extensron of water permlts G

 Ofthis total, 4,132 we ls are Jocated in the Study Area.

e "3 3 Hlstoncal Groundwater Pumpqge Estlmntlons

. The 1983 1992 lnstoncal groundwater pumpage recoxds were estimated to provide basrc data
- for groundwater simulation studies, i.e for the calibration and verification of groundwarer"y
S model and also for generanon of ﬁlture pumpage scenar i0s.

Two (2) cases of h1stor1cal darly roundwater pumpage estirnatesz'wereconslderedfor private
: Wells : : o ‘ ' o et B

' ;ﬁ"‘Cme I Assumes that all pnvate wells w1th pemmts that have explred and have not been L
~extended shall become inactive or abandoned. daily pumpage Estimates are based on the years of S
[issuance, expiration and  extension of water rights and the volume pemntted st1pulated in the
- water rights multiplied by the GPC Tlns GPC is the average ratro of the actual pumpage to the
volume penmtted o ~ : : :

e Case 2 Cons1ders that well OWners shall continue usmg groundwater even aﬁer the exp1ratlon,

- of their water rights for there is still an 1nadequate supply of surface water. Estimates are based ,

~oneither the year of issuance of water permit or the year of completlon of well constructlon and
 thevolume perrnltted mult1p11ed by the GP(“ ,

: [:~~fFor pubhc wells monthly drscharge records stored in the well mventory database were used for,‘ o

- the computation of historical groundwater pumpage. In the absence of actual pumpage records,

o ‘historical dally pumpage was estimated using the well yield data obtained during | pumpmg test,
e kthe number of hours of operatron per day, and the year the well was COnstructed -

The results of estimations are as follows.

~ Private Wells Case 1 The year-to-year pattern of groundwater withdrawals for the Studyy_. -

Area is similar to that for the Whole Area, as shown in Figure 5.3.1.. The groundwatcr}i

~ withdrawals for the Whole Area increased steadily fiom 640,375 CMD (630,619 CMD for the

o 'Study Area) in 1980, peaked to 838,610 CMD (821,952 CMD) in 1988, started declining in
1989, and decreased .abruptly between 1989 and 1990 by 22.1% (23.4% for the Study Area)
- mainly due to the supposed abandonment of wells with expired water permits; By the year-1992,
the groundwater pumpage was estrmated at 645,053 CMD for the Whole Area and 603 988
f CMDfontheStudyArea , o o . o
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Private Wells Case 2: The historical records of groundwate‘r pumpage as calculated using Case

2 for both Whole Area and Study Area had patterns similar to the one shown in Figure 5.32.
~ The rate of increase in the total groundwater withdrawal is higher after 1987 (about 7.5%) than

before 1987 (about 5%). This phenomenon after 1987 can'be attnbuted to the fact that Thatland c

frexpenenced an unexpected h1orh econonnc gr owth

The total <rroundwater wnhdrawals for the Whole Area mcreased from 640,375 CMD i 1983 to' 2
- 1,171,321 CMD in 1992. In the Study Area, the total use of groundwater had 1ncreased 177 8% '
. orby 490 685 CMD) from 630 620 CMD to l 121 305 CMD for the same penod !

In Table 5, 3.1, these statrsncs have shown that groundwater w1thdrawal is contmuously"
“increasing as assurned in Case 2. Since it was also in good agreement with the results of the o

groundwater simulation studies, Case 2 therefore was considered : as the most probable hlstoncal

i Spattem of groundwatet w1thdrawal in the Study Area T

~ Public Wells For both the Whole Area and Study Area the groundwater pumpage estimates L

for DMR, PWD, PWA, IEAT, DOH, and ARD showed a year-to-year increasing pattern, while -

-~ MWA showed a historical decreasing trend. ~ This is shown in Figure 5.3.3. Combined
‘withdrawals of all public wells reflected the historical trend of that of MWA because its
- withdrawals as compared with those of other agencies were much larger. The historical decline -
~of MWA pumpage was due to the Cabinet Resolution of March 1983 d1rectmg MWA to phase
~ outall pubhc wells in the deﬁned Critical Zones 1 and 2 by the end of 1987 Ry

' k‘Combmed total groundwater pumpage of both prlvate and pubhc wells: The combined
~total historical groundwater withdrawals of both private and public wells were generated using
Case 2. They are shown in Table 5.3.2 and Figure 5.3.4. :

i The historical patterns for the Whole Area and the Study Area showed a drop in- groundwater S
- withdrawal between 1985 and 1986 as influenced by the abrupt declme of MWA extractionin =

the same penod for the reason ment1oned above..

. The total groundwater withdrawals for the Whole Area 1ncreased from 1 ,277,499 CMD in 1983 "
‘to 1,799,596 CMD in 1992. In the Study Area, the total use of groundwater had increased

132.6% from 1, 117 028 CMD to 1,481,061 CMD for the same penod

L 5.4 Year—1992 Total Groundwater Pumpage in the Study Area |

- The combmed year-1992 total pumpage of both pnvate and public wells shows the approxxmate
- picture of the year-1992 groundwater pumpage m the Study Area.

The year-1992 pumpage level generated by private wells in the Study Area was 1,121,305 CMD ,

- as computed using Case 2 in Table 5.4.1. Figure 5.4.1 shows the distributions of this total =

“pumpage as 23.8% for domestic supplies, 4.3% for institutional uses, 6.9% for commercial

_purposes and 65% for industries. Around 728,755 CMD, which represented 65% of the total

- average daily pumpage in the Study Area, were used by industries. Of this amount of pumpage,
~textile industry got the biggest share at 30.6%, followed by food processing industry with

- 11.5%. The share of chemical industry amounted to 7% or 50,709 CMD and paper industry =

 shared 5.9% or 42,739 CMD to the total industrial pumpage. On the other hand, the high
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. pumpage shares’ of Sarmit ankan Bannkok and Pathum Tham could be attrlbuted to the |
concentl atlon of mdustnes n these areas. ' i

: Aé presented in Table ‘5.4. 1, the year—1992 groundwater production of public wells in the 'S,tudy o
-~ Area totaled 359,756 CMD. In Figure 5.4.1, this total was divided into 78.7% for domestic use
~~and 21.3% for industrial use. For domestic use, public wells produced more groundwater than .~~~
- private wells (283,153 CMD against 267,570 CMD).  While abstraction for industrial use by
o pubhc Wells teprcsentcd only 10.5% of the total mdustnal productlon of private wells '

: eCombmed total of the estnnated groundwater wnhdrawals of pnvate and pubhc wel]s in the
o Study Area amounted to 1 481 ,0601 CMD Of thlS total pubhc wells used 24. ’%% :

L T11e combmed total wnhdlawals were d1s‘mbured as: 550 723 CMD for domestlc uses; 47 944 L

~ CMD for institutional uses; 77,036 CMD for commercial uses; and 805,358 CMD for,mdustnal' o
. uses. Combined distributions were 37.2% for domestic supplies, 3.2% for institutional uses, s
 5.2% for commercial supplies and 54.4% for industries. This is shown in Figure 5.4.1. Flgure :

L ‘5 42 plots the spat1a1 distribution of pumpage in the Study Area in year—1992
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“Table $3.1 GROUNDWATER LEVEL STATISTICS FROM 84kDMR'MONITORING'STATi,

Neither Recover '

“Total

. Recover* . De¢cline nor Declinex g

Changwat in 1990-91 after 1987 after 1987 Total

Bangkok 14 (41%) 13 (38% ) 7 (21%) 34 (100%)

Nonthaburi 5 (100%) L 5 (100%) .
 Pathum Thani : 15 (94% ) 1(6% ) 16 (100%)

gamut Prakan . 1 (5% ) 17 (77% ) 4 (18%) 22 {100%)

Samut -Sakhon ' 1.(50% ) v 1 .(50%) “2 (100%)’

Ayutthaya 3 (100%) - ' > 3(100%) o

Nakhon Pathom - 2 (100%) ° R TSN 2 .0100%) -

15 (18%) 56 (67% ) .13 (15%) 84 (100%):

‘*Pecline after 1991
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 CHAPTER 6

GROUNDWATER LEVELS AND LAND
SUBSIDENCE




P

Sy

: ~CHA’PTER’6 GROUNDWATER LEVELS AND LAND SUBSIDENCE

: : 6 1 DMR Momtormg Statlons D

Groundwater levels in the Study Area are momtored by DMR through the groundwater
monitoring network consisting of 258 observat1on wells in 103 stations. Of the 258

. momtormg wells, 77 wells - wete installed with water level recorders Groundwater levels m'
-~ all momtormg wells are measur ed at least monthly (Flgure 6 l) ' :

(1) Groundwater Level Changes
- The annual plezometrlc changes of mam aqulfers in the past 15 years m Lat Krabang, '
PathumThani, and Samut Sakhon are presented in Figure 6.2 Recent decline of

- groundwater levels and land subsidence ‘were noticeable in these areas. In Pathum Thani,”

“the piezometric levels declined almost continuously, though the levels temporarily recovered

- from 1985 to 1987 due to DMR's restriction on private pumpage. The annual declme of :
: rwater levels were also srgmﬂcant in the other two (2) areas. o
: (2) Grmlndwater Contou‘r

S Phra Pradaeng Aquel .

iy From 1981 to 1985 plezometnc level lowered yearly in the central Bangkok Metropolis but

recovered slightly in 1987 due to restriction of pumpage. The cone of depression extended
to the east and the deepest piezometric level of 53.0 m was observed in Bang Phli, Samut

k Prakan in 1993. The piezometric levels below 20 m were distributed in the entire Bangkok

~ Metropolis, Samut Prakan, Samut Sakhon, and central Pathum Tham The cone. of
e depressmns deeper than 30 m appeared 1solate1y (Flgure 6. 3) s

Nakhon Luang Aqulfer S

i ‘Pelzometnc levels lower than 40 50 m were observed from central to eastern port1on of

Bangkok in the begmnmg of 1980. The center of the depression moved toward east every'»
year. The 1994 groundwater contour shows an elliptical depression zone extending from

~ north to south at maximum depth of 60 m. The center of Bangkok is at the western edge of
the depressxon zone showmg 30 mto 35 m water level (F1gure 6. 4) ‘

' k"'NOIlﬂla‘blll‘l Aqulfer ‘

‘ The plezometnc contour of Nonthabur1 aqulfer is similar to those of the above mentioned '

- two (2) aquifers. From 1980 to 1984, the cone of depression was observed in the central' -
Bangkok but moved gradually toward the east. A wide depression zone of 40 m to 50 m"’ ,
stretchmg from Pathum Tham Samut Sakhon and Samut Prakarn appeared in 1994 (Flgure e

6. 5) ‘ 0 =

6.2 JICA Monitoriyng Stations o

~ Groundwater levels and land sUbsidence are monitored at the JICA monitoring stations in
Lat Krabang (Site A), AIT (Site B) and Samut Sakhon (Site C) since July 1993. These
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' ~mon1torm0 wells measure <rroundwate1 levels and land sub51dence at drfferent depths |

- record data on the chart continuously and store them in the magnetic card every hour

e These data are > collected every month and processed on the micro- -computer at DMR.
Ly ,Ai(l),Lat Krabang (Slte-A) o

The deepest groundwater level was observed at A6 well (Nakhon Luang Aqulfer) showrng i
- 63.0 min ‘July 1994, The decline since the beginning was about 5 m. The groundwater

 levels at A-5 well ( Nonthaburi Aquifer) and A-7 well (Phra Pradaeng Aqu1fer) were lower

~ than 50 m. Those at the deep monitoring wells, i.e., A-2 well (Phayathai Aquifer), A-3 well

~ (Sam Khok Aqulfer) A-4 well (Sam Khok Aqurfer) and at the shallowest A-8 well

- (Bangkok Aqurfer) ranged from 20 m to 27 m. The water level of the deepest A-1 well (Pak
. Nam Aquer) has gradually recovered since its construction, and the present ptezometrlc,
B head is shghtly higher than the crround elevation 1nd1cat1ng an artesian condrtlon e 4

The maximum land subsrdence of 6 5 cm was recorded at A~2 well in July 1993 The

subsidence rate which was evaluated considering the compactlon of land fill was almost the

. same as the recorded subsidence rtate based on: the nearhy benchmark. The annual

- compression from the surface to the bottom of A-8 well (48 m) which was considered

- subsidence of the shallow formations including Bargkok Clay represented only 40% of the

. total compression mieasured at A-1 well (574 m). The rest, 60% of the compressron
e occurred at deeper formations (Troure 6.6). :

1,’,(2) AIT (Slte B)
Groundwater level was lowest at B- 1 well (Nonthabun Aqu1fer) and gr adually mcreased as 3

: - the depth decreased in the order of B-2, B-3 (both Nakhon Luang Aquifers), B-4 (Phra
~ Pradaeng Aquifer) and B-5 (Bangkok Aquifer). The groundwater levels declined to-37 m,

32 m and 32 m at B-1, B-2 and B-3, respectively. The daily and weekly fluctuations of

 water levels were observed at B-2 and B-3 wells. These ﬂuctuatlons were caused by the
B pumpmg of the 1ndustr1al wells in the vicinity.

i Shght land subs1dence occurred at the above momtormg wells A maximum subs1dence was
‘yf’.only 1.1 cm since the beginning. However, records showed the land slightly rebounded
. since May 1994. A rhythmic daily cycle of compression and rebound was observed Thrs .
. corresponded with the daily fluctuation of the groundwater level (Fi igure 6. 7)

i (3) Samut’ Sakhon (Slte -0)

Lo The deepest groundwater levels were observed at C-2 well (Nonthaburi Aquifer) recorded
A -;‘,‘fat 71 m elevation and at.C-3 well (Nakhon Luang Aquifer) recorded at 53 m elevation
~ (July, 1994). The groundwater levels were affected by the pumping of wells in the v1c1n1ty ;
- and a rhythmic daily and weekly fluctuations were observed. C-4 and C-5 (both Phra
G Pradaeng Aquifers) and the deepest C-1 well (Sam Khok Aquifer) ranged from 17 m to 29
e T ‘:m in water levels Fluctuations of groundwater levels were not observed L ,

_A max1mum su’bs1dence of 12 6 cm was recorded at C 2 well (212 m) for about 1 year C 4 ,
well (105 m) recorded a minimum subsidence of 10 cm. The deepest C-1 well (320 m) also
i recorded about 12 0 cm and the shallowest C-5 (78 m) was 10. 6 cm. Most of the
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_compression occurred at the shallow formations. The site was excavated and filled with soil |

“when it was constructed because it was situated at a low soft ground A much longer time
~ for evaluation of land subsidence on each well was necessary in view of the ant1c1pated
i settlement of the land ﬁll (thure 6 8) ‘ : - : :

G ,(4)*Benchm'arks .

Two (2) kinds of benchmarks were constructed at each momtormg station in order to'
 measure ground subsidence. One benchmark’s foundation was placed at ‘the depth of 1 m :
~ BGS without support. The other benchmark’s foundation was supported by 3 m long
~ concrete piles. The elevations of these benchmarks were determined by reliable leveling -
 conducted by the Study Team in July 1993 and June 1994 using nearby existing DMR
benchmarks as reference benchmark. The latest elevation of existing DMR benchmarks
o were not avallable at that tlme and so, their subsidence were calculated.

r(5) Pore Water Pressure

& Five (5) pore water ptessure meters were buried from 5mto 34 m depths at Lat Krabang ‘

(Site A). The pore water pressure of Bangkok Clay was measured once a month. The
results indicated the hydrostatic pressure distribution up to a depth of 15 m. It was noted

~ that the pressure lowered to 0. Skgf/cm and 18 kgf/cm2 at 25 m and 34 m depths
krespectlvely : el

6.3 DMRand RTSD Benchmarks

A total of 1 ,243 benchmarks were constructed by DMR, RTSD, BMA and related agencies
- as of the year-1992. Some of these benchmarks were destroyed or lost (see Figure 6.9). i S
- There was no established standard date and time of leveling among these agenc1es The oA
- following is discussed according to the RTSD and the DMR data:

(1) Subsrdence at Representatlve Benchmarks

; ,The land sub51dence recorded at AIT 14 station’s CI 1 benchmark (1 m depth) in Phra -

~ Khanong, Bangkok was 648.8 mm in 13 years from 1980 to 1993. AIT-08 station’s CI-1

- showed 225 mm in the same period. It is located at Chulalongkorn University in the center e
of Bangkok. AIT-25 station’s CI-1 in Pathum Thani also recorded 75 mm in 8 years since

1986, however, it rebounded in 1990 and 1992 (Flgure 6.10).

| '(2) Total Land Subs:dence ;

' TFigure 6. 11 shows the total subsidence distribution in twelve (12) yeals from 1980 to 1992
~ (1 m depth). A subsidence cone was located in the center of Bangkok indicating 62.6 cm

maximum. The land subsidence area extends north- south direction from this center of the
cone. The Study Area entlrely subsided more than 10 ¢m. The total subsidence before 1986 -
formed the subsidence cone in the center of Bangkok however, the cone gradually moved

-~ toward the east since 1986. The total subsidence in the southern and eastern areas, Samut
- Prakan and Lat Krabang, showed 20 to 25 cm in 6 years while i in the center of Bangkok £
- was less than 15 cm. : o
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Ty " ~"‘~,"‘-1;?(3) Land Subsndence Rate from 1992 to 1993

qure 6 12 shows the annual rate of 511b51dence from 1992 to 1993 The map md1cates .
s f‘swmﬁcant land subsidence at more than 3 cm/year which occurred in Samut Prakan and Lat
. " Krabang, south and east of Bangkok, respectively. The subsidence cone of 4- 5 cm/year was
observed locally in these areas. On the other hand, 1-2 cm/year of subsidence was observed
- at the center of Banﬂkok It was less than 1 cm/year in the area along the Chao Phraya S
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 CHAPTER7 GROUNDWATER MODELING

i ‘7.‘1""Modeling Approach

‘Three (3) kmds of croundwater sn"nulanon models were demnned to formulate stratemes for |
‘the groundwater basm management and measures for land sub51dence e

: Table 7 1 Groundwater models used for the S’rudy

; Model Name R PxowramName i IR Purpose o
‘| 3-D Groundwater Flow and MODFLOW SUBPRO-1 Analyze 3-D groundwater" ﬂow
Land Subsidence Model = and land subsidence distribution |
Vertical - 2-D  Groundwater | MODFLOW SUBPRO-2 - Analyze oodetailed 0 2-D |
| Flow and Land Submdence : T | groundwater flow and land
| Model < - | e s e | subsidence o
| Vertical 2-D Solute | MOCDENSE MT3D - | Analyze ~movement - of = saline |
Transport Model s water : '

7. 2 Modeled Area and Gl id
',1(1) Grld for 3 D Groundwater Flow and Land Subsndence Model

:The modeled area covered the Lower Central Plain in order tO'SImulate‘béi'sinéwide ’reg'ional :

e groundwater flow. The grid size of the Study Area was 2km x 2km. The grid outside the

‘Study Area varied from 2km x 4km to 16km x 16km in size as size increased with

b “increasing distance from the Study Area. A total number of modeled grids in one (1) layeris

-2,860 (55 rows x 52 columns) The number of grlds in the Study Area is 1 ,600 (F1gure
, 7 1.1). ; :

“The model was divlded into 'ten"(lO) layers based on the hydrogedoéical classification. In

L faddtlon to the 8 major aqu1fers an unconfined aquifer (UC) and Bangkok Soft Clay (B(‘) o ’
. were put in the model as the top most and the second layer respeotlvely (Flg_,ure 7 1 2) :

i 2) ,Grld for Vertical 2-D Groundwaler Flow ;‘md Land Submde‘nce 'Model

 The vertical 2-D groundwater flow and land subsidence model was ’cod‘stiﬁored'ba'sed'on
o the hydlogeologlcal profile of N-5 prepared by the Study Team. The N-5 ploﬁle went
. across the land subsidence zone of eastern Bangkok from north to south and was suitable -

~for analysis of groundwater movement and land subsidence (Figure 7.2). The modeled area
‘has a length of 90l<m and a depth of 600m The total number of the grld is 2,025 (Figure
73.0). |

'(3) Grid for Yei'tical 2-D Solute Transport Model

- The vertical 2-D solute transport model was constructed based on the hydrogeological
- profile of N-3 prepared by the Study Team. The N-3 profile went across the area of saline’
~water from the right bank of the Chao Phraya River to the coastal area. It was suitable for
~the analysis of groundwater salinity (Figure 7.2). The modeled area has a length of 86 km
and a depth of 400 m. The total number of grid is 1,763 (Figure 7.3.2) i




7.3 kBoundary Conditions

(l) Boundary Conditio:ns for 3-D Model

ey The boundary COHd]llOﬂS were determmed based on the hydrogeolomcal proﬁles and the‘»
e’ extent ofarulfers SR o P o

5 The constant head was assigned to the boundary cells if the aquifers continue outside the =
S ,modeled area. In other boundaries, the no-flow (or closed) condition was assigned. The
' constant head (mean sea level) was also assxgned to the southmost cells located at the Gulf 5

g of Thalland (Flgure 7. 4)

e (2) Bounda"y Condltlons for Vertlcal 2-D Models

o 5 The upper most cells were asmgned constant head as well as both srdes of the model The :
& j bottom of the ‘model was spemf ed as the no-ﬂow boundary ! o

7.4 ‘ Hydrogeologic Parameters o

" The groundwater models requ1red hydrogeolome parameters ie., depth and thlckness of ; |

o layer, -

5 spemﬁc eapacny, poros1ty, hydrauhe conductmty, leakance mmal plezomeme head e
pumpmg rate and recharge rate. These parameters were obtained from the geological data, -
- pumping tests, groundwater levels and estimate of pumpage, etc. 35, OOO mg/l was 1nput to

the Solute Transport Model as 1mt1a1 eondrtlon at 1he source.-
75 Model C‘\lnbratlon

Q'Three (3) groundwater models were calibrated in order to obtain good agreement w;th

'computed value'and observed value. The steady-state calibration was carried out for 10

- years at a constant rate of pumping in order to stabilize model response and obtain initial -

- conditions of the non-steady state simulation. The historical pumpage data from 1983 to

: 1992 were later input into the models, and the non- steady state calibration was performed -
. to obtain good historical match of computed and observed values of piezometric head, land -
e subsidence and chloride concentration. In the calibration process, assumed parameters, such
~ as the leakance, were modified. The historical pumpage was also modified on the ~ =

- assumption that pumping continued after expiration of the water permit, partlcularly in

~ central Bangkok. This assumption resulted into good agreement with the eomputed and

s obsewed groundwater levels (Figure 7.5)..
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 CHAPTERS  PREDICTION OF LAND SUBSIDENCE




i ,CH‘APTE‘R‘S 'PRED;I‘CTIO’N oF LAND SUBSIDENCE o

i ‘In order to predtct future land subsuience nine (9) future pumping scenarios were prepared :

by considering several’ conditions and constraints. A 25-year prediction perxod was taken | o
. from 1993 to 2017. Each scenario was prepared based on the actual pumpage in 1992]”'- S

( Tables 8.1 and 8. 2)

e SCENARIO 1

\,Pumpaoe of the pnvate and pubhc wells (except MWA wells) W1ll increase accordmg to the ‘f SO

. trend. The MWA wells are stepwise phased out by 2007 The future productron of IEAT

i ‘wells will be accordmo to plan and available facilities. -

 The computed plezometric levels will drop abruptly'm the whole area from 1993 to 2017.

~ Water levels of main aquifers will decline from 8 m to 180m in 2017 in the heavﬂy pumped ".

= ,'r‘area such as Lat Krabano Pathum Tham and Samut Sakhon.:

Land subsidence will occur severely in the whole area. The cumulative subsidence from
1993 t0 2017 will exceed 200 cm in Samut Sakhon. Most of the Study Area will subside
more than 50 ¢m. The subsidence of more than 100 cm will occur in Samut Prakan, -

~ Bangkok, Pathum Thani, Samut Sakhon, and part of Nakhon Pathom. Areas of subsidence e

-~ with more than 150 cm will be found in Samut Prakan and Samut Sakhon (Flgures 8. l 1 to

S _SCENARIO z

i In the MWA service area, the MWA wells w111 be phased out by 2007 and prlvate we]ls will -
be replaced by piped water supply. In Pathum Thani, the PWA wells will be gradually ‘
phased out from 1997 to 2001. Private wells will decrease and will be replaced by other :
~water source. The future production of IEAT wells will be according to plan and available -
. facilities. In Samut Sakhon Ayutthaya and Nakon Pathum the pumpage w1ll be the same as’

S that of Scenario 1

The plezometnc levels of the NL Aqu1fer will recover about 15 m ﬁom 1998 to 2017 in Lat g
Krabang area. In Pathum Thani, the piezometric levels will recover when surface water will
be supplied to the area, however, the piezometric levels will again drop. Since Samut -

~ Sakhon area is not covered by any water supply project, water levels w111 declme 160 mj' -

B tol 70 m oelow mean sea level s1m11ar to that of Scenarto 1

| ;:The subs1dence of the central and eastern Bangkok almost StOpped from 1988, In northern

Bangkok, the subsidence will become mild from 1997 to 2003 with- small rebound.
- However, subsidence will again occur from 2004 at the rate more than 3 cm/year. The

subsidence will continue in Samut Sakhon and the total subsidence will reach to 170 cmin -~
the year 2017. In Bangkok and Samut Prakan, the total land sublsldence w1ll be less than
~-50cm in the year 2017 (Figures 8.2.1 to 8.2.3). : :

. SCENARIO3
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. Al types of pumpaoe will be regulated from 1997 at at that year 5 amount in the present

o ;cntical zone. The pump'tge outside of the critical zone is the same as that of Scenario 1.

kS The“ decline of ?piezometric»levels;in the present critical zories | and,2 will stabilize, = S
. However, the piezometric levels-at Site-B'(AIT) and Site-C (Samut Sakhon) will drop =~

'} ‘abruptly because these areas are not included in the present critical zone. The piezometric

' levels at Site-A (Lat Krabang) will again drop after 2008 even if the pumpage is mamtamed
~ ‘at a constant rate because of the pumpage increase in Pathum Thani.

o The land sub51dence in central and northern Bangkok will become mild from 1998 to 2008
. However, the rate will increase again from 2009. The sub51dence in Lat Krabang and Samut

v Sakhon w1ll significantly continue unttl 2017.

: :,MO'st o’f the'"t'reas under the present critical zones 1 andk'/. will subside more than'SO cm by .
. 2017. Severe subsidence will occur in Pathum Thani and Samut Sakhon The total S
e sub31dence will reach from 100cm to 175¢cm (Floures 83.1t08.3.3). L

o ’LSCENARIO 4

 Inthe present cr1t1cal zones 1 and 2 (m Bangkok Nonthabun and Samut Pr akan) all types

. of pumpage from 1997 to 2001 will be regulated at 1997’s amount (Figure 8.10.1). Inthe -
- critical zone 3, all types of pumpage from 2000 are regulated at 2000’s amount. However, ;]

‘the outSIde of the critical zone follows that of Scenario 1.

i :The ptezometrtc levels at Site-A (Lat Krabang) will clearly recover from 2002 due te the
~reduction of pumpage at the present critical zones 1 and 2. The piezometric levels of the
- main aquifers will be higher than those at present. However, the piezometric levels of NL
Aquifer at Site-B (AIT ) and Site-C (Samut Sakhon) w1ll drop abruptly by 187 masl and by 4

o -17 0 masl respecttvely, in the year 2017

ST he' land sub31dence in central and eastern Bangkok thl stop from the year 2001 then ;
- slight rebound will occur. However, the subsidence at Site-B and Site-C will 51gmﬁcantly
. continue like Scenario 1. The scenario will be effective in the present critical zone. The

- subsidence in 2017 will reach to about 25 cm in the area. But in Pathum Thani and Samut -

: VSakhon more than 100 cm of severe subs1dence is predtcted (Fxgures 8. 4 1to 8.4, 3)

s SCENARIO 5A

o : The new CI‘lthal ZOhe COoVers Bangkok Nonthabur1 Pathum T ham Samut Prakan and Samut ,‘
- Sakhon (Figure 8.10.2). In the new critical zone, all types of pumpage will be keptat |~ =
, ZOOO’S am‘ount.‘ Outside of the new'critical ‘zone, the pumpage is the same as in Scenario 1.+

The ptezometrtc levels at Site- A w1ll slightly recover from the year 2000 and the rate of

L decline at Site-B and Stte—C will become small after the year 2000. The piezometric levels

k5_ of NL Aquifer at Site-A, Site-B, and Site- C in 2017 w1ll be 59 m, 114 m and 111m below

- 'mean sea 1 level, Iespectxvely
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The total subsrdence in the year 2017 is predrcted as 96 cm at Slte-C 58 om at central A
~ Bangkok, 56 cm at Sn‘e—B and 30 cm at Site-A. The area will subside more than 100 cmin
the year 2017 but no subsidence of more than 100 cm will oceur in Pathum Thani and
- Samut Sakhon. More than 50 cm “of land subsidence will be widely dlstrrbuted even in the

new cntlcal zone (Froures 8 5. 1 to 8 53).

" SCENARIO 5B

The pumpage increase will be the same as that of Scenario 1 until the year 1999 in the new e
- critical zone. From 2000 to 2010, all types of pumpage will stepwise be reduced from 100%

to 50% of 2000’s amount. From the year 2011 to 2017, the pumage will be kept constant at -
50% of the year 2000 s amount Pumpage out51de of the new crltrcal zone is the same as m "

R Scenanol

The recovery of prezometrrc Tevels from the year 2001 will be reﬂected in every momtormg “

station. The piezometric heads of NL Aqu1fer will recover 33 m at Site-A, 65 m at Slte-B

“and 62 m at Site-C.

L Sub51dence will stop m the year 2001 then shgh'dy rebound untll 2011 to 2013 due to the
~ recovery of the p1ezometr1c heads. The total subsidence in the year 2017 will be 66 cm at
~Site-C, 36 cm at Site-B, 32 cm at the DMR office, and 18 cm at Site-A. Land subsidence of
-~ more than 50 cm by 2017 will be sporadically distributed in Bangkok, Pathum Thani, Samut

" Prdkan, and Samut Sakhon. In the new critical zone, subsidence of more than 50 cm by :
2017 will occur only in Samut Sakhon (Flgures 8 6.1t08.6. 3) :

o SCENARIO 5C

, :The pumpage increase will be the same as in Scenarlo 1 until 1999 in the new crmcal zone..
~From 2000 to 2010, all types of pumpage wrll stepwise be reduced from 100% to 75% of
- 2000’s amount. From 2011 to 2017, the pumpage will be kept constant at 75% of 2000°s

amount. Outsrde of the new cr1t1ca1 zone, the pumpage is the same as Scenario 1

The recovery of plezomemc heads from 2001 to 2010 will be smaller than that of Scenario P

~ 5B. The piezometric head of NI Aquifer at Site-A will be 60 m in 2001 and 47 m below T

- MSL 'in 2017. Similarly, the head of NL Aquifer at Site-B will drop to 116 min 2001 and =

~ then will recover to 90 m in 2017. At Site- C, the head of NL Aqurfer will drop to 103 min
2001, then will recover to 88 m in 2017 : : e o

- The subsidence at Site-A w111 stop from the year 2001 to 2011. At Srte B, Slte C and the" g

center of Bangkok, the rates of subsidence will become within 0.5 cm/year from 2001 to
2010, then the rates will slightly increase from 0.5 cm/year to 1.0 cm/year from 2011 to

2017. The land subsidence of more than 50 ¢cm by 2017 is predicted in Samut Prakan,

western Bangkok par‘r of Pathum Tham and central Samut Sakhon (flgures 8.7.1 to

i 873)

= ‘SCENAR’IO 6
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R ,,{7 From 1993 to 1994 the pumpaﬂe increase will be the same as in Scenano 1. From 1995 to

?“2000 the rate of mcreasc will be reduced to 50% of Seenal io 1. From 2001 to ZOIO all

types of pumpaﬂe will stepw1se be reduced from 100% to 75% of 2000’s amount. Outs1de g
- of the new cnttcal zone, the pumpage WI” be kept constant at ZOOO S amount R

The decline during the eight (8) years 'from the yeai‘l993 to ZObl ‘will become smaller than
- that in Scenario 5C. The piezometric head of NL Aquifer at Site-A will be 57 m below MSL-

| ~in 2001 and 41 m in 2017. Similarly, the head of NL Aquifer at Site-B will drop to 87 m

L ~below MSL in 2001 and then recovers to 73 m in 2017. At Site-C, the head of NL Aqulfer, : k

tw1ll drop to 88 min 2001, then will recover to 72 m'in 201 7.

o ‘t,Land subs1dence m the year 2001 W1ll decrease comparmo w1th that of Scenarto SC The .
~ total subsidence in the year 2001 will be 42 cm. It will become 48 ¢m in the year 2017. The

= atotal subsidence at Site- A, Site-B, and the central Bangkok will be controlled w1thm 20 cm

e - in the year 2000. Land subsidence of more than 50 cm w1ll no loncrer emst in the new .
‘ L”crmcal zone (Tlgutes 8.8. l to 8.8. 3) : 5

«;SCENARIO 7

e From 1993 to 1994 ‘the pumpage w1ll be the same as in Scenarto 1. From 1995 to 2000 the o
- pumpage will be regulated at 1994’s amount. From 1995 to 2000, the total pumpage will be o

- regulated at 1994’s amount. From 2001 to 2010, all types of pumpage will stepwise be .

~ reduced from 100% to 75% of 2000’s amount. From 2011'to 2017, the pumpage will be i

kept at 75% of 2000 s amount. The pumpage in other area follows that of Scenario 1.

- . The ptezometrtc head of major aqulfers will recover after the year 2001. At Slte A, the i
- piezometric head of NL Aquifer will be 55 m below MSL in the year 2001 and 38 min
. 2017. Similarly, the head of NL. Aquifer at Site-B will drop to 80 m in 2001 ‘and then will

recover to 68 m in 2017. At Site-C, the head ofNL Aqulfer w1ll drop to 80 m in 2001 then e
" will recover to 66 m in 2017 e '

: The total land subs1dence in the year 200] w1ll decrease comparmg with that of Scenano 6.
- The subsidence at Site-C in the year 2001 will be 31 cm. It will become 36 cm in the end of -
2017 The sub51dence at Site-A, Site- B, and central Bangkok w111 be controlled w1th1n 30 L
-~ cminthe year 2017, ’ , s , . ;

L The 9ubs1dence in most of the Study Area w1ll be controlled w1thm 30 cm in 2017, Land'

*subsidence of more than 30 cm in the year 2017 is predicted at western Samut’ Prakan,

. western Bangkok, central Bangkok part of Pathum Thani, and part of Phra Nakhon S
- Ayutthaya (Flgure 8.9.1 to 8 9 3) T t : '
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Table 8.1 SUMMARY OF FUTURE PUMPAGE SCENARIOS

SCENARIO "ASSUMPTION
Private wells and public wells (except IEAT and MWA wells)
= Past 5 years trend extrapolated to the future.
- IEAT wells
~Seenario 1 - ' = -Each industrial estate’s plan.
: MWA wells
. = Stepwise phased out by 2007 from 1993,
- -MWA responsible area (BKK, NTB, 8PK) « :-
= MWA wells stepwise phased out by 2007 from 1993
: Decrease private pumpage by MWA ‘Master Plan.
- . Pathum Thani
Scenaria 2 : = PWA wells phased ot by 2001 from 1997,
e A -7 Supply surface water bv PWA'splan; -~
[EAT wells R
= Each industrial estate's plani. :
SSK, AYT, and NPT : T S - ; e
v = Sameas Scenario 1. i L T
Present Critical Zones 1&2 (in BKK and SPK)
ORI g L .= Requiate all types of pumbaae (except MWA) from 1998 at 1997‘5 amount
Scenario 3 © MWA wells : ‘
: Same as Scenarlo 1. :
Outside of Present Ciitical Zones 1&2 :
fol o= Same as Scenario 1,
Present Critical Zones 182 {in BKK and SPK) :
-=-Regulate all types of pumpage (except MWA) from 1998 to 2009 at 19"471, amount
Stepwise reduction from 2002, 50% in 2007, 35% in 2012, -
o - Maintain 35% of 1997's pumpage from 2013 to 2017.
A S d Present Critical Zone 3 (BKK, NTB, and SPK)
Scenario 4 S = Requlate all types of pumpage {except MWA) from 2001 at 2000's amount
ERR R S MWA wells |
o = Same as Scenario 1. :
Outside of Present Critical Zones
: & Sarme as Scenario 1.
. -New Critical Zone (in BKK, NTB, PTM, SPK and SSK)
: = By 2000: Same as Scenario 1
- 2T From 2001 to 2017: Requiate all tvpes of| oumoaqe {excéot MWA) at 2000's amount
Scenafio 5A" T MWA wells ¢ , ; , :
" : = ‘Same as Scenano 1.
Outside of New Critical Zone'
. Lrier = Sarne as Scenario 1.
: New Critical Zone (in BKK, NTB, PTM SPK and SSK)
: = By 2000: Same as Scenario 1
: From 2001 to 2010: Reduce all tvpes of purripaqe {excent MWA) from 100% to 50 % of 2000’s amount.
Scenario 58 : From 2011 to 2017; Mamtam 50% of 2000's amount. : :
: CMWA wells { : . : L,
© = Same as Srt—-nano 1. : : B : 5
Outside of New Critical Zone
. = Same as Scenario 1.
New Critical Zone (in BKK, NTB, PTM, SPK, and SSK)
. 2 By 2000: Same as Scenario Ty ) : v
S ~ From 2001 to 2010: Reduce all tvbes of pumpaae (excent MWA) from 100% to 50 % of 2000‘5 amount.‘ o
Scenario 5C : .- From 2011 to 2017 Maintain 75% of 2000's amount. ;
MWA wells
' =-Sarne as Scenario 1.
" Outside of New Critical Zone
= Sarneas Scenario 1. :
:New Critical Zone (in BKK, NTB, PTM, SPK, and SoK)
= From 1993 to 1994: Same as Scenaric 1. : .
From 1995 to 2000: Reduce purnpage incréasing rate at ‘;0% of Srenano 1.4
e ; Frofm 2001 to 2010: Reduce all types of pumpage (except MWA) from 100% 10 76% of 2000‘5 amount :
‘Scenafio 6 “From 2011 to 2017: Maintain 75% of 2000‘s amount, - o .
- ~ T MWA wells :
o = Same as Scenano 1.
Outside of New Ciitical Zore
= Same as Scenario 1. o
New Critical Zone (in BKK, NTB, PTM, SPK and SSK) -
= From 1993 to 1994: Same as Scenario 1. .
Fiom 1995 to 2000: Requlate all types of pumpade (exrpot MWA) at1 994‘5 amount. ; ! L ;
EE ~“From 2001 to 2010: Reduce all types of pumpage (except MWA) from 100% 10 75% of 2000' amount, i
“Scenario 7 From 2011 to 2017: Maintain 75% of 2000's amount. .

o MWA'wells - ; ) 2

= Same as Scenario 1. -

: Outside of New Critical Zorie

= Sarne as Scenario 1. .

88




WIOQE 3 WD)

>=moE si /10z Aq souspisgng|

"L10T AQ WIogE = ST Xep

N-SUV ul EOm' =M uwmgou

_'DG 0UBLBIS Yym pesediuod g/} 000z 9
"0lIBUSDS BAOSYS SO oewio2eq 1002 Aq s1el 80USpISONg ;mmmk Lo} JsjjeLS 8LL003g ejed dosg
, o IS8 i , -
U 90UBPISGNS WIoQG UBY] SS8T . V02 AQ Wio g = 'S Xely ‘ B B
FR- TV ETTERSTE -3 DS OLEeUsds Ui pelediuos g/ CSLLOZ VWG = T ML ISaMOT] .@
mc_wmm‘_oc_ afeduind jo uogonpay awoeq LO0Z AQ 8181 92USpPISGNS -*000Z 03 G661 ol seseasosp a)el doi( ‘
‘0002 Aq , = T T
84N000 souspisqns abie
~ - '@ouspisqns pug| dojs tom .E Wwop/ = w 1 Xel tow urweQy- = 4 M issmo]
0] 8A108Y9 {[}S SI @SEAIOBP " euoz . - eUoz . 208
" abedwnd jenuue jo %5z _moacu Mau Uy Sow woyy dojs Jsoty " JeoRHo MaU U eoom EP@ 10ACOR) mzcmo o
“BaJE UigjSam
.E:ow Ul Wiogg Wely alow tom E Fomm 787 X Loz Emm- = TM gwm\sﬂ
. INg ‘esie WIISEd Ul WRQS , : ‘8uez rauoz . a5
uewys sssj st 710z Aq eouapisqns [eano mau c_ vc:onm._ ApyBis uauy ao«w _mo;co Mau U voom wiol A18A08) Jes|n
e " MSS PUB NS SO W pL - = TV 3SOMOT]
SN MG UL WioQg LBl alow \.SN Aq Eomm 'S xms.. MSS Pue Wid Ui ajes doip esesina(
nq ‘eauy Aprig B Ui LoQ0} : ‘ 100T woy “MdS PUE ‘giN Sig v§
uely ssg| st 10z Aq souspisqns | BUOZ |BOND MBU L) 9)BJ 9SE2109(] u dosp Jybys uayy 28008l JBHS
C L "210Z AQ WG/} =S Xel , ‘ : ,
. , MSS PUB Wid Ul aseasou dieys L0 W WGl = TTAA IS8MOT
"MSS PUE Wid Ui 2ieaag , 2oz ™MSS PuB W id w doipyybiess ¥
80T [BORLID Ul 9AR0BYT 1EO131O U nc:onm._ Apubis uay) szygels " "8U0Z [B2RIIO Ul A1aA00al Jea|n)
F L 2 "L10C AQWO0B) =S Xew "LI0C UL WIOSL- =TT 188M0T)
ASS PuB W1d Ui aisaeg MSS Pue Wid Ui eseasou dieys 7 MSS PuB Wid ul dospybieng €
-’8UOZ (BOIUD U] BSIOM (IS '2U0Z [BORO Ul 9)el aseas08ep Aybis '8UCZ [ednuo Ui dop usy; eziiqe1s
o o L0 AQ WIS/ L = "STT XEW S AL A R VAR BV ECETIR]
: S IISS Ul alaneg 7 MSS PUB Wid Ul eseasoul dieyg ™MSS U wm:cwcoo doiqg
‘Wid ul | 'uog uey sepeg " 'W1d Ui p00Z Wouy ejes esesuou) : CW1d i dodp pue asi days AN
MdS PUB ‘G1N "MMg Ul eajoey3 MdS 'ELN MHE Ul Lp6| Woy szijiqels MdS 'BLIN "MMG Ui 8861 WO Peia0day
"210Z AQWIOQ0Z = 'S XeW o LLOZ MEMOBE- = T M 1S9M0] ‘
"OLIBUSBDS JSIOAA "eale || Ul eseasou; dieyg “eale jg:uj dosp Emﬁbv I
‘ L ~3ON30ISENS ANVl 13A37 mmk<>> oN
T SMHVYINTY ! e mr_.._Dwmm

ZOF<._D_>=w mmD._.D..._ n_O w._..Swmm 8 wE«H

OINVYNIOS

89




Ca e L R e e B s s T

[C S

1@~ N

‘ Piezomefﬁc.l_gével
© o (masl)

10 4 | | | | =
i 0 Sm=dsehdvdsdhdsds i‘d‘){’r) Ay <{\Q<, J(kzl 4> }>O(l, é‘(‘)d é(‘)(‘)d$é)$$ééé B I

0 | W h—:;g%imu&ég\wgwf JLJ[«J[ L J:luDBGﬂBBE] HEEEEEEEEE0

-20 4 ““-““*Ai‘iAAAAA s Kt *%*W

30 e oty A *"’5&‘?‘*@%)#“ Adaa, ;}"%%*ﬂ‘\%;@&

40 o B ‘%gﬁgéué@%( "’ﬁ@,» Ahdsaa, o RS

50 4 ' N - ST i . et ¥ Y

60 oy ""%%%%%%%%% By, Ee

e

80 - , ‘ » | %%
'90 B o I L— T i T — | T 1 T | | E—

1978 1983 1988 1993 1998 2003 2008 2013 2018
: - Year - ,
SITEA

Piezormetric Level
(masl)

Piezometric Level
(masl)

0 E 'V : SN [.W %ﬁq b4 @%«>®%¢>M® ‘V
op e é“%ﬁd %%m%%%% i
-40 5 ﬁ ﬁﬁéﬁ “é Aday, %%%Eﬂ%?ﬁfﬁaﬁ%%%m
60 O ceo “ l Aa 1“““ ’ ;
- =80 E eeeiﬁ AAAAAAAAA o
-100 ~ . .'ﬁ ) ﬁf L AAAA
120 3 L 2 Bpg
40 SR T T e “*"-“%55'3 age.. |
"200 | T T T EE T ’ | T T T T T g | T . ’ ?‘_‘
1978 1983 1988 1993 1998 2003 2008 2013 2018
& . : Year - :
; , ST ‘SITE-B .
0o 4 hdbddid A1) e et bted 4
B R R YD DG G I O P 05 5 s ‘
=20 - e& ué%%%%ggggiziHﬁ%f%%’%%% >0,”)§><>O(><><><> S
PR S L H L M s VOO
60 '000==! ; @@@%%M% e
-80 gy SR it o %%% e
: - , l' ' ~ Mo ;
100 - ] s S
. | Cg
120 J | l“! o S
140 7 ; Eu' i ]
160 , - "l;,z-"‘,
-180 P ‘x ] T — T  | T T T T l,"!—‘j’:’
1978 1983 1988 1993 1998 2003 2008 2013 2018
. ) : Year : !
- SITE-C

o
S
.

SIMULATED PIEZOVIETRIC HEADS AT
JICA MONITORING STATIONS (SCENARIO 1)

Flgure 8.1.1

IN THE BANGKOK NETROPOUTAN AREA AND ITS VICINITY

THE STUDY ON MANAGENENT OF GROUNDWATER AND LAND SUBSIDENCE‘ .

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO COl TD :

90




°QL77CO OASCA IVSMNON | (¥OIr) AONSDY NOUWHIAOOS TYNOLVYNNZLNI Nyavr.
T ALINIDIA SLIGNY V3V NVLITOJOULIN NOMONVE JHLNI
IONICISENS ANYTANY ¥ILVYMANNOYD 40 AINFWIOVYNVW NO AQALS 3HL
(1 Ol¥YN30s F¥NLNA) 7' oandig
ION3AISENS ANV Q3LVYINWIS .
L10Z  Gl0Z €0z  Ll0Z  600Z  L0OOZ GO0C €002  100C 666 1661  GB6L o6l
! _ ! m ! _. i ! w L m ! m ) ! _ 1 _ , p m e _ 1 _ 1 _. 1 0S¢e- :
i i - ! - ST | ,_ P oy : ~- L
| ! ! | | - | | ! ouo¥na —@—) [
_ y “ “ - X “ 0 |uoyves nwes) o-aLls ——| |
) \ \ 1 ) 1 \ 1 “ R e e e sy e Ao
I ' 1 ! ' A 1 ! v ; .., R -
o U LRSS L E R S S R il uvesls —o—| | goz-
SR S ) “ 5 i | ) 1| (Buegeniie)) v-Ils ———| T
' R | i s ! 1 1 ! - 3 . L -
ro-3LS - ! ' e ! 1 ! } : : :
Sifn et . | | “ ! L aN3o3T T Z
i 1 [ ¥ 1 ! ! ! 1 il [ T R - jw) ‘
e - SR U B R ey SRR o vk L SR G- @ | -
1 1 ! T 1 [ oL 1 S 1 1 1 | i any D
[ N 1 1 ! [ [ 1 B 1 1 { os]
| Ry | Seel 1 . " ” | | - o
oo, BELS | 3 | | S | K | “ | R
f R0 i 1 1 ! 1 Y | 1 ! l 1 | - =
1 » o) 1 i 1 i Vo | 1 ! 1 1 ] !
SRS NI - S TR U SRS PO ISR N e LR SRS RS e I P SN - -0
_ i r | e T r | | -00k &
1 : 0.‘,»(««"_, 1 ” | -4“A 1 | ;_ | ) . \nlvl
WG ' Tvess _ : b S “ “ : § 3
1 - t 1 AR VNN i i 1 Vg ! i ! i - -
oo b : [ 1 g 1 P -6 1 o Y i 1 ! 1 :
SESgor . | 1 ‘_ .haoo,.,_ ,, 1 “,-,_ 1 ! o
eSS N e+ o SO R LR S S N 05-
Y-S | T8 %s0ag .| | ono,,o“q 1 i | | B
! R I i = | t S0 i Vet | i
i t 1 1 1 : N U(n)«qn._,nut.. i ‘ ,0uuonou_ Y _ “ L
“ \ “ | | | et teessaeay -noo T M ! _
1 s } ] i | t i AAase - StV et T Yo
| 1 ! 1 ] ' i 1 1 1 Micaacy Rty T < I
1 1 ! il ! ! R 1 ! [ 1 RS2 o -
: - i —0




ey

UTM-N (km)

40 45
v Bt e O B

: ' , : P
50 55 . 60 65 70 5 80 85 90 95 100 105 . 1307 . 415

!
4

sl i gt dageslagis

l‘ll[lli!f!JllilliJ|llll|LLl IJH';IHHX:;HI

I
L

II-LI\MI
]
(=3

[3:]
i

_Llllyllill!_[‘l)i’l_[.lf
5 & 3

L
=1
o .

I
75 80 85 ,\90 95 100 105 110 11

e - UTM-E (km)
SIMULATED LAND SUBSIDENCE (cm)
- FROM 1993 TO 2017 (25 years)

BY FUTURE SCENARIO 1

Figure 8.1.3

SIMULATED LAND SUBSIDENCE =~ .
BY FUTURE SCENARIO 1

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE-
‘ ‘ IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY

JAPAN INTERMNATIONAL COOPERATION AGENCY (JICA)

KOKUSAI KOGYO CO.; LTD.

92




me

10 — ,
G0 Q%*H\@( @W@K A Hﬂwa bhddk kb s sbbbss
2 0- *é” LA ’”[Ef QR CEE==EcECEEEECEEEE=SE
: ..JA N 3}—+\}_ S
;Eg 20 ~ A AAAAAAAAAA *¥%*¥%+x+¥i R
,gé,~&) ﬁﬁ@ § & AAAA‘AAAAAAAAAA R A
e G Bl kY
@ 40 - 2 KE XD et mgmwmw
SIS A T . 50 E (‘\ ('f' ﬁwﬁ)@-}é\)(&&e§gb%* i%%!iia‘
| | EEuguaE g
B0 - s T T T T T
1978 1983 1988 1993 ~1998 2003 2008 2013 2018
‘ . Year ; 8 '
SITE-A
20 — | \ |
| 0 - PP S P 4\1/»%%4\14»4>4>«1>M><M»4>w
e — PR bbb i J[ L) LI ][ ]] ; Ty i
i} . LN lﬁJ Wy
B , 401” ﬁ ﬁAAAAQ +’~}’4~»V 4/4/ J{J »”
~ I 2 A : AA
'é%\ 40 - 'ogsszﬁﬁ ‘AA AAA“/A’ 'A,AAAAAA
e . — & o . : AA
EE "S5, W O, “
8 ] °en T PO
ong ] é‘%x!h!a'
100 4 ; *%ﬁfgm |
- ‘ ; : : ~ ®
i *120 T T I | T T I T 7T T ‘ T L EEa ;l I T ’
1978 1983 1988 1993 1998 2003 2008 2013 - 2018
- : ' o Year ’ : :
SITE—B | _
04 b dddidid b b A A
] JRERE 21 ¢13 €D f;'-»'a.',. A 22 < ¢ \_-‘ YA NS O S P A
60 T ®eecly TOEEE g,
= , ] '! ‘ J‘/VJ@%(B@
Q%= .80 — ¥ ~ o Y
EQ 7 lhla
‘Vggy—mo ] e Ury ~
& 40 !g!"
~ (LEcenD) -160 , | T | o !!ﬂ
—p= uc -180 — T T T T T T T T T
|—¢— BC 1978 1983 = 1988 1993 1998 2003 2008 2013 2018
B o B - ¢ e ‘ - Year ‘ e
A PD _SITE-C
@~ NL P L
~j— 'NB . - . . i
| cael B "SIMULATED PIEZONIETRIC HEADS AT
: _['_]?; far Figure 8.2.1 | JICA MONITORING STATIONS (SCENARIO 2)
A i THE STUDY ON MANAGENENT OF GROUNDWATER AND LAND SUBSIDENCE
351 ot ; IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY
Ak PN)

: JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO €O, LTD. i

’;;93




LA 00 CADOM IYSIMON

(YIr) ADNSSY NOLLWHIE00D WNCLLYNHILNINVAYr

ALINIDIA SLIGNV VIHV NVLITOdOUL3NW xowad.m FHL NI

‘ION3QISENS ANVT ANV ¥31VMONQOED 40 INIWIOVNYW NO AQALS 3HL

(z OINYNIOS IHNLNS)

77y oSy

- ION3AISENS OGNV 3LV INWIS

S o ¥vEA e
2102 - Gl02 €10¢ LLl0Z 6002 1002  G00C €00z  L00C 6661 166} G66 €66l
M ! M i _ . M 1 m S _ : M 1 _ o m i _ L m B 1 081-
g ) i : i \ : i " 220 NG -
- - 1 ] t 1 3 i ] 1 B L - ]
R A e To=-o- P e EE DT qm---- 7 - { (Uowes INWES) D-3LIS +09}-
I S _. “ [ “ 1 1 ” ’ - U H
B b R Vg | g _ ” : _ Wv) g-3lls -
R “ |||||| . |1|(,_ |||||| Lo o P b v , o ||IOV—‘..
9 | R R, .4_ o " | | 1 (Bueqesy| 1) ¥-3LIS - ,
1 1 1 : { i 1 A 1 : R v : "
i ! . ¥ 1 1 | 1 i . . : l |
R S S el LT S D L aN=O3T Loz 2
1 .. 1 1 " i 1 | 1 I ] 1 H : G
| e | v : | | | 3 - @
R SR L U FimEes g Jemee- PILoit Poooo- HE— oo 00 &
" \ : “ ” " a " v e | ) - 2
“ | . " | | T | | | ! -8
Tl el T =T It oot T omT o T s i T n.@ |||||| T T T T T T T I’Dml =
soey 8 3LIS | ; “ O “ A B S ” " ! - 0
Ty o 1 i ] i i 1 %< | “ ] N m
B i e e S
1 i 1 VOO 1 1 1 i L 1 Yoz | 1 1 - —"
| _ e ! : “ | _ R y -
||1“I lllllll “I lllll l” lllllll 4,“.||Il0n0,'«|ol,ull'|llql llllll | T nTTTs T ‘__. ||||||| T ‘I”.|_ lllllll (T T T 'oql
cana L ;” ey ” ERE T & | :
| , > j “ 1_“, lllllll HION..
< ¥ = N N O ,
 vaus: | o | T | Tl

94




CUTMN (km)

.35

45 50 ‘60 65 70

40 . - 45 55 5
TR 0 0 O O 0 O X B 14 NEESNRENERNEY

ISR AR RN Z AR SRR
3 & R 8 &

T T
&5
()
(8,1

(, :

S I - I A I I O

60 65 70 75 80 85 90 95
UTM-E (km)

T
400 1

' SIMULATED LAND SUBSIDENCE (cm)

FROM 1993 TO 2017 (25 years)
BY FUTURE SCENARIO 2

Figure 823  SIMULATED LAND SUBSIDENCE _
rigure ©.2  BY FUTURE SCENARIO 2

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
oo IN THE BANGKOK METROPOLITAN AREA ANDITS VICINITY

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

‘KOKUSAI KOGYO CO., LTD.

95




0 | b bbb bbb bbb A b kb o
T -10 - iwigﬁjﬂﬁrﬁgﬂﬁggwi SHEEEEOERENEEEEeE00EE
(1) N . . : ) INZ /(/\%ﬁg\/ % )
= *30 ™ L b ‘ ' AA T ARORS <§~K~¥¥> I
0 ey
a. f_50.‘ el l UiA % ég% ﬁ*amﬁw ‘kg?‘ 5
o 60 - | ([ 1] veEg %%%
A ey P B D LA L
1978 1983 1988 = 1993 19$8 ;2003 2008 2013 2018
- SITE-A
20 o S L
: 0 g—gotasitssaees Mfﬁ'F¢$®®¢¢®4)®®4>4>$4;6J$®®</ ,
0 u\lzmm&é&l%t?tzaéwtmwwm ‘QWWQF%%%WM N
B 40 O ieeﬁﬁgﬁﬁi‘ha“‘_ HEP Hrﬁlﬁﬁé‘ﬁﬁgﬁ
Q= gy T SRR !%gg- | AL Ada,, e R
D E 100 2 : ‘ , 'gﬁg/bﬁ" ‘ by VO
%v 120 T . ¢ Wgﬁﬁﬁﬁg/ L
2 140 T “‘“?‘é%!ﬁﬁﬁg?, :
B 460 O | 3%@%2‘& |
4803 o ey
_200 ’ 1 I T | T  | |’ | '| ,I~ T | 1 ‘I ] 0
1978 1983 1988 _ 1993 19\?8 2003 2008 2013 2018 - |
: PR ear - :
~ SITEB
0 - ég’——_—-iggi_ - 4o %éé 1—{ I "; ;‘u ‘¥ gt ‘}-?‘
. 5 407 f—*ﬁ:-iiﬁ i %iiiﬁ%fﬁxﬁm%
Q ~ Qe k R Ao
o 60 '“-!p ' ’ %?M S s ton
bg @1 "oy Ty
§  -120 : g v
e R D e s _““l“ oy
Pl ey ey
R 180 Lo _ S e i NEa : o
1= w [ A I B RN l I l l
£ |—e— BCc| - 1978 1983 1988 1993 1938 ' 2003 2008 2013~ 2018
R i e crear e ‘
by ‘ SITE-C
—@— M fit : s R
el ~ SIVIULATED PIEZOMETRIC HEADS AT
e ;T‘ | Figure8.3.1 JICA MONITORING STATIONS (SCENARIO 3)
. fj: =l - | THE STUDY ON MANAGENVENT OF GROUNDWATER AND LAND SUBSIDENCE
R ~ IN THE BANGKOK METROPOLITAN AREA AND ITSVICINITY |
 ' w i Bt JAPANINTERNAﬂONALCOOPERAﬂONAGENCY(JICA) KOKUSAI KOGYO €O, Lo, -

96




Q17700 OADOM IVSMHON | (VOIR) AONSOY NOLLWR3JCOD WNOLLYNXILNI z&«ﬂ‘
. ALINIDIA S11 GNY V3¥V NVLITOdOHLIIW ONONVE SHLINI
20N3QISEANS ANV ANY HILYMANNOYD 20 INTWIOVYNVIW NO AQNLS mE,
(e oyNzos FuNLNd) ) e Eswm 1
JONICISENS ANV Dm._.dJDE_w : : :
i i . ¥vax e |
1102 S10Z €102 L1102 - 600C  L00C  G00C £00¢ eoom 6661 - /661 - G661 mmmr
e e e e e b e L L Lo
- q (I “ 2 g l 1 ! Vo ; ) J - ,, ,
“% ~_ _ I | \ __ “ “ G L OR- e Iénl -
—— ...|1|n|.1|_(.1|.|.l| P I SIS NN NNV, N U I N S N ] . . PR S -
R I " ] ] o I 7 (uowes nues) 0318 —V—| T 08}
-3 R i 1 1 a -
emeTw bbb uweme | g
_. “ SR SO ” o ,_ S Amcmnmi#m.c«rm.:w —_
(I ) 1 ! ! 1 1 i ] R . r : -
e o - fo e oo i e ) - SRRV SUU I S L P S e o e | T, S I S S Y Lo e -
| | " | " “ | | T angem SE¥E 2
1 1 | ] ¥ I i ] | i H G
t " 1 i t 1 1 1 Vo e e e T e ON%\I ; S ~
i - - c (&)}
_ C -
....... “o0l- 2
- m
N =
....... —08- %
- o
- f09- B
||||||| m.. ov-
||«x|1;m. 0z-
i > 10!

2
eyt




35 40 45 - 50 55 60 €5 70 J’IS <80 . 85 90 - a5 100 105 1487 115

i e d e e e b b gd v i d g vl g e T v b el il

. : - ’/’ . | L
470+ : I
L= b
] E
N 1
Cqes !
: 1
60— (
9 - '

A 155

~UTMN (km)

s . 1
Lo SN {
0T T 1 T A o A T 1 O O L LB O O L B
45 50 . 55 60

65 70 75 80 .. 85 S0 95 100 105 4110 : 115
S s UTM-E (km) i S :
'SIMULATED LAND SUBSIDENCE (cm)
- FROM 1993 TO 2017 (25 years)
BY FUTURE SCENARIO 3

=

SIMULATED LAND SUBSIDENCE -
© - 'BY FUTURE SCENARIO 3

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE -
IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY g

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO CO., LTD.

Figure 8.3.3

98




LT

 Plezometric Level
- (masl)

 Plezometric Level
(mas!)

20

=20

-40

60
=80

=100

=120
=140
-160

--180

Piezometric Level
(masl)

-200

-100

-120
-140
-160
-180

T '%Q__‘_ IS {\ & + /{\é\ \.A\A\z\)’\ \,k/1\3’>é)21\$$:\1/\& ééé\\}é%}éé_’i\‘é—é;—%;—é .
__VR~$H”HJU&QQJHBU£ RO EEEEREEEEEEEEn
\*_‘%‘ﬁv\}fxy .
o TNy :
A“_A‘AAAAAAA‘ ¥¥%¥¥%&*4A§AAAAAAA
Aya ah %%¥¥¥
A e?seff?ie% AT >
T T T T T l T
1978 1983 1988 v1993 1998 ,2003 2008 2013 2018
S ~ Year o P
et _SITE—A
i VY VoD > ; ey oo
= M%f%mMMMﬁumrmﬂ%wwggﬁ&%;%;??i®tf¢$ bEEEo
- g hEneeRbissa, FPRIPIP R s
®cocolfip, . ““4sa
] ) 'EE AAA"‘AAA' L
- fep.. AhAaa,,
. e, A
- L O
= ; Gau“() i‘(‘/\(\
- ®se;. Mug.
- Ll P
_ ‘0‘%{£§l
Yirdeoy
: e
1978 1983 = 1988 1993 1998 2003 2008 2013 = 2018
‘ : , : - Year - :
S SITE-B
7 e PR NN R R EEN RN ER RN
- 4 r DD G0 A ARG IS O IS 1636 8 28 L A VT o
-1 ® ’.92..-.fvvwﬁﬁ@%$$@$%%w§ﬁ  i§A,
- o e
- e '!' VEGHEY
,E EB!!‘ o
. ; ~u5555!g£‘ |
Ao | iy
T l T I yl‘ I 5‘ l T l ‘ T l 'l l T I
1978 1983 1988 1993 1998 = 2003 2008 2013 2018
' ~ Year R -
SITE-C

SIVIULATED PIEZOVETRIC HEADS AT
JICA MONITORING STATIONS (SCENARIO4)

*T%me841

. INTHE BANGKOK METROPOLITAN AREA AND ITS VlC|NlTY

THE STUDY ON MANAGENENT OF GROUNDWATER AND LAND SUBSIDENCE - 1

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO COLTD. .

99




QL1700 OADOX IVSMYON ,n<osv>ozm0420cammuoou4<zocqzmmt£zqa<ﬂ,

ALINIOIA S1 NV YINY NVLITOdOYLIW HOXONVE JHL NI

3ON3QISENS ANYTANY ¥31VMANNONO 40 INJWIDVNVA NO AGNLS 3HL | S
(v OldVNZOS 3uNLA) | g eumSiy |
FONIAISENS ANV G3LYTINNWIS , .
T e DR R aA T s T e
Loz GloZ  ¢€iloc  L10Z. 6002 L00C  S00C  €00C looz 6661 661 G661 €661
e I S M RS T S R e e S 08~
L i mowm e |
R e L L yommm - oo o i Rttt - { (uoppes wes) O-3 LIS lﬁl:Woww-
U DgLUS TR __ i | | | ST g 1 F
! EEE e ! v | a wwgals —o—|
CETREIO A RTAD it SRR R DTLITES L S T ;Amcmnmium._v,q.-wbm — '-ulovT
e
} _ . : | ae SRR _ | Folioos b SR 001-

(wo) IONIAISEANS ANV

100




35 40 45 50 55 60 65 ‘70  fr5 80 85 80 95" 7100
EARENEREENEREENES SRR : dary IluulHl)’unlu/a/rTn,Hll

FEAPR W -
Slal S
REENAR TR RS

S
o
S

b

o
1% 8
‘f‘l 1)

i :

LIt

| 150
'145{
g
435
z 1
£ ]
= 1304
2.
1:25:
?xzog o,
" ’/ »
11 TR Fa1s
110 ‘ 54’10
10 ?—10‘5
10‘ ;400
, 7 i
o o NS5
“f"[llll]lII1[lIll|llfl|"l“1~+—llllll[lll"l']‘l‘lll[lll"l(lill :
35 40 60 65 70075 80 85 90 ) 95 100 105 110 115; .
UTM-E (km) ‘ :
SIMULATED LAND SUBSIDENCE (cm)
~ FROM 1993 TO 2017 (25 years)

. | BYFUTURESCENARIO 4

- SIMULATED LAND SUBSIDENCE :
" BY FUTURE SCENARIO 4 :

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY o

Figure 8.4.3 o

JAPAN INTERNATIONAL COOPERATION AGENCY (JicA) - KOKUSAI KOGYO COL, LTD. ©

101




W

Cewa

Piezometric Level
' (masl)

| Pie’Zdﬁétﬁc Level
(masl)

20

‘O

20
40
- 60

-80
100

120

'
L
9
a.
L.EGEND
{ —— uc
o Bo
e I -
A~ PD
@ N
|—m—- NB| .
|~ 8K
e 7:;:31'
Lo ey

-100

120

B 1\*’1\*@%&7\1’\{} (‘} 5T d}é_k@@ k

{

1 { i [
AAAQ\AK WV N k}k 4\/\/‘\/’\0

|
Pl
<&
|
i

a
% %§%«ﬂ @UQQHHHHHLHmuuuHuu4uuu¢uuaja =

A——AA . 5
ATTAMALAALAL, ¥¥¥¥$¥¥M¥

NNZRIR N7 ):}{s;}*_;(

4 914%51_ 4 N

7

‘ N
,;ﬁﬁéggé@ ézAA‘AAAiAAAAtAAAAAAXf**’
L 'Uggoeﬁﬁé@ |

1978

N S R 20t T O O S o O

1983 1988 1993 1998 2003 2008 2013 2018
L ~Year j

":ﬂTE4A"

s g e $4>é>®4)$®%®$%®$@®¢®@%¢4)®

=

'%—*&%%%%QQWW%M%%4MMP

H““mmw%m I
%LQQég s

Ay
o ﬁ gﬁ Aa AAAAAAAAAAAAAAAAAAA
i ﬁi o ’
R T Y |
e 7 -ﬁniinﬁii” R
‘Gc%ﬁ%ﬁ%i%i%%&%ggzzf i
L

om
.tw

1978

] S !'!‘l [

f

: !
=~~x§xé¥*gﬁu,9@
ST ammnresting,,
L W ®) 4

SIS R S S S ENS T I

1983 1988 1993 1998 2003 2008 2013 2018

- Year

SITE—B

! |!1§ll1l|l!l|-||?lu
SOVOGOOHOHGOSCOEHO
AA ,4,/
" AAd fff%%ﬁ**ﬂﬁ**‘A?

...":Ei | g@@@@@ %@@ @@@@@@'

1978

A B s R S L DR B S

1983 1983 1993 1998 2003 2008 2013 2018

Year

~ SITE-C

T SIMULATED PIEZOWETRIC HEADS AT
Figure 8.5.1 | JJCA MONITORING STATIONS (SCENARIOS)

| THE STUDY ON MANAGENENT OF GROUNDWATER AND LAND SUBSIDENCE
~ INTHE BANGKOK NETROPOUTAN AREA AND ITS VlCINlTY

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) |+ KOKUSAI KOGYO GO, LTD.

102




‘011 "00 CADON IVSMMON | (WOIr) AONSSY NOLLVAZS00D TUNCLLYNZLNI NP
ALINIDIA SLI NV VIHY NVLTOdONLIN XONONVE FHL NI :
3ONIAISENS ANVT ANV ¥3LVMANNOYD 40 LNIWIDOYNVI NO AQNLS 3HL
| (vg ORIYN3OS FWNLNA) | ricoc omSig
FONZAISENS NV A3LVYTINNIS . ,
S g | | S MWVEA | R R SR
/10Z  GL0Z  €loz  Ll0T  600C - L0OOZT  G0OC  €00C  L0OC 6661  [66) - §661 €661
_ 1 : m ; _ ¥ , __ (- _ 1 m 1 _ o _ - M .;_ _ ! _ L _ ! OO_...
haen s L m _m e ( suwowwa —@—) f
B £ T e 17T wowes nues) oaLs. —— | FO°
A ” ; N TSR R L . (LIv) g-3Lis |®«t-,n|om-
M S | RS R I JyoT T T T |IIIM|,|| —AaTT T T i L X ) . .
| ,“ “ “ \ " s S L1 (BuegenjiEn VLS ———| [
\ 1 1 U 1 1 ” PR 5 o . ; . ‘ o - -
b bt e Tl PO
1 ! 1 ! ! 1o ! 2 : - Sw) @
“ 1 1. 1 “ “ 1 c“. lllllll Ioml S O
i 1. 1 ! N e —
1 1 i - BR sy
4 1 i - S
: e e it el I 0S- =
| - m
! L R F T Wo.vl‘ nNu
A . T X -9
\ : r )
- mmemdeeo---—0g- B
‘ TS -
“ llllll v“x..lt,.vq llllll g == IR 2 2 S\ bl indhatalal Wenl Bttt ||ON|
[ { i ! 1 1. [ | | R
| 1 1 } | 1 1 & R
i 1 | | ! ! 1 R L
e e e T e Rt e e ~o1-
] | ! A 1 1 Sl [ San 1 -
1 1 i i 1 1 § I ,_ N - 3
1 1 t 1 | i 1 1 1 I " :
, , 0




.35 740 45 . 50 55 60 65 - 70 80 85 80 -« 85~ 100 105
g HHIJ;HIJLH!JuwhulUullnnlul}JH«!HH,}’IJJ{I[ IEEANEETAN!

170

65

AT

L
[«]
o

@
m,

l‘l‘lliii"ll_Llllﬁilli‘l
5 @2

X
H
(=3

l'l_Lllln
o
o

130

UTM-N (k)

|/|s£: T

L
N S
S

TTTTT T
RECRAANRANS
1) )

A
[=]
«a

(=
=

lll'i‘rrllljllxt||l||]|||ljil—i'r]11'il||‘1llj||l|||H|rr<H--1||Hl[llli(lllllllu[ltil
3540 . 45 50 55 60 65 ‘70 75 80 85 90 85 ~100 105 . 110 1

o . UTM-E (km) ’ ’ : .

SIMULATED LAND SUBSIDENCE (cm)

FROM 1993 TO 2017 (25 years)
'BY FUTURE SCENARIO 5A

: U, }él |’| I_LH 1 !

i 853 - SIMULATED LAND SUBSIDENCE
igure , BY FUTURE SCENARIO 6A

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY

JAPAN INTERMATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO'CO.,LTD.

104




e 23 n

R SN

. Pibsorretnic Levet 7
{(masi)

Piezometric Level
(masl)

]
9
3
O
{ LEGEND )
]
{—&—BC
A~ PD
| & M
- - NB ’
| =5 K
| —tp- T
" -*’*:?f'f' ™ -
;gﬂe-w,<

1978

-80
-100
-120

d\‘:ji\é\“%\"]\ '{\ﬂ ’*\ \\) \/I;Q\,Q_ /\/\ 3@ ‘/k&’@‘—\o—d‘tht é\ k”lxdfﬁ"é\“{l‘?h}?{}‘é

{ e & Jg;}k e EE e EE e ek ESEER

/\“L5+_ , SR
B AAAAAAAAA

**;‘f-.\(é_y.y

m.ﬂﬁ%%ﬁﬁﬁ’k

“AAAAAAAA ¥¥*¥¥#

g-— ﬁg é’@@?ﬂs i‘?iﬁ%
A&Aﬁ@ﬁ) 54 ﬁ
g

AAAAAA‘

L e B I e L ER S B B

SO O S B

1983 1988 1993 1998 2003 2008 2013 2018
: ~ Year o :

SITE-A

¢¢®¢¢¢¢¢¢$¢¢¢¢‘
e e [ B ’
AA;iiiiiia'

: g;!ﬂﬂ!ﬁi!ﬂ

éwéyqxd)&d\(5ﬁ54? ./\\ 7_’{ A
e
VJMMHM%#WM%

ditattisen,,

@ * ..QQ..‘Q‘EQ gr
|
. Ai/‘

1978

=100

-120

S Y N SR O S

b

|

” T "l 1 Iy T 'r T ) T T T L ] ‘|’ | T T

1998
~Year -

SITEB

= i ‘}}”" 0 R DB O O O
' %H‘ %%%1’%;vagooeoe@@eoeéeoeeoeo«

e Sdby haalfksanas absdaiad
@

1983 1988 1993 2003 2008 2013 2018

1

o *%¥¥X% :
. setEmy : 3»}3&@”
® r.'.e. !l- 4 J®%,9@$@%®@@@®@

: QQQ‘! ;

Y u!!!ﬁ!!l' .

1978

O L S S E S e
1983 1988 1993 1998 2003 2008 2013 2018
: Year ” e

SITE-C

SIMULATED PIEZOMETRIC HEADS AT
JICA MONITORING STATIONS (SCENARIO 5B)

Figure 8.6.1

IN THE BANGKOK NETROPOUTAN AREA ANDITS VICINITY

THESTUDYONNMNAGENENTOFGROUNDWMWERANDLANDSUB&DENCE*i”f

JAPAN INTERNATIONALL COOPERATION AGENCY (JICA) KOKU\)AI KOGYO co, Ll TD

105




AL T02 OADON IYSMMON. - (v 2Ir) AONIDY NOLLYHIdOOD TYNOLLYNNZLN Z<.n_<_.. )

ALINIDIA SLI ANV YIHY z<.2...0a0m.m.w2 HOHONYH FHL NI L
JONIQISENS CNV1 ANV UHILVMANNOYD 4O ANIWIOYNVIN NO AQNLS FHL

(agomyNzosTunind) | 79 By

3ON3AISENS ANY aaLvinwis

AVIA

Ll0Z G0z €0z LL0Z 800z  L00Z S0OOZ €00  L0OZ 6664 166}  G66L €661
T et Mt
e e |
¥ 17| (wowpres 1wes) oatls ——| ¢
o wveans —o—| ko
| | (BuegeniEen) vals —=—| [
ot _..‘ ; i : leday- -
| L GNELEY S -
NI | - o1
ek SR it i Hessiv I
“ AW " 0 C ol
b (oo s Se s o mn g —05- 2
g | 1 | - Tt
“ R oot =
i e e g e e
SO _. N )
S koo e e foe- 3
T e —0¢-
& Y \.c,) i % ; t B
“r m i ,M. _“- i i _|1|||14W |||||| “rcl,vlc..n.«;ur._)xnlfu”ff.“||.w||4H.IOw..
" i o ! 1 i 1. ] 1 N I r(no_)/,n?.,. -




S35 7 40 a5

. . E e * .
50 = 55 60 65 70 . j75 80 B5 a0 a5~ - 100 105
v ey gy gada gl ag s d ey ad gyl e s

J g g g aagerTai ol ol

B

N
S
o

nE

o -
o =]

[o2d
[

B

S B
¥

g .

& g8 &

¥

1

‘1l_!l'l!llll‘rzlillll-&lllllllllé]l‘l1AI\MI'§‘!‘IITI{7
: &

~ UTM-N (km)

"1'_;»125

20

Fios

=
= S

1
L T T A A A o O I B o A B A O O T
40 45 - 50 .55 60 65 70 75 .80 -85 90 85 . 100 105 1

: . , ~ UTM-E (km) : S
~ SIMULATED LAND SUBSIDENCE (cm)
"~ FROM 1993 TO 2017 (25 years)
 BYFUTURE SCENARIO5B

___
o FETTTTLTIT
& :

. o 'SIMULATED LAND SUBSIDENCE
Figure 8.6.3 i BY FUTURE SCENARIO 5B

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE -
IN THE BANGKOK METROPOLITAN AREA ANDITS VICINITY

JAPAN INTERMATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO CO., LT,

107,

o 9y Moot s et B



TN

e

Piezometric Lével )
(masl)

20

Piezometric Level
(mas))

0
-20

40

-60

- 80

100

fPEzonxﬁﬁcLéwa"“
(masl)

-120

1

HOGHHHEEHETEEEET bEdd 04\@&%\«&\9@@@@0\5 o
- WQ%QYayﬁpg;% ' lJiﬂﬂnHHHHHHJHﬂJJHUH,'

A““AAAAAAAAA*A

b, e b4
[§¥ )‘é} -
gn“;,:®ﬁﬁéﬁ§§§§§®

AAA

l\/\

\"K‘¥¥\ Zir
ﬁ?ﬂ:ﬁ_i§
R k**
Abdaanasant *

N R TR OO 0 I I

: ‘I l T I tl ] T l lk I T l T ’ I l
1978

G
. 59—‘%@“%

;ﬁ%%ﬁﬁﬁﬁﬁﬁﬁﬁ**x‘

1998 -
Year

~ SITEA

1983 1988 1993 2003 2008 2013 2018

%ﬁ@@$®$@®®®@@@@@@@%@@%@%@%@@@%@@@@W o

b%@amgm%%ﬂwmmmmw%@@QEUHeaaamaHJ*'

hk)klthAK\/ “

; T o ,
eolin. “ha,, AAAAA&*‘*A&A‘
TCelil AAA—AA“‘ 4

osi
| "aiﬁig qaeRRRRae
ﬁﬁ.gﬁﬁﬁﬁma.ooooooao‘ 

%mgg@

1978

0
20
40

-~ -60
.80
" ‘ =100
((LEGEND )
e e
—O—"BC|.

i
: MA*,—'PD

-120

 RA KO DU SO N S |

DS N

T ’| l‘ LI ’ |‘ T T LIS T T "I l
1983 1988 1993 1998 2003 = 2008 2013 2018
Year P

- SITE-B

g gy ey gy g
LIS e B I I s Bt S M A Rt B B R B B

SO ' ©

i

NRIIK

| U I | 414}{
s

= TR e
@mm@@®@@§§§§®?% il
l——lll.-.-! &

S e, "n %@%V@@@@@@@@W@@@@@

1978

L I [ Y R A R f
1983 1988 1993 - 1998 2003 2008 2013 2018
o Year ' : !

SITEC

- 571\,kSMLKEDHEmMEREHBEBKT —
ligure _ JICA MONITORING STATIONS (SCENARIO 5€)

~ THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK NETROPOLITAN AREA AND TS VICINITY s

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

KOKUSAI KOGYQ CO, LTD. .

108




QLT 00 CADOM I¥SANON | (vDIf) AONIOV NOLLYEIO0D TWNOLLYNYILNI NYQVT

. ALINIDIA SLi QNY VI¥Y NVLTOdO¥LIN HONONYS 3HL NI
JON3QISENS ANVYT ONV. HILYMANNCYHD 40 h?wEmOd.qu NO AQNLS 3HL

{09 OIMVYNIOSs IHNLNL) -

z'L'g ndiy

wozmn:mme ANYT Dm._.di_DS:m

‘;m<m>4

L0Z  GI0Z €107 LLOZ BO0Z  L00Z G00Z €00Z 007 666+  166L 5661 €661
Ty m { m ) m v_f m 1 _ L _ ! _ 1 4_ ] _ [ m 1 M _ m o 001-
i 1 N ! 1 1 o i e R
,“ | T | | | | [ wouna —@-) [
T S VTR R TR IR VT 1 Eoﬁmm nwes) o-aLs ——| 06
“ : ‘ “ X - " 3 R e “ ) ; ) mam.Cw —S—| |mu 08-
e B B Doty Rt T Bttt T IRt Rl " a T- : , : - —
ey OELS “ 0 E ) 1 . \ (Bueqeni1eT) v-als  ———| F
qxtrltmwll_n.tn--..-w.-n . ..“. rrmoe “-n-l = “-ln [.r.c.xmuquuu lele uw llllll .m.,l ; SR .:;WON; ﬂVI
! | ;“ _ _ Asaanis e SNELE & anzo31 ot s
| | 3 1 ) | ; ek <
; 1 ! 1 HlO@n nn\Hv
o m B
” g ” -0s0 ©
! i v o m
| ! ! - =Z
! — 0%~ %
-3
....... —0g- 3
_ . R AR s ~Oc
| | ! 8 . L
! 1H : — g _ cnu)u S - H;O_‘u
" “ | " i | S g “ _ | ,u,\;nn_,/!l: .k
S 1 1 1 1 | K i | 1 1., ol ! H
E f 1 i i 1 1 | ,_ 1 _ 1 O

R g

109




; ‘W'ﬂ:ht',

" UTM-N (km)

35

115

40 45 50 55 60 65 - 70 75 80 85 ‘80 95 100 -
UTM-E (km)- :

' SIMULATED LAND SUBSIDENCE (cm)
FROM 1993 TO 2017 (25 years)
BY FUTURE SCENARIO 5C -

40 45 50 55 j7 85 “100 105 139’
III!IJllJ[lll,{JJJ11|l|IllllJllllllllllJ!JU _1A:L_l._llngJAlJJuliu_Lu_uJ_u,l-u-

n : . P 1 -

] ', /’ PR =
170 o ! Faro
TS et ‘ e : A
1654 | < - 9 <165

b LS PR , . A" ! 'S

P "~ . 2 T 1 : .

] L S o A s | 5
1605 ] - e A ' 160
s X : / »

1.1 / C
155 J' ! Fass
s R R L
150, . : ~faso

15 1N -

1 - o . »

=1 “~ o - E
1451 /7 N 145
a7 ™ YRS ] E
40~ N // - i Caa0"
N -
. Y U ' -

.7 A _—
sy ‘ * ! C13s
130 \ 5, 7 NN —130
s \ I N .

= A 7 -~

R s
, -
R0y Ko
’)/ 120
/7 .
e -
g ) _—115
sl »
A ] 0
I B
- ’ [ R
- ,/ :105
L -
S, L . . 3
SIS ~-:1'00
R e
/ r
; g5
] { e DN
,VZ,llllTlllf]lllllllll|IlII]II*i’f_rllllllllI]ll]l]llll“l‘f“#-‘lllll(llll]llll]ll llll 1
‘35 105 . 110 - 115

Fiouve 8 44 SIMULATED LAND SUBSIDENCE
g o/ BY FUTURE SCENARIO 5C

"THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE -
: IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY L

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO CO.; LTD.

110




i

Piezometric Level Piezometric Level |
(masl) (rras)) |

Piezometric Level
{masl)

-100

-100

B Eﬁ*— ﬂi @@L,JHH 3 M‘u e [ u e IUDBDH ujjmalﬂmurag}u o
| /\ \/\ Y\L+5~}—:*’ : . i
oA AAAAAA“AA %*%%N%f* AQAAAAAAA' o
: - H ’
: /\/x AR . . Lo
i ' | !'!'UIQ'U'E S
A IR DL T | T
1978 1983 1988 1993 19\?(98 2003 2008 2013 12018
: ~ ear , ,
SITE-A
: »%—Wﬂ%ﬁ\&@@d‘@@O%M$®G>®®®®®¢<M><i><1><1>4>
] M——EH : Ht;:-!m bbb Hztisdhmguwg%%] %Jﬁ*,l L:yj{.{]gﬂ[:ﬂ:}[;;[jgga
~ § %-ﬁﬁﬁ %%“\A A TSROk
: e— lO.... .ﬁ 2 ‘AA“AAAAAAAAAAAAA‘A‘AAA
@, ' B
- L T e 6 , S
] anRRfee ,
5 | #waﬁﬁﬁﬁﬁaﬁgggggpchqqqgg
. ¢geec® R
T T 1 T T 1T 1 |
1978 1983 1988 1993 19\&(98 2003 2008 2013 2018
B ‘ ‘ ~Year ' : L
~ SITE-B
e
- = %«% %XE,&%E@?;@O SH6GHGCO 666660
- —06oohes 'ﬁii’A’AAff%f%¥x***% AddhihdA
- B—EEnpy g%@@@g&}mj A% FHREH sspy
: L Hp e;ﬁ‘*‘ P"j
i o0y "m %ﬁ@@@@@@@@@@v@@%w@@@
n .Q. | o
— .. ! E ,
. Bt [ T— L]
3 Ferpgueet®
T T T ) T T T T T T — 1 T ] T T

1978 1983 19688 1933 1998 200’3‘72008 2013 2018

Year

 SITEC

o SIVULATED PIEZONETRIC HEADS AT —
Figure 8.8.1 | jicA MONITORING STATIONS (SCENARIO 6)

THE STUDY ON MANAGENENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND ITSVICINITY

JAPAN INTEPNATIONAL COORERATION AGENCY (JICA) KOKUSAI KOGYO TO,, LTD.

111




QL7 00 OADCH IVSMNOM

~ (vOIr) AON3OY NCLLYHId00D WNOLLYNSILNI NYaVr

i >.E?:U_>, S11aNVY Y3dVY NV1IT10dOd 13N MONONVE THL NI
IONIQISENS OGNV ANY HILYMANNOUD 40 INFWIOVYNVA NO AQNLS 3HL

(9 OI¥YN3OS THNLNI)

| 788 o.EwE,

“3ONZAISaNS ANV G3LVINNIS

 ™vaA

J10Z  SL0Z €10z Ll0Z 6002 2002 G0OZ €00Z  LOOZ  66BL  166L  G66L €66l
SRS NSy IS ey IS s AR S e e Erm— ———————C U e (o]

t 1 1 1- t 1 i I 1 Ve ~ C

| ” “ “ | | | - | sopodmna —@—| t
TR e TEIRE T CTTTT il b e 1~ (wowes mues) oaLs —— F

i i 1 | | 1 1 q i : o -
SRS S SRR RN R O s N ' U eSS —O—| L gg-

(Buegeniiel) v-aLUS —c—| [
el e e e = TR Ll o Lo oo . e e Dl i 1o : T _In/-
| ST ; Fr " L aNao3T 0

i | ! 1 - 1 { | i I : ST 1 -
aliie boddi bt s e e e
R

wo-m_“_.m._--- MRS A e s S e e | _. “ ,“ -
TR IO JEEE R Vo R RN R skl e R SRR yoT T - 07

: . una | : ] “ | “ B “ | F
Ao 3 3 TP RTTETATIIONT I oy \TIoTT NETIAT 1T TR TR T T —0e-

1 e a2 Nr TV 1 1 1 I 1 1 i = 1 1 -

! g-411s “ _ s e . _ Lo ! ! “ S = -
" T T T T T T TT T T ) T ﬂallhlllﬂlllﬁﬂnht.fr - .aﬂv ..Il.cdn llllll “ ||||| _|I|IIIII|ONl
, 01~

-0

(wos) I9NIAISENS ANYT

112




UTM-N (km)

. . . ) ’ : a : v .
a5 40 45 50 55 60 65 70 ,175 go - 85 90 . 95~ 100 105
'lllllilljll{lll]llrl‘llll!lljljii!l]'lil]lJ(llijJi)"lll!l t 11

!
/ .

170-]

‘I’l|\|?|lfl‘f1‘![

P S

2

3.
=

L
[=]
l’lnllinll'\lnﬂ T
o o
= o :

R Y
‘ ©w =3
‘[Y‘L||l?|l|l‘{‘lll|

a

Ill'l‘fllll[Illl]lllI|Il)llll/l‘i"r']'lllyllllIl[llll]‘!lll|’1"H~l|lllI|Illl
35 40 . .45 50 55 . 60 " 65 70 75 80 85 90 95

SOy . UTM-E (km) | -
o SIMULATED LAND SUBSIDENCE (cm)
- FROM 1993 TO 2017 (25 years)
BY FUTURE SCENARIO 6

T TET 1T

T siniesds | SIMULATED LAND SUBSIDENCE
| Figure8.8.3 | BY FUTURE SCENARIO 6

“THE $TUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE"
IN THE BANGKOK METROPOLITAN AREA ANDITS VICINITY -

C JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAI KOGYO CO,, LTD. -

113




S

Piezometric Level
(masl)

' Piezometric Level -
(masl)

20

0

20
40

60

B

9

2

i ’O..
LEGEND )
| uc
RPN BC
- B
N ,PD
—@— NL
- NB
Ly 8K
Py PT
B
PN

_ OSES ‘
i ‘llllll ; L
! T | ! | T I l_ ' 7 ] R ‘I
1978 1983 ,”1988' 1993 1998 2003 - 2008 2013 2018 - -
' - Year ~ Sl
SITE-A
- @+~e$@@e®¢¢m®¢®@@@@@@@@@@@%%@@@@&@@@@@@* 
_ 2k -
i BR——fet %%QW@@%%%%%mmM@%@@@DBDBHDUuHHuuaau‘4;
| ek 2t B ¥¥%¥%fffff¥**"
3 .“"'.00.,. “AAAAAAAfAA“‘A Ada
s ' “ii/ chfERRaRgE
SRR g':ﬁiﬁiﬁﬁiiggi,pvﬁﬂﬂalgs,' 
| — T T T ‘*ﬁiﬂﬁT* — T T
1978 - 1983 1988 1993 41998 2003 2008 2013 2018
o i ﬁﬁaar ' : S
SITE-B
_ 1~wﬂg%jf4s4 ERSTES R T R 11111H411l4!441|1 |
A , “ﬁ%i%%%%232323600900zoe@Aooooeﬂeoeo *
] @ti@m@®@%@¢ﬁ é‘AAAAAKAX%*#Q%%QQQ;;‘A“‘[
o \ “ﬁ#ﬁ, , TR sy
. B !-... \/@@)1‘.’;‘. - : 2 S
) B SEHEBE AN N s iy
4 *7 %%, "-;_ ?’? Shnnenettesestttst
o . ® : :
- ®c = 2 o
on_ o ',,.uu1lluuu -
| ~ ; 'll- g .
T !!!! 1‘1 ]

80

. Té{%fA%k. b h b bak it sbdidddddddd

g ::@gg;g@&@guﬂﬂmlmjDDBHjJDHBBHmHHQBBHHB

—; A,A LVLL'\L/ }ng:y ‘YN._*_% : TR : L
AAAAAAAA ’ My ahAALALAAA

) - 2“?&%@%%@%%

L 7

n, iaéﬁégéﬁﬁgﬁﬁgﬁ*gﬁuﬁlllﬁﬁl

1978

1983 1988 1993 f1998 2003 2008 2013 32018'~‘:
: v Year ' P ' S

| SITEC

SIMULATED PIEZOVETRIC HEADS AT

anm e89.1 | JICAMONITORING STATIONS (SCENARIO7)

'IHE STUDY ON MANAGENENT OF GROUNDWATER AND LAND SUBSIDENCE
: IN THE BANGKOK NETROPOLITAN AREA AND ITS VICINITY

1 JAPAN INTERNATIONAL COOPERATION AGENGY (JICA) VONLAH(BYOCO UD

114




QL1700 CADOM IVSMYO® | | (vOIr) ADNSOV NOLVHIHO0D TYNOLLYNSILNI Nvevr

ALINIDIA SLIGNV ¥3yVv z<,.:.._0a0m._.m2 MOMONVE 3HL NI
3ON3QAISENS ANY1 GNY ¥3LVMONNOYD 40 INSWIDVNYIW NO AGNLIS 3HL .

 (zomvwnzosa¥NLNd) | 76'g QanSiy

ZONZAISENS ANV GILVINWIS s
| - | HVIA

115

Jl0z Gl0z €10z Ll0Z  800Z  Z00Z S00Z €00Z  LOOZ 666l .66  G66L  €66L
F 1 | i | R | 1 _  | ] | L I ] 1 | o 1 ] 1 -
4 H i oA i R { Lo | ; + 1 T - O@
B e | " P ewouna —@— [
| | 1 |(opesinwes) oaus —<—| [
grioe PR e e T Corsedtosesdeeeoiel 0 aweaws —o— T
| & “ ” __ ._ L ] (Buegen) vELS ——— | |
v . “ \ A ” R o ‘ L g
R N RSN I i S L angeml . ) Lo 2
) | : \ A 1 [ 1 — 1 B : o
” | | “ Ly ” - »
{ 1 1 t v S 1 L { ey
, “ . | " \ - o
- ke e G
_. 1 1 - 3
! ! ] - oz
i | ! n O
. 1 » - m
R L e o 0z- ©
; : " - 3
: -0

S 1
Vg
¥
£
i

S




S

UTM-N (km)

S
pry

_ SIMULATED LAND SUBSIDENCE (cm)
- FROM 1993 TO 2017 (25 years) |
'BY FUTURE SCENARIO 7

35 40 45 50 55 60 65 . 70 175 80 85 ... 90 95~ 100 . 105 . 1407 145~
I TS RS O 0 DT T 0 ONC T A I T U 0 0 0 B B IIIIJII[Jl)’HIJJlJ/l/rTIIiH‘II!lIll)IJl(|l

- : : e . 1 N

-] / i Ve " .
1703 LA\ o ! 170

~1 [=} .~ - - . . [ .
6 I ;

165 | oD Y \ SR L165

-] : -~ B |

s [~ L .

160 | 7' T . Vo 160

: o1 'y = : :

. i’ ‘ / | -
155 Yo b 155
s ~1 : - | T v
-] e i
150,77 i 150
S | Coo
45\ o) h 145

s Crel e o =

AN 7 N TN N e TN T O NG T e Lo

wf s N -~
140 ) N\ . 140

N 4 : .

R F
- R f3s

= Y . N
v N\ N
130 ' {130

] A\ Co
P T “ =~ :
125+ ] s
120 S 120

AN~ B e

5 = 115

P -

];3" / -
e d =
110 . =110 -
105 : 405
100 e 00

o =3 ’ v M
N -y Y

B2 0N S -
95— : ! ' S 95
o 4 1 i { : Ny

N lll'lTllll]Illl]llll[llIl[lI—1’|’_|IIII[IIII|IIII|IIII]w,ll‘lll]llll]lIII]IIII[III!

35 40 45 - 50 55 - 60 65 70 ) 75 80 .85 90 85 . 100 105 410 115

‘ ' UTM-E (km) ‘ :

g

T SIMULATED LAND SUBSIDENCE
Figure 8.9.3 " BY FUTURE SCENARIO 7

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
‘ AN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) - -

KOKUSAI KOGYO GO, LTD:

116




ALY OO QADOM IVSIAOA < AUDIN) ADNIOV NOWLYE3J00D TYHOULYINGZLN NYdYT

ALINIOIA SLLANY ¥IEY NVLTOdONIIW NONONYE SHL N

SON3AISENS ONYIONY EZLYMANNOUD S0 AINIWIOVNYW NO AQNLS 3KL

3NOZ TYOLLRID M3N Q3S0d0Nd 7°01°g 24n8ty

\LmUczom m,ocaE<

. Aiepunog jembueyd

INOZ TVOILINO M3N GISOd0o¥d

{uni) 3-Win
113 ;o:, SoL (v} $6 06 se Q8 SL oL €3 . 0% &5 53 ‘ e
INERES RN RS EEENI RN ... olpis s’ A RREEA RS FENEI SRR RN AR R R
3 . b fo e : ) | uae
mmj ; £ s EEiSEE
3 Eys
u \\ NOHNAVS LNWVS Je=
001 /8 : ] =
S =
3 :
SOk =
A H
Ok

Siy— b -
O D At
3 o.mmzm_o:o(:w\o ; ”
e A& e
N P s sun=a: NS LB E LR R S o
> ;= MOMONVE =y
— % i 4 -
sad N -
= ¢ . WOHLYd [
- N + AT Y\ NOHMVN |
Yy R !
cmF,J. >N + [y
—\w \ b :
S84 ’ 7
Ridon .
|A
3
(2%
d
=i
=
Spim '
A 1
- 1]
o515 !
gl 3 - /
i - C
-4 — e S
2 . C
— 1 - -
gem L e e - =L
de m. - _. r
] o .
094+ __ p e
. ‘ ] ;_ T
rwv 1 YAVHLLNAY Vo
s 1 . 1S NOHMYN YHHd o 5!
pu | T
oA ! o
B Fost
4_4 N . R
B s e e b I IR IS N TR L OB ™ Ty
mS,.\,.‘ a8 s oo 5606 58 og, v s¢

{uny) N-WLN

«

QLT 0D OADON IVSNHON {vDIr) ADNIOY NOULYHIAC0D TWNOLLYNEIININVAYE

~ ALINIDIA SLIGNV VIHV NYLIOCONIZW XONONVE IHL NI
FONIAISENS ANV QNY YTLYMANNOUD 40 ANIWIDVYNYW NO ATRLS SHL

1°01°8 24081

2% 1 SINOZ TYOLLIND INISTUd

Aepunog moc,aE<

Aepunog rembueyd

2% 1 S3aNOZ 1_<o:._mo IN3S3dd

; To{w) 3WAN
SHL 0TSO OO T S6- .06 I8 - 08 S 0L S . .09 TS5 C0s .o gF  OF . ST
_______:__.___._____.____IT..LV______:____,___A___E:__:;______._______‘_y_<~_I_
~ ) N BRSNS EEE
567 ¥ LR
] ?
1. 4
=1 <
o B
m2m { %mr Pl v
et NS R T AN b s A S e
| E SRR
.). d Lrates g
e LI /™
- LB .
-5 . .Wz” X /o
| . S S
st = RE
J OVSONIOHOVHD \ : /Mﬂ.o, S
” ha
0zi VAN
~ R
D /s,
sz A
o 'A " WOHLVd [
T NOHXIVN |-
021 N /_ octL
- Y -
. 1
— - 1)
SEh _
p
| 1
7 I
ovi| 1
1 -
sPi] I
3 N m
osiH |
3 b e
4 Vo e
S5 " g
a i e S
b s Ty '
091 i s
m m YAVHLLOAY
oV ' .15 NOHMYN ViiHd
] 1
= 1
oLt |
- )
3 1 TT I« ERRREERCERBER
SR I I

< ,
03

{uin) N-WLA

17




 CHAPTERY  ASSESSMENT OF PERMISSIBLE YIELD




o
.

e

CHAPTER 9 ASSESSMENT OF PERMISSIBLE YIELD

e ‘,91 Concept of Permissible Yleld v

The “Permissible Yield”' is defined ‘as the amount of water which can be permissibly
withdrawn from the basin considering the benefit and risk for the inhabitants who are living

there and using groundwater (Water Balance Research Group,1976). The permissible yield -
" is a relative and a socially related scientific concept. A yield to be permissible must consider
: water balance and merrt/demerrt of groundwater use.

9.2 Impact of Land Subsrdence

Damages caused by land subsidence can be observed in many places in the Study Area. The

. regional land subsidence will aggravate flooding, drainage and sewerage. The extent of flooding
~ has increased over recent years, as evidenced by the flood in 1983 the damage of whlch was
' estrmated as much as 6, 600 mrllron baht : e

s The flood protection and dramag,e project costs are tegarded as socral cost for repamng and
- rehabilitating the enviroriment due to degradation, especially the problem of storm water runoff. :
- However, the escalated costs of these projects in the year 1993 were evaluated to be in the total

 of about 43,700 million baht.

" The cost of repairing minor damages caused by subsidence such as the settlement at the baseof
buildings, cracking of building facilities or pavements could not be estimated.

o 93 Tentative Permrssnble Yleld
. 'The objectrve of groundwater management is to sustain the use of groundwater :
- simultaneous with the prevention of land subsidence in Bangkok Metropolitan Area. Thus,
" the permissible yield may be determined by gwmg 1mportance to the rate of land subsrdence B

) onsrdermg the factors deﬁned in the concept. -

~Assessing the response of the groundwater models carefully, Scenario 6 could decrease land s

subsidence at about 2/3 of that of Scenario 5C by the year 2000. The total subsidence up to

' ‘the year 2017 can also be controlled within 50 cm in most parts of the Study Area.

| Scenarro 7 is the best future pumpage plan for control of land subsrdence ‘among the nine

(9) scenarios. However, such plan is difficult to implement because the pumpage must be
maintained at the 1994’s amount starting from 1995. :

I the total land subsidence of SOcm from 1993 to 2017 is permtmble Scenario 6 may be

the best option among the nine (9) scenarios. The srmulatlon responses also indicated that

~ the total pumpage of about 1.60 MCM/day could slow down the land subsidence within the
rate of 1ecm/year. There will be many pumpage options, however, based on the simulation of

the nine (9) scenarios, Scenario 6 can be taken as a tentative perm1551ble yield wrth respect

“to land subs1dence
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~ CHAPTER 10. GROUNDWATER BASIN MANAGEMENT

10.1 Tmmediate Management Actions

10’] 1 Setti'ng of Pe"rmissible Yield as Target

,Groundwater manaoement must be forwarded under a pemnent selectron of management o ,’5 .
 objective. The objectrve in other word “tar get” of the management may be represented by‘
. the® permlssrble yxeld : : £

sy ,"Smce water supply in the Banwl\ol\ Metropolnan Area shall sull for a long ume depend on'v:f' :
b Oroundwater sources, not only for domestic use but also for commercial and industrial uses,

groundwater must be sustainably used with land subsidence i in Bangkok Metropolitan Aréa
being prevented. Thus, the per mrssrble yield may be deternnned by grvmﬂr 1mpon ance to Ihe i

rate of Jand subsidence. -

Response of the J*D simulation model suogests that Scenario 6 is permrss1ble in terms of

_the rate of the land subsidence. Scenario 6, however, allows increase of pumpage from 1995
10 2000 at the rate of about 2.5% of the 1992 pumpage. This is unavoidable considering ythe
- economic growth Therefore, 1.79 MCMD of the pumpage 1s being proposed as a tenta‘uve .

taroet 1n the year 2000 and 1.62 MCMD in the year 2005

10. 1 2 New Crmcal Zone and Pumpage Regulahon
, In order to achreve the taroet it is necessary to de31gnate a new cr1t1cal zone as follows

The regulatron of pumpage must be started from 1995 in the new crmcal zone. As assumed :
~in Scenario 6, pumpage in the Study Area will be regulated to 1.79 MCMD in the year”_

- 2000. New application of water permits in the critical zone must be carefully 1nvest1gated b
and the number of water permits will be reduced to control total pumpage in the new .

critical zone. After the year-2000, the target regulated pumpage will be reduced to 1.62 "’;

 MCMD in the year 2005 and 1.49 M(‘MD by the year- 2010
10.1.3 Expansion ofMonitoring System e

In order to monitor the effeets of regulatlon the montormg network shall be extended to
- the surrounding areas, i.e., Pathum Thani, Lat Krabang and Samut Sakhon- A set of
_’obsewahon wells---from Bangkol( to Pak Nam Aqurfers--- shall be constructed per' L
,momtormg loca’non . S G

Since pumpage is the basis of the management target, in the long run, it must be estimated
- from the records of water meter installed in all of the wells in the basin. Pumpage data of L
~other agencies shall be gathered, stored and processed in the database establtshed in the pe
: ‘DMR tooether with land subldence and water qualrty data ‘ ' -

The groundwater momtormg system, in conjunctron with the groundwater database and the g
“simulation models shall be used as a regular tool of groundwater basin management. The k
“tentative permrssrble yield may be re- -evaluated through analysrs and evaluatlon of the g
 monitored data and applrca’uon of groundwater models. g
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- 10 2 Compr ehensnve Measures for Land Substdence 7’
10.2.1 Substltutlonal Watel Supply

i kThe substltutronal water supply system must be constructed in the regulated areas prior to
-~ the enforcement of the relevant 1mplement1ng regulations. Measure for the substitutional
o water supply is the development of surface water in Mae Klong Rlver as mentxoned in the '
G MWA’s Master Plan.

- In the north of Bangkok ‘the PWA is gomg to 1mplement an expansmn prolect wlnch wnlly ol
~ construct a new intake at Samkho point along Chao Phraya River, Pathum Thani. Its
,fproductton capaelty will be expanded to 155,650 CMD in the year 1995 and 311,300 CMD =
- .in the year 2001. These subst1tut10nal water supply projects must be 1mp1emented on‘ o
o ,schedule or completed earlier than planned : ST

e : 10 2 2 Ratlonal Use ofGroundwater ,' ‘,

| Con51derm0 the slow phase of developmo water supply projects, it is dlﬁicult to depend

~only on the substitutional water supply. Saving and rational use of groundwater should be

" ; targetted in the mdustual use and the domesttc use.

 Technical Measures ,

1) Saving water by means of design improvement of sanitary and plumbing fixtures, etc.

. 2) Stepwise or cascade utilization by means of rearrangement ot water supply and dramage' el
- facilities - V : ,
L 3) Recyclmg water by means of mstallmg water treatment plant '

. Instltutlonal Measures

: 1) Generatlon of publc consciousness s for savmg water through campalgns R

S 2) Enactment of rules and regulatlons for water users .
o 10.2.3 Artificial Recharge e
: Arttﬁctal recharge of groundwater isa techmcal measure for the recovery of water levels and :

- reduction of land subsidence. This method shall be promoted in conjunction with other
- measures, such as regulatlon of pumpage construction of substltutronal water supply, b

system etc.

,The Study Area con51sts of a multlple conﬁned aqulfer system and water levels of main aqu1fers L o
‘Phra Pradaeng, Nonthaburi and Nakhon Luang Aquifers; have declined to 50 to 60 m below

~ mean sea level Direct injection by using recharge well method is expected to recover

e }groundwater levels and reduce the rate of land subsidence.

jg';“Surplus water in the ramy season could be stored in the underground aqulfers Recharge'
T water may p0551b1y be taken ﬁom the Chao Phraya River but has to be treated because of 1ts”
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k 'hmh turbidity. A prlot recharﬂe proyect is neressary to assess the potennal of the recharﬂe ey
- scheme in Banokok o

 The recharge scheme must first be assessed not only ﬁom the- teehmcal aspect but also from
_the economical and legal points of view, since a recharge pro;ect needs htme amount of
‘ mvestments when 1mplemented ona large scale.

\ :10.2.4‘ ‘Price Polic‘y
' ,Groundwater is privately or commercrally utilized at rela‘nvely cheap cost eomparmg with

~: the external social cost. Therefore, a policy that makes its price the same as the water tarrff -
charged by the pubhc waterworks may be needed.

Presently the MWA charges water fee at 4. O Baht/m’ at water consumptlon less than 10

 m’/month, while the groundwater fee, which was just raised in 1994, is 3.5 Baht/m’ wrthout E
‘any consumptlon limit. Therefore, the revision of oroundwater tariff is necessary. L

s 10.2. 5 Legal and Orgamzatnonal Measunes

“Asa legal measure ag,arnst land subsrdence the Government enforced the Gr oundwater Act e
B.E. 2520 in July of .1978. The Groundwater Committee was orgamzed to advise the
e * Minister of Industry in establishing regulations and in making recommendations. Under this -
- Act, groundwater utilization, -exploitation; development, conservatron and protectlon is
: controlled by the government through the DMR. A -

With regard to monitoring of groundwater levels and land subsidence, a sub-technical
committee should be organized under the Groundwater Committee. Data collected by the

~related agencies should be gathered, processed, analyzed and evaluated at this sub-
~committee. The DMR shall also act as the center of groundwater data and information.
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. CHA’PTER ll CONCLUSIONS AND RECOMMENDATIONS

~11.1 Conclusmns ~

The Study which was conducted for 33 months from July 1992 to March 1995 had
;,estabhshed the following major pillars for the manacement of groundwater and landr
: subs1denee in the Bangkol\ Metropohtan Area and its vrcmty RN

1 Development and Installat1on of Groundwater Database System i
" 2) Construction of Monitoring Stations at Lat Krabang, AIT and Samut Sakhon SR
- 3) Groundwater Modelmo and Ptedtctrons -

i From the data collected, processed and analyzed throughout the Study, the followmg e
: conclusmns were denved :

. f(‘l)' G"’““dwateersek |

~ Groundwater is being pumped out from the aquifer system in Bandkok'Metropolitan Area

- and its vicinity for domestic, institutional, commercial and industrial uses.  The total

- groundwater pumpage of the Whole Area, which is including wholly the eight provinces, S
“was estimated from the well inventory database at 1.80 MCMD ,while the total pumpage of =

the Study Area which is inside the Whole Area, was estimated at 1.48 MCMD. Pumpage is

" recently increasing in Bangkok s vicinity, e.g., Lat Krabang, Pathum Tham ‘and Samut
“Sakhon, but has decreased in' the central part ‘of Bangkok Metropolis as a result of the

regulat1ons

- ‘kf,(2) Groundwater Levels

VPtezometnc levels of main aqutfers ie., Phra Pradaeng, ‘Nakhon Luang and Nonthabun
* have declined from 30m to 60m below MSL in Pathum Thani, Samut Sakhon and from
- eastern Bangkok to Samut Prakan. In these places, the rate of piezometric level decline of
1.0 to 2.0m/year was observed in Phra Pradaeng Aquifer, 3.0 to 5.0m/year in Nakhon '
o Luang Aquifer and 3.0m/year in Nonthaburi Aquifer. In the central area of Bangkok, 3
- groundwater level recovered significantly since 1983, ‘but recently it is lowering because of
_the effect of the regional decline of groundwater level caused by overpumpmg in 1ts VIClmty -

B (3) Land Subsndence

- ‘Land“subsrdence‘occu’rs at more than 20mm/year in Bangkok Metropolis, Samut Prakan,

Samut Sakhon, central part of Pathum Thani, and part of Nonthaburi. High land subsidence
rate is observed in areas where groundwater levels have -dropped extensively.  Subsidence

- © of 50mm/year to 60mm/year were recorded in Samut Prakan, 40mm/year to 55mm/year in
 Min Buri and Lat Krabang areas, 30mm/year to 40mm/year in Pathum Thani and Samut
Sakhon Recently land subsidence has slowed down in the central part of Bangkok.
"(4) ‘Chloride Concen‘tratton L

~ High chloride concentrations were observed from Samut Sakhon to Pathum Thani along'{the e

Chao Phraya River and in the coastal areas of Samut Prakan: Concentrations partly
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kffe\ceedm(y 5000 mw/L were detected in Phra Pradaeng - Aquxfer ' Hmh chlorrde
- concentrations ranging from 3 ,000 to 16,000 mg/L were observed in Nakhon Luanv :
Aquer and 2,400 to 13,000 mc/L in Nonthaburi Aqurfer B I R

k0(5) Momtormg Statlons s

] New land subsrdence and groundwater level monltormg stat1on ‘was constmcted in Lat S
-~ Krabang (Site A; 8 wells), at AIT (Site B; 5 wells) and in Samut Sakhon (Site C; 5 wells).
ah Each observation well automatically records the groundwater level and land subsidence in

the different aquifers. Data were processed and stored in the 0roundwater database system
which was established during the Study. Together with the DMR’s existing 103 monitoring

~ stations (258 wells), the new monitoring stations would be ut1112ed fox the groundwater Ve
S management. ; : : S e ' 3

(() Jroundwatel Modelmg

, .'~_Groundwater flow and land subsidence models were made for the prediction of future

groundwater level and land subsidence.. A solute transport model was also pr epared for the

o analy31s of saltwater intrusion.

| The groundwater models have shown that the groundWater' ﬂowstowardsthe ’piezom'etri‘\c

o Jlevel depression zone ‘both laterally and vertically.  Downward and upward leakages =
- resulted from squeezing of clayey layers. Subsidence mamly occurred at the Bangkok Soft
e Clay due to downward. leal\aoe "Deep clayey layers also contribute significantly to land
L substdence : :

(7) PredictiOn of Groundwater Levels and Land Subsidence' , R

g ;:',’Callbrated groundwater ﬂow and land sub51dence model was used to predlct future

groundwater levels and land subsidence up. to yeax-2017 usmg different future pumpmg
scenartos ‘ v O , o

,, | f Usmg the worst scenarto wh1ch assumed that groundwater pumpage would contlnue to rise "
~ at the present rate, the model predicted that land subsidence would reach a maximum of
~.200cm" by year-2017 and groundwater levels would lower extenswely in the entlre'

o groundwater basin.

. ;‘On th’e‘ other hand the best scenario assumed that groundwater pumpage would be

e regulated and reduced starting year-l995 in the proposed new critical zone, and using this -
- scenario, the model predicted that the maximum total land subsidence would be 35cm and
~the present lowest groundwater level would decline further to -80m below MSL by j year~ ,

200‘l but would recover to /Om helow MSL by vear—ZOl 7

S "(8) Tentatlve Permtssnble Yleld

o A tentattve perm1s31ble yteld was’ determmed by giving 1mportance to the rate of fand
~subsidence. - The response of the models was carefully reviewed and assessed.  This
assessment concluded that the tentative permissible yield for the Study Area would be 1.60 -

R
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_'f*MCMD (PD ‘Aquifer: 355, ,000 CMD NL Aqurfer 693 OOO CMD NB Aqurfer 427 OOO
- CMD and Others : 125 000 FMD) S e
(9) Groundwater Basin Management

The tentative permissible yield that was determined in the Study is a management target. In' -
- order to achieve thls target, it is necessary to expand the present critical zone and regulate

- the groundwater pumpage Momtormg of groundwatet level, 'land " subsidence and

kygroundwater pumpaoe ‘coupled with the use of the groundwater database and simulation
~models are prerequlsrte to an. effecuve 1mp1ementat10n of the groundwater basm'y '
, management v o :

11.2 Recommendations

1 12.1 Gr‘ound'w:tter;Maﬁafge.mem_ .

o E’xpénsi'on of the Critical Zone

~ Groundwater level has been declining heavily, and land subsidence is progressing in Lat
- Krabang, Pathum Thani and Samut Sakhon areas. It is predicted that by year-2017 the total

- land subsidence will reach more than 180cm/year and the groundwater level will drop to
170m to190m below MSL. To mltlgate such situations, 1t 1s therefore necesssary to expand

‘,the present exxstmg crltlcal zohe to cover those areas
e ',(2) Regulatlon of Pumpage
' f In the medlum-term the tentative permxss1ble ytelds (tar get pumpage) in the Study Area are 7 |
179 MCMD in year-ZOOO and 1.62 MCMD in year-2005 (Scenario 6). In order to achleve
T thts target ‘the pumpage must be' regulated accordmg to the followmg schedule HUEEE
1995-2000: Regulate pumpage w1th1n 2.5% i mcrease annually
-2000-2010: Reduce pumpage stepwise at 5% decrease annually’
2010- 2017 Keep pumpage constant at year 2010 level

: kh (3) Constructlon of New Momtormg Statlons :

. Momtormg of groundwater level and land sub51dence is necessary not only to assess the' :

 effectiveness of regulations but also to obtain accurate groundwater data to be used in.

improving the groundwater models for the evaluation of the permissible yield of the basin. -

%) ‘The monitoring system constitutes an -essential component of the groundwater basin -
~ management, and it is therefore recommended that more new monitoring stations be e
constructed in Pathum Thani, Samut Prakan and Samut Sakhon where groundwater’ level‘ S

continues to decline and land sub31dence is progressmg

E -(4) Levelmg of Benchm‘ar’ks
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V Levelm" suweys are conducted by RTSD,. BMA and ‘DMR. Howcver the date and -
. frequency of their levelings must be coordinated, and their data must be integrated to

, prepare an authontatwe uniform land subsrdence contour map.

5 (5) Installatlon of Watex Meter

o Estlma’uon of pumpaoe is also an 1mportant part ot the groundwater basm management In

~ the Study, the pumpage of private wells was estimated from the water rights records stored
~_in the well inventory database and actual pumpage records of about 2500 wells installed . ‘
~ with water meters. Since pumpage estimates were used to set the tentative permissible E

: _yield, they must therefore be estrmated as accurate as possrble in the future evaluation of o
permlssrble y1eld : : !

i 'P‘resently, the water permit applicants are obliged to install water meters for industrial and
. commercial uses of groundwater. This requirement must be extended to other users of
~groundwater so that a more accurate pumpage estimate can be obtained using the actual :

o wroundwater consumptlon readmgs from the water meters.

,(6) Apphcatlon of the Groundw'lter Database System

f The vroundwater database system estabhshed in DMR processes g1011ndwater levels land e
. subsidence, water quality data, well inventory, etc. These data must be stored continuously
- in the future. Particularly, the well inventory database must be used, operated and o

S mamtamed conjunctlvely with the water permlt reglstratlon records of DMR.

i 1(7) Improvement of Groundwater Models S
v The accuracy and rellablhty of groundwater models estabhshed in DMR must be 1mproved
“in the future. This may be achieved by a more accurate pumpage estimates, by collection -
~ and analysis of a more accurate aquifer parameters, and by continuous monitoring of o
L groundwater levels, land subsrdence and water qual1ty, etc. . i S )

E '(8) Model Appllcatlons and Permnssnble Yleld

fThe groundwater models }omtly w1th the groundwater database and monltormg systems :

“shall be applied as tools in groundwater management, i.e., in assessing and predicting

. groundwater levels, land subsidence and water quality and in evaluating the permissible
- yield of the basin. " Since the permissible yield is the management target, it must be re-
- evaluated according to the monitored data. - It is, therefore, recommended to modify the
~ tentative permissible yield and set .a more accurate -and .updated target according to the

' ”Vfuture monltored groundwater condrtlons

st (9) Hydrogeologlcal Investlgatlons

L The Study Area is located only at the southern part of the Lower Central Plam whrch 1tself |
constitutes a huge groundwater basin, while recent urbanization tends to move ‘towards S
- north and east of Bangkok Metropolitan Area. Hydrogeology of the entire groundwater
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k basm has not been mvestlgjated in detail yet, thouOh several studtes had been conducted and
data had been gathered in the past. 1t is, therefore, recommended to expand the Study Area -
to cover the entne ﬂroundwater basm and to mvestwate the lonO—term prospect of its

i development

1122 Co‘mprehensive Measures
( 1) Substitutional Water Supply

~Since the supply of surface water is a necessary condition for implementing the pumpage”i
- regulation, the MWA and the PWA should therefore implement their expansion projects on

 schedule. It is strongly recommended that waterworks for industrial water use be
- constructed, particularly, in Samut Sakhon area. The lack of water supply may become a

factor obstructmrr mvestments in industries, which will finally affect the regional economy.
‘(2) thlonal Use of Water

* Technical and institutional measUres should be undertaken to save groundwater;' In order to

find out technical measures in commerce and industry, investigation on the rational use of =~

_groundwater is recommended. In addition, campaign to save water should be done
' vworously throu(rh media and throu0h distribution of leaﬂets

7

;(3) Groundwater Fee

- Groundwater fee is presently 3.5 bahts/m’. This rate should be raised to the same price -
level charged by MWA and PWA.  Payment should also be based on the volume of
“groundwater actually consumed. In addition, groundwater fee should be implemented to - i
~other heavily pumped areas as well, not only limited to the present six groundwater areas

de31gnated by the Groundwater Act.

(4) Artlﬁcial Recharge

;One of the measures for recovering groundwater levels and mltlgatmg land subsxdence is

artificial recharge. However, a pilot artificial recharge well system is recommended to be
implemented first before constructing a large one. ‘During the piloting, the main technical as
well as economic and legal issues must be investigated and assesqed thoroughly through
g experiments. : ‘

’(5) Strengthenmg of the Technical Sub- Committee

To be tashed with assisting the Groundwater Commlttee in assessing the groundwatet‘ .
~situations, the function of the technical sub-committee is recommended to be strengthened -

- within the organization. The sub-committee should deal with the preparation of the

groundwater management opttons from the basm wide hydrogeologtcal v1ewpomts

(6) Organ‘ization

‘\1“2"6;




fThe Groundwater Division and the MGL PIOjeCt of the DMR is tasked to conduct the
mvestloatlon observation, analy51s and evaluation of g g,roundwater and land sub31dence in
'Banﬂkok Metropolitan Area. . Aside from this, the DMR is deputlzed by the Minister to
~investigate and assess water permit apphcatlons Conmdermg the importance of the role of
the Groundwater Division and the MGL Project in the management of groundwater and
. land subsidence in Bangkok Metropolitan Area, 1t 1s 1mportant that these orgamzat:ons be
- strengthened by beefing up thexr manpower. ~
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