In residential areas, large sized projects makes the residential environmental condition be worse.

. In the central business district, these generate a large amount of traffic, and it means the traffic

condition shall become worse.

To- avoid 'the; traﬁic congestlon,' it should be needed to improve the road network and mass

transportation condition. ‘But also, it is necessary to control the zoning and the increasing

building volume; so that-the traffic amount does not concentrate into one area more than the
capacity of the: transportatron planmng, through adequate land use control and limitation of

burldmg volume. .

2) Industnal Development

Industnahzatron and urbamzatron are closely related Industries are attracted to urban centers
especially Bangkok and its satellite provinces, because of the availability of infrastructure and

" services, -and the proximity to markets and ports. The rural population is attracted to urban
- centers because of the availability of employment in industry and services.

The industrial development in Thailand began to take shape in 1958. The strong governmental
support was instrumental in the widespread development of industries. The industrial sector is
the most significant contributor to the Thailand economy. During the period 1970-1990, the .
number of industrial factones in Thailand has increased from a few hundred to over fifty -
thousand

- At present, there are 5 industrial estates in the Greater Bangkok namely: Bang Chan LS.

(Minburi), Lat Krabang 1.S; (Lat Krabang), Bang Poo LS. (Samut Prakam), Bang Phlee 1.S.

~ (Samut Prakam), Samut Sakhon 1.S. (Samut Sakhon), and many large and medium scale

industries in Phra Pradaeng industrial area.
4.7.3 Metropolitan Growth Plan

The vision of _el desirable future is shaped by the present action through well-meaningful plan.
The plan must consider the long term needs and projects, to anticipate needs and demands of the

. growing population in relatron to land, land use, economy, accessibility, and environmental

quality.

Through a framework of development or a structure plan which is concemed with spatial or

‘locational arrangements of functional areas and the desired pattern of growth in the years to

come, such needs and demands are translated into physical terms and given a geographical

~ dimension, There is then formulated a unified \nsron for metropolitan (city) of a desired direction
of growth, form, and substance.

On this basis, the framework of planned metropolitan development proceeds from the
establishment of the regional goals in terms of achieving full development potential for economic
growth, improving the quahty of life by making . available opportunities and benefits of

- development

In thrs regard the ﬁrture pattem of the urban growth area based on three development pnncrples
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- decentralization of concentration
- expansion and distribution of opportunities, and
- improved accessibility

Decentralization of concentration of activities in the inner urban core should encourage
concentration around emerging centers of activity rather than directionless sprawl. This effects

greater opportunities for rehabilitation of older areas and balancing population densities. Such

concentrations, achieve economies of scale in the provision of services such as transportation and
utilities.

To attain the first two principles, it is necessary to improve the transportation system to provide
for efficient access, especially to the centers of activity. Also, job opportunities, social services,
cultural and educational facilities should be available to residents in various parts of the activity
area. '
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METROPOLITAN REGIONAL STRUCTURE PLAN .

T _ v
TG NAKHON BAWAR, MYANMAN & SGUTHERN CHINA

L, TO NAKDN RATCHASIMA, LAG,
HSSEF VIETHAM & SOUTH CHINA SEA

NETWORK SYSTEMS
TO SOUTH, MALAYSIA & SINOAPORE

[~ river, canal, dam
EXISTING LANDUSE [«%#] ringroad PROPOSED LANDUSE
E=E forest [eNF] network corridoss - [[ENI0 future development reserve areas
aquaculiure [~ rosds special zones aress
E national park LM% rail E==3 potentially sensitive coestline
Pz wildlife sanctuary %] fast & comfortable train SETTLEMENT AND INDUSTRY DEVELOPMENT
SN buit-up aree —— “tourist sailing lines BEEE potential, new and iarge urban centres
industry —— industrial & commercisl sailing lines . proposed governmaent sub-centers
rice culture {;‘:_‘:\"‘i; dam project ®  industrial development areas
1 ceshcrops *\ air port ®  institutional development centres
plantatior el SEW pOrt £ tourism dévelopmertt areas

Figure 4.7.1 Metropolitan Regiona'l Strueture Plan
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4.8 Conclueions and Reedmmendations :

(l) Land Use and Zomng Regulatrons

At. present there is no land use zonmg regulatron for Bangkok and Vlcmrty that has been

-~ enforced. The land use shall be regulated under zoning regulation may be dictated by the regional

or municipal agency. These should be strictly enforced in regard to each kind of development

and' any proposal shall be subjected to the stipulations. It is necessary to formulate zoning

ordinances so as to encourage pertinent one and restrict the objectionable work not only to
regulate the trend of the urban development but also to have plan development of town or
settlement areas at different places -

- Zomng protects resrdentta] areas from the harmﬁtl invasion of commercral and industrial uses
while it also -promotes. business and ‘industry by the. nature of the planned and orderly
‘development that it ensures. It prevents over-crowding in buildings and land, thus facilitate the

provision and continued adequacy of water, sewerage, transportation, and other facilities,

Space standards for community facilities and services and all fisture land use shall be governed by

) zonal plans under the Master Plan. The zoning regulations and their administration are the major
“tool in carrymg out the land use part of the master plan of which it is an mtegral part. .

(2) Urban Consoltdatlon Zone

Main burlt—up area. Densely populated urban area where tmplementatlon of the plan is needed to

avoid water shortage, land subsidence, traffic congestion, pollution and unhealthy environment
. created by mixed and uncontrolled land use.

The followings are recommended:
- No more ekp_ansion, -
- Land use planning and update zoning ordinance,

- . Improve the standard of land subdivision standard,
- No new heavy industries, '

- ‘Upgrading of urban service,
- Provide drainage ponding areas and along the public roads.

The imptovement/rehabilitation/maintenance of natural drainages courses and exrsttng facilities
particularly water supply, flood control/drainage and sewerage networks should be given priority
o as prevent further detenoranon of the urban eoosystem

(3) Complementary Urban Satellltm

The metropolrtan concern may be mitigated through the development of growth centers outside

- the metropolis which will act as complementary urban satellites of Bangkok Metropolis.

In view of annual ‘increase of population- of* Bangkok Metropolis pressure, population will
increase in the contiguous province also. New town and city areas as proposed by BMA and
NHA in different parts of the Outer Ring areas are needed in order to develop town in a planned
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way, controlling the haphazard urban sprawl, but’ taken into-account the water resources and

land subsidence of the area.

Loss of storage capacity in the flood plain (due to landfill for urban development) and mcrwsed

runoff to change of land use shall be con31der espec;ally in the. surroundmg areas of ﬁ.xture town
development and SBIA . : : -

4) Industnal Areas

As expansxon of mdustnal activities w1th1n Bangkok Metropohs partlculatly in the suburbs, --

continue to add congestion and cause environmental problems, it is deemed appropiate as
proposed in the Metropolitan Regional Structure Plan to develop a new economic base in the

upper central region and northeastern region to serve as a centers for relocation of industrial -

activities from Bangkok Metropolis and vicinity towrs. These centers will also serve as a

connecting point with the Eastern Seaboard for transportatton of agncultural products for export-

to avoid going through Bangkok, reducing congestion in the city..
(5) nghways

The highway development should be emphasized on respondmg to the demand of the people in
the regions because good economics means the production for export to bring income into the

country. The goods transportation should be rapid and in time. Thus, the' htghway network in the

future should be developed to be high standard for the convenience in journeys and

transportation especially the highway leading to the specnal regions as appeared in the
government's policy. '

The followings are recommended:

- Propose to limit the use of private cars by tumlng to use the public transportatlon For
this to improve Mass Transit ~ System is upmost important,

- Provide networks of public distributor/collector roads, .

- To connect potential areas from economic and social point - of view, to open and to
develop the new areas, to solve the  traffic congestion. -

(6) Environment Aspects

Bangkok's congestion and environmental -problems will not be solved by a smgle ambitlous
project to create a metropolitan center in the suburbs. Only a decentralization of £conomic
activities and a system of centers connected by mass transit on and outside the Outer Ring Road,
will begin to transform the form of the city into an urban realm that is capable of ﬁmct:omng and
being managed in the future. :
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 CHAPTERS - FUTUREWATER DEMAND
51 MWA

The MWA’s Master Plan Study (1990) forecasted the total water demand in the year 2017 of i 1ts_ _
service area (see Table S.1. la, Table 5.1.1band Figure 5.1.1).

--Accordmg to-the Master Pian Study, the assumed growth of the population of the MWA’s
service area is as presented in Table 5.1.2. '

Table 5.1.2 POPULATION PROJECTIONS { in thousand inhabitants )

YEAR isa7 1597 2007 2017
. Metropolitan 5,739 . 7,481 9,182 10,616
* Nonthaburi - 568 . 965 1,568 2,398 |.
Samut. Prakarn = - 7420 1,163 1,744 2,462
 Total 7,049 9,609 12,494 - 15,476

' Consmlenng future urbamzatlon, land use and location of future populanon, the total water

demand was forecasted by using specific consumption parameters as shown in Table 5. 13.
Table 5.1. 3 FORECAST OF THE TOTAL WATER DEMAND

YEAR - . 1987 1997 2007 . 2017

Total Population ~ 7.05 . 9.61 12.49 15.48

(million inhab.) o

growth rate - 3.15% . 2.668%. 2,17%

Total Water . . - B

‘Demand (1,000CMD) . _ :

1.Residential = 1,562 2,368 3,109 3,965

2. Non—es:.dent:.al 992 1,228 1,567 1,854
| Total 2,554 3,596 4,676 5,819

Water Demand(lpcd) ) : : ’ .

1.Residential = - 221 246 - 249 S 256

2.Non-esidential 141 _ lz8 125 120

rotal' R 362 - . 374 - - 374 376

The Master Plan assumes that all elementary zones ( of 2x2 km) within the area of responsibility
of MWA with a projected water demand greater than 20 liter/sec will, by the' year 2017, be
served with piped water from the MWA central system. Therefore, 91.4 % of the total water
demand (5,319,000 CMD) will be met by piped water supply. The rest, 8.6 % of the total water
demand ,will be met from a variety of sources including private wells and direct local extraction
from khlongs The Master Plan assumes the private pumpage volume as follows

o Table 5.1 4 DEEP WELL PUMPAGE PREDICTION

YEAR S 1997 _ .2007 S 2017

| Pumpage (,000 cMD) 555 450 - 336
% of regiastered 58% T 473 : 35%
capacity .- - S o
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Based on the assumptions, treatment capacrty and raw water requrrement ‘were estlmated as
follows. :

Table s, 15 Treatment Plant Capacrty and Raw Water Requlrement

YEAR 1997 . - .2007 017
Treatment plant = 4,550 6,_050 7,800
capacity (,000CMD)- R Tt
Raw water . .58.1 Co 77.1 s 99,6
req’;uiremnt(ms) .

5.2 PWA Pathum Thani : : .

Accordmg to the JICA "PWA Feasﬂ:nhty Study Report March 1990” the total water demand of
‘the Pathum Thani watemorks was estimated as follows, ..

Table 5.2.1 WATER DEMAND PROIECTION OF PWA PATHUM THANI -

IN CMD DAILY AVERAGE - , .
YEAR o 1995 2000 2005 2011 2017,
Domestic 11,740 240,055 45,303 73,657 . 104,929
Inatitutional ' 6,921 - 9,746 - - 16,267 21,206 . -' 25,346~ © -
Commercial .. 2,136 .. 3,221 4,662, 5,599 . - 6,355
Industrial 25,750 37,500 66,637 74,130 79,380 .
Sub ‘Total 46,547 74,532 132,869 174,592 216,010 -
Water Loss 12,568 = .20,124 34,546 43,648 49,682
Total Demand 59,115 94,656 167,415 218,240 265,692

Present water supply is met by groundwater source through deep wells (Table 5.2.2). However,
the PWA is going to expand its production capacity to 155,650 CMD in the 1995 as Phase T
project, which will meet the water demand until the year 2000 (see Figure 5. 2 1).'New water -
take will be constructed at Samkho in Pathum Thani. As a part of the expansion of PWA water .
works, the Pathum Thani - Rangsit Project is on going. However, due to delay of evaluation of
the tender, this project has not yet commenced. Aﬂer the completron of the pro;ect, the PWA

will stepwise phase out its deep wells.

JICA report also proposes the Phase il expansmn prolect which will produce 311 300 m3/day at i

the new intake constucted in the year 2001. It will rneet the demand until the yeary 2017.
53 Industnal Estates

Pumpage of groundwater of 849 factories was 89,600 CMD in 1993 at9 mdustnal estates; i,

Bangchan, Lat Krabang, Bang Phl, Bang Poo, Samut' Sakhon, Hi-Tech, Bang Pam,'

Navanakhon Co., Ltd. and Bang Kadi Park in the Study Area’(see Table 5.3. 1)

Future water demand of the estate was estunated by rnultlplymg the average groundwater
pumpage per factory of 100 to 108 CMD to number of factories to be increased in the feature.

The total water demand will become 118 500 CMD in 2000 and 132 600 CMD in 2017 (see'

Table 5.3.2). _
5.4 Groundwater Demand

Groundwater demand projection for wells under oontrol of the DMR, PWA, DOH and ARD
~ was estimated based on the trend of groundwater pumpage in past 10 years, consrdenng the
urbamzatlon of the Study Area (see Tables 5.4. 1,542and 54. 3.
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Table 5.1.1a ' IWATER DEMAND PROJECTION (Ordinary Growth)

4. Groundwater Demand
(DMR + PRA +DOB + ARD)

Industrial Estates {4 Ewtatea}!
J aand 44 !

409,975

414,638

428,687

Unit = m3/day Ko.1
~-Description 1935 1996 1991 o 1998 ¢ 1999 2000 el 002
1. WWA Vater Desand o [ : i H
. &, Domestic T L. 464,282 gl.!il.il! P1.E45,027 11,719,945 11,793,863 1,867,781 1,941,699 12,016,617
b. Institutional 7z, 800 ;396,336 440, 798 452,232 ¢ 501,615 512,058 552,821 : 569,827
c. Commercial - SN 244,035 D0, 3200066 (1,399,178 T 1,462,000 (1,524,822 1,587,644 1,650,466 (), 713,248
d. Induitrlal 99,098 © 108,221 : 117,iM4 119,838 ;. 124,%0i0 132,600 145,928 @ 149,325
o ‘sub-total 3,180,315 I3,37Y, 166 (3,600,175 T3, 754,015 (3,944,602 4,100,083 4,290,907 id4.447,757
e. Mater Loss . B58.68% ;911,835 936,826 - 976,044 ; 986,151 - 1,025,021 1,029,818 4,067,462
. . Total Demand ;4.039,000 ;4,289,001 ; 4,540, Uoluli 130, Qﬁgnillgiﬂlfﬁﬂnnﬁ-135tl9! . B.320,725,55. 815,210,
Groundwater Rate "X R R T B N 2 2 2 2
Groundwater Yolume ' 121,170 107,226 : !0 800 : 84,601 93,515 102,502 106,414 ¢ 110,304
Surface Yater Rate % 97 8t 93 98 ¢ 98 98 98 88
Water Loss Rate ' % 21 1 6 26 5 5 U 24
Total Popylationx 1000 9,173 9,459 ; §. 739 18,802 : 10,272 10, 549 10,857 ¢ 11.163
2. PNA Water Demand Pathum - Thanl Sl R H ] i
a, Domestic 11,740 14,206 lG 510 : 19,135 ¢ 21,600 24,065 26,529 0 a8, 427
‘b, Institutional - . 6,921 i T.486 0 8,081 8,618 ¢ 9,181 9,748 10,311 ¢ 11,800
‘e, Commercial 2,138 2,353 ¢ 2.570 ’ 2,181 3.004 3.221 5,438 ¢ 3,144
d, Industrial 26,760 28,100 ;30,450 ¢ 32,500 36,160 37,500 39,851 57,289
L : stib- total " 46,547 C82, 144 §7.741:1 63,228 68,335 74,532 30,129 § 111,260
‘e, Water Loss .. 12,568 14,634 ¢ 16,690 ; 17,101 ¢ 18,612 - 20,124 21,848 28,9028
T .Totsl Dedsnd 58,1050 . 8! A0, 4 LG BLLBAT L RALE5E 181,817 0,140,148,
Groundrater Rate % -~ ° .85 [] [ 45 35 0 25
Groundvater Volume 56,159 ¢ 4,242 ¢ 39,396 33,129 30,592 36, 047
Surface Water Nate % B 45 : 1] ) 85 70 - 16
Tater Loss Rate - % - o 21 : P 27 vy 27 27 27 26
Total Porulation 546,829 564,379 : 691,429 - B14,479 837,529 - 660,579 §83,629 © 702,80%
3.

Nater Loss Rate £
I P

4, Grouﬂd-ater Demand
(DMR + PWL +DOH + ARD)

14

3. Induatrlal Eatnte- {9 Eatoten)

26 |

442,854

760,32

47,611 ¢

452,371 |

£173

466,728 |

a. Domentlec 400, 406,323 ¢ 419,313 423,999 433,407
b. Institutionsl - 76,193 78,069 ! 76,942 17,87 78.696 79,574 80,456 ; 81,340
¢, Commerclal 51,628 B2, 226 ¢ 52,826 63,427 64,029 54,512 65,238 0 55,845
d. -Induatrial - 694,850 i 601,740 0 608,645 : H15,569 5 622,509 - 629, 46% 536, 440 5 4343
Sub-Tetal 122,358 (1,138,353 (1,148,308 1 Q61,450 P). JT4.546 ©1.187.672 1,200,830 1.204.026
Groundwater Total 1,999,932 (1,405,618 (1,403,370 11,410,081 § LA28,603 S 1,441,801 1,467,372 21 £7%, 945
Surtlcg Rater Total - 5,920,786 (4,188,449 [ &, 453,867 4,671,865 ; .Blﬂ.!l! © 5,084,128 5,288,694 (5,510,055
Totsl 5,320,717 i 5,693,967 i5,867,237 (6,081,736 :6,306,902 6,525,328 6,743,065 6,990,000
Tater Demand ?rojectlon e )
{Ordinary Grocth) : Unit = w3/day No.2
Deacription 2003 2004 2005 . 2006 2,007 2,008 2,009 2,010
1. WWA Yater Demnnd : B : H H
a. Domestlc © 2,089,535 (2,163,453 12,237,37% 12,311,289 (2,386,205 2,437,003 2,488,821 :2,540,62¢9
b. Institutional 6i4. 590 626,078 ¢ G3A, 435 . B94,37TB 716,585 767,665 TE4,213 0 810,534
¢. Coamercial 1,776,110 (1,838,932 11,901,754 ;1,964,576 2,027,397 2,071,424 2.115,45} 2,159,478
d. Industrial 182,508 173,722 0 181,798 - 189,874 190,523 204,023 206,409 ;| 20E,623
sub-total 4,642,740 i4,801,185 4,959,359 (6,160,117 L319,710 5,480,126 5,593,894 5,717,264
c._later Loss ‘ 1,067,830 1,104,273 ©1,140,653 (1,136,226 :1,170,336 1,160,826 1,174,718 :1,200,626
.. Jotel Bemand [ 5.710,870.16.995.450.26,190.0)2.08.298,342..06. 430, 045, 6,630,951 | §.768,612 ;6,917,889
Groundvater Rate X 2 1 1 [ 1 [} 0 [
Groundwater Volume 114,211 ¢ 69,055 ! 61,000 - 62,953 ¢ 64,900 0 0 o
Surface ¥ater Rate X 1. 99 i S 89 99 | 10¢ 108 100 100
Yater Loss Rate X 23 % . 23 23 ; 22 14 21 21 21
Total PopulatlionX 1000 11,4432 ¢ 14,728 ¢ 13,787 - 11,846 ¢ 11,908 11,964 12,024 ¢ 12,084
2. PYi Rater Demand Pathum Yhani : i ' : H
a. Domestic 40,718 ¢ 43,011 45,303 ¢ 47,696 52,809 58,021 §3,231 68,445
b, Inatitutlonal 13,289 ; 14,178 ¢ 16,267 - 17,756 13,446 19,136 19,826 : 20,518
-¢. Comsercial = 4,050 4,358 ¢ 4,662 ° 4,968 : 5,084 5,220 5,348 | 5,472
d. Industrial §0.405 ! §3,521 ¢ 66,637 69,753 ! 10,630 71,505 72,380 ¢ 73.28%
. sub-total 118,463 | 126,666 ° 132,859 140,072 | 146,979 153.882 160,786 : 167,688
.. Inter Loas 3¢, 800 ¢ 12,673 34,646 35,896 36, 745, 33,471 40,196 : 41,922
. JTotel Remapd . 149,263 168,339 : 067,418 175,988 : 183,724 . 182,353 200,84) 308.610.
Ground-ater Rate % 0 [ 17 16 : 156 14 13 12
Groundwater Yolume 29,853 28,501 ¢ 8,461 ° 28,1656 ¢ 27,569 - 256,929 26,128 25,153
Surface Water Rate % 80 i 82 8 84 ; 85 - 36 LY 1Y)
’ 26 26 . 25 25 25 ¢ b

Tctll

7,200,692

JT.A26, 985

{7.644,918

7,863,174

£8.030,038

a. Domeatic 438,129 ¢ 57, 144 461.930 471,641
b. Institutional §2.226 ¢ 83,118 84,0085 84,099 86,795 56,693 37,593 ¢ 83,497
c. Commercial 56, 464 © 67,064 ¢ 57.678 58,289 : 58,904 59.520 60,1239 60,759
d. Industrial 650,444 | 66T, 473 0 664,821 671,688 : 678,573 885,778 692,903 © 700,047

—Sub-Tetal 227,280 0 ), 240,606 (1,263,843 (2,267,247 3,280,515 1,293,920 1,307,364 :1.320, 844
‘Groundwster Total =~ 1,492,922 [ 1,450,714 [ 1,466,953 (1,482,971 1,498,727 - 1,447,640 1,451,319 :1.474.861
Surfece Water Totel 6,715,770 ;8,976,241 (6,177,966 : 6,380,202 {6,581,31F 6,796,374 6,943,456 37,102,346

T8, 244,015 5,404,784

ig, 6811207
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“Table 5.1.1a  (Continuation)

Vater Deasnd ?n.le.ction S o
(Ordlnln Gro!th) -+ Unlt s ll/du 'I(u.l_

Duerlption = R Nll IDIZ N 111 R | TR T ) CIERREN T 1 T ERRE T T ¥ )
1. ¥M Tater Donnd _ s L R R Y o,
&, bomestic. - 690,437 DR 644,045 12,696,008 2,747,862 1 2, 799,669 - 2,851,477 2,900,287
b, Institutional 827,104 1 B8N, 2568 7 . %00.678 i 917,918 936,340 952,756 949,900
¢.. Commerclal = 2,200,506 {2,247,832 12,291,569 2,335,586 (2,379,613 2,423,640 2,467,871
d.. Industrial L 205,762 0 220,810 ;225,144 29,477 ¢ 233,810 238,143 Wz 461 .
csub-total 5,829,828 (5,995,844 6,113,434 DB, 230,842 ;6,348,432 ;6,456,016 .58, 8 1 T o
o. Water loas . 1,224,264 11,199,169 D1, 222,687 1,246,088 1,269,686  10293,20% 1,306,067 K 3
.. .Total Demand . 7 051.-09.3,. 198,013 1T, 036, 020 AT 000 0T QH,Jll...‘..‘l..’lﬁ.!.-.ZJ.i...I'..?_.Q@.-Nﬂ.’. Ll :
Groundwater Rate H R P L e

Groundwater Yoluwe: L R 0 o 0
Surface Water Rats. X : 100 T100 B 1.1 2% B 100 L . - 100
Tater Losn Rate L i EE IR T I : Sl el R IR H
X 1000 12.108 - 132, 169 . 1%.229 ¢ -12 291 b 12 414
2. PYA Tater Demand - Pnthu- Thaci . oo P S . K
s. Domestic L TREST . T.EB9 0 B4 0BE G 89,298 % 94506 - S8.TUT 104,929
b. Inatitutional ©o 1L 208 5 XL.898.7 22,638 i 23,278 28,966 . - 24,658 HI IO
c. Comkerclal B8998 D 6,725 0 0 5,850 0 . BT 6,109 7. 6,220 $.368 ¢
d.- Industrial T4, 0300 75,006 0 75.880 ;0 76,758 ~ 77,630 ¢ 18,506 . 79,380 i 1 0
_ . sub-totsl  I74,692 @ Q181,495 ' 188,398 © 196,301 202,204 209,107 2li pre: o
e, ¥ater Loss 43,648 | 43,669 | _ i 48,529 - 49,8820
| S Yatal Demspd 218,240 226054 ;233,614 250,133, 285, 892
Groundwater Rats X 12 B ¥ 2 1i 10 R I
Groundwater. Yolume 26,189 27,008 26,07} 26,569
Surtace Fater Rate ¥ NI 1 20 |
Tater Loas Rate L T 25 u : 1] . 1
875 359 H 362,026 990,383

864,633
3. Iudnltrlll ‘Estates (9 E-tnu) R RTINS . RS B -
. - 129,396 129,928 ¢ 130,460 : _ 130,992 131,524 © 132,086 32,588
4. Groundvater Demand i : Do .

{DER ¢ P¥A +DOS + ARD) . - S TR DT et S

‘a, Domestic . ATE. 3680 481,200 0 485,062 0 490,931 i 495,804  500.712 - 505.625 0

b, Institutionsl - 49,402 0. 311 50 Nl 222 eZ, 136 1 93,082 93,971

¢, Comsercial ' $1,301 1 62,004 62,6300 63,267 i . §3.88% - 64,513

d. Industrial 797,213 714,399 0 721,605 | 728,833 | 736,083 | 743,386 i
Seh-Total Aa334,366 11,347,922 ), 360,609 (4,376,157 11,388,835 1, 402 656 1 416, $1Y ¢

Groundwater Total 1,489,860 1,504,856 i 1,617,878 | 1,582,788 | 1,645,432 - 1,560,332 1,506,472 |
‘Surface ¥ater Total 7,245,143 (7,393,060 i 7,544,037 i 1,692,645 ;17,843,778 :7.990,701 - 3,138, 123
Total 736,008 18,897,917 ;9,061,743 19,226,333 19,380,210 9,551,023 9,714,898 |

Source:lll.rl’l.IElT.Dll



Tabie 5. l lb WATER DEMAND PROJECTION (E\'lraordmary Growth)

L Oait ¢+ ed/day - Ne,d
Description 1995 ¢ 1998 ° 1987 1998 18§89 ° 2000 200} o2 1
1. W%\ Yater Demand : i H
a, Domestic 1,464,282 P 1,554,943 - 1,645,318 1,742,093 ;1,836,658 ;1,929,242 2,022,818 (2,116,392 !
b. Institutional S 372,300 1 395,338 425,733 1 455,420 485,527 - 515,424 545,321 ¢ 675,214 |
c. Comsmercial - 1,244,035 §1,328, 066 (1,400,787 1,480,428 {1,560,059 1,639,630 1.718,321 §1.1se.sszi
d. Industrial 88,098 1 106,220 0 112,686 % 120,171 121,646 136,121 142,586 § 160,071 °
© sub-total 3,180,315 i3, 377,066 C 3,587,744 P8, 798,322 (4,008,900 4,219,478 4,420,058 (4, E40,53¢
. e, Water Loss §64,095 :1.009,150 © 1,076,323 11,100,513 (1,162,681 - 1,223,649 1.240,416 1,299,378
: o Yotal Desand | 4,134,410 14,390,346 (4,864,087 14,898,835 05,070,488, 5. 443,027 B.810. A?Znnﬁ 940,042,
Grovndwater Rate % . I I T I 3 3 4 4 : 5 : 7!
Groundvater Yoluae S 124,032 5 131,709 - 139,922 % 195,993 206,859 272.15%6 340.225 Poo415,301 :
Surface Tater Rate l ' 1 87 91 : 86 96 95 L1 Lk]
Sater Loas Rate - ST IEEEE | S | B 29, .. 19 29 n; 1
Total Pcnulltionxlﬂﬂﬂ 9. 518 0 9,459 ¢ 9,733 10,062 108,212 - 10,549 10,857 ¢ 11,163
t. P¥A Water Demand e : S B ] . . -
s, Domestic . : 20,535.; - 24,559 . 82,833 ¢ 8,606 ; 46,314 54,022 B1.730 ¢ §9,438
_b. Institutionsl - 10,427 & 12,617 14,808 ¢ - 16,998 ¢ 19,801 22,604 25,407 28,210
. c. Commercleal LA ATy 5,913 1,394 8,854 10,723 12.5%1 14,450 ¢ 16,328
d. Industrial | . 32,469 ¢ 317,580 42,891 ¢ 471,802 64,342 40,382 $7.422 ¢ T3.862 ]
sub-tetal. 67,904 ! 82,690 97,475 1 112,268 - 131,180 - 150.100 163,018 | 187,938 ¢
e, Vater Loas C18,334 ¢ 22,328 - 26,318 $¢,311 0 36,439 40,6271 45,835 48,864
.. Jetal, De!lhd‘.,,,§5;333“inulﬂﬁapl‘ e ABNATOAL L AR BT 186.5090 0 190,826 204, 8545 1235.802.
Gruundtlter Rate . 3% 300 100 100 . 80 40 ] 10} s
Grogndwater Volume - 86,2330 106,016 - 123,794 71,286 66,840 38,125 21.465 11,840
Surface Water Rate X ‘ [ B SRS I 80 60 - 8 90 95
Riter Loss Msta X - 27 27 et 27 | 21 i1 27 i 2
B i 513 198 E §15.029 - 7i8.619 ¢ 7§3,209 205,793 849,359 892,979 L 927,101
T T : I T i
LR Indn-trlll Eltates (! Eltntes) ’ 74 ] ; :
i. Graund-lter Demund . : - ;
(DMR -+ PYA +DOB ¢+ ARDI . E L H ) . . Cod :
-a. Domestlc . 400,632 F 409,812 0 418,942 0 428,073 437,203 - 448,333 455,463 1 464,594
b, Institational 78,198 76,912 18,625 ° 30,339 £2.052 - 33,768 86,479 | 81,193
¢. Commercial 61,628 ¢ 5%, 506 : 53,981 ° 55,158 56,334 57,611 68,687 ¢+ 59,864
d. Industrlal 594,850 © 6DS. 404 . 621,959 : 635,514 49,063 = 662,823 676,175 : 639,733 .
Suh-Total L1z2, 358 : 1,147,933 fl.l!.‘l-_ﬁ" .19 683 L. 224, 658 - 1,250,233 1. 275. 804 :]1,302,383 ;
Groundwater Total 1,485,872 : 1,489,916 1.541.713 1.620,004 - 1,688,454 1,771,838 ;1,870,017 .
Surface Vater Total 4,010,377 14,268,508 (4524, 145 ¢ 6,064,581 ;5,323,471 5,523,432 16,148,172,
Total T8, 443,250 (8,748,520 (6, 071,88 6,684,505 17,011,926 7,295,270 (7,619,260 |
Tater Demand Projection . ) :
(Extraordinary Growth) . Unit’' = wmd/day No, 2
ﬂucrlbtlon 2003, 2004 2006 : 2006 HTLN 2008 008 20100
1. WiA Nater Demand = . . o B ) o R i :
. u. Domestic . 178,949 12,241,506 (2,304,080 IO BLT D R.429,173 12,491,729 7,554,285 (2,510,841
b. Institutional 614,590 646,017 | 675,444 706,387} 736.298 - T65,72% 197,182 ¢ 827,579 ;
. c. Commercial 1,857,505 1,918,077 ;1,974,639 {2,033,201 ;2,091,763 :2,150,325 2,208,887 2,267,449
4. Industrial 162,506 173,722 0 181,798 ¢ 189,87 190,523 104,023 205,409 ;. 206,823
sub-totsl 4,813,559 14,976,321 15,135,942 {5,2956,562 6,447,757 (6,612,802 5,765,733 (6,918,492
e, Water Loxs 1,347,797 i1,393,370 (1,438,064 JAB2.TES i1, 470,094 : 1,515,457 1,585,748 1,597,933
. .Total Desand - 6.161, 356 :6.369.89] ;6. 574,005 ;6,718,331 ;6,918,681 7,123,258 1,332,480 07,518,435
Ground-ator Rate % 1 T 7 ) H 7. 1 T L}
Groundvater Yolume 431,298 446,878 1 480,180 1 474,482 484,306 ;498,978 512,574 601,319
Surface Vater Rate % $3: -9y 93 ¢ - 93 93 . 93 93 92
Water Loss Rate ~ &% - 28 26 i H 1) 27 27 27 27 :
* 1000 11,442 F 11,728 ¢ - 11,781 ° 11, 348 11,306 11,964 12,024 12,084 ;
2. PN Water Demand Pathum - Thani : P ; : ;
&, Dowestle THI21 ;. 84,000 ;0 91,079 Q98,069 106,038 ¢ 112,017 118,996 | 125,975
b, Institutional 30,872 33,410 35,948 38,486 41,024 43,561 46,099 48,637 ¢
¢, Comwercial 18,162 19,854 21,645 : 23,238 24,930 26,622 28,314 30,006
d. Industrial 79.762 846,686 ; 51,606 97,628 ;1 103,450 . 109,372 115,393 121,216 -
) sub-totsl 205,913 225,049 0 240,179 0 267,310 [ 274,441 © 291,671 108,702 ; 325,833 .
¢, Yater Loss 53,639 -57,999 0 62,447 1 64,328 84,819 12,80 T1.176 ¢ 81,458
. oTokal Demand | 259, 451.0. 181,041 302,826 0 321,838 0 343,081 ; 364,454 335,878 : 407,291
| Groundwater Rate : 51 6 5 [ 10 14 18 - 3
Groundwater Yolume 12,973 14,062 - 15,131 ¢ 16,032 34,308 51,025 8, lil 93,877
Surface ¥Uater Rato % 95 ¢ 5 95 : 95 90 1] ¥ 1T
Nater Loss Rate H H g {3 kil 26 25 25 25 § 25
3. Indultrl:l Entltcs (9 Eltltel)
1
4. Gronad-uter De-and
{DMA + ‘PRA +DOE + ARD) : : . : :
a. Domestle : 473,724 0 482,854 0 491,936 © 50K, 148 510,245 519,315 528,506 { 537,836
b. Institutionsl 84,906 | $0.620 - 92,333 94.047 ;95,760 97,474 - 99,187 1 100,901
¢, Commercial 61,040 0 62,217 §3,393 64,568 ;65,746 66,922 §8,099 : §9.276
d. Industrial . 103,288 ;: 716,842 730,397 ¢ 743,962 ; 767,507 111,061 184,616 . 793,171
Groundwater Total 1,916,100 1,959,206 2,003,108 :2,046,928 ;2,103,600 : 2,163,685 - 2,224,466 i2,366,245
Surface Yater Total - 5,976,644 ;6,190,802 i6.401,320 '6.609,394 16,743,092 ' 6,942,720 7,126,327 7,225,180 ,
’ Total - T.891,644 ;8,150,017 }!.‘U'_I.l!i ;l.ii_l.lﬂ i JB46,594 - 9,106,404 - 9,350,792 :9,595,026°
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Table 5.1.1b- (Contiriuation)

Yater Desand Projection R
(Extn’o:_-_d_lnu_'r_srdtth!"' Unit. .+ w3/day - ___Io.._s.'

Description - LT 2082 ;. Ce0r¥ T . 2004 10 2015 ~2atE 2017 ;-
1. NWA Water Desand ; s ol R ST PO LIS
a. Dosestic 2,666,067 (2,715,273 (2, 764,489 2,813,705 ;2,862,921 (2,982,137 2,864,353 ¢ 00 -~
b, Inatitutional - 849,286 ¢ 871,013 B92,730 ¢ 9i4, 447 936,164 . 967,881 . 979,594 ;-
c. Commercial . 2.313,873 (2,259,907 ;!.{U‘.ll‘.-;‘ 2,452,966 12,498,594 2,544,823 2,591,052
d. Iaduatilal . 206,762 ;220,811 © 226,144 0 229,477 1 233,810 238,143 - 2476

(6,167,004 ;6,288,498
;1.603,4217:71, 635, 610
ATTR. 4250

a .

: : -sub-total 6,035,781
o. Vater Loss © 1,629,664
... To%al Demand  1.656, 46

P1.866.698 11,632,872 C 1,663,246 1,693,620 :
LB 438008, 316, 230 . 488,008 0 o0 D

Groundeater Rate % : : R BE R
Groundwater Yolume 621,634 ; . 871,605 - 682,136 592,767 |
Surface Water Rate X .92 s 93 93 . 93 i -
Water Loas Rate ' % 2% 2% 28 28 P
T 1 i o b i L 16 :

2. PYA Rater Demand ] RS B I I

a. Domestic 129,308 § (143,879 0 - 148,049 ;. I52.420 . 156,790 ¢ -
b. Inatitutlonal -83,604 § - 85,093 56,632 68,271 59,861 i
c. Commercial Co¥y 28 WM. M3 35,402 ©de. 462 37,521 1

d. Industriail 131,380 ¢ 136,082 133,796 142,565 - 146,213 ¢

mab-tatal 357, 474§ 388,202 0 373,930 383,657 . 400,385

c. ¥nter Loas $9,368 ¢ 92,050 : 94,732 97,414 - 100,098 0
e 10481, Pemand | 420, 02/ 445,843 440,282 5. 473,682, 431,012 5094817
Groundwater Rate X ) c 28 il LN 3% 37
Groundvater Volume: 129,584 142,678 156,308 ; 170,47% 186,178
Surtace Water Rate X - B ) | §9 67 £5 63
Vater Loss Rate X 1] 26 25 25 25

3. Industrial Estates (3 Eatates
ria —op _ :

4. Groundwater Demand
{DMR ¢ PER +DOH ¢ ARD)

§55.296 | 665,007 i GT4.157 i 583,287 692,418 601,548 ¢

B2, 106 52,613,930 F 2,484,919 12,630, 111 : 2,682,330 2,634,000 |
465,197 17,606,886 : 1,828,805 7,810,209 ' 8,060,680 8,190,634 i
19270914 10,120,817 10,313,724 10,441,320 10,633,021 10,824,724 |

Groundwater Total - 2,4 15.. 493
Surface Water Total 7,367,238 ¢
Total o 9.783,131

Source : MW AP XA TEAT, DNR

6. 409,99471 6,531,489 [ B.B52, 834 B, TTE. 478 S

a. Domewtic 546, TEB :
b.. Institutional - 102,614 ; 104,328 ¢ 106,041 107,786 109,453 . 111,132 112,896 ¢ [
¢. Commercial 70,462 | 71,628 ¢ 72,805 73,981 : 15,1587 . 16,334 71,610 ’
d. Industrial 811,726 0 825,230 0 833,836 852,390 | - 865,945 - 579,499 893,064 i

- - ; H T : T H : L 1 :
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“Table 5.2.2 PWA WATER SUPPLY DATA
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' Table 5.3.1 INDUSTRIAL ESTATES WATER CONSUMPTION DATA

Induatrial Kame i 1989

FR U T I U TR A T TS

TTes . 1904

1) Bangchan Industrisl %Eatste

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

R T

1,000 0 1.00000 T 1.0
044,000 {2,044,000 ; 2,044,
: A,

&3 H
Z)Lat Krabang Industrisl iEstate

i 8,000

IL800 F 15,300

19i . 10 ;

00 ;9,348,500 11, 485,000 0 4,884,

K
3) Bangplee Industrial
, Groundwater Use wd/day .
. Groundwater Ose md/yes

Xumber of Factorles

J8T 130

............. L 4,800
F1.405,800 ;
‘ . Lo 3 B

4) Bangpooc Industriel
. Geoundwater, Une pd/day, !

. 25,000 28,

200 . 25,100,

V37,326,000 7,368,480 ;7,340,200

8 S T .

180 130 13D

3,800 | 3,800, 4,008

1,062,000 1,109,600 : 1,168,000

RLTR. L1 A 7.200.. .. 8,200

H z L I R

Nymber of Factories: : - ; - 0 30 35 40

Total of ealls H [T 16 CAT T T4 B

Tots]l of Factorien : 560 ° 597 T8 815 849 B 11
Total of Groundwater .1 o ] . . L

Consumption wd/day : 59,450 : - 63,200 - - 71,800 85,470 ‘83,600 ° 91,00

Source : 1 E AT

N



Table 5.3.2 INDUSTRIAL ESTATES WATER DEMAND PROJECTION

106,517

industrisl Rame . ST 1998 1997 1939 2000 - 20le 017
1) Bangchan Industrial  Estats : : .
Groundvater Use @a3/day . -~ 1,000 7.1%0 7.150 - 1.200 7,250 1. 360
Groundwater Use wd/year 3 044,000 2,087,800 2,087,800 2,102,400 2,117,000 2,131,600
Nuaber of Wells - [ 3 : [ T B ) 3 -8 3
- Number of Factories - 15 7% 75 76 15 7%

| Capacity of Fagtories 15 75 1% 15 15 15
t)Lat Krabeneg Industrial Estate ] - : :
Groundwater Use o3/day 18,000 15,2581 . 20,796 21,628 23.787 23,767
Groundwater Use w3/year 5,278,600 -5,82),400 4,072,500 &,315,400 6, 9‘0 400 6,940,000
Nusber of Wells ) 10 .10 10 12 15
Huwber of Factories 155 162 175 182 - 200 200

| Capacity of Factories 200 - 00 200 200.. 20¢ 290
3} Bangplee Industrial Estate = )
Groundwater Use w3/day’ 6,000 §.150 6,250 6.250 . 8,250 6.250
Groundwater Use m3/year- 1,781,200 1,796,800 1,826,000 1.825.000 1,325,000 1,825,000
Kumber of Welle 4 4 i § 5 5
Nuwber of Factoriea . 12z 123 125 128 . 128 12%
Capscity of Fagtorlies 125 125 128 125 - 125 115
4) Bangpoo lIndustrlial Estate . ] )

1 Grovadwater Use md/day 30,160 . 9t6 32,086 33,123 35,260 36,329
Groundwater Use wd/year 5,832,000 9,645,000 9,260,000 9,572,000 10,296,000 10,608,000
Nuaber of Wells 19 19 19 19 i9 13
Number of Factorias : 245 299 300 310 EEL] 11 ]

| Cappcity of Factocies 40 348 340 kEJi) 340 340
§) Samut Sakhon Industrial Estate
Groundvwater Use a3/day. 6,820 7,288 10,411 11,973 14,966 16,2587
Groundwater Use a3/yenr 1,710,000 2,125,000 3,040,000 3,436,000 4,370,000 4.750,800
Number of Wella 15 16 . 16 15 15 18
Number of Factories 45 113 30 92 115 125
§) Hi-Tech Indumtrial Estate o .

Groundwater Use wd/day 1,463 2.521 €, 184 4,603 5,479 5,419
Groundwater Dae al/year = 544,000 136,000 1,216,000 1,344,000 1,600,000 1,600,000
Kuaber of Weils . B | ‘ ¥ ) 3 3 3
Kumber of Factories 117 K1l 18 [} 50 50

| Capacity of Factories 14 10 10 1% 10 10

7)- Bang Poin Industrial Eatate- - ‘
. Groundwater Use wd/day’ . 2.564 3,245 3,368 5,209 6,411
Groundwater Uss wmd/year 585,000 748,800 936,000 982,800 1,521,000 1.872,000
Number of Wells i $ 9 9 9 12 15§
Nuaber of Factorles ) H 3 3 40 42 -1 11
ieg . Lled 104 109 100 - 100 100
8) Mavanakhen Co., LTD - - ) : .
Groondwater Use wd/day 25,607 15.607 26,925 26,204 26,483 26,483
(Groundwater [se ad/year 7,448,100 7,448,100 7,570,200 7,651,600 7,733,000 7,723.000
Nuaber of ¥Wells . 9 8 9 9 9 9.
" Komber of Factorles - 183 183 186 138 1990 190

| Capacity of Factoriss 130 130 180 190 1390 138

9) Bang Kadi Indnntrhl Park .
Groundvater Use md/day 4,100 £.100 4,109 4,150 4,200 4,300
Groundwater Use @3/year. 1,197,200 1,197,200 1,197,200 1,241,800 "°1,226,400 1,265,600
Number of Wells 1 : ? ? r ? H
Kumber -of Factories . .40 i 40 10 {0 (1]
R . 49 1 40 40 44 1]
Totel of wells " " 11 80 4% 91
TJota) of Factoriaes 947 954 1.05% 1,096 1.180 1,225
Total Groundwater ) :
Conmumption ul/day . 100,244 114,087 118,497 128,864 132,586
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Table 5.4. 1 TOTAL GROUNDWATER PUMPAGE DATA IN 'I'HE STUDY AREA L

Year_ i Well - = Domest1c Instxtut- Comlerclal Industr1a1 ,J'Tdtak
. Number  m3/day _jonal n3/day m3/day o m3/day . m3/day
1982 7.416 545,588 - 105,592 15,285 ¢ 594{171-?-1.420;505
1983 © 7,753 : 582,871 i 112,795 %  77.841.1 732,370 1,505,677 | @
1984 ¢ B.050 519,399 :- - 105,138 | .- /73,826 i 734,089 001,432,482 |
1985 8,387 586,323 ° 117,672 ! . 77.830 i 788,660 1,570,585
1986 ¢ 8,700 i 557,888 . 116,081 § - 76,779 .; 800,032 7 1,550,780
1887 $;958 ° - 573,630 .- 118,827 ! ~ 77,335 :  -825.429 [ -1.995.,221
1988 1 9,171 i 590,460 . 118,968 : ©.78.617 0 860,033 : '1,5648,078
1989 : 7,783 - 558,207 104,446 { 74,4145 909,531 °© 1,647,598
1990 : 4,621 - '393,018" 66,326 | - 47,385 757,397 > 1.264.,126
1991 ¢ 4,764 456,479 . 71,663 | - 52,374 : 793,918 " 1,374.424
1992 4,486 470,740 . . 57,783 : - 53 698 ° 768..851 ° 1,381,072
Source : DMR,- PWD,. MWA, P¥A, DOH, ARD. IEAT
Groundwater Pumpage Data (Regxstered at D M R)
Year | Well . Domestic . Inst1tut— Conmerc1al Industrxal " " Total
i Number - m3/day 1onal md/day.  m3/day . m3/day . m3/day '
1980 6.517 207,990 . 54,0280 - 51,639 ~ 600,060 - .813.717 |-
1981 ! 7.019 ° . 225,632 & 64,298 | 57.547 ¢ 631,595 ¢ :'879.072

1982 1 7.155 0 227,897 0 - 67.068 i 58,133 | 566,862 0 919,960
1983 | 7,450 0 243,126 73,158 | 60,225 : 601,722 ' = 978,231
1984 © 7,763 © 262,454 : 80.875 : 63,043 | 649,574 : 1,055,946
1985 © 8,022 : 272,132 ; 88,700 | §5,054 : 687,070 ¢ 1,112,956
1986 1 8,312 0 287,265 . 95,180 i 67,490 : 718,665 : 1,168,600
1987 | 8,540 302,555 98,995 : 68,472 | - 746,938 i 1,216,961
1988 | 8,743 ° 326,836 : - 100,695 | - 70,496 : 785,297 i 1,283,324 |
1989 7,323 | 294,128 | 87,751 | 66,994 @ 799,997 : 1,248,870

1990 © 4,149 0 177,575 © - 58,944 i - 44,104 i 672,051 .- 952,674
1991 | 4,262 - 210,591 ° 61,509 : 47,866 ¢ 691,986 © 1,011,952

1992 | 3,016 205,388 ' 46,686 ' 48,766 . 650,089 ' 950,929
Source : DMR | o o
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Table 5.4.2 ECONOMIC GROWTH TREND

o Groth. Rate. (%) .. i Trade.  Million B

_ Year GDP - Manufactiring ! Export Import
T T AU LG ARGUSEEY ekt sianr e s eea e et en
$ CH SR N T RS TP L AL S 1 1 26794
C 1872 40070 T 13,24 8 0 22,491 30,875
1973 9.86 15,74 32,226 42,184
1974 4.35 6.18 49,799 64,044
1975 4.85 5.80 45,007 66,835
1976 9.38 15.32 60,787 72,877
1977 §.90 14.30 71,188 94,177
1978 10. 44 8.73 33,065 108, 899
1979 6.3 8.27 108,179 146,161
1980 4,78 2.88 133,197 188,686
1881 C6.33 - 6.29 i 153,001 216,746
1982 4,08 . 2,54 168,728 196,616
1983 “ 7,25 8.40 i 146,472 236,606
1984 7.13 6,76 ;175,237 245,165
1985 3,51 © -0.81 ¢ 193,366 251,169
1986 4,90 9.60 i - 233,383 241, 358
1987 . 9.50 13,60 299,853 334,209
1988 13.23 12.40 | 403,570 513,114
1289 12,20 - 14,90 © 515,745 656,428
1990 ©10.00 13.70 ;589,813 844,448
1991 7.50 . 10.006 ¢ 725,630 958,832
1995 ©6.90 - 9.50 : 1,141,000 1,508,740
2000 7,30 ° - 10,00 : 1,277,920 1,659,614
2005 810 11,00 : 1,431,270 1,825,575
2010 8,70 10,00 : 1,603,623 2,008,133
2017 9.

.UO:“ 10,50 © 1,795,386 2,208,946

o 'Soqrce_:_ NESDB
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Table 5.4.3 TREND OF GROUNDWATER DEMAND

DOR

“DMR

o ”Total  

.Total '

Year "P¥D : - ARD, ¥ : _

' ! m3/day ' m3/day m3/day  m3/day .. m3/day | m3/day
1982 | 48,995 I 0 919,960 968,955 T .

- 1983 i 60,925 : 0 -0 978,231 % 1,039,156
1984 | 76,350 S0 0 1,065,846 : 1,132,296
19856 ¢ . 97,260 : 64 0 : 1,112,856 1,210,280
1986 : 106,620 - B4 i 0 1,168,600 : 1,275.284
1987 ¢ 115,700 : .64 ¢ i 1,216,851 ¢ 1,332:615
1988 : 118,930 © . 64 0 1,283.324 @ 1,402,318
1989 © 123,265 % 64 0 1,248,870 0 1,372,199
1880 | 124,645 : 104 64:7 952,674 - 1,077,487
1991 | 131,045 136 731 1,011,952 1,143,206
1992 § 132,355 : 136 118 ¢ ~ 950,929 - 1,083,538
1993 | 134,340 ° 136 . 119 - 961,852 i 1,096,447 | .-
1994 | 136,355 137 12l b 972,775 ¢ 1,109,388 | .
1995 ¢ 138,401 : 137 -~ o122°; - 983.698 . 1,122,358 1,122,358
1996 | 140,477 ; . 138 - l22 i . 994,621 : 1,135,358 1,147,933
1997 | 142,584 ¢ 138 122 : 1,005,544 ° 1,148,388 | 1:173,508
1998 © 144,723 ¢ 138 . 123% 1,016,467 . 1,161,451 | 1,199,083
1999 : 146,894 : 138 0123 % 1,027.390 % 1,174,545 | 1,224,658
2000 : 149.0%7 @ - 139 - 123§ 1,038,313 © 1,187,672 1.250,233
2001 ¢ 151,333 ~139 123 1,049,236 1,200.:831 1,275,808
2002 : 153,603 : 140 123 | 1,060,159 :--1,214,025 1,301,383
2003 : 155,907 140 124 i 1,071,082 1,227,253 | 1,326,958
2004 i 158,245 140 125-% 1,082,005 : 1,240,516 | 1,352,533
20065 { 160,620 ; 140 126 § 1,092,928 | 1,253,813 1.378,108
2006 | 163,029 : 142 125 ¢ 1,103,851 | 1,267,147 | 1,403,683
2007 | 165,474 142 C125 0 1,114,774 ;0 1,280,515 |- 1,429,258
2008 i 167,957 : 142 126 ; 1,125,697 % 1,293,921 | 1,454,833
2009 : 170,476 142 126 ¢ 1,136,620 @ 1,307,364 1,480,408
2010 : 173,033 142 126 i 1,147,543 : 1,320,844 1,505,983
2011 i 175,629 : 142 128 ¢ 1,168,466 | 1,334,365 [.1,531,058"
2012 : 178,263 : 142 128 | 1,169,389 i 1,347,922 1,557,133 .~
2013 : 180,937 : 142 128 ¢ 1,180,312 : 1,381,519 1,582,708
2014 © 183.651 : 143 128 : 1,191,235 : 1,375,187 1,608,283
2015 : 186,406 : 143 128 i 1,202,158 : 1,388,835 1,633,858
2016 : 18%,202 143 1300 1.213.081 i 1.402,556 1.659.433

143 1.416,317

2017 |

192,040 |

130 :

1,224,004

1,685,008
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* CHAPTER 6 GROUNDWATER LEVELS AND LAND SUBSIDENCE

. 6. 1 Records of JICA Monitoring Stations

Groundwater levels and land subsadence have been momtored at the JICA monitoring stations

© (see Figure 6.1.1) since July 1993. The rnomtonng equupment installed at the stations have.

been recording data at an intérval of one (1) hour.

. 6.1, 1 Slte-A (Lat Krabang)

.The groundwater levels and land subsrdenee at. elght (8) momtonng wells have been recorded.

The groundwater levels and land subsidence for a period from July 1993 to0 November 1994
are summarized in Figure 6.1.2 and Figure 6.1.3, respectively. The groundwater level and land
subsidence at each monitoring well are shown from Figure 6.1.4 to Figure 6.1.11.

(3 ‘Groundwater level

" The deepest groundwater level was observed at A—6 well (depth = 145m, Nakhon Luang
- aquifer) at the station, ranging from -55.5m to -61.0m in elevation. The groundwater levels of
- A-5well (depth = 215m, Nonthaburi aquifer) and A-7 well (depth =:108m, Phra Pradaeng.
- aquifer) were ranging from -42.0m to -52.0m. The groundwater levels of A-2 well (depth =

437m, Phayathai aquifer), A-3 well (depth = 360m, Sam Khok aquifer), A-4 well (depth =
302m, Sam Khok aquifer), and A-8 well (depth = 48m, Bangkok aquifer) were located
between -16.0m and -26.0m in elevation. The groundwater level of A-1 well (depth = 574m,
Pak Nam aquifer) has gradually recovered, then the present groundwater level becomes higher

than the ground elevatlon

' The features of groundwater level change at each monitoring well are as follows

A-1 well [deoth 574m, Pak Nam aquifer] (refer to Figure 6.1.4)
The groundwater level was not able to be measured during the well construction time due to

low permeability of the aquifer. The water level was located below -6m in elevation in July

1993. But the level has been recovered and reached sea level in March 1994. Now the well is a
artesian well, but the amount of flow is very small.

A2 well [ denth = 437m. Phavathai' aquifer] (refer to Figure 6.1.5)

The groundwater level was gradually declined from -19.6m to -21.0m for the past year.

Strange water level fluctuations were recorded from September to October 1993 due to the '
sensor failure. A new sensor was installed in December 1993. .

A-3 well [depth = 360m, S_arn-Khok aquifer] (refer to Figure 6.1 .6)

The groundwater level has dropped from -19.9m to -21.5m in elevation for the period from
July 1993 to July 1994. The level was almost stable from August to September 1993, but it

started to decline from October 1993. The groundwater level was not recorded from

December 1993 to May 1994 due to the sensor fallure

A—4._well [denth = 302m.‘ Sa_m Khok aqulferl ( refer to Flgnre 6.1.7)
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' The pattern of groundwater level chages is similar o that of A-3 well. The groundwater level
has declined from -24.4m to -26.4m in elevation f‘or the past one (1) year. The momtormg was -

mterrupted due to the sensor farlure

- A-5 well {depth = 215m Nonthaburi aqu1fert (refer to Frgure 6 1. 8)

The groundwater level has dropped from -41.7m to =51.8m for the one: (1) year: The water
level may be affected by nearby wells because typical drawdown curves and recovery curves®
* can be observed. The level was recovered about 4m'in early March- 1994 but it-dropped agam

from rmd-March 1994,

A-6 wll fdeoth = 145m, Nakhon LuarLg aquifer] (ref'er to thgre 6.1 9]

The aquifer is intensively used in the area so that the water level shows the deepest in the
station. Daily fluctuations and recoveries on holidays are clearly. observed. The level ranged
between -55.5m and -57.5m from July 1993 to February 1994 but it has dropped from -57. Sm ’

t0-61.0m. smce March 1994 to July 1994

A-T7 well [depth = 108m. Phra Pradaeng aqurfer] (refer to F:gure 6.1, 10)

" The groundwater levels was located around -49.5m in elevation from September to December
1993: Then the water level was recovered about 2m by the end of February 1994. But the
water level started to drop by stepwise pattern from March 1994. . The water levelin July 1994

is 1.5m lower than that in July 1993, The records were d:stur’oed in March 1994 due: to the '
Sensor error. . : . : :

The well shows the annual fluctuation of groundwater level was only 0 S5m. But clear water:

level rise from -16.3m to -15.9m was observed from September to October 1993, The. water
level was remaining at higher level until November 1993, but it declined from December 1993
to March 1994. The recession curve has almost beconie a flat line from March to July 1994,

This annual fluctuation pattern may correspond to. the occurrence of ramfall and changes in
surface water level over the year. - :

) Land subsidence

The maximum land subsidence of 83 mm, wluch is the compressmn between the ground |

surface and the bottom of a well, was recorded at A-2 well for the period from July 1993 to
November 1994. Even though the subsidence rates may be affected by each monitoring well’s
condition, it can be seen that the subsidence rate increases with increasing well depth.

If it is assumed that the total compression between the ground surt'ace and.the depth at.574.m'is'

75.0 mm as measured at A-1-well, the compression between the ground surface and the depth.

at 48m, that is the total compression of Bangkok Clay and Bangkok aquifer, contributes 45%
of the total compression. Similarly the compression between 48m depth and 145m depth, that
approximately belongs to Phra Pradaeng aquifer and Nakhon Luang aqulfer occupies.37% of
the total compression. The subsiding rate at each well has decreased since March 1994 This

phenomenon may correspond to the stop of groundwater level drop in the Bangkok aqurfer _

which was monitored at-A-8 well.

Figure 6.1.12 shows the relation between the compression and piezometric head 'using the.
monitoring record at A-8 well and A-6 well. The upper graph clearly shows the cyclic
compression process at A-8 well from July 1993 to November 19_94_. When the piezometric -
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level of Bangkok aqulfer declmes from -15.90 masl to -16.36 masl, the compression mcreases

from 6 mm to 25 mm. During the period of water level’s recovery, the compression rate

becomes gentle, but rebound does not occur. The apparent volume compressibility can be

- obtained from the graph drawmg a straight line as shown in the graph The obtained value is

8.38E-03 cmzlkgf

The lower graph in Frgure 6.1.12 also shows the lmear relation between the piezometric head
of A-6 well and the compression at depths from 108m to 145m during the declining of
prezometnc level. The obtained apparent volume compressibility is 4.22E-04 cm’/kgf.

It is noted: that apparent volume compressrbrlrty obtained from monitoring records shows.

smaller values compared with the 'values obtained by consolidation tests. Because the apparent
volume .compressibility uses ‘the thickness including sandy layers However, the apparent

B volume compressibility is useful to examine consolldatron properties, and o prepare input data

for land subsrdence srmulat1on models

(3) Elevatron of benchmarks

- Benchmarks in the monitoring station were measured by the Study Team on 05 July 1993 and

20 July -1994. An existing benchmark of DMR36 at station No. 41 was used as a starting

~ benchmark for both leveling surveys, Besides these surveys, the DMR Surveymg D1v131on has

conducted levelmg survey on 26 November 1993.

“The results of levelmg survey are summarlzed in Table 6.1.1. It is noted that the elevation of

benchmarks' in July 1994 were computed by using the same elevation value of DMR36

~benchmark in 1993, because the latest elevation of DMR36 is not yet known. Therefore, the

data ‘can be used to know the relative difference between the starting benchmark and. the
benchmarks in the station so far. The absolute elevation of each benchmark should be
recalculated after examining the movement of the starting benchmark. Further, it is needed to
check the surveying route, origin, and date of measurement of the DMR leveling survey to

_ compare the results with those of the Study Team. .

(4) Pore water pressure
Pore water pressures in shallow clayey layers have been monitored in the station every one (1)

~ week. The sensors were set at depths of 5m, 10m, 15, 25m, and 34m. The changes in pore

water pressure at each measuring point are shown in Figure 6.1.13. The changes over time
were small,The pore water pressures in the Bangkok Soft Clay (5m, 10m, and 15m) are
almost equal to the ideal hydrostauc pressure in which the groundwater level is assumed to be
Om in elevation: On the other hand, the pore water pressures at depths of 25m and 34m are
about 1.5 kgﬂcm .smaller than the ideal. hydrostatic pressures at the same depth (Figure
6.1.14).

6.1.2 Site-B (AIT)

The groundwater levels and land subsndence at five (5) momtormg wells have been recorded.
The groundwater levels and land subsrdence for the past one (1) year are summarized in Figure

1 6:1,15 and Figure 6.1. 16, respectlvely The groundwater level and land subsidence at each

monitoring well are shown from Figure 6.1.17 to Figure 6.1.21.

(1) Groundwat_er le_vél
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The deepest groundwater level was observed at B-1 well (depth = 272m, Nonthaburi aquifer), -
ranging from -34.5m to -37.5m in elevation. The groundwater levels at B-2 well (depth = -
192m; Nakhon Luang’ aqurfer) and B-3 well (depth = 153m, Nakhon Luang aquifer) ‘were .
located. between -29.0m to -33.0m. B-4 well (depth = 94m, Phra’ Pradaeng aquifer) had a“'.
groundwater level ranging from -22.2m to -23.9m. The shatlowest groundwater level was -
observed at B- 5 well (depth = 47m, Bangkok aqurfer) rangmg from -3 Bm to -4 Sm m__ '

elevatlon
_The features of groundwater level change at each momtonng well are as follows

'B-1 well [denth 272m, Nonthabun aqurfer] ( refer to Frgure 6 L 17 )

Groundwater level has dropped from -35.0m to'-36.9m for a'period. from July 1993 to July' '
1994, The hrghest water level was recorded in August 1993, then the water level declined

gradually with gentle fluctuation. The rate of water level drop increased from January to

March 1994. The level was slightly recovered in mid-April, but it dropped again from May to' .
July 1994. The minor daily fluctuation can be observed ata cycle of two (2) weeks whrch may :

be mﬂuenced by the trdal movement

"B-2 well [devth— 192m, Nakhon Luang ai urfer : refer 1o F1' uie

The groundwater level has dropped from -30.8m to -32.3m for the past one (1) year Darly and= :
weekly fluctuations are clearly observed from the records. The water level’ wis recovered

about 2.0m _and: 1.0m during the holidays in J_anuary 1994 and Apn_l 1994 respec_tlveiy_

The pattern of water level changes is similar to that of B-2 well. Daily ﬂuctuatlon is about

0.5m. The water level was clearly recovers during the holidays in January 1994 and April 1994,
The base lme of the hydrograph declmed from -30. Om in J anuary 1994 to -32 Orn in July 1994 o

B-4 well [depth = 94m, Phra Pradaeng aqurferl Lrefer to Figure 6 1. 20) : .
The anmual groundwater level drop was 0.9m from July 1993 to July 1994. The level ranged

from -22.7m to -23.0m in elevation from July 1993 to January 1994, then it started to dechne__

from -22 7m to -23.8m from January to July 1994

5 well [depth =47m_Bangkok agurferl (refer to Frouc, re6.1. 21) - Lo
The pattern of groundwater level change is similar to that of A-8 well at: Sxte-A The water

level was recovered from -4.2m to <3.8m for the period from August 1993 to October 1993..

Then it dropped continuously from November 1993 to March 1994: The: lowest Water level of

-4.46m was recorded in May 1994. The level has been recovered since June 1994, Tlus pattem- ;

may correspond to the occurrence of rainfall and surface water level changes

(2) Land subsidence :

The records show the station was rebounded about 1.0 mm from July 1993 to early November
1993. But all monitoring wells indicated subsidence from_rmd_-November 1993 when the water
level of Bangkok aquifer started to drop as monitored in B-5 well. The curves of land

subsidence graphs and the hydrograph of B-5 well show good agreements. There’ was a shght _'
rebound in March 1994, but the maximum subsidence at B-2 well reached 1. 0 mm in May -

1994. After this, all monitoring wells shows rebound until July 1994

(3) Elevation of benchmarks
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"Benchmarks in the: momtortng station were measured by the Study Team on 13 July 1993 and

28 June:1994. An existing benchmark of BM25 at CI station No, 25 was used as a starting

_benchmark for both leveling surveys: Besides these surveys, the DMR Surveymg Division has
conducted leveling. survey on 26 November 1993

The results of levelmg survey are summanzed in Table 6.1.2. It is noted that the elevation of
benchmarks in July 1993 and June 1994 were computed by using the same elevation value of

' _BM25 benchmark measured on 12 October 1993, because the latest elevation of BM25 is not
available yet. Therefore, the ‘data can be used to know the relative difference between the

starting benchmark and the benchmarks in the station so far. The absolute elevation of each
benchmark should be recalculated after examining the movement of the starting benchmark.

~ Further, it is needed to. check the surveying route, origin, and date of measurement of the

DMR levelmg survey to compare the results with those of the Study Team

6. 1 3 Snte—C (Samut Sakhon)

The groundwater levels and land subsidence at five (5) monitoring wells have been recorded.
The groundwater levels and land subsidence for the past one (1) year are summarized in Figure
6:1.22 and Figure 6.1 23, respectively. The groundwater level and land sub51dence at each

- momtormg well are shown from Figure 6.1.24 to Frgure 6.1.28.

_ (1) Groundwater level

The deepest groundwater level was observed at C-2 well (depth 212m, Nonthaburi aqulfer)
ranging from -57.5m to -71.5m in elevation. The groundwater levels at C-3 :

- well (depth = 140m, Nakhon Luang aquifer) ranged from -43.0m to -55.0m. The water levels

of C-2 well and C-3 well are highly affected by nearby production wells. C-1 well (depth =
320m, Sam Khok aquifer) had a water level ranging between -26.3m and -29.2m. The water

levels of C-4 well (depth = 105m, Phra Pradaeng aquifer) and C-5 well (depth = 78m, Phra

Pradaeng aquifer) ranged'from -21.8m to -22, 9m and -16.4m to -17.4m, respectively.

: The features of groundwater level change at each momtormg well are as follows

-'C 1 well ldenth 320m Sam Khok aquifer] (refer to Flgt_tre 6.1.24)

Groundwater level has dropped from -27.3m to -29.2m for a period from July 1993 to July
1994. The highest water level of -26.3m was recorded in September 1993, then the water level
declined to--28.0m for the period from September to December 1993. The water level from
January to February 1994 was fluctuated between -27.3m and -27.8m, but it declined to -

o . 28.8m by April 1994. After the recovery durmg hohdays in Apnl the level contmued to drop

until July 1994,

© C-2 well [depth = 212m_Nonthaburi aquifer] (refer to Figure 6.1.25
- The water level changes were highly affected by nearby production wells. Daily fluctuation and

weekly fluctuation were about. 1m and 5m, respectively. During the holidays in January,
February and April in 1994, the water level was recovered about 6m to 8m. The base line of

- the hydrograph was located -66.0m to -67.0m from July 1993 to March 1994, but steep drop

of base line occurred from April to May 1994, then the base level reached -71.5m in July 1994.

C-3 well [depth = 140rn, Nakhon Luang aquifer] (refer to Figure 6.1.26)
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The groundwater level was also affected by nearby productnon wells so that the darly and
weekly fluctuations as well as recovery on holidays can be clearly observed. The base line of -
the hydrograph was located between -49.0m and -55.0m in elevation, The decline. of the base a

. line from July 1993 to July 1994 was about 2. Om, whtch is smaller than that of C—2 well

C-4 well [depth = 105m, Phra Pradaeng aquifer] (refer to F _gure 6127) - ORI
The groundwater level fluctuated within a range from -21.8m t0 -22.3m in. elevatlon from' July

1993 to April 1994, Then the.level dropped sharply from mid- Apnl and reached -22: Sm in Iuly o

1994 The annual dechne of the water level was 0 8m,

C- 5 well [ denth 78m. Phra Pradaene; aqurferl ( ret‘er to. Flgure 6 1. 28)

The water level had highly. fluctuated in July and August. 1993 due to local pumpage But the

- fluctuation decreased with rising the water level from -17.3m to -16.5m during the said period.:
Then the level ranged between -16.4m and -16.8m from October 1993 to July 1994.-

(2) Land subsidence

The measured land subsidence values in the station are larger than those in: other stattons'

because- the filled up ground has not yet settled: The maximum compression was recorded at
C-2 well as an annual compression of 126 mm. The subsidence curves in the. station can be

divided into two (2) types; one is the curves of deeper wells (C-1 well and C-2 well) which

shows almost straight lines from October 1993 to July 1994; and the other i is the curves of
shallower wells (C-3 to C-5 wells) which shows the curves decreasing the compresmon rates
during the said period. The true values of land subsidence should be recalculated by using the:

absolute elevations of benchmarks determined by levehng surveys But the latest: values of '

absolute elevattons have not yet known .

(3) Elevatlon of benchmarks RN ' ' ' '
Benchmarks in the monitoring station were. measured by the Study Team on 05 August 1993

and 30 June 1994. An existing benchmark of DMROS at station No. 48 .was used as a starting. .~

benchmark for both leveling surveys. Besides these surveys, the DMR Surveymg Dmswn has
conducted leveling survey on 09 November 1993, -

The results of levelmg survey are summanzed in Table 6 1.3 It is noted that the elevatlon of
benchmarks in August 1993 and June 1994 were computed by using the same elevation value

of DMROS benchmark measured on 08 July 1993, because the latest: elevation of DMR25 is
not available yet. Therefore, the data can be used to know the relative difference between the
starting benchmark and the benchmarks in the station so far. The absolute elevation of each
benchmark should be recalculated after examining the movement of the starting benchmark
Further, it is needed to check the surveying route, origin, and date of measurement of the
DMR leveling survey to compare the results with those of the Study Team
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Table 6.1.1  Results of Leveling Survey at Site-A

Bonchmark &' "ELEV. - ° DATE DONEBY:| ELEV. = DATE DONEBY:] ELEV, DATE  DONE BY:
No, Cm MM _{m) . (MDM (m) (M/D/Y) '
OMR36 | “1.1292 07/02/03 DMR- . B 11282 07/02/93  DMR
BM-A - F 058156 07/05/3 - GICA || -0.5813° 11/26/83 OMR | 059983 07/20/94  JICA.
BM-B 057787 Q7/05/03 JICA §. 05781 11/26/93 - DMR 0.58752 - 07/20/94 JICA
A1l 7 085032 - 07/05/93  JICA | 08573 . 11/26/33  DMR | 0.88623 07/2094  JICA
oAtz o Fooes739 - o7/o5/83 U UICA 09643 11/26/03 DMR || 098312 07/20/84  JICA
% A173 7] 1168268 07/05/093 JICA S 14778 11/26/93 DMR 1.22650  07/20/94  JICA
"A-1/4 1.48133° 07/05/93.  JICA 14783 7 11/26/3  DMA 149158  07/2094  JICA
_A1/5 0§ i.47884 07/05/93 JICA 1.4763  11/26/93  DMR 1.48626 . 07/20/94  JICA
A2/t 0.84913  07/05/83  JICA. 0.8553 ° 11/26/83 ~ DMR 0.88601  07/20/94  JICA
Az/2 | 085879 ' 07/0503 JICA | 09653 11/26/83  DMR 0.99569  07/20/94  JICA
A-2/3 " §1.15884°  07/05/93 - JICA 11713 11/26/83 ~ DMR | 1.22081 07/20/94  JicA
A4 | 148131 . 07/05/93 JICA I 14583 11/26/83 DMR | 1.48522  o7/20/94 Jica
Agis f 145991 07/05/93 . JICA 14563, - 11/26/93 DMR 1.48389  07/20/94 JICA
A3z 0.83227 - 07/05/83  JICA .} 08373 11/26/93 DMR | 0.86769 07/20/34  JICA
ASf2 . | 083381  07/05/3  JICA 09393 11/26/93 DMR || 0.97084  07/20/84  JICA
A3 ] 114117 07/0503  JICA 11553 11/28/33  DMR - | 1.20671  07/2004  JiCA
A-3/4 146775 07/05/03 JICA | 14683  11/26/93 DMR | 147749 07/2094  JICA
AB/S [ 1.46585 - 07/05/82 JICA 1.4643 . 11/26/93 DMR | 147498  07/20/54 JICA
A 0.85950 = 07/05/03 - JICA 08653 11/26/93 -~ DMR 0.89084  07/20/04  JICA
A4z 0951947 ¢ 07/05/93  JICA 0.9573 11/26/93. DMR | 08524 07/20/04  JiCA
‘A4/3 ] 1.17672  '07/05/83  JICA 1.1913 . 11/28/83  DMR [ 1.24171  o7/z0/94 JICA
“Aas [l 748198 07/05/03  JICA 14793 11/26/93 ° DMR | 1.4953¢ o7/20/84  JICA
A4S 147918 07/05/63  JICA 1.4783  11/26/93 DMR 1.49213  07/20/94  JICA
A-Bf1 0.84981 . 07/05/83  JICA 0.8513 ° 11/26/93 DMR 0.86880 . 07/20/84  JICA
Asf2 Il 095541 ‘07/05/03 JICA 09623 11/26/03 DMR | o0.08969 o7/2004  JicA
AS/3 114834 © 07/05/93  JICA ' 1.1633  11/26/03  DMR 1.21079  07/20/84  JICA
‘A5l4 ] 1.45026  07/05/83  JICA 1.4573 ~ 11/268/83  DMR 146513 O7/20/94  JiCA
CASE . { 1.46000 - 07/05/83  UICA 14573 11/26/93 . DMR 1.46651 . 07/40/94  JICA
A-61 0.83961 - O7/05/83  JICA 0.8413 ~ 11/26/93 - DMR 0.86188  07/20/94  JICA
As/2 | 091838  07/05/93  JiCA 09223  11/26/93 . DMR 095048  07/20/94  JICA
Ae/3 | 112316  07/05/83  JICA 11343 11/268/93  DMR || 117875 07/2094  JICA
‘AG/4 [ 1.48939 O7/05/83 . JICA 1.4673  11/26/93  DMR 1.47889  07/20/94  JICA
A-6[5. 1.46777 07/05/83  JICA 1.4662  11/26/93  DMR 1.47806  07/20/04  JICA"
AT 0.85074  07/05/83  JICA 0.8533  11/26/93  DMR 0.87481  07/20/84  JICA
AT/2 . f 0905056 07/05/93  JCA | 09643  11/28/93  DMR 098813 07/20/84  JICA
A-T/3 116313 07/05/83 ~ JCA § 11723  11/26/93 DMR 1.20737  07/20/84  JICA
A7/4 | 1.48080 - 07/05/83  JICA 1.4593  11/26/93  DMR | 1.46612  07/20/94  JICA
CA7/5 | 146375  07/05/3  JICA 1.4613  11/26/93  DMR 1.46798  07/20/04  JICA
- A-Bf1 '0.83505 . 07/05/03 - JICA 0.8353  11/26/93 DMR || 0.86238 07/2004  JICA
A-8/2 0.94036  07/05/83  JICA 09453  11/26/93  DMR 097228  07/20/94  JICA
A-8f3 114178 07/05/83  JICA 1.1473 - 11/26/83  DMR 117800  07/20/94  JICA
A-8/4 144987 ~ 07/05/93 - JICA 1.4483  11/26/93  DMR 146028  07/20/94  JICA
AS/5 | 1.45020 07/05/93  JICA 14463 . 11/26/93 DMR 146018  07/20/94  JICA

* DMR36: Starting benchmark of leveling survey by JICA Study Team
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Table 6.1.2 Results of Loveling Survey at Site-B

- DATE

ELEV.

J'DATE”

'DONE BY:

" BMz25: Sﬁrﬁng benchmark of !evel‘mﬁ_:urvey-by JICA Study Team

6-8

.. 08/28/94

CELEV. . . DONEBY:§ ELEV. ' - DATE  DONE BY:
L MY hm eom ] e m oM
20107~ 10/12/93 OMR___ | 2.0107 - 10/12/93 DMR ]|  2.0107 _.10/12/93 DMRA .
f 72087 oTnsma JCA 0 T) 17203 | 10/12/93 DMR .| 1.72778 © 06/28/84 JICA :
'1,71828. ' 07/13/93 . JICA _1.7256 .. 10/12/03 DMR "= |’ 1.72051 - 06/28/94. JICA °
201831 - 07/13/93 JiCA 20227 - 11/26/03 DMR - |.2002620 . 08/38/94 “JICA | -
2:11431 - 07/13/93 JiCA 21180 . 11/26/03 DMR - | 2.¥2393 - oe/28/e4. JiCA
'2.36973 - O7/13/93 . JICA 23732 11/26/93 DMR . | 238280 - . 08/28/04 JICA
264187  07/1393 JicA . | 26488 . 11/2603 DMR . | 2.e4839 - Oeem4 JiCA
284343 . 07/13/93 JICA 2.6460 - 11/2e/03 DMR - - | 2:65148- . 06f28/94 . JICA
2.00745 . . 0TM3/93 JICA 20119 '11/26/03 DMR 2.01497 - . 06/28/04 JICA
211425 07/13/93 JICA 21187 _ 11/26/93 - DMR 212370 . * 06/28/94 - JICA !
240343 071303 JCA- |- 24066 11/26/93 DMR- - . | 241459 o684 JiCA
| 2.63985 . 07/13/83 . JICA " 2.6447 . 11/26/08 ‘DMR: |2.84523 - 06/28/94  JICA
2.65718 - 07/15/03  JICA "2.6414... 11/26/93 - DMR 2,64187 . DEf28/94 - JICA
-2.01841 O7/13/83 JICA . ap2kr - 11/2803 DMR - | 2.02816 - 06/28/94 JICA
212518 . G7/13/93 JICA 21289 11/26/83 DMR- . [ 213485 . 08/26/04 JICA ¢
2.34684 _ O7/13403. JICA ‘23501 . 11/26/93 DMR ' | 2.35891 ' 08f28/94  JICA
2.84924 . OTM2M03 JICA 28520 - 11/26/93 DMR 2.85406  0B/28/94 JICA " -
2.84750. . 07/13/83  JICA 26539 . 11/26/03 DMR 265308 . 06/26/04. JICA
2.01173 . 07/13/93 JICA 20162 11/26/93 DMR . | 2.01889  .06/28#4  JICA
211478 [07/13/93 JICA 21186 . 11/26/03 DMR .| 2.12380 . 06/28/94 JICA
242119 07/13/93 . JICA 24245 "13/2603 DMR | 243101 . - 06/28/04 JICA
284288 © 07/13/93 JICA 2.8479 - 11/26/93 DMR. .. | 2.64907 . 08/28/g4 - JICA
2.63624.  07/13/93 JICA 26478 . 11/26/93 DMR :2.64220 - 08/28/94 JICA
200719 O7/13/03 JICA - | 20122 11/26/93 DMR - 201586 . 06/28/94 JICA
211250 .. 071393 JICA 211617 11/26/93 DMR - | 2.12161, . ;D6/28/84 JICA
2.368767.  07/13/03 JICA 2.3708  11/26/93 DMR . - [| 237862 . 06/28M4 JiCA .
2.63058 . 07/13/93 JICA . | 26436 . 11/2603 DMR | 264566  08/28/04 JICA
263678 .. 07/13/93. JICA .. 2.6448 . 11/26/03  DMR | 2.64472 JICA




N Table 6.1.3 Results of Leveling Survey at Site-C

Benchmark | ELEV. DATE DONEBY:| ELEV. DATE DONEBY:| ELEV. DATE  DONE BY:
No. (m) . MDYy _ {m) {(M/DY) A (MDA

W 13878 07/08/93 DMR . 13878 07/08/93_DMR

BM-A | 253832 08/05/83 JICA 24500 10/08/93 DMR 243828  06/30/94 JICA

M-8 254694  08/05/93 JICA 25022 11/07/93 DMR 245417  06/30/94 JICA

fean 2.84698  DB/05/93. JICA 2.8183 . 11/09/93 DMR 2.80848  08/30/94 JICA

. C-1/2 2.96564 . 08/05/93 JICA " 29613 11/09/83 DMR 2.96234  06/30/04 JICA
@ C-1/3 316964  08/05/93 JICA -3.1788 - 11/08/93 DMR 320103 06/30/94 JICA
Co IC-1/4 346708  08/05/93 JCA 3.4328 - 11/09/93 DMR 3.39080 . 06/30/94 JICA
e | 3.46557  08/05/93 JICA 3.4322  11/09/93 DMR 3.39158  06/30/94 JICA

feen 2.85067  0B/0S03 JICA 2.8518 11/07/93 DMR 2.84202  08/30/94 JICA

g oX-1] _ 297925  08/05/93 JICA 29748  11/07/93 DMR 287134  06/30/04 JICA

B oX T : 317600 08/05/93 JICA 31832  11/07/%93 DMR 319006  06/30/54 JICA

<_:'.214' " §. 345212 o08/05/83 JICA 34089 11/0793 DMR 3.65850  06/30/94 JICA

C-2/5 - | 345138  08/05/83 JICA 34114  11/07/93 DMR 336166  06/30/94 JICA

cC-3/1 - 286717  08/05/93 JICA 2.8601  11/09/93 DMR 2.85301  06/30/94 JICA

c-3f2 298038  08/05/83. JICA 29774  11/09/93 DMR 297627  06/30/94 JICA

c33 3.18142 ~ 08/05/93 JICA 3.1833  11/09/93 DMR 3.19000 ~ 06/30/94 JICA

IC-3/4 347558 08/05/93 JICA 34341 11/09/93 DMR 3.38091  06/30/94 JICA

C-3/5 - ¥ 347147  o8joSjua JICA 3.435¢  11/09/93 DMR 330011  08/30/94 JICA

ean 285883  08/05/92 JICA 2.8568 11/09/03 DMR 2.85480  06/30/94 JICA

L4z " | 296245  oBjo5/e3 JICA 29604  11/09/93 DMR 295898  06/30/94 JICA

Ca/3 . 316952 08/05/93 JICA 3.1695  11/09/93 DMR 3,17212  06/30/84 JIiCA

C-4/4 3.45458 08/05/93 JICA 34154  11/09/93 DMR 3.37447  06/30/94 JICA

A4S | 3.45484 . 08/0583 JICA 34170 11/09/93 DMR 3.37157  06/30/94 JICA

IC-5/1 2.82772 . 08/05/03 JICA 27869  11/09/93 DMR 1 274106 06/30/94 JICA

C-5/2 295357  0B/05/93 JICA 1| 2e521  11/09/93 DMR 2.95294  06/30/94 JICA

IC-8/3. 3.15912 . 0B/05/93 JICA 3.1588  11/09/83 DMR 3.16135  06/30/84 JICA

C-5/8 3.46812 . 08/05/03 JICA - 3.4285  11/08/93 DMR 3.37563  06/30/04 JICA

C-5/5 3.47029 - OBjOSN3 JICA 3.4238 ° 11/09/93 DMR 3.38178  06/30/94 JICA

DMROS: Starting benchmark of leveling survey by JICA Study Team
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o 'ANALISYS' OF MONITORING RECORDS
(A-8 Well, Depth from Om to 48m) -

1 ] | 1

- 00

1
o
o
|

1

COMPRESSION (mm)
" b
o
(e ]
i

30.0 - =

-40.0 —t -
-16.40 -16.20 -16.00 -15.80
: o PIEZOMETRIC HEAD
OF A-8 WELL (masl) _
ANALYSIS OF MONITORING RECORDS
E . (A-6 Well, Depth from 108m to 145m)

£ 0.00 . ' -

| g |
4 i | i

! |

E i |
E 500 4---1 1ot

Tz | ]

) '| !

7] ! ;
7] i [ H B

u | i

£ | :
£ -1000 SR SR

3 | |

. I |
- | I -

| |

| |

. | |

-15.00 +———— _ — |

- -64.00° - -62.00 - -60.00 -58.00 -56.00
_ - PIEZOMETRIC HEAD
OF A-6 WELL (masl) -

i 6.4.42 ANALYSIS OF MONITORING RECORDS
| Figure ©.1. AT JICA A-8 WELL AND JICA A-6 WELL

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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LITHOLOGIC DESCRIPTION P (kaf/cm?)
0 1 2 3 4 5

Q 900 1op SON. (GLAY). Soft. 0
130 oY Dark Greenish gray, Very soft. _“
. . 7 . 1\
= 1!
e i
-
3 :
B -t
== - 14
— - . : — . 1
. . . \
10 | - 10
- -_—_— - 7] |
- 1
\l
. - '
g = | o~
7 \
o - \
— 1
1720 o Ty VERY EINE" SAND. Loase, 1
p - i
=== %% SANDY SLT. Greenish gray. Stf. - 4
20f==md 230 ey sand. Brown, Very dense. 20
- . _ S )
- _ \
g lI
. -1 - [
E ] 4
. . . = ey
. 25,10 i - 0
E- FINE SAND. Light yellawish gray to light purplish gray. Very dense. 1t
- = ]
o i '
Lil . Xe)
o - - 1
V1O
oA . B
. Ik
—f 4y
30 3045 £LaY. Brown to purplish brown. Stff to very stiff. 30 i 4
] . [
] '
A
-— 1
. ¥
=3 \
- 1
]
: TA OINE- SAND. Teliowish brown. Very deme \
“ ».40 . ha §
SANDY CLAY. Light brownish gray.
_ —— %% ANE sadD GRAVEL Light oo light yellawish brown, - \
40 ~
- = i
- - i
1
- - ]
- - 1
- !
= e ]
: 48.00 v
SILTY SAND WITH GRAVEL. Dark brown. Very dense, -1 \
= . ) - B
. ]
50 - S . 50 ' ]

Figure 6.1.14 DISTRIBUI'ION OFAI;_OEI_EFE wiTER PRESSURE

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

JAPANNIER!MTIONAL COOPERATION AGENCY - (ICA) KOKUSAl KOGYC CO., LTD.
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62 Records of DMR Monitoring Stations

_ The DMR Ground Water Division has a monltonng network havmg 103 stations in the study.

area (Figure 6.2.1). The groundwater levels have been monitored since 1978 at least once ina

~ month. The DMR has constructed 86 surface benchmarks in the study area. Most benchmarks

are located in the monitoring stations. The levelmg survey has been conducted since 1991 by
the DMR Survey D1v1s1on o :

6.'.2.1 '.G__roundwn:ter Leve'ls.

© Recent data of grouhdw_aier levels until May 1994 were added 'to_.the database system prepared

by the Study Team. Piezometric level maps in May 1994 and piezometric level decline maps
were made for Phra Pradaeng aquifer, Nakhon Luasg aquifer, and Nonthaburi aquifer.

(1) Phra Pradaeng (PD) aquifer
The piezometric levels of PD aquifer in May 1994 is shown in Figure 6 22 Deep piezometric

level below 50m from ground surface is found near Lat Krabang, Bangkok. The areas where

the piezometric level is below 30m are distributed from eastern Bangkok to Samut Prakan and

. Pathum Thani. Figure 6.2.3 shows the rate of piezometric level change in PD aquifer from
January 1992 to Januaty 1994 with locations of production wells. The declining rate of

piezometric level in eastern Bangkok and northeastern Pathum Thani is more than 2.0 m/year.
The declining rate of Samut Prakan where many production welis exist ranges 1.0 to 1.5
m/year -

~* (2) Nakhon Luang (NL) aquifer ~

The piezometric levels of NL aquifer in May 1994 is shown in Figure 6.2.4. A large depression
of piezometric levels where the level is below 40m from ground surface spreads from eastemn
Samut Prakan to Pathum Thani through eastern Bangkok. The piezometric level at Minburi
and Lat Krabang is below 60m. Another depression is found in Samut Sakhon where the
deepest piezometric level is below 65m from ground surface. Figure 6.2.5 shows the rate of
piezometric level change from January 1992 to January 1994. More than 5.0 m/year of decline
is found at Don Muang, Bangkok and Lam Luk Ka, Pathum Thani. The declining rate at Bang

“Phli, Samut Sakhon exceeds 3.0 m/year.

(3) Nonthaburi (NB) aquifer

~ The piezometric levels of NB aquifer in May 1994 is shown in Figure 6.2.6. Depressions of

piezometric levels below 40m from ground surface are found in the areas from Pathum Thani
to eastern Bangkok, eastern Samut Prakan, and Samut Sakhon. Some monitoring wells in the
areas show the piezometric levels below 50m. Figure 6.2.7 shows the rate of piezometric level
change from January 1992 to January 1994. The areas where the rate more than 3.0 m/year are

_found in Pathum Thani, northern and eastern parts of Bangkok, and a part of Nakhon Pathom.

6-38



	CHAPTER 4 URBAN DEVELOPMENT PLAN
	4.7 Future Trend of Development
	4.7.2 Urbanization Trend of the Metropolitan Area
	4.7.3 Metropolitan Growth Plan

	4.8 Conclusions and Recommendations

	CHAPTER 5 FUTURE WATER DEMAND
	CONTENTS
	5.1 MWA
	5.2 PWA Pathum Thani
	5.3 Industrial Estates
	5.4 Groundwater Demand

	CHAPTER 6 GROUNDWATER LEVELS AND LAND SUBSIDENCE
	CONTENTS
	6.1 Records of JICA Monitoring Stations
	6.1.1 Site-A (Lat Krabang)
	6.1.2 Site-B (AIT)
	6.1.3 Site-C (Samut Sakhon)

	6.2 Records of DMR Monitoring Stations
	6.2.1 Groundwater Levels



