





" CHAPTER 4. GROUNDWATER QUALITY

4, 1 Water Quallty of DMR Momtormg Wells
(1) Method of Snmplmg
A total of 237 groundwater 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

o done for at least one (1) hour. Water level, discharge rate, electric conductivity, pH, and

temperature were measured at an interval of 10 minutes during pumping.
(2) Dlstl"lbl.ltl()ll of Water Quallty

DMR momtormg wells tapped three (3) major aquifers, i.e, Phra Pradaeng (PD), Nakhon

' Luang (NL) and: Nonthaburi (NB) Aquifers. Groundwater of these aquifers were interpreted

from the geochemical point of view.

.Tnlmear Dlagram Analysns

The results of analysm were plotted on the tnlmear diagram. The central diamond- shape
area of the diagram was divided into 5 domams

: :Domain _I. - Ca(HCOs), type
"..Domain 11 .NaHC03 type
-+ DomainIIl . . CaSO4or CaCl, type :
. Domain IV Na;SO, or NaCl type
Domain V. - - the middle

Groundwater chemically evolved along the path from domain ITI(V) to domain I, and ﬁ‘om
~ domain I to II(V). Most of PD Aquifer samples were plotted on domain IIL, IV and V. A

few samples were plotted on domain I and II. NL Aquifer samples were also located in

domain 111, 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 Il and V. Fresh water was generally represented on domain

LIl and V. Groundwater at domain IV was affected by sea water or fossil water (Figures
 4.1.1t0 4.1.3). - -

Pattem D__ia_gfam 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 distributed in northem Bangkok, Pathum Thani, and Nonthaburi.

NL Aqulfer samples taken from the coastal area had high content of chloride 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 different from that in the coastal area.
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NB Aqulfer samples taken from the southem part of the Study Area were rich in chlonde
and (Na+K), similar to the water quahty of NL Aquifer. The cause of sallmty of the NB
Aquifer may be the same as that of the NL Aqurfer (Flgures 4.2.1to 4 2. 3) '

4.2 Water Quahty of JICA Momtonng Wells : | .

The results ‘of “analysis of' groundwater collected from the 18 momtonng wells are
sutmarized in Figure 4:3 and Table 4.1, ‘BK Aquifer samples were plotted on domain IV or

111 because of high chloride ‘concentration. Groundwater of PD. and' NB ‘Aquifers were -

plotted on domain IV at Site A (Lat Krabang) and Site B (AIT), howeveér, in Site C (Samut
Sakhon), PD and NB groundwater not aﬁ'ected by sallmty yet were plotted at domam V and
1, respectwely ' .

NL groundwater which was aﬁ'ected by sallmty ‘was plotted on domam IV at Site C- (Samut R
Sakhon). At Site A (Lat Krabang) and B (AIT), it was: plotted on domam IV to V and was
not affected by salinity yet.

Groundwater of deep SK, PT and PN Aqu]fers at Site A (Lat Krabang) was moved to
domain IV At Site C (Samut Sakhon) it was stlll on domam I 1nd1catmg fresh water

4.3 Sahmty of Groundwater

In PD Aguifer, the area of high chloride concentration spread over the entire Study Area
except the eastern part. On the other hand, in NL Aquifer, the aféa 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

Oﬁgures 441t044 3)

Spatial drstnbutlon of chloride concentratron 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 aquifér’s artesian head which was
heavily pumped. Aquifers deeper than PD Aquifer are possible to crop out at the bottom of
the Gulf 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
coastal area. This indicates low pOSSlbllity of direct sea water intrusion,
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Figure 4.1.1 | TRIINEAR DIAGRAM OF PHRA PRADAENG AQUIFER

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

JAPAN MERNTDNAL COOPERATION AGENCY (JICA) KOKUSAl KOGYO CO., LTD.
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Figure 4.1.2 TRIL!NEAR DIAGRAM OF NAKHON LUANG AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
_INT}EBANGKOKHETROPOUT AREA AND ITS VICINITY

JAPAN INTERNATIONAL COOPERATION AGENGY (MICA) | KOKUSAI KOGYO CO., LTD.
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{Water samples were collected by the Study Team in 1993.)

Figui‘e 4.1.3 TRILINEAR DIAGRAM OF NONTHABUR! AQUIFER

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

JAPAN INTERNATIONAL COOQFERATION AGENCY (JICA) KOKUSAl KOGYO CO., LTD.
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Figure 4.2.1 STIFF DIAGRAMS OF PHRA PRADAENG AQUIFER

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

- JAPAN INTERNATIONA! COOPERATION AGENCY (JICA) KOKUSAl KOGYO CO., LTD.
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(Water samples were collected by the Study Team in 1993.)

Figure 4.2.2 STIFF DIAGRAMS OF NAKHON LUANG AQUIFER

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

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) KOKUSAl KOGYQ CO., LTD.
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Figure 4.2.3 STIFF DIAGRAMS OF NONTHABURI AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND IS WVICINITY

JAPAN INTERNATIONAL. COOPERATION AGENCY (JICA) KOKUSAI KOGYO Co., LTD.
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CHAPTER 5 GROUNDWATER PUMPAGE
S.1 Background -
This chapter presents the results of the estimations of year-1992 groundwater abstractions and

historical groundwater pumpage records (1983-1992) based on the compilation of well
inventories of both private and public wells in the Bangkok Metropolitan Area and its vicinity. -

Private wells are those wells registered at DMR for water rights, while public wells are those
wells constructed or managed (or both) by DMR, PWD, MWA, PWA, DOH, ARD and IEAT.
Meanwhile, the. Whole Area shall include wholly the eight provinces 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
93°N and 173°N, and locates the 10,772 private wells and 884 public wells. -

52 Well Inventory

‘The groundwater pumpage estimations basically relied on the Groundwater Database System -
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
inventories contain 11,222 private wells, 2,475 public. wells and 258 groundwater observation
wells for a total of 13,955 wells as of 1992, encompassing active, inactive and abandoned wells.

~As shown in Figure 5.2:1, of the 11,222 inventoried private wells, more than 75% of the private
wells are focated 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

- wells are tapping Phra Pradaeng Aquifer. More than 72.4% of the wells in Nonthaburi province
are withdrawing from a deeper aquifer, Nonthaburi. .

Around 45.3% (5,088 wells) of the 11,222 private wells are for domestic consumption. 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
largest number of industrial wells, 1,129, are pumping from Phra Pradaeng Aquifer in Samut
Prakan. * The second largest number (645 wells), which is also situated in Samut Prakan, is

withdrawing groundwater from Nakhon Luang Aquifer.- - -

- As shown in Figure 5.2.2, of the 2,475 public wells, 1,019 (41.2%) were constructed by DMR,
932 (37.7%) by PWD, 157 (6.3%) by MWA, 111 (45%) by PWA, 83 (3.4%) by DOH, 93
(3.7%) 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 productions are
- largely for domestic consumption, while IEAT wells are utilized for industries.

‘More than 6.6% (163) of the 2,475 public wells are located in Bangkok, 3.2% (79) in
 Nonthaburi, 8% (198) in Pathum Thani, 7.1% (175) in Samut Prakan, 12.2% (303) in Samut
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Sakhon, 34.3% (847) in 'Ayutthaya 14.3% (355)-in ‘Nakhion Pathum ‘and ‘14. 3% (355)in
Chachoengsao. There are 1,110 (44.8%) pumping out from Nakhon Luang Aqurfer 602_

(24 3%) from Phra Pradaeng Aqu1f‘er and 534 (21. 6%) from Nonthabun Aqulfer '

Ofthe 11,222 pnvate wells gathered from the DMR's Groundwater DivisiOn 10 772 are located
in the Study Area. More than 60.6% of the 884 inventoried public wells in the Study Area are
located in Bangkok;, Pathuin Thani and Samut Prakan, and more than 46.4% were constructed
'by PWD. The combined total of the inventoried number of private and pubho producnon wells
in the Study Area is 11 656 Of thls total pubhc wells represent only 7. 6% - '

On the other hand the number of pnvate wells w1th active water pemuts was esttmated at 4 l4l '

for the year-1992 based on the years of the issuance; expiration and extensron of water pemuts
Of this total 4, 132 wells are located in the Study Area, e =

' i 3 Hlstoncal Groundwater Pumpage Estlmatlons .

The 1983-1992. hlS'tOI‘lC&l groundwater pumpage records were estlmated to provtde basic data

for groundwater simulation studies, i.e. for the calibration and venﬂcatron of groundwater
model and also for generanon of future pumpage scenarios. | :

Two (2) cases, of‘ hlstoncal dally groundwater pumpage estlmates were. consrclered for pnvate
,wells . : . k.

Case_ I: Assumes that all private wells with permits that hav_e-"ekpired and have not been
~ extended shall become inactive or abandoned. daily pumpage Estimates are based on the years of
issuance, expiration and . extension of water rights and the volume permitted stipulated in the

water rights multlplled by the GPC. This GPC is the average ratio of the actua] pumpage to the

volume permitted. -

Case 2 Considers that well owners shall coht'mue using groundwater even after the exniration o
of their water rights for-there is still an inadequate supply of surface water. Estimates are based -

on either the year of issuance of water permit or the year of completion of well constrisction and
the volume permitted rnult1pl|ed by the GPC.

For public wells, monthly dlsoharge records stored in the well inventory dat'abese were used for
the computation of historical groundwater pumpage. In the absence of actual pumpage records,

historical daily pumpage was estimated using the well yield data obtained during pumping test, - |

the number of hours of operation per day, and the year the well was constructed, - -

The results of estimations are as follows. . .

Private Wells Case I - The year-to-year pattern of groundwater withdrawals for. the. Study
Area is. similar to that for the Whole Ares, as shown in Figure 5.3.1.. The groundwater

withdrawals for the Whole Area increased steadily from 640,375 CMD (630 619 CMD for the -

Study Arca) 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 watef permits. By the year-1992,

the groundwater pumpage was estimated at 645 ,053 CMD for the Whole Area and 603, 588
CMD for the Study Area.
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Private Wells Case 2 4Thé_histori£::al reéords of groundwater pljmpage és calcu]ated_usihg Case .
2 for both Whole Area and Study Area had patterns similar to the one shown in Figure 5.3.2.
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 attributed to the fact that Thailand

expenenced ai unexpected hlgh economnic growth.

The total groundwater mthdrawals for the Whole Area 1ncreased from 640,375 CMD in 1983 to
1,171,321 CMD in 1992, In the Study Area, the total use of groundwater had increased 177.8%

' (or by 490,685 CMD) from 630,620 CMD to 1,121 ,305 CMD for the same period.

In Table 5.3.1, these statistics have shown that groundwater withdrawal is continuously

“increasing as assumed in Case 2: Since it was also in.good agreement with the results of the

groundwater simulation studies, Case 2 therefore was considered as the most probable historical
pattem of groundwater thhdrawal in the Study Area.

Pubhc Wells: For b_oth the Whole Area and Study_ Area, the groundwater pumpage estimates
for DMR, PWD, PWA, TEAT, 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 directing MWA to phase
out all public wells in the defined Critical Zones 1 and 2 by the end of 1987.

Combined total grbundwater pumpage of both private and public 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.

The histoﬁca_] patterns for the Whole Area and the Study Area showed a drop in groundwater

- withdrawal between 1985 and 1986 as influenced by the abrupt decline of MWA extraction in

the same period for the reason mentioned above.

The total grouiidwat_ef withdrawals for the Whole Area increased 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 period.
5.4 Year-1992 Total Groundwater Pumpage in the Study Area

The combined yeér—1992 total pumpage of both private and public wells shows the approximate

picture of the year-1992 groundwater pumpage in the Study Area.

The year-1992 pumpage leve! 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 Samut Prakan, Bangkok and Pathum Tharu could be attnbuted to the -
concentratlon of mdustnesmthese areas L o : -

As presented in- Table 5.4.1 the year-1992 groundwater productlon of pubhc wells in the Study o
~ 'Area totaled 359,756 CMD. In Figure 541, thlS total was divided into 78.7% for domestlc use .
and 21.3% for industrial use. For domestic use, public wells produced more groundwaterthan-
private wells (283, 153 CMD against 267,570 CMD). While abstraction. for industrial use by
publtc wells represented on]y 10. 5% of the tota] mdustnal productlon of pnvate wells

Combmed ‘total of the esttmated groundwater mthdrawals of pnvate and pubhc wells in the? .
Study Area amounted to 1,481,061 CMD Of tlus total pubhc wells used 24 3%

~ The combined total w1thdrawals were dlsmbuted as 550 723 CMD for domesttc uses; 47, 944.
CMD for institutional uses; 77,036 CMD for commercial uses; and 805,358 CMD for industrial
‘uses. Combined distributions were 37.2% for domestlc supphes 3.2% for institutional uses;
5.2% for commercial supplies and 54.4% for industries. This is shown in F:gure 54.1. anure
54, 2 plots the spatta] dnstnbutlon of pumpage in the Study Area in year-1992 R B
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“

‘Table53.1 -  GROUNDWATER LEVEL STATISTICS FROM 84 DMR MONITORING STATI

Nelther Recover

Recover* Decline nor Decline*
Changwat in 1920-91 after 1987 after 1987 Total
Bangkok 14 (41x) 13 (38% ) T (21%) 34 (1lo0%)
Nonthaburi : ’ 5 (100%) . 5 (100%)
Pathum Thari 15 (94% ¥ 1 (6% ) 16 (100%)
Samut Prakan 1 .(5%) 17 (77% ) 4 (18%) 22 (100%)
Samut ‘Sakhon ’ 1 (50% ) 1 {50%) 2 (100%)
Ayutthaya "3 (100%) ' 3 (100%)
Nakhon Pathom ) -2 {100%) . 2 (100%)
.. Total ' 15 {18%) 56 {67% ) 13 (15%) 84 (100%)

*Decline after 1991
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: CHAPTER 6 GROUNDWATER LEVELS AND LAND SUBSIDENCE

6.1 DMR Momtonng Statlons L

Groundwater levels in the Study Area are momtored by DMR through the groundwater
monitoring network consisting of 258 observation wells in 103 stations. Of the 258
monitoring wells; 77 wells were installed with water level recorders. Groundwater levels in
: all momtonng wells are measured at least monthly (Figure 6.1)

(I) Groundwater Level Changes :

The annual plezometnc changes- of main aquifers.in the past 15 years in Lat Krabang,
PathumThani, and Samut Sakhon are presented in Figure 6.2. Recent decline of
groundwater fevels ‘andland 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 deohne of
_water levels were also srgmﬁcant in the other two- (2) areas.

' (2) '(:roundwater Conto‘ur
' Phra Pradaeng Aqu:fer |

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

- Metropolis, SamutPrakan, Samut Sakhon, and central- Pathum Thani. The cone of
depressrons deeper than 30m appeared 1solate1y (F1gure 6.3).

Nakhon Luang Aqulfer

' Perzometnc levels lower than 40-50 m were observed from central to eastern portion of
Bangkok in the beginning of 1980. The center of the depression moved toward east every
‘year: The 1994  groundwater contour shows an elliptical depressron zone extending from
north to south at maximum depth of 60 m. The center of Bangkok is at the westemn edge of
the depression zone showing 30 m to 35 m water level (Figure 6.4).

Nonthaburi Aquifer

The prezometnc contour -of Nonthaburi aquifer 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 Prakam appeared in 1994 (F1gure
6.2 JICA Mon'it()ring Stations

Groundwater levels and land subsrdence are momtored at the JICA momtormg stations in
Lat Krabang (Srte A), AIT. (Site B) and ‘Samut Sakhon (Sate C) since July 1993 These
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momtormg wells measure . groundwater levels and land subsrdence at dlt’f‘erent depths :
record data on the chart continuously ‘and store them in the magnetic card every hour.
These data are collected every month and processed on the mrcro-computer at: DMR

' (1) Lat Krabang (Srte-A)

The deepest groundwater level was observed at A-6 well (Nakhon Luang Aqu1fer) showmg-
63.0 m in 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 Aqulfer) were lower _
than 50 m. Those at the deep monitoring wells, i.e., A-2 well (Phayathai Aquifer), A-3 well
(Sam Khok Aquifer), A-4 weil (Sam Khok Aqu1fer) and at the shallowest A-8 well
(Bangkok Aquifer) ranged from 20 m to 27 m. The water level of the deepest A-1 well (Pak
Nam-Aquifer) has gradually recovered since its construction, and the present: piezometric -
head is shghtly hrgher than the ground elevatron mdrcatmg an artesran condrtron

T he rnaxrmum land subsrdence of 6 5 cm ‘was. recorded at A-2 well in July ]993 The
subsidence rate which was evaluated considering the compaction of land fill was almost the
- same as the recorded subsidence rate based on the nearby 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 Bangkok Clay represented only 40% of the
total compression measured at A-1 well (574 m). The rest, 60% of the. compressron
occurred at deeper formauons (Figure 6.6). :

2) AIT (Slte-B)

Groundwater level was lowest at B- l well (Nonthabun Aqulf‘er) and gradually 1ncreased as
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 fluctuations were. caused by the '
pumping of the industrial wells in the vrcrmty :

Shght land subsrdence occurred at the above momtonng wells. A maximum subsrdence was

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 (F1gure 6.7)..

(3) Samut Sakhon (Site -C)

The deepest groundwater levels were observed at C-2 well (Nonthaburi Aquifer) recorded
at 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 v1c1mty_'
and a rhythmic daily and weekly fluctuations were observed. C-4 and C-5- (both Phra
'Pradaeng Aquifers) and the deepest C-1 well (Sam Khok Aquifer) ranged from 17 mto 29
m in water levels. Fluctuations of groundwater levels were not observed '

A maximum subsidence 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
recorded about 12.0° cm and the shallowest C-5.(78 m) was 10.6 cm. Most. of the



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 anticipated
--sett]ement of the land fill (Flgure 6.8)..

@ Benchmarks -

Two (2) kmds of benchmarks were constructed at each momtonng 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
~_were not available at that time and so, their subsidence were calculated.

- {5) Pore Water'Pressure _

Five (5) pore water pressure meters were buried from 5 m to 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. 8kgf/em® and 1.8 kgffem® at 25 m and 34 m depths,
respectively. :

6.3 DMR and 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 Flguro 6.9).
There was no established standard date and time of leveling among these agencies. The
following is dlscussed according to the RTSD and the DMR data:

(1) Subsidence at Representative Benchmarks

The land sub31dence 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
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 (Figure 6.10).

(2) Total Land Subsidence

Figure 6.11 shows the total subsidence distribution in twelve (12) years from 1980 fo 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 entirely 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 in the center of Bangkok
was less than 15 cm.
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(3) Land Subs1dence Rate from 1992 to 1993

F1gure 6 12 shows the annual rate of sub51dence from 1992 to 1993 The map mdlcates'

‘significant 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 4-3 cm/year was
observed locally in.these areas. On the other hand, 1-2 cm/year of subsidence was observed
at the center of Bangkok It was less than 1 cm/year in the area along the Chao Phraya
R_wer . . C ; : ) : .

64



4

UTM-N (km)

5 4 . 45 60 S5 60 6 70 frs 80 8 90 95 00 105 110 115
prrabaraslooaabeaee davpabvana b gla syt prog vt b e b aabensa et el

— . &7 B
170 170
165 <165
04 160

3 o1 -
155 165

o ST038 o
150 150
145 sToa 145
140 140
1254 Fs F13s

. £TOM » :

- . - -
130 130

a o -

125 125

e = )
120 . 120

. i a
115 * A 415

. - ST045 :
1104] 110
105 [ 105

: s -

Il o
100—__ .:109

1 . L

- = ST0OS 5T014 o
95 . . o5

AT T T T T T I T T b Ty T T T e T e e LT L P T T T T v
35 40 45 . S0 S5 6o - e 70 75 BO 85 80 95 g0 105 110 115
UTM-E (km)
LEGEND
s . {ocation of JICA monitoring station
+  Location of DMR monitoring station
with station No.

Figure 6.1 LOCATION OF DMR MONITORING STATIONS

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

- JAPAN INTERNATIONAL CMM“W AGENCY (JCA) | . KOKUSAI KOGYO CO., LTD.

65







GROUNDWATER LEVEL FROM G.L {m)

GROUNDWATER LEVEL FROM G.L {m)

{m)

GROUNDWATER LEVEL FROM

30.0

e AL e
- b\'\m_e-‘ ST,
40.0
; \Tw i
480 7 a7
] _-\F’\\_
50.0 "\
] \1{ PO33
55.0 \
3 \\{\..-'-m.n
60.0 ] -
1978 1979 1980 14981

: wat Bamrung Run
ny

24.0

d Kra.
: Bunghek .
d : S01Te8

Sam Prowst
bang

1982 1983 1984 1985 1986 1987 1988 13989 1990 1981 1992 1993 1994

§T183: 87 STATION No. 41

26.0Q

28.0

s

NN ENURI

30.0

32.0

34.0

36.0

1 FD42

11}

38.0

M\'\ » npos

40.0

42.0

44.0

A

IR IEREENERU R EER]

46.0

L hNLOU

-
']

LTATION
Tambon

78 1979 1980 1981

: Wat Kla_ Cha—urm
: Kh:ono Son

Amphos  : Khleng Lua
C?nn waot i Pn\hu'fn Thant

rid ¢

770520

i982 1983 1984 1985 19868 1987 1988 1989 1990 1891 1992 1993 1994

i STATION No. 19

15.0

20.0

25.0

PDS2

111l

30.0

Likl

35.0

1111

40.0

Lill

ot R
A s

45.0

LN

\\q NBSO
ka

50.0

1HLL

|

55.0

1878 1

B )

LOCATION S
Tambon =

973

Muang

Sarmut
3935034

980 18381,

wat Ba Pin
A i

Amphow 1
o

Samut Sokhon
Sakhon

1882 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
' YEAR

]
a
a
m
m
z

.
m
T
i
x

33. Om

135:%%  STATION No. 48

Figure 6.2 GROUNDWATER LEVEL CHANGES

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

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

66




"33 4D 43 30 38 60 &3 70 73 M0 @5 90 g3 1 1 "'1.0 1E] 34 45 50 33 o0 €5 '70 7S 80 BS 90 93 | 1 1o 33 40 43 30 53 B0 85 70 T3 MO A5 90 93 1 He 18
11_-’_Ll_llllllllllllllll|l[||l|1]l||llll[|Illllll!llllillsllllll|l|J||TI1|| u“l““ 73 173 11111'1“111'!11IHIllIlill|l!llllulllulnl'lInuluuh||1I1u|ﬁ|||ﬁ1u 1LiJ 31” 178 InHluulunluulunllnlI||||luuluuluuluuil||ll111:(ﬁn}ﬁluluu 173
- . . H X - o Lok o . oL - . S / -

1603 ' = 3 S E : S Fre a
3 18 = : S [~ 168 BT i 168
1433 “Fes - : B 163 Eios
"“:E E—m ' /E—m ' e : > _|— :::153
1533 E - _ S o g
E F 133 =153 153 153
1483 =148 E- 148 F-148
“SE E‘““ _——*‘"_"‘__ E—IH 5143
grsaE C 138 g E 138 138
Em—:- 133 z =133 133
1283 . 128 5 : - B - 128
1231 N\:l\“_-'-m \/\5123 123
18] = =118 113
llaE s ) : 113 E 113
toe F-100 3 a0 i h 108 o
) C ) SR ' - \ E o
'93;|.Il||llll|IIIT|III||I!II|IlII&IIHLHII[IIIIflIIIiI‘IIIIHII]]IH&;Hl'|]|| ””:'-': 93Jlsnn||‘|||4y|11]'l1|1[|r||1u|| lllr|l”lll‘l‘[Ti_ll|lHl|llll rn.r.“.” |”.|:':‘3 Eg;
A R %75 s 85 %0 85 o 105 Mo il _ 40 % 55 60 s 79 75w 85 9 $5 b0 s 1o ifs : 35 40 45 50 55 60 65 70 75 B0 83 90 95 100 105 tip 15
UDM-E fkmd : _ R , : UTM-E (km} UTM~E {km)
JANUARY, 1931 . _ _ _ ' FEBRUARY, 1984 . ' . : JANUARY, 1987
35 40 43 30 S5 €0 65 70 75 8 BS S0 95 {00 1g5. 110 . 118 35 a0 45 S0 55 50 85 70 75 80 BS 90 93 100 {05 {10 {5 . 33 40 45 50 S5 g0 &5 70 75 80 @3 90 95 100 103 130 {8
113_.““|"“l““““"'1“_“”'1”'l““|l“l“'llllllllflll“lllﬁll* llllllu_i “173 73 llllillilllll!!lllrllIHlJHIIlI[I||||!|5||l||Illlllllllllllllluﬁln TE1 ATTT 173 |mlnul|||:inulu||!||n|uuiu|il|||li1|7u_111111lnnlnn(ﬁrn TTH TH 73
1885 168 C 168 1685 - rea
183 163 q'_;ws 1637 <Elﬁ=
1= ise —1s8 1563 150
1333 1335 =153 1533 C- 153
e Ma ' 148 140 4
143 1433 F 143 1433 =143
‘E]u: '_']555 E—ISH ,_JSB—: 5'”
23 £ 7 o £ =
7193 =|1;;E' C 133 :flzsf =133
128 Eizo{ 120 gm—: 120
125 1233 123 125 123
3 . - 3 -
He = 1187} E 11 1183 118
133 = 133 ' Sz ) ¥ S o | C 113 133 E-i13
Wﬂ:—; = 108 ) X i i~ =1 1083 E-108
1033 = s (F ) 7 Cros 1083 103
. - - .- N n.n 1! N . : = E
L) - v {).5 R ‘ ‘ - . . Co
3 - 3L ' ' . 5 3 E
93—IIH||III|IIII|IIH[IIIliilil[]lII[IIII]IIII||III|][|I|llII[IHI T T3 93 o = 3 : o = T 3
A L RN R AL R A N R R AL R AR RS N ZERENEER R ARRER SRR RN T 793 - [ AR RN A AR ARIARN AR R RATI TTTTPETTI TR T T T T I A [T I IR [T T I [Ty
3 40 45 %0 55 60 65 7o 75 B0 @5 %0 ¥5 i6o 105 1o i1s S LA AL LA AL AL AL AALLL AL LLLLIR B % 95 100 168 i s A A AL AL AL LA %0 55 g0 108 Mg s
cumsesoswszgm el ' . - VRE (m) - _ : : : _ ' UR-E (kam)
METRIC CONTOUR LINES .- JANUARY, 1980 - : ' FEBRUARY, 1993
: o o o LEGEND Fi ' 63 PIEZOMETRIC LEVEL OF
_ . : N . » igure 6. '
LEGEND - : UNE OF EQUAL PIEZOMETRIC LevEL gure PHRA PRADAENG AQUIFER
o . . m_below ‘ground surfoce, - -
------------ 30mbgs CONTOUR LINE IM JAN. 128% —————— SDmbgs.CONTDUR LINE IN JAN. 1990 - . ’ . OMR MONITORING WEEL WSWYWWGMMWGRWWERMDMSUB&M
- B . RN W PROMIRG L : METROPOLITAN AREA AND ITS VICINITY
--------- 30mbgs CONTOUR LINE IN FEB. 1084 30mbgs CONTOUR LINE i FEB. 1993 : ' (m below ground surfoce) IN THE BANGKOK !
-------- 30mbgs COMTOUR LINE IN JAN. 1987 _ {mbga & m bukow ground purfoce) o G T | 4PANINTERNATIONAL COOPERATIONAGENCY (JICA) | KOKUSAIKOGYO CO, LTD.

67




35 40 A5 30 55 80 65 70 75 80 63 90 93 100 105 H{o. 1]% 45 50 5% 60 65 70 75 ©8G 85 %0 95 1 105 110 15
s o s ol Do To Doelp e b leage o G P uu]nn 173 i,,, 73 3:"1nﬁ’uulnuluuI|n|I||||E||nFu1|lrunl::nlnulnuluu pniiaeeibesan] gy
— : - = B X —

) e : AL _./ i = ) E e
1683 ( 169 - 158 188 ] Lise
163 183 183 1837} I~ 163
156~ = isa E 158 1383 138
1935 153 Cisy 153 153
1482 C 148 140 140 148
E Eo - 3 0 _—F
1435 143 143 1433 \:Hs
138 130 138 1387 132
£ 1 E F e S
zIISS-: E—ISJ 5133 ,I:lss..‘.._‘ — 133
E’“E 128 128 Emé [ 128
123 123 123 1237 \5'23
118 118 am 1183 =1is
13 =113 113 1133 =113
106 - 108 E 108 108 =108
03], =103 3 103 1053 103
w3) =98 C o8 e 98
= ) a 3 - J . 08 =
b : - - o : . - 3 e : -
e LA AR AR AR LA AR ARRN AR LR AR LA LR AR LA SRS R RN IRRE e R 8 AR A AR LA AL LARR LA R A S KA ALN AR AR RN AR AR D RRR AR REN AN AL e R LR L L L AL L R LS KARRN AR N R YRR LR AR 25
35 40 45 50 & s o 75 75 80 85 %0 95 u!io 1 150 115 3 40 45 so s sio AR ARRLAL A a's 9‘0 9'.'. 150 1 o’ 115 35 AAREALLL AL, JD 5‘5 7!3 45 s 85 g0 95 % _1#0 s
UTM-E (k) . ' ' o ’ ’ UIM-E {km)} ’ UTM-E (km}
) JANUARY, 1981. ' . : FEBRUARY, 1984 . : . JANUARY, 1987
35 40 45 50 55 60 65 Y0 73 80 M3 90 95 1 1 110 115 - 3 40 43 850 35 60 65 70 7S 80 &85, 90 93 | ! 10 113 I 40 45 50 %5 60 85 70 75 80 BS 90 95 i 105 110 155
173 lllllHII|lIIl]llll]H!l|Jll|1]lll|lrl||IIII]IIEIlllllllllllllllﬁlll |IIL}“|I 3 s III!IIHI|IIIl|1llllulll|r||1|||l|Ill]llliiliil.l’lllllllIHI|HIIT‘31H |1||iu11 73 s IIII|I!IIElI]llll]_llllll“]_lllll!]ilIII|Illll‘l‘lllilllllllll|lIH?cI'lllllllllllll 173
= J / S = ' ' E 3 E
168 - 168 158 E- 158 188 [ 188
= = - q'_' s C
183 183 1635 E-163 1533 183
E 2 E # 3 E 5
158 — 158 1587 F 150 1583 =158
153 F-153 153 £-153 155 153
13 =148 18] C 140 1487 14
133 =143 1437 A =143 143 =143
138 E 130 138 2 C 138 1383 138
N F & 3 S £ =
z i3] E13s :'ISSE : , 133 yss—} 133
3 = 3 ) = - =
= E 3 2, o p -
Em: =120 gm": d = - 128 Em«: 126
3 : E A g E -
1253 C-123 1237 - 123 123 123
7—9 > 3 b : = 3 o
118 118 - e - Co 11 1183 = 118
E - 3 o = 3 =
-3 . o = fom 113
“3:3 \B 1 13 =113 13 =
=3 1 'l 3 - - -
106 108 185" Lt 108 1087 100
3 C 3 + =e 2 C e -

3 - 1 lowde - hu -
103 - 103 1934 SN T 103 103 103
3 : ' - » p= nos o . - 4 3
so i s ' - 90 gof)t " 50 s8] 98
3 * . NE 15 . . v B . - = A i+
S R L R AR E RS A LA RY LARRNERR AN AR AN RN AR ANRARRARRRRARARRARRRAS RS DA L) ST T TP T T T T RS RRRARLEERRRNRAARRRRREN Bt ST T O T T T T P T T e A O e O T T T 9
35 4&; 45 50 55 50 als #o 7[.'» alo al.'; 9'0 9'5 .IJ'O 1 e 113 : 35 JJ 4[': 5‘0 s's 65 6]5 75: ')5 J:- : ag 9‘0 9'5 130 1 ;' |lo l: 5 35 *JG 4E'5 5!3 5]5 SIO 6 ¢ v B B % 9 T:_JU "L" 1'" is .
UTM—E {m) . . : . : ] o . UTM=E (xm) o : . UiM=-£ (km}

CHANGES OF PIEZOMETRIC CONTOUR LINES © “JANUARY, 1990 . . . T . FEBRUARY, 1993
. . . ' _ ' gure 0, i ER
LEGEND _ : | UKE OF EQUAL EZOMETRIC LeyeL g NAKHON LUANG AQUIF
. . m_ kelow ground surfqce,
------------ 40mbgs CONTOUR LINE IN JAN, 198% —===== 40mbgs CONTOUR UNE N JAN. 1950 . : : . 25,06 Wgnﬂogﬁéwg{éltwn S -WESTKIDY(N MANAGEMENT OFGR%%Q?T%WDEM
--------- 40mbgs CONTOUR LINE IN FEB. 1984  ——————= 40mbgs CONTOUR UNE IN FEB. 1993 _ . _ Co . - [ belew ground surface) : ;
-------- 40imbgs CONTOUR LINE IN JAN. 1967 y {mbgs s m beiow ground surfoce) s ’ ' : : JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) i KOKUSA KOGYQ CO,, LTD.

68




S 3 A0 0

-

8 90 95 1

‘3340 45 S0 S5 80 88 T 75 &0 108 110 18 4 ‘%0 35 80 63 TO 75 80 _ % g0 195 10 8 6. 70 75 80 88 95 100 108 110 1|3
"JH||1|I|lulllnluuluulnulu_uunhruluulnnll|||l|1u IIHﬁH!IIII'I 173 73 |§||1n||‘f’1u|I|ln_hluluu_lulllunhnll'nn?nuTuulnuTonu nn}nu1 3"3 73 ||[1]“11?|“15|°'||||sislllllllllllllllltllsllllf!llllllllhllllllliﬁIH ||||‘11n 173
X 5 I A ) Vs :
1687 A =100 1603 _ ) C 168 3 -
o a = = " o+ - E -
185 163 1633 Fres - 3
1583 10 Eiss 150 150 =
1533 ‘Eiss 183 153 o
1e e 146 . 148 -
143 =143 143 E-l“ =
1383 Fe 1383 - 138 -
& E & 1 E
g‘”—:[ =13 : 1:133{ E 133

mi ny =128 Ei”‘:‘ 128

7. E = =
'2-"_19 Fizs 1237 C (23
Rl _ 118 1s-J i1
”3'53 E 113 11323' , E 11

™y 7 Em Ch K i 3
103 2 = 1033 ‘ ' : ' % Es =
=t - g %03 ' S ' - Ty = -

3 E ELv~] . o : - CA\E” % F
033 . ) B . L ) : o - = i =

TIIT]TTTIN]TTITE ||i!l”[|]]iT|]l||l|i[[| |1I|]]||‘l[l|l|||l|]]|l| TTITTTTIT JTY.[ "‘:_ riTl'llil[Illl LRI LA L R LA A A A N R N AR N RN N AR AR A AR NERRR] 23 3 TTITTTTIVTIT I ETTE(TITTI (I T [.TlT TITTTITTNfETIq | T ETITITITITIT I I T ITITIn 3

AR A AL A AL L LA es %0 95 ibo s tlo 1ls AR AL R A U S N A A L UL L S K s SRANF AL AL ML A AL LA AL S AL A A AL AL AL LA M LA B

YTM-E (km) : . S T UTM=E () : : UTM=E (km)
_ JANUARY, 1881 S : ' . FEBRUARY, 1984 . _ . JANUARY, 1987 .

B .. o /55 & & 0 78 B0 B 90 95 190 185 10" M8 . 35 40 A3 S0 S5 60 65 70 73, 80 85 90 9 100 105 110 113 35 40 43 30 3% 60 65 70 73 B0 85 90 93 100 195 10 18
17.‘._“"1““4'5““"'“_l““l“"!"Ul"“[“"E”“il“l“'“l““ﬁ“' INERESNANFEETSY 173 |HI]IlIIllltlhll!11III|IHI|IIII||Iil|IiHEHll|l|ll|1ll|lll!l?°l|ll Illl]lrll s

b g ‘ o 3 . T ; ' £
166 E—I“ 168 — \ N ‘  sa
1”_; 163 153—3 153
150 - 150 158 <158
'.53'5 5‘153 15;.'_.1 515;

s 14 1483 .
1433 143 13 = 143
.-J“._t =130 . _nlxi E]m ;.'
& 3 5 3 E -
31393 135 133 133 133
g é 3 - =
1 128 = 120 E- 128
1233 1233 C 123 123
13 e 183 118 - 18
13 113 135 E113 133 E-113
- — b - -
.= - -y -
10&? 1087} 108 1004 -1

7 I = 3 o
1933 - 1057 ’ 103 1035 193

- - 3 % = 3 E
e - 93 b\ . \ o0 98 =
- 1 e . - =N N = = v o

A L R LR AR R AL LSRN AL AN ARRE Y IR LR AR I BT T T T T O T T T T e 9 S SS9

S N . o 1ds tloils . R L A AL A 6'9_ 65 70 75 & a5 90 9 1k i ile s B do 45 so 85 g0 65 70 75 g0 @5 b 95 w0 105 o ils

CHANGES OF PIEZOMETRIC CONTOUR LINES ' : - L M ) o el
) o . S " JANUARY, 19890 = . . o - FEBRUARY, 1893
_ : _ : ' LEGEND : Fi fe 6.5 PIEZOMETRIC LEVEL OF
. . ) S b : 12U . I
LEGEND : o . : LNE OF EGUAL PIEZOMETRIC LEVEL g NONTHABUR! AQUIFER
' : - ' ‘ . . ek nd sudece) . - ; :
B 40mbgs CONTOUR LINE N JAN. 1981 _ =— ==~ 40mbgs CONTOUR LINE IN JAN. 1990 - : oo OME SR wer, o suriece) THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
‘ _ A ‘ : o . EZOMETRIC LEVEL = : METROPOLIT,
e 4Dmbgs CONTOUR LINE IN FES. 1984 40mbgs CONTOUR LINE IN FEB. 1993 . S : : . . K M P-Eﬁ HETRK .vww_:i suifoce) . INTHE BANGKOK AN AREA AND ITS VIGINITY
-------- 40mbys CONTOUR LINE IN JAN, 1987 - : L ket m b goued swoen) ' L s ' B ' JAPAN INTERNATIONAL COOPERATIONAGENCY (ICA) [~ KOKUSAIKOGYO CO., LTD.

69







PIEZOMETRIC LEVEL {masl)

; 1
QO

-55.0
—~60.0
- —65.0

0.0
-5.0
-10.0

—15.0

o
o
o

—25.0

1
S

—35.0

—40.0

LAND SUBSIDENCE {mm)

|
FS
&
(=]

—50.0
~55.0
—-60.0

=65.0

' A-1(D=574m)
_..—-;—w—-‘—-— .

A= N

p— A-1¥(0=380m) A-2{0=4/m)

2m), , Q'ﬁg:ﬁ om)

m}

1 1 1 1 1 ! 1 . .
b [

.8 o S o B 6 3 (!JI o

o o o o o O o o o o

' A=5{D=215m)

;
|
i)
il
j
|

A=B{0--145m)

AUG/33  SEP/93  OCT/93  NOV/93  DEC/93  JAN/94  FEB/94  NAR/94  APR/G4 - NAY/M4  JUN/94  JUL/94

. MONTH/YEAR
?' "“*—a--l-_w —
3 __Q\\
% N NN \"‘“\\
'f I N
3 \\\_\J\‘\\L\\\ \\““"-»-‘,__‘ ]
é \\h ‘\‘i\\ I - A—B({Dw48m}
NSRRI
\N&\\ o
g \\:ﬁ\‘ .:\\\_\\\ )
E . \‘:—\:JK\ \\\\ A—6{D—145m)
€ \\\\:\ A= A{Dm302m)
E TN
g - \A—z(n-u’;'m)

AUG/BS_ SEP/93  OCT/93 NOV/93 DEC/93  JAN/O94  FEB/94 MAR/94  APR/34  MAY/S4  JUN/94  JUL/94

MONTH/YEAR
- WELL NQO.: JICA A—§ to A-B
LOCATION: LAT K G
UTM GRID: 879215
Fioure 6.6 PIEZOMETRIC LEVELS AND
gure o. LAND SUBSIDENCE AT SITE - A

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

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) I : KOKUSA KOGYD €O, LTD.

70







00

B=5(Dw4Tm)

!
—
o
(=]

1
——
w
o

I
o)
o
[=]

B—4{D=54m)

-25.0

PIEZOMETRIC LEVEL {masl)

©OMJG/93  SEP/93 - OCT/93 NOV./QS DEC/93

JAN/94 FEB/9E MAR/94 APR/G4 MAY/34 JUN/94 JUL/94

MONTH/YEAR

2.0

1.0

111111111

0.0
-1.0

~-2.0

-3.0

—4.0

=50

—8.0

LAND SUBSIDENCE (mm)

~7.0

Al

~B.0

N

-8.0

-10.0

¥ Il“/

N

; H N

-11.0

IR AN AR RN AN RN RSN AN ENEEN AN AR RN RN ENE SN EAEAN

-12.0

AUG/93  SEP/93  OCT/93  NOV/93  DEC/93  JAN/94 FEB/94 MAR/94 APR/94 MAY/§4 JUN/94  JUL/94

8—5{0=47m)

B—4{D=94m)

B~1{Dm272m)

B-3{D=153m}

B-2(D=192m)

MONTH/TEAR
* WELL NO.: JICA B—1 to B-5
LOCATION: AT
UTM GRID: 746568
Fion 6.7 PIEZOMETRIC LEVELS AND
igure 6. LAND SUBSIDENCE ATSITE-B

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
N THE BANGKOK METROPOLUTAN AREA AND TTS VICINETY

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) : ] KOKUSAl KOGYOQ CO., LTD.







0.0 -

f-5.0
~10.0 :
~15.0 -t _ cesiomz8)
o .—.20.'0 . Eqo=105m)
G ~25.0 - : -
E ] ' — S e : C-1{0=32pm)
-30.0 - P
S 350 A-p—F—— ' '
E ~40.0 — : _ | '
% 450 A ——— : - A
m-m.ﬂﬂh—!#wwg . Ww i ll&m#l!ﬁ”lul WA
- =380 i _ . TR
-60.0 - A . A j
S AR b el S T R L
~70.0 ’ : :
=750 - C-2(D=212m)

AJ3/93 . SEP/93 OCT/93  MNOV/93  DEC/93 ~ JAN/94  FEB/94  MAR/%M4 APR/SE  MAY/04  WN/S4 WM

MONTH /YEAR
0.0 = 1
-10.0 3
_ 200 = ' '
® EREAY
' ~30.0 \\\
L \\:\
£ 3 S e
=500 3 $§:§§&N\
18 T NI
5 -60.0 3 ™.
a " g ~ -
o _ = ST
3700 = NN S
g 200 \\\“‘EQR\
~80.0 E \‘\ %\ | )
~100.0 o \\\ \C—4(Dﬂ105ﬂ1)
05 ) "‘"-.\
o TN S -3 A
-110.0 3 N N
=120.0 3 \.\ £~1(D=320m)
130.0 E - : \c—z(o-zum)
‘ T AUG/93 SEP/93 OCT/93 NOV/93 DEC/93  JAN/94  FEB/G4 MWAR/94  APR/94  MAY/94  JUN/94  JUL/94
' ' MONTH/YEAR
WELL NO.& JICA C=1 to C~5
LOCATION: SAMUT SAKHON
UTM GRID: 381007
Fi 6.8 7 PIEZOMETRIC LEVELS AND
igure o. LAND SUBSIDENCE AT SITE-C

THESFLDYCNMANAGENENTOFGRQ}N[MPGERMDLAWSLBSIUENCE
iNT\-EBANGKOKNETROPOUTANAREAAND TS VICINITY

. JAPAN INTERNATIONAL COOPERATION AGENCY (SICA) | KOKUSAl KOGYO CO., LTD.

792






35 40 45 S0 55 &0 65 70 75 80 B85 S0 95 100 105 110 115
sl n b o b hobo o by 173
1685 168
3 DMRT? o
163 — o — 163
158 DMR2 - 158
153 e : 153
148 . P - 148
- . DMRS4 -
143 — " 143
138
- 133
—128
DMR3B 123
-] b
—118
113
108
- R4 ;103
98| D557 98
e b DMR48 N =
= - - LY -, -
S RS N RS UL U L LR R R L LR R R RS R R R IIII{HH 3
' 35 40 45 50 55 60 85 70 75 2o 85 90 §5 100 105 110 115
UTM=E (km)
LEGEND
° DMR Lund Subsidence Stotion
8 NEB Land Subsidence Stotion (Ci Station)
. RTSD BMP-series Benchmark
. RTSD BMS—series Benchmark
’ BMA Benchmark
@ RTSD BMR Benchmark

LOCATION OF LAND SUBSIDENCE

Figure 6.9 STATIONS AND BENCHMARKS

- THE STUDY ON MANAGEMENT OF GROUNDVWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND TS VICINITY

JAPAN INTERNATIONAL COOPERATION AGENGY (ICA) [ KOKUSATKOGYO CO. LTD.

73







QLT 0D OADOM IVSIHOH _ {wIr} ADNEEY NOUNHEI00D TYNOLLYNMILINI N dvT

ALINIDIA SLIONY YV NVLNOJOHLITN ACHONYE JHL NI
FONIAISSNS GNYTANY HILYMANNOHD HO INSWZOYNYN NO AGMLES 3HL

ADNIAISENS ANV | o019 dan3ig

(4Na Aq pRInSEIW THINQ)

NOLLYLS §Z1IV (>

PHEE VKIS FONFQISANS ANV
Hvas

NOILY.LS BOLIV (q

9861 30MIS ADNATISANS OV

I

NOILVLS FLLIV (e

9861 JINIS IDNIAISENS TNYT
HYIA

¥e6L $661 Z66L 156f 0561 6861 9@6L 0961 9BE: ¥661 €661 IT66F IBSL 0661 WAL BASL  L861 0961 ¥66L €66l 2661 §661 0661 6BGL  BBG6L  LB6L 986l
061~ T - 0L — | osz-
C » woL =g -
n I r E ooz
\>/, Foot— - ez ] 3
W'l =g !\\\-A . @ r e - lrIrr.,r/ = ocL— @
vr/#..l..\l..\‘ N " oc- m Fog- & witiea | =y — - oot 3
/ o wemea | 4o | ) E
. M woZzea ] e E oe—
ﬁuu = ‘ o n —l .///_ sT— \..Jf AIIUHFIHM/H \.“
y——— - E) 3 E 3
S TIE \\ffrrl r EX A 1 - EX . .n|c -2
o8 e — /\ Ce Fos
j wa W m una urva w .
00t 2 1413
© INIMGNNSYEN 40 LIMYIS JONIS IDNIAISANS ONVT - JNGFEHASYIN JO LNVIS 3ONIS IDN3USENS ONY1 INFPEHNSYIR 40 LMYIS 3ONIS IDMEGSANS ONYY
. HY3L ¥vas : HYIA
561 ZE61 [¢.1.39 eeslL 9us1 961 881 0861 651 26614 QGEN aEsl 9861 Y61l ze6l 1411} +661 F41:11 0651 SB61 . 9261 361 \ Ze6l , o861
N 'l . J. 1 AL 13 i - 1, L L 1 L A1 L NET = L 1 L L —
ml.w | [-os! mr"w - o R mnnw e : 008
=) seseu L "] merer [— E —) yerer -
{ -ﬁ it - mlnw sensn e E-coz-— mlnw wese ——d -
), ™ — -
001~ [ E L] S— 000
\ - w o g ” osl— : YI!/ § . -
/ L & }Prr.l:\.l.../l = m / - m
v P o @ F oo1— 2 = oar=
.11.[1\l| Fo I ET S ) ™ e
'ln\rr- C w.. p—] — B \w.... [R— »
/&IJ\’ - 3 LS S N ./..ll.,lrr\?l...l.l.l.. o 3 === . - . M
— | 4 o | A E o N \ o
. -_.E La ‘"Q . C 0 o
1 0ot E. 001 i

74






LT 00 OASON VSIDIOY | {vDIr) AON2OV NOLLVHEO0D TYNOLLYNMELINI NVl (onvapisqne Gusseidal ubr aobeN)

ALINIDWA SLONY vy NYLNODOWLEN MOXMONYE SHL N (ranakz| /w2) IONACISANS ONV1 Hitm .
FONIQISANS OGNV ANY HALvWONNOHD S0 INSWEOYNYW NO AGIULS 3HL HAVWHONIE HO NOLLYLS IONIAISANS NV

SYUVYWHONIE H1d34 [1°g dandiy - (suedz| /w5y JONIAISAAS N1 Twndd 20 3N
w L 1Y G34NSVYIW JINICISENS ANY1 aN3OF

661 Ol 9861 WOHA 9861 Ol 0861 WOUd . Z664 OL 0861 WOUA

T 22 28

2

: {eN) F-run . [T ' W0 =m0
£1°ops 1 | G 06 & M fL DL S £ o g o gf £jL opr ) I 66 OfF £ N € ot £ O W or &t LT L L g o o TR - LI - £
capunabreslesriloeny :.:_:.__P:__::_::_::_._:o_.._:_::_::_::_:: " TE IR :_.:::__:___:__.:—::J::_-::_::n_:._nvn:_:::::. TR TN ETTINSET ..__C::::m_n::_::n::_::n_::ﬂ.:_::_::__.:o__..::
E - T - = = B 3 . =
= t AEn  wdj . ! e wd -oe
E -~ R , 3 3 % <N 3 E E
= T = f-fot  col=] 4 ’. i oot o1 f~co
3 AT 5 E NIA: 3 3 £
m Eao1  S0id ¥ pq o —_— 01— o]
3 ; = 3 e G 5 = 3 E
- S WA Eae ] 20
3 E 3 5% a2l E E -
= = E 'nﬁ 9 o 3

14

_f. \: i
N ‘,a,.)m..__
l’?mmmw Fen

. 4/

I
75

(o W=run

3 ‘p

3 ¥

3 S TR = [ =

.m Ew . .._\ : , =0 I—Im ees
3 £ m 3 * N\u'. 3 m 3 E

E Freck er \\ .' Foi® orid Fen
E E ¥ 3 g ¢ E § 9 E

= =T T o™ e =
E r E E E E

~ vl o 4 ~_L. ¥ | SO Een
= Eore o3 “ Eor o] Eew
E = E E E o

3 Eeer o T Fress
3 SYCTR T LT TP =]
5 Fen E.mﬂr.....!n Con o
3 Ew s =TT — el
3 / £ E . y = E 3 p ) 3
“hn—wn_—ﬂ "-—F"-—-M.c-—F—_n—h.-u-hd-ﬁu-hﬂn—n—‘“_}—p—h-_*--ﬁ--k--qh__-un)— Hh_.ﬁ Mo—aﬂ—__—o h-u hnquI-uqupun-h_»~h—u~0~hu—-h-——b__u—h_—n—kc-u_h-_wﬂ_‘-——-h—n_n" ”Fﬁn"-m “u-y”—_u”._nﬂ—h—_ﬁ_-E.-F_._un—h_-E-a.&-—p-_ﬁ~_ﬁ_-ﬂ_f—-dn’dﬂn-n-ﬁn




o



-
pry
o

354045505560651‘0!500859095100105110
FNEREEBENI RN NN AN NN A RN N NN NN NN 1NN

T

|
o

TTTTTTY
-
-4
-3

L
-]
14,4

100 . -
) q

[II§-LIIiIil\M
g 3

130
L ]

8

III#-LIIIIJ.IIIil
&

UTM-N (km)

10522110
UTM-E (km)

' LAND SUBSIDENGE (mm/year)

' ' : 70 £0 50 . 40 -30 20 -10
o DMR Benchmarks ' * RTSD Benchmarks

(1m depth) _ {1m depth)

Figure 6.12 ‘ LAND SUBSIDENCE FROM 1992 TO 1993
g ’ MEASURED AT 1m DEPTH BENCHMARKS

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

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

76






	CHAPTER 4. WATER QUALITY
	4.1 Water Quality of DMR Monitoring Wells
	4.2 Water Quality of JICA Monitoring Wells
	4.3 Salinization of Groundwater

	CHAPTER 5. GROUNDWATER PUMPAGE
	5.1 Background
	5.2 Well Inventory
	5.3 Historical Groundwater Pumpage Estimation
	5.4 Year 1992 Total Groundwater Pumpage

	CHAPTER 6. GROUNDWATER LEVELS AND LAND SUBSIDENCE
	6.1 DMR Monitoring Stations
	6.2 JICA Monitoring Stations
	6.3 DMR and RTSD Benchmarks




