3) Nonthaburl (NB) Aquifer (Figure 4.2. 3)

By plotting on the diamond-shape diagram, the samples can broadly be dlwded into two (2)
groups: one is plotted on the upper-right part and the other is plotted on the lower-right
pait of the diagram. The two (2) groups differ in the anion compositions. The samples
belonging to the former group are chloride-rich whereas the samples of the latter group are
bicarbonate-rich.

4.2.2 Stiff Diagram Analysis

The Stiff diagrams having four (4) axes in both cations and anions were prepared for the
three (3) aquifers. Each diagram was plotted at the location of the monitoring well.

(1) Phra Pradaeng (PD) Aquiifer (Figure 4,2.4)

The samples having high ion contents show chloride as dominant in the anion composition.
But the cation compositions of those samples can be classified into two (2) groups: one is
characterized by the dominance of (Na+K)and the other is characterized by an almost equal
content of (Na+K) and (Ca). The former group is in Samut Prakan and western Bangkok,
while the latter group is in northern Bangkok, Pathum Thani, and Nonthaburi. -

(2) Nakhon Luang (NL) Aquifer (Figure 4.2.5)

The samples having high ion contents are distributed along the shoreliﬁé in Samut Prakan,

western Bangkok, and along the Chao Phraya River in Nonthaburi-and Pathum Thani. The

samples taken from the coastal area are characterized by high content of chloride and
(Na+K). The saline water may have originated from sea water. However, the samples taken
inland are characterized by high calcium as well as (Na+K) contents in cations. This resuit
indicates that the source of saline water inland may be different from that in the coastal area.

(3) Nenthaburi (NB) Aquifer (Figure 4.2.6)

The samples baving high ion contents are distributed in Samut Prakan, western Bangkok,
Samut Sakhon, and northern Bangkok to Pathum Thani, The samples taken from the:

southern part of the Study Area are rich in chloride and (Na+K). However, "the samples
taken inland are characterized by a high calczum content in cations, which is similar to NL
Aquifer. _ :

4.3 Chloride Concentration

Maps of chloride concentration were prepared for the three (3) aquxfers The lines of equal
concentration were obtained by the Kriging method. :

(1) Phra Pradaeng (PD) Aquifer (Figure 4.3.1)

The high chloride concentration lies from Samut Sakhon to Pathum Thani along the Chao

Phraya River and extends to northern Bangkok. High concentration area is also found in
Samut Prakan. The concentration partly exceeds 5,000 mg/L in those areas.
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(2) Nakhon Luang (NL) Aquifer (Figure 4.3.2)

Two (2) major areas of high chloride concentration can be found in the map: the coastal
area from Samut Prakan to Samut Sakhon showing 3,000 to 16,000 mg/L and along the
Chao Phraya River showing 2,000 to 6,000 mg/L.

~ (3) Nonthaburi (NB) Aquifer (Figure 4.3.3)

From the mouth of the Chao Phraya River to Samut Sakhon shows high chloride

| ~ concentration ranging from 2,400 to 13,000 mg/L. High concentration is also found in

eastern Samut Prakan. However, a small chloride concentration below 1,000 mg/L is found
in the coastal area of central Samut Prakan. An isolated high chloride concentration which
ranges from 1,000 to 5,700 mg/L is found inland from Pathum Thani to northern Bangkok.

(4) Effects of Sampling Method
Though submersible pump was used to remove stagnant water from the monitoring wells
prior to the sampling, the results show that most chloride concentration values are similar

to the past values obtained by the DMR (1992). ’I‘he changes in electric conductivity during
pumping are also small in most cases.
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Figure 4.2.1 | TRIUNEAR DIAGRAM OF PHRA PRADAENG AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN' THE BANGKOK METROPOLITAN AREA AND ITS VICINITY
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Figure 4.2.2 | TRILINEAR DIAGRAM 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} | KOKUSAI KOGYO CO., LTD.
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Figure 4.2.3 TRILINEAR DIAGRAM OF NONTHABURI AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND TS VICINITY
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Figure 4.2.4 STIFF DIAGRAMS OF PHRA PRADAENG AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY
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Figure 4.2.5 STIFF DIAGRAMS OF NAKHON LUANG AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY
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Figure 4.2.6 STIFF DIAGRAMS OF NONTHABURI AQUIFER

THE STUDY ON MANAGEMENT OF GROUNDWATER AND LAND SUBSIDENCE
IN THE BANGKOK METROPOLITAN AREA AND ITS VICINITY
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CHAPTER 5 GROUNDWATER PUMPAGE
5.1 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, DOLL ARD and IEAT.
Public wells are usually not registered with DMR for water rights. '

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.

. 5.2 Well Inventory

* The results of the compilation of well inventories of both private and public wells in the Bangkok

Metropolitan Area and its vicinity are presented in the following subsections.

In the subsequent discussions, 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.

5.2.1 Private wells

- Table 5.2.1 and Figure 5.2.1 show the distrbution of the 11,222 inventoried private wells by

changwat, by aquifer and by type of user. More than 75% of the private 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. '

Note that the well screen position or the well depth was used to determine the aquifer from
which a well is withdrawing groundwater. Otherwise, the most tapped aquifer in the vicinity of
the well was assumed. Aquifers were identified using the Study Team's prepared isopachs of the
eight aquifer units.

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.
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Most of the 5,088 domestic wells are SItuated in Bangkok (26()0) fol!owed by Samut Prakan' '

(1,452) and Samut Sakhon (452). Around 47% of the 5,088 domestic wells are abstractmg from

Nakhon Luang Aquifer, and 39.3% from Phra Pradaeng Aquifer. Most of the wells tapping .
Nakhon Luang Aquifer for domestic use -are located in Bangkok. While most of the domestlc'

wells using Phra Pradaeng Aqwfer are found i in Samut Prakan '

Institutional use is topped by Bangkok with 285 wells (of the 478-total) Two hundred ﬁﬁy

~ {250) of the total number of mstltutlonal wells are w;thdramng groundwater from Nakhon-

Luang Aquifer.

Of the 1,186 commercial wells, 667 are drilled in Bangkok and 231 in Samut Prakan, Around
672 eommerc1al wells are tapping Nakhon Luang Aquifer and 301 wells are usmg Phra Pradaeng'_

Aquer

Of the 4,470 industrial wells, 42.4% are concentrated in Samut Prakan,' and others‘a.re located in

Bangkok (29.1%) and Pathum Thani (13.7%). 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. The third largest number (553 wells) is drilled 'in Bangkok and tapping the Phra
Pradaeng Aquifer. The fourth one (525 wells) is using Nakhon Luang Aquifer also in Bangkok.

5.2.2 Public wells

The distribution of the 2,475 inventoried public wells by changwat; . by agency and by aquifer are

shown in Table 5.2.2 and Figure 5.22. Of these 2,475 public wells, 1,019 (41.2%) were -

constructed by DMR, 932 (37.7%) by PWD, 157 (6.3%) by MWA, 111 (4.5%) 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
Sakhon, 34.3% (847) in Ayutthaya, 14.3% (355) in Nakhon Pathum and 14.3% (355) in
Chachoengsao. .

Of the 2,475 inventoried public wells, 1,110 (44.8%) are pumping out from Nakhon Luang
Aquifer, 602 (24.3%) from Phra Pradaeng Aquifer; and 534 (21.6%) from Nonthaburi Aquifer.

Most of the public wells tapping Nakhon Luang Aquifer are located in Ayutthaya with 415 wells, -
followed by Samut Sakhon with 249 wells. Percentage-wise, DMR and IEAT constructed wells -

are mostly tapping Phra Pradaeng and Nakhon Luang Aquifers. While the rest are mostly
abstracting from the deeper Nakhon Luang and Nonthabun Aqulfers .

5.2.3 Total number of private and pubhc wells in the Study Area
Of the 11,222 private wells gathered from the DMR's Groundwater Division, 10 772 are located

in the Study Area. The distribution of the 10,772 private wells in the Study Area by changwat,
by aquifer and by type of user are shown in Table 5.2.3. Out of the 1,159 inventoried wells in

52




Samut Sakhon, only 883 are inside the Study Area. Ayutthaya has 116 inventoried wells inside
the Study Area and 174 wells outside.

As shown in Table 5.2.4, more than 60.6% of the inventoried public wells in the Study Area are
located in Bangkok, Pathum Thani and Samut Prakan, and more than 46.4% were constructed
by PWD. :

The combined total of the inventoried number of private and public production wells in the
Study Area is 11,656. Ofthis total, public wells represent only 7.6%.

On the other hand, the number of private wells with active water permits was estimated at 4,141
for the year-1992 based on the years of the issuance, expiration and extension of water permits.
Of this total, 4,132 wells are located in the Study Area.
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‘Table 5.2.2 DISTRIBUTION OF 2,475 PUBLIC WELLS IN THE WHOLE AREA BY CHANGWAT, BY AQiJIE‘ER, AND BY AGEHNCY.

Total MULFER
Number of Fhra Nakhnon Nontha-

Changwat wWalls . Bangkok Pradaeng Luang buri Samkhok Phyathai Thonburi Pak Nam
Bangkok 163 1 25 100 11 1 0 1] 1
DMR 14 [} 4 9 2 [+] ] [+ 0
PWD 13 1 1 6 5 1 Q 0 1
MWA 122 L} a8 82 34 Q 0 0 0
PWA 13 a9 0 [+ o 0 0 0 1]
boH 13 [\ o Q L] o 0 ) 0
ARD 1] o 4 0 [+ ] 3 o Q
IEAT 14 [} 12 3 2} 0 o 13 [
Nonthaburl 78 [« 1 13 &0 3 [+] [+ 4]
2 0 0 0 1]
44 2 [} 0 0
14 1 0 0 ]
0 4 0 b 0
0 [+] 0 0 9
i} o 0 1} ]
) 1} 4] o] 0
Pathum Thani 198 1 28 80 56 28 3 2 ¢
DHR 64 1 22 33 5 8 z 0 [}
PED 8t o 4 15 29 14 1 2 Q
MWR 4] o o. o 0 ] L] 0 0
WA iz Q 2 12 22 6 [ [s] 0
DOH ] 0 0 o 0 o [ o 4]
ARD ] Q Q [¢] 13 [4] Q Q 1]
IEAT 11 0 1] o o 0 0 o 0
Samut Prakan 175 11 119 47 8 0 [ 0 0
DMR 26 4 18 5 0 ] 0 o 0
PwD 10% T 18 28 2 [+ 0 i} 0
MWA 17 9 a .8 2 0 1) [+ 0
EWA /] 1] 1] 4] 0 0 ¢ o a
DOH 0 Y] 0 [+] o o [+] 0 4]
ARD ] 0 0 0 ] ] ] ] [
IEAT 23 0 15 6, 4 ] 0 a [
Samut Sakhon 303 1 21 249 46 1 0 0 o}
DMR 10 6 3 o ¢ -0 0
PWD 258 217 34 1 1} 1] 0
MWA c a 1) Q o 0 0
PMA 20 it 9 o ] 13 ]
LCH o ] 13 [} o e Q
ARD 0 o [+] o o o ]
IEAT 15 15 [+] 0 [+] ] 0
Ayutthaya 847 415 270 16 2 0 4
DMR 23 157 16 Q 4 L) o
PWD 416 188 218 12 1 0 0
HMWA [+ 0 ¢ 0 ] o ]
PHA 25 20 ] 1 a o Q
DOH 9 3 5 z o o 0
ARD 57 3o 26 1 1 0 0
IEAT 17 17 1} ¢ 0 o 0
¥akhen Pathom 355 159 49 1 1 1 1
222 -3 16 1] o 0 1}
/] o ¢ o o 0 a
o Q o a 0 ¢ Q
23 8 12 0 1] o Q
TH LY 15 1 L 1 1
36 19 ] 0 4] 1} 0
a9 1] 0 L] o 0 0
355 41 4 13 0 4] 0
DMR 355 41 1 [+] 0 b 1}
PWD ] ] ] o [ 0 a
MWA 0 Q0 o 1] o [+ 0
PHA [\ 0 Q 4] o [+] 0
DOH 4] 0 o 0 o a 0
ARD 1] 1) o 1] Q o o
IEAT L g o ¢ a 4] ]
¥hole Azea 2,474 1,110 534 5¢ & 3 2
DMR 1,019 25 422 338 i8 8 2 ] o
FWD 932 10 106 487 332 10 2 2 1
MWA 157 o 16 93 50 1 o o 0
PWA 111 [+ 5 52 48 2 c [+] a
) 83 2 15 50 20 3 1 1 1
ARD . .93 [+ 11 49 32 1 1 1} 1}
IEAT BO 0 27 41 1 ] o o a




sovsBUsOUDRYUD PUR womaud WoUNeN UT DPPTIOITeATT @wm TTOM ejvatxd ON :®I0N

9T at LT 56 159 SZTL'T 66L°T . LEZE 6TE’VD T TeTIasnpur

0 4 T £z . 6871 evr9 BET . €5 ’ ert‘t TRTOIDUISD

v T 1 9 96 9ET 6ZT £T sy TSUOTIATIATISUL

I 9 T 9z . 1s9 SLT’E v3e‘tT 21 1 27- 28 ] STasewoq
Stz 1z . ot [:]-R4 S L8ST 1-1-24 4 ovo’Y €SL ’ TLLOT . a1y Lpnaisg

o o o CIS ] 114 g T vs TeFIlsnpur

) ] [+] 2] s s}4 ] Q B 4 TRTIIDUUSH

o [} o T T [»] T 0 z ) TReUOTINIFTIASUL

0 o] o 0 v Tt T. o] 9 n..._nUnDEOn.n

o [} o T ST . s$6 I3 T 91T vLeyaaniv

% € v et etz tez T T gEg Tetxasnpur

o z o o F43 &8Z [} [+} 29 TRIoIBUUOD
.o o o o) 6 e z =} BT IRTOTINITIKTL

o o o a 6L SvT 34 o 192 DY I/BWOT

o 5 y . ot 8EE ELY T0T T €98 Zouxws Inwes
B 4 z T £T L6 Sv9 6TT’T EPT L69T ’ TeTIasnpur

o o Qo a ¥ Le ZET £T TEZ TR TAIBWAOD

¥ o .0 0 | S ST 55 s 69 [RUOTITITISUT

o o o 4 9¢€ TTZY L96 LIT ZSPT STasewoq

sT T : T LT vl LT T 1 1°1 44 4 [-2-11 699 °€ URAWIL INURS

T £ Tz $9 ZTT 00T 9t o] L6E TREXISNPUT

0 [} T vT 6V 59 z T £TT TR FRISumOD

(] o T € ot oz v o €y Teuot3InyTIeur

o o c *T :13 L6T L +] €62 oTaseuod

T € vz L6 6LZ o134 - 6Z t 958 TURTL unyled

+] [+ o 9 6 oz z ST ZET TeFIasnpur

[+) o o 5 ez 9 o o LE TETIXBUUOD

[¢] 0 o] [+] T TT o T vz TeuocTInNATIVUT

0 0 <] [ 0ST 59 z £ zozT oT3seucdg

(¢] i o ) [¢] ST 98E . ZO0T v 6T S6E FTInqeyiuoN

| 4 z o o STT 5ZS§ ESS LT TOET TeTIasnpur
0 z o v CTL zZrYy egtT TE - LS99 TeToIMUUOD

0 - T 4] z 1] ?ST 959 L S8z TRUOTINI TISUL

1 9 T € 2 T4 TP T BEE SEZ sosz osTasewod

5 1T T 6 gZs L¥S’2 STg'T -4 4 ES8‘Y NOoNDTRE

maN Xed - TINOQUONL Feyalwigd HOYUXWRS TIng [=1=d-3-15] Suavwpwld Foxoued FTTOM . JembuRs

: : —RIAIVON QoOYNEN XYY FO agquny

*IITINDY a0l

“¥Esn 0 dAIXI A9 ONY
FHFATINDY XF CIUYMONVHD A€ VENY AALS HHEL NI STIEM ZIVATEd TLL 0T 40 ROLLOGIMISIA €275 ITARL

5-6



AND BY AGENCY.

BY AQUIFER,

Table 5.2.4 DISTRIBUTION OF PUBLIC WELLS IN THE STUDY AREA BY CHANGWAT,

AQUIFER
Nontha-
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¥umher of
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53 Histor_ical Groundwater Pumpage Estimations
5.3.1 Objective

The 1983-1992 historical groundwater pumpage records were estimated to provide basic data
for groundwater simulation studies, ie. for the calibration and verification of groundwater
model, and also for generation of future pumpage scenarios.

5.3.2 Methodology

For private wells, the volume of groundwater permitted by the Groundwater Committee, as
stipulated in the water rights, multiplied by a certain groundwater pumpage coefficient (GPC)
which depends on the type of groundwater use, gives the daily pumpage estimates. This GPC is
the average ratio of the actual pumpage to the volume permitted. * Actual pumpage data were
obtained from metered private wells. Table 5.3.1 shows the GPCs derived for every type of
groundwater use. Overall average of GPCs is 0.66.

“Two (2) cases of historical daily groundwater pumpage ‘estimates were considered for private
wells:

Case 1. Assumes that all private wells with permits that have expired and have not been
extended shall become inactive or abandoned. Estimates are based on the years of issuance,
expiration and - extension of water rights and the volume permitted multiplied by the GPC.

Case 2: Considers that well owners shall continue using groundwater even after the expiration
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 construction and
the volume permitted multiplied by the GPC.

" In making Case [, the Study Team basically considered the Thai Government’s policy

concerning the issuance of water rights to private well owners, i.e., private well owners are
allowed to use their wells for only ten years. While the Study Team considered three (3) factors
in' making Case 2: first, the historical behavior of most groundwater levels in the Study Area,

~ which were monitored in areas outside central Bangkok to be continuously declining since 1987,

second, the inadequacy of surface water supply as mentioned above; and third, the high rate of
economic growth being experienced by Thailand since 1987.

'On the other hand, the unknown actual number of abandoned or inactive wells should

compensate the unknown number of active unregistered private wells. For this reason, it was
assumed that all inventoried private deep wells were operational in both Cases / and 2.

- For public wells, monthly discharge records stored in the well inventory database 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 operatlon per day, and the year the well was constructed.
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5.3.3 Resuits of Estimations

The results presented in this chapter are limited to the distributions of groundwater pumpage

estimates by changwat and by type of users. The dlstnbutlons by aquifer type and by x and y

coordinates are given and discussed in Chapter 7 for the groundwater simulation studies. -
(1) Private Wells
Case I

Comparmg the results shown in Table 5.3.2 for the Whole Area and Table 5.3:3 for. the: Study
Area, the difference whjch represents the pumpage estimates outside the Study Area is less than

7% of the pumpage estimates. for the Study. Area. Except for this difference, the year-to-year
pattern of groundwater w1thdrawals for the Study Area is similar to that for the Whole Area, as

shown in Fxgure 53.1.

The groundwater withdrawals for the Whole Area mcreased steadlly from 640, 375 CMD

(630,619 CMD for the 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 estimated at 645,053 CMD for the Whole

Area and 603,588 CMD for the Study Arca. For the Study Area, the pumpage estimate for -

year-1992 is lower than that for year-1983. On the contrary, the pumpage estimates for the

Whole Area has risen for the same period because of the contributions outside the Study Area.

Among user-types, only industrial wells had shown a rise in pumpage between 1983 and 1992.

Figure 5.3, 2 mdlcates that most private wells with explred water perrmts were located in |
Bangkok and Samut Prakan, with pumpage in Bangkok decreasing by 55% and in Samut Prakan -

by 24% between 1988 and 1990. However, the historical trend of groundwater use in other
provinces had continued to rise even after 1988, and the effect of retlrmg expired wells was not
as mgmﬁcant as in Bangkok and Samut Prakan. :

All user-types in Bangkok indicated a decline in abstractlons of more than 50% in the penod

1983-1992. In Nonthaburi and Samut Prakan, commercial and industrial groundwater uses had
increased, while domestic and institutional uses had decreased for the same period. However,

groundwater withdrawals by all user-types had' risen more than double in Pathum Tham, Samut
Sakhon and Ayutthaya.

Case 2

The historical records of gfoundwater pumpage as calculated using Ca.se 2 for both Whol_e-Area

and Study Area had patterns similar to the one shown in Figure 5.3.3. As in Case /, they
differed only in the pumpage volume outside the Study Area, which is the pumpage for the

Whole Area minus the pumpage for the Study Area.

As shown in Table 5.3.4 and Flgure 533, 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 an unexpected hlgh economic

growth.
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The total groundwater withdrawals for the Whole Area increased 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. About
61.4% of this increase was contributed by Samut Prakan (167,859 CMD) and Pathum Thani
(133,196 CMD). The total industrial use increased 182.6% (or by 329,758 CMD) from 398,997
- CMD in 1983 to 728,755 CMD in 1992. While the total domestic use had risen 175.5% (or by
115,089 CMD), the total institutional use 145.2% (or by 14,936 CMD) and the total commercial
use 167% (or by 30,902 CMD)

As shovm in Fxgure 534, Bangkok reglstered the lowest rate of increase in pumpage with
131.1% between 1983 and 1992, while the other provinces increased more than 150%.
Ayutthaya and Samut Sakhon had the first two highest rates of increase with 522.4% and 334%,
respectively, which were largely contributed by industries. Samut Prakan registered the highest
increase in pumpage volume at 167,859 CMD;, 83.6% of which was contributed by industries.
The heavy industrial use of groundwater aﬁer 1987 was dominant in Samut Prakan, Pathum
Thant and Samut Sakhon. -

The mactwatlon or abandonment of wells with expired water permits as assumed in Case /
should have indicated a recovery of groundwater levels in or after 1989. On the contrary,
groundwater level records in 67% of the 84 DMR monitoring stations have shown a steady
decline in groundwater levels since 1987, 18% a recovery in 1990-91 but a decline after 1991,
and 15% neither a decline nor a recovery from 1987 to 1991 but a decline after 1991, As
presented in Table 5.3.6, recoveries were indicated only in 14 out of 34 monitoring stations in
Bangkok, while only declines, except for one well, were observed in the other provinces. 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
withdrawal in the Study Area.

(2) Public Wells

For both the Whole Area and Study Area, the groundwater pumpage estimates 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 Tables 5.3.7 and 5.3.8 and Figures 5.3.5 and 5.3.6.
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. The MWA had substantially reduced the use of groundwater from 1983 to 1990. The
amount of groundwater phased out was replaced by treated surface water. However, the 1991
t0 1993 records showed that MWA had increased again its groundwater abstraction to meet the
increasing water demands.

In the Study Area, PWD wells pumped out groundwater heavily in Samut Sakhon amd Samut
Prakan for domestic use. MWA supplies Bangkok, Samut Prakan and Nonthaburi with
‘groundwater. It is noted however that beginning 1989 in the Study Area, the withdrawal of
PWD was higher than that of MWA. PWA withdrew heavily in Samut Sakhon and Pathum

5-12



Thani, while IEAT exploited groundwater in Bangkok, Samut Prakan; Pathum Thani and

Ayutthaya for industrial purpose. The combined pumpage of DOH and ARD was  smail as-

compared with those of other agencies.

The DMR, PWD PWA, DOH and ARD wells produced much more groundwater 0uts1de than |

inside the Study Area (266,249 CMD against 177, 127 CMD)

3) Cornbmed total groundwater pumpage of both pnvate add pt_rblic wells S

The combined total historical groundwater withdrawals of both pn'vate and- public wells ‘were

generated usmg Case 2. They are shown in Table 53. 9 and Frgure 53.7.

The hrstorrcal 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 mentloned above ' :

The total groundwater 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.
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Table 5.3.1 GROUNDWATER PUMPAGE COEFFICIENTS

BASIS:

volume permitted data from from the database

514

No. of Ave, gtd.
Code Type of User Wells Coef. Dev.
11 DOMESTIC Residences, dormitories, courts, kL) 0.621 0.582
subdivisions, condominiums
21 INSTITUTIONAL Schools, public administration 16 0.443 0.307
buildings, hospitals, etc,
31 COMMERCIAL Office buildings, malls, 42 0.746 0.556
- . hotels, clubs, eétc.
41 INDUSTRIAL Basic factory requirement 5 0.741 0.358
for drinking and sanitation
42 INDUSTRIAL : Manufacture of soft drinks 8 0.472 0.166
43 INDUSTRIAL Food processing and icemaking 55 0.790 1.041
44 INDUSTRIAL Textile industry, nylons 71 0.648 0.656
45 INDUSTRIAL  : Wearing apparels, garments 15 0.741 0.366
46 INDUSTRIAL : Manufacture of leather products 3 0.755 0.331
47. INDUSTRIAL ¢ Manufacture of wood products 10 0.780 0.417
48 INDUSTRIAL Manufacture of paper and paper 9 0.485 0.287
’ products
49 INDUSTRIAL Printing 1 0.700
50 - INDUSTRIAL : Chemical industry and chemical 56 0.554 0.510
o products
"51 - INDUSTRIAL Rubber lndustry and rubber 15 0.604 0.339
: products ) . .
52 INDUSTRIAL - Plastic products, footwear, 19 0.466 0,322
: C o ) insulators, carpets
- 53 INDUSTRIAL Manufacture of non-metal products, 38 0.552 0.324
fibers, etc.
54 INDUSTRIAL Manufacture of basic metal products, 11 0.788 0.380
) steel bars
55 INDUSTRIAL Manufacture of metal products 20 0.416 0.225
56 INDUSTRIAL Manufacture of mechanical, 28 0.673 0.754
: ) e electrical, and computer products
.57 INDUSTRIAL Manufacture, assembly and 11 0.881 1.631
repair of vehicles .
58 INDUSTRIAL Mariufacture of grain mill products 2 0.624 0.083
59 INDUSTRIAL Agriculture and farm products 14 0.840 D.738
60° INDUSTRIAL Industrial estates 3 0.666 0.215
61 INDUSTRIAL Tobacco 1 0.477
62, INDUSTRIAL " power plant. _ 1 1.094
63 INDUSTRIAL : Others 59 0.587 0.457
DMR-registered private wells quarterly groundwater pumpage records and
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Table 5.3.6 GROUNDWATER LEVEL STATISTICS FROM 84 DMR MONITORING STATT

o Neither Recover
Regover* Decline’ nor Pecline*

Changwat in 1990-91 after 1987 - after 1987 | Total

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

Nonthaburi 5 (100%) _ -5 (100%)

Pathum Thani - C L 15 (94% ) 1 (6% ). 16 (100%)

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

Samut Sakhon 1 (50% ) ©.01 (50%)7 - - ¢ 2 (100%) - .

Ayutthaya _ 3 (100%) K a(100%) - (’
Nakhon Pathom 2 {100%) ' 2 {100%)

Total .y 15 (18%) - 56 (67% ) 13 {(15%) . " 84 (100%)

*Decline after 1991
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Table 5.3.7

HISTORICAL POMPAGE ESTIMATES FOR PUBLIC WELLS IN THR WHOLE AREA

Mency

1983

Changvat 1984 1985 1986 1987 1588 1988 1890 1991 1992
Bangkok - DMR 2,636 2,636 2,638 2,636 2,636 2,636 2,636 2,636 2,636 2,636
o »eo 1,800 1,600 1,600 1,600 - 2,350 2,350 2,350 2,350 2,800 110

A 313,946 271,513 232,598 176,251 183,472 155,776 94,664 56,070 ‘§6,009 79,937

PHA )] R o 0 0 i 0 0 0 0

DOH 0 0 [1} 0 0 0 0 0 0 0

ARD 1] 0 0 0 0 0 9 [ 0 0

IEAT 7,978 7,978 10,916 10,916 10,916 10,916 17,216 17,216 18,476 18,476

TOTAL 326,160 - 283,727 247,750 191,403 199,314 171,678 11€,866 78,272 89,321 105,159

Nonthaburi DMR 1,023 1,023 1,023 1,023 1,023 1,023 1,023 1,023 1,023 1,023
: PWD 7,630 11,340 14,320 14,970 16,920 17,220 18,420 19,100 20,300 20,300
7Y 4B, BE1 45,807 M, 942 1,225 1,045 1,742 2,706 3,962 4,9 5,197

PHA 0 0 0 0 0 0 0 0 0 [

DOH 0 0 0 0 ¢ 0 0 0 0 0

ARD 0 0 0 0 ¢ 0 0 [ 0 0

1EAT 0 0 0 0 o 0 0 0 0 0

TOTAL 57,494 62,170 50,285 17,218 18,988 19,985 22,149 24,085 26,300 25,520

Pathus Thanl - MR 1,086 1,405 1,568 1,568 1,916 1,916 2,251 2,723 3,848 5,066
D 8,850 9,510 13,190 14,970 16,670 16,370 18,065 18, 065 19,765 19,765

157 ) 0 o 0 ) 0 0 0 ) 0 0

BWA 3,013 4,37 5,305 £,133 §,127 6,250 9,34 14,850 17,168 19,487

DCH [+] 1] 0 i) 4] a Q 0 i} [

ARD 0 0 ) 0 0 0 0 0 0 0

" IBAT o o 0 0 960 10,520 16,080 21,640 27,200 28,600

TOTAL 12,95% 15,292 20,5663 22,571 29,673 35,656 45,770 57,276 67,983 72,918

Samut Prakan < DMR 2,450 2,450 2,450 2,450 2,450 2,450 2,577 2,699 2,699 2,790
: "D 15,750 20,005 27,965 31,215 32, €15 32,965 33,165 33,365 33,945 33,945

W 28,523 35,447 32,187 16,166 22,945. 24,182 13,060 12,966 17,236 20,892

A 0 0 ] 0 0 0 0 0 0 0

DOR 0 Q 0 0 0 ] 0 0 0 0

2RD 0 0 ] ¢ 0 0 o 0 0 0

IEAT 3,759 3,75% 3,759 9,073 11,585 14,091 20,356 29,127 29,127 29,127

TOTAL 50,482 .61,661 66,361 58,910 69,338 73,688 69,158 78,157 83,007 86,754

Samut Sekhon  DMR 828 828 820 L} 828 28 828 828 890 890
D 40,163 53,113 60,423 66,723 76,563 81,368 83,408 83,408 85,468 85,468

A 0 [ 0 0 ¢ 0 ¢ ¢ 0

WA 9,722 3,722 9,457 10,008 9,594 9,348 9,377 9,396 9,140 9,871

Dol 0 0 Y 0 0 0 0 0 0 0
ARD 0 ¢ 0 0 0 ) 0 ) 0 o

TEAT 0 [+ 0 0 0 0 0 0 0 370

TOTAL 52,696 . 65,647 72,693 79,545 88,972 93,532 95,602 95,622 97,489 98,591

Ayutthaya ‘DME 4,227 4,592 5,331 5,846 8,019 10,058 11,132 12,614 16,418 20,011
. PHD 101,320 110,835 118,740 126,490 147,297 156,477 156,497 161,197 170,157 170,187

A S0 0 0 0 o 0 0 0 0 0

PNA 10,346 12,438 7,251 12,438 7,957 8,255 9,948 8,772 9,657 9,948

DOH 89 88 B9 49 89 169 169 216 38l 3681

M 0 0 0 o 0 0 [ 254 386 §61

IEAT 9 0 0 ] [+] 1} ] ] . L] 2,300

TOTAL 115,982 127,954 132,087 144,863 163,362 174,959 180,346 183,083 196,997 203,479

Hakhon .Pathom  DMR 9,903 10,223 19,308 10,696 19,5698 131,009 12,549 13,57% 18,2190 16,372
D 0 0 0 0 0 0 0 ¢ 0 0

MY [ 0 0 0 0 0 0 0 0 0

PHA 11,57¢ 11,574 11,254 11,915 11,421 11,127 11,162 11,184 10,880 11,749

" DOR 1,081 1,497 1,720 1,856 1,919 2,070 2,IM 2,458 2,664 2,994

ARD 0 ¢ 0 0 o 0 0 2 2 363

1EAT 0 [ 0 0 0 0 0 [ [} )

TOTAL 31,568 23,294 23,282 24,487 24,026 24,1086 25,988 27,554 19,086 31,478

Chachoengsac  DMR €97 992 1,387 2,17 2,545 2,901 3,082 3,787 4,559 - 5,387
"D ] 0 [+] 0 0 Y] 0 0 0 ]

WA [ 0 0 0 0 0 0 0 0 0

WA 0 0 0 0 0 0 0 0 0 0

DOH 0 0 ] 0 0 0 0 0 0 0

ARD o 0 0 0 0 o 0 0 0 0

1EAT ¢ o -0 0 ¢ o 0 0 [ o

TOTAL 697 992 i,387 2,171 2,545 2,901 3,092 3,787 4,559 5,367

Whole Area DMR 22,880 24,1489 25,531 27,218 30,113 32,821 36,688 39,880 47,282 54,156
D 175,313 206,403 236,208 255,968 292,214 307,350 313,905 317,485 332,435 333, S

% 7Y 391,310 356,767 299,727 193,642 207,466 181,900 110,430 72,598 88,222 106,026

A 34,655 38,111 34,573 40,434 35,099 34,980 39,861 44,202 46,845 51,055

- DOH 1,180 1,586 1,809 1,345 2,008 2,23% 2,44%6 2,674 3,046 3,376

ARD 0 o (1 0 0 0 0 596 128 1,084

.- IBAT 11,737 11,137 14,675 19,995 27,461 15,527 53,652 67,983 74,803 78,873

" POTAL 639,038 640,737 614,507 S41,248 . 596,349 596,804 556,970 547,807 595,351 630,267
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Table §.3.8 HISTORICAL POMPAGE ESTIMATES FOR PUBLIC WELLS IN THE STUDY am

Changwat Agency | 1983 1964 1985 1986 . 1981 1988 T isgy - 1990 1991 1942
Bangkok DHR 2,516 2,516 2,518 2,516 2,516 2,516 . - 2,516 2,516 . 2,516 2,516
" D 1,600 1,600 1,600 1,600 2,350 2,35 . 2,350 - 2,350 2,800 4,110
MWA 313,946 271,513 - 232,598 176,251 183,472 155,776 . 94,664 58,070 66,008 79,937
A o : 0 0 0 0 [ [ [ 0 0
DOH ¢ 0 0 0 0 0 0 o S o
ARD 0 0 - 0 0 0 0 0 [ I 0
IEAT 7,978 7,978 10,916 - 10,916 10,916 10,816 17,716 17,216 18,476 18,476
- TOTAL 326,040 283,607 247,630 191,283 199,254 171,558 116,746 .. 78,152 89,801 105,039
Nenthaburf’ DMR 750 750 750 C 180 . 180 750 750 750 750 150
“PWD 7,630 11,340 14,320 14,970 16,920 17,220 18,420 19,100 20,300 20,300
7Y 48,841 9,807 34,942 1,225 1,045 1,42 - 2,708 3,962 4,977 5,187
PWA 0 o 0 0 ¢ 0 0 0 e 0 .
DOH 0 o 0 0 ¢ - 0 [ 0 B 0 @
ARD o ¢ 0 0 [ 0 . 0 0 0 0 i
1EAT 0 [ 0 . 0 0 0 0 0 ¢ ]
TOTAL §7,221 . 61,897 50,012 16,945 18,715 19,712 21,876 . 23,812 - 16,027 25,247
Pathum Thanl - DMR - 1,096 1,405° - 1,568 1,568 1,861 1,861 . 1,964 1,964 - 1,964 2,391
D 8,850 $,510 13,190 . 14,370 16,670 16,970 18,065 18,065 19,765 19,765
WA oo ¢ 0 0 0 .0 0 0 .0 0
A 3,013 - 4,377 5,905 6,133 . 5,127 © 6,250 . §,3M . 14,850 17,168 19,487
DOH 1 ] 0 0 ¢ 0 ] [1} 0 0
ARD 0 0 0. 0 ] [ 0 0 0 ]
IEAT o 0 0 0 4,960 - 10,520 16,080 21,640 27,200 28,600
TOTAL 12,959 15,202 20,663 22,671 | 29,618 35,601 45,483 . 56,519 £6,098 70,243
Samut Prakan  DMR 2,450 2,450 2,450 2,450 2,650 2,450 2,571 2,699 2,699 2,699
i D 15,750 20,005 27,965 31,215 32,415 32,965 33,165 33,365 33,945 33,945
A 28,523 35,447 32,187 16,156 22,949 4,302 13,060 12,966 17,236 20,892
EWA 0 0 0 - 0 [\ 0 o 0 ]
DOR Q 0 0 0 0 0 0 o 0 ]
KRD o 0 0 0 0 0 Q ] o 0 ]
IEAT 3,789 3,759 3,759 . 9,078 11,585 . . 14,081 20,356 - 28,117 .29,127 29,127
TOTAL 50,482 61,661 66,361 58,910 69,399 73,088 69,158 78,157 83,007 86,663
Samut Sekhon  DMR 459 458 59 459 458 458 459 159 . 453 . 459
WD 21,230 21,130 ILAT0 34,790 38,300 40,300 42,140 42,140 43,510 43,510
WA o 0 0 0 0 0 0 0 e 0 @
WA 9,722 9,722 - 9,457 10,008 8,894 9,348 . 9,37 9,396 3,140 9,871
DOH [ 0 0 0 0 0 ¢ .0 o 0
ARD 0 0 0 [ ¢ [ I 0 0 0’
IEAT 0 0 0 0 0 [\ i 0 0 0
TOTAL 33,3 39,495 13,7 47,243 50,940 52,095 53,965 53,985 55,100 55,832
Ayutthaya DME S.oBlY 1,015 1,015 1,015 1,246 1,246 1,509 -1,509 2,020 3,315
PWD : 5,120 5,820 7,570 8,530 8,530 $,210 9,210 9,710 10,810 10,810
HWA 0 0 0 0 0 - 0 o 0 0 0
WA 294 1,195 765 1,195 765 793 956 a1l 328 956
O 0 0 0 ¢ 0 0 ¢ 0 S T 0
ARD o [ 0 0 0 0 K 64 73 118
LEAT 0 0 0 0 0 0 o 0 0 400
TOTAL 6,933 8,030 9,350 10,740 10,541 11,249 11,675 12,126 13,831 15,659
Makhon Pathum DMR 1,154 1,154 1,205 1,350 1,360 1,360 1,360 1,451 1,532 1,632
PWD o 0 0 0 0 0 0 0. 0 0
MW 0 o 0 o 0 0 ¢ 0 0 0
7Y 208 208 202 214 205 200 200 201 195 211
DOH [ o §4 64 64 64 64 104 136 136
ARD 0 0 0 0 [ [\ o 0 0 0
IEAT 0 [ 0 o 0 0 o 0 0
TOTAL 1,362 1,962 1,471 1,638 1,629 1,624 1,624 1,756 1,863 1,979
Chachoengsac  DMR 1] H 1] 66 66 66 7 11 86 86
PND 0 ¢ 0 0 o 0. 0 0 ¢ 0
MWA 0 0 o 0 0 0 0 0 ¢ 0
F¥A 0 0 o 0 [} 0 0 0 0 0
DOH 0 1 ] 0 [ 0 o 0 0 )
ARD 0 0 0 0 ¢ 0 [ 0 0 )
TEAT 0 0 o 0 ¢ -9 0 0 0 o
TOTAL 0 5 66 13 66 (1 " 17 86 86
study hrea DME 9,244 - 93,78 10,028 10,184 14,708 10,708 11,312 11,425 12,026 13,908
D 60,180 75,608 96,515 106,075 115,785 119,015 123,350 126,730 131,130 132,440
MWA 391,310 356,767 299,727 193,642 207,466 181,900 110,430 72,998 88,322 106,028
PWA 13,937 15,502 - 16,329 17,550. 16,651 . 16,591 19,907 25,290 27,431 30,525
pon 0 0 TR 64 : 64 64 (TS 104 135 136
ARD 0 0 0 0 0 0 0 . 1] - n 118
IEAT 11,737 11,737 U4,675 - 19,995 27,461 5,527 53,652 £7,982 74,803 76,602

TOTAL 488,391 471,349 429,323 349,496 360,161 365,792 320,604 304,583 335,812 361,749
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- 5.4 Year-1992 Total Groundwater Pumpage in the Study Area

The yéar-1992 groundwater pumpage for the private wells in the Study Area are discussed
below based on the results of Case 2. The combined total pumpage of both private and public
wells shows the approximate picture of the year-1992 groundwater pumpage in the Study Area.

5.4.1 Year-1992 groundwater pumpage of private wells

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.

Table 5.4.1 gives the total daily pumpage of each changwat in terms of domestic, institutional,

- commercial and industrial uses. As shown in this table, Samut Prakan and Bangkok posted the

highest shares at 34.5% and 31.5% in the total pumpage, respectively. Pathum Thani came in
next with a 19.4% share, followed by Samut Sakhon with 9%. The high pumpage shares of
Samut Prakan, Bangkok and Pathum Thani could be attributed to the concentration of industries
in these areas. Bangkok had the highest share of pumpage for domestic and institutiona
purposes. Commercial use was also topped by Bangkok, followed by Samut Prakan.

Table 5.4.2 shows the year-1992 total daily withdrawals of the 26 different user-types. 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%. Of the 26 user-types, the share of
textile industry (19.9%) was next only to that of domestic users (23.9%) in the total daily
abstractions in the Study Area. 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. In terms of
average pumping rate, industrial estates and power plants ranked first (2,220 CMD) and second
(1,553 CMD), respectively, among the 26 user-types. While paper, textile and soft drink
industries placed third (555 CMD), fourth (485 CMD) and fifth (342 CMD), respectively.

5.4.2 Year-1992 groundwater pumpage of public wells
As presented in Table 5.4.1, the year-1992 groundwater production of public wells in the Study

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.

The highest pumpage (105,039 CMD) by public wells was reflected by Bangkok, which was

- largely due to pumpage by MWA wells. The next highest pumpage (86,663 CMD) was shown

by Samut Prakan, which was consumed by PWD, MWA and IEAT. The third one (70,243
CMD) was in Pathum Thani, which was pumped out for domestic purposes by PWD and PWA
wells and for industrial uses by IEAT.

PWD was pumping out a total of 132,440 CMD of groundwater, the highest among the seven
(7) agencies. This was followed by MWA with 106,026 CMD.
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For domestic uso public wells produced more groundwater than private wells (28'3 153 CMD-

against 267,570 CMD). While abstraction for industrial use by pubhc wells represented only
10.5% of the total industrial productlon of pnvate wells. Do

5.4.3 Year-1992 total groundwater pumpa_ge

Combined total of the estimated groundwater withdrawals of private and public wells in the
Study Area amounted to 1,481,061 CMD. Of this total, pubhc wells used 24 3%

The combmed total w1thdrawa]s were dlstnbuted as 550 723 CMD for domestlc 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 domestic supplies; 3.2% for institutional uses,

5. 2% for commercml supphes and 54.4% for mdustnes This is shown in Flgure 54.1.

The distributions of this total abstractlon by changwat and by type of user are presented in Table
54.2. A total of 473,973 CMD was withdrawn in Samut Prakan. Of this total, 74.2% or
351,861 CMD were abstracted for industries, and 22.1% or-104,556 CMD for water supplies.
Next to Samut Prakan was Bangkok which was getting 458,607 CMD. The top two (2)

groundwater abstractors were domestlc users’ wnth 228,191 CMD and industrial users with '

153,231 CMD.

Groundwater withdrawals of 287,304 CMD in Pathum Thani were largely used by industries |
which amounted to 185,955 CMD of the daily total. Most of the pumpage (154,231 CMD) in -

Samut Sakhon were largely by industries (54. 1%) In other provinces, groundwater were used
mostly for water supplies. '

Figure 5. 4 2 plots the qpatla.l dlstnbutlon of pumpage in the Study Area in year-1992
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Total Pumpage in Study Area in 1992 = 1,481,061 m%/day

. DISTRIBUTION OF GROUNDVWATER PUMPAGE
Figure 54.2 INTHE STUDY AREA IN 1992
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