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PREFACE

Following the Cabinet approval of the remedial measures for mitigation of
the groundwater crisis and land subsidence in Bangkok, the Department of Mineral
Resources in October 1985 set up a project on Mitigation of Groundwater Crisis
and Land Subsidence in Bangkok Metropolitan Area,known as the MGL Project. The
project is financed from the annual national budget allocated for groundwater
monitoring and management in Bangkok and its viecinity. The duration of the

project is planned until the year 2000.

The groundwater crisis is demonstrated by a continucus decline of piezo-
metric levels with no sign of recovery, caused by many years of over-pumping of
the groundwater from aquifers. As a result, salt-water intrusion and land subsi-
dence are common phenomena known to have occurred in many large cities as a
rusult of over-pumping the groundwater. These jnclude Venice, Mexico City, Tokyo

and Jakarta, as well as Bangkok.

The objectives of the groundwater monitoring programme for the MGL Project
are:

(1) To study the behaviour of aquifers on piezometric levels in response
to staged control of groundwater use in Bangkok, Nonthaburi and Samut Prakan,
and to define the extent and magnitude of the groundwater crisis and the state

of water quality;

(2) To determine the effect of pumping on water levels and water quality
in industrial areas of the provinces adjacent to Bangkok, where groundwater

is heavily developed.

(3) to predict future response of the aquifer system to various future

pumping schemes by mathematical model study for the purpose of groundwater

management.
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INTRODUCTION

This report is a Report No.2 of the MGL Project publication. It presents
hydrographs of piezometric levels from 1978 to 1993 of groundwater from moni-
toring wells in Bangkok and adjacent provinces. Data on well drilling records,
including well depth, size, static water level at the time of wells completion
and well logs, with description of lithology and geophysical logs can be obtai-
ned from the MGL Project Report No.l. Location of the monitoring wells posted

on maps in grid system and chemical analyses of the well waters are also shown

in the previous report.

GROUNDWATER MONITORING IN BANGKOK

Groundwater monitoring in Bangkok has been conducted since 1965,
The initial programme was to collect information on the natural background level,
the current state and long-temm trend of groundwater quantity and quality.
The programme was first focussed on the studies of hydrogeology and character-
istics of the aquifer systems, including the changes in piezometric levels and

water quality.

Data on well drilling and development of the government and privately owned
wells, as well as available previous data, were also collected and analysed and
borehole geophysical logs were studied for lithology and preparation of hydro-
geological profiles of the Bangkok strata. As a result of these studies, many
groundwater maps and reports have been published. The piezometric level maps
periodically published by the Department of Mineral Resources have indicated a
rapid decline of water levels in the three major aquifers in Bangkok. Water
samples, periodically collected from existing public water supply wells and
newly constructed privated and public wells, were analysed and inferior water

quality in some areas were observed (Ramnarong, 1991)
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GROUNDWATER MONITORING NETWORK

The groundwater monitoring network in Bangkok was first established in

1978 under the comprehensive study programme on groundwater and land subsidence.

The network consisted of 60 monitoring wells and was aimed at monitoring

piezometric levels and water quality in three agifers:the Phra Pradaeng (100 m zone

the Nakhon Luang (150 m zone); and the Nonthaburi (200 m sone). Intensity of the

monitoring wells were planned based on: the degree of criticalness of th

the rates of decline of the piezometric levels; and land subsidence. Wells are

located throughout the areas influenced by heavy pumping in the Bangkok Metropolis

After the MGL Project was selt up jn 1985, a number of the 258 monitoring

wells were designed Lo be installed over 5,600 sq.km. of the study area.

0f the total 258 monitoring wells, 82 wells were equipped with continuous water-
level recorders. In the other wells the piezometric levels are measured

monthly. Water samples are collected yearly for chemical and physical analyses.

HYDROGRAPHS OF PIEZQHETRIC LEVELS

The hydrographs of piezometric levels of 258 monitoring wells from 103

stations shown in this report are processed from field data obtained from

continuous recording and monthly measurements of piezometic levels. The 103

stations consist of 71 complete stations of three monitoring wells penetrating

the three different aquifers, 24 stations of two monitoring wells and 2

1 stations

of one monitoring well. Number of the monitoring wells in each station is

shown in Table 1 and locatiom of the groundwater stations in Figure 1.

2-104 are hydrographs of plezometric levels showing the groundwater level

changes at station numbers 01-103.

——————d
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Figure 1. Location of the groundwater monitoring stations in
Bangkok and adjacent provinces




Table 1l.Monitoring Well Stations and Number

Station

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

PD

PD

FD

PD

PD

PD

PD

PD

PD

PD

FD

PD

FD

PD

NB

PD

PD

NL

PD

NL

PD

PD

PD

FD

FD

——————-——

Well No.

08, NL 62,
05, NL 11,
38, NL 03,
07

55, NL 05,
03

06,NB 01
02, NL 55,
09

01, NL 67,
77, NL 04,
39, NL 50,
22, NL 10,
78, NL 01,
03

51, NL 07,
28, NB 1l
02

42, NL 08,
09

46, NB 02
26, NL 06,
10

62, NL 18,

09

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

05
08

09

04

49

53

76

10, NB 41

30

77

07

06

36

66

Station

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50

BD

PD

NB

PD

PD

PD

PD

FD

FD

PD

PD

PD

PD

PD

PD

PD

NL

FD

ED

NL

NL

NL

PD

PD

NL

Well No.

12, NL 37,

11,

16
14,
15,
75,
13

40,
85,
68,
72,
67,
74,
59,
47,
33,
17

64,
53,
19

20

25

52,
76,

21

NL

NL
NL

NL

NL
NL
NL
NL
NL
NL
NL
NL

NL

KL

NL

NL

NL

43,

81,
84,

13,

16,
15,
12,
14,
76,
78,
71,
65,

47,

22

68,

24,

23,

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

NB

29

18

78
83

75

46
82
69
73
67
13
15
14

17

20

60

52




Station Well NO. Station Well No.
Si PD 58, NL 72, NB 19 78 PD 82, NL 57, NB 50
52 NL 26, NB 21 79 NL 58, NB 54
53 PD 16, NL 27, NB 31 80 PD 44, NL 59,NB 55
54 NL 28 81 PD 43, NL 60, NB 48
55 PD 24, NL 29, NB 22 82 PD 79, NL 61, NB 56
56 PD 20, NL 35, NB 23 83 NL 63, NB 57
57 PD 29, NL 30, NB 39 84 PD 45, NL 64, NB 58
58 NL 31 85 PD 48, NB 59
59 NL 41, NB 24 86 PD 65, NL 66, NB 67
60 PD 18, NL 32, NB 25 87 PD 49
61 PD 17, NL 34, NB 27 88 PD 54, NL 69, NB 61
62 PD 19, NL 33, NB 26 89 PD 56, NB 63
63 PD 21, NL 36, NB 28 90 PD 57, NL 70, NB 62
64 PD 25, NL 39, NB 32 91 PD 60, NL 74, NB 64
65 PD 23, NL 38, NB 33 92 PD 61, NL 73, NB 65
66 PD 50, NL 40, NB 34 93 PD 63
67 PD 27, NL 42, NB 35 94 PD 66, NL 75, NB 68
68 PD 30, NL 44, NB 37 95 PD 69, NL 77, NB 71
69 PD 32, NL 45, NB 38 96 PD 70, NL 79, NB 70
70 PD 31, NL 46, NB 40 97 PD 71, NL 80, NB 72
71 PD 34, NL 48, NB 42 98 PD 73, NB 74
72 PD 35, NL 49, NB 43 99 PD 80, NL 82, NB 79
73 PD 37, NL 51, NB 44 100 NL 86, NB 80
74 PD 36, NL 52, NB 45 101 PD 83, NL 83, NB 81
75 PD 84, NB 47, NL 54 102 PD 86, NL 85, NB 84
76 NL 53 103 PD 81, NL 87, NB 85 |
77 PD 41, NL 56, NB 51
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GROUNDWATER LEVELS OF BANGKOK AND ADJACENT AREAS

The initial groundwater levels in Bangkok were very close to the ground
surface and some wells were said to be artesian flowing. Since the large
scale groundwater development in 1954, the groundwater levels started to
decline. In 1959, the piezometric levels in wells tapping the Naﬁhon Luang
aquifer at Sukumwit 65 near the eastern suburbs of Bangkok, weré 4 meters
from land surface, 5 meters at Sukumwit 23, 10 meters at Soi Chompon-Lad Phrao
and the deepest in central Bangkok measured 12 meters at Wat Suthat. Several
local cones of depression developed in area of heavy pumpage. By 1969, the
deepest water level in central Bangkok was 24 meters from land surface; and
in the eastern suburbs the water level was 12 meters at Phrakanong and 9 meters
at Bangna. Small cones of depression coalesced to develope a single cone
which was larger and deeper than those identified in 1959. The annual rate
of water level decline during 1959-1969 was 1.2 meters in central Bangkok and

0.8 meter in the eastern suburbs (Ramnarong and Buapeng,1991).

After 1967, heavy utilisation of groundwater started in the eastern
Bangkok, more and more wells were installed in government and private sectors,
and hence, more data on water well drilling and piezometric Jevels were obtai«
ned. By 1974, the lowest water levels in wells tapping Nakhon Luang aquifer
in central Bangkok and eastern suburbs were 30 meters below land surface, and
the same level was measured in 2a well tapping Phra Pradaeng aquifer (Ramnarong
and Buapeng, 1991). Annual rates of water level decline in the Nakhon Luang
aquifer during 1969-1974 were 3.6 meters in the eastern part of Bangkok and 1-2
meters in the central part. Table 2 lists the piezometric levels in Phra
Pradaeng aquifer and annual rates of decline since 1959, and Table 3 shows the
lowest piezometric levels in Nakhon Luang aquifer and its annual rates of

. decline.

R



Table 2. Lowest Piezometric Levels in Phra Pradaeng Aquifer and Annual

Rates of Decline (after Ramnarong and Buapeng, 1991).

Year Lowest Water Level Years Between Annual Rate of Decline
(m)
1969 18
1974 3 1969-1974 2.4
0 1974-1979 2.0
1979 4
0 1979-1982 2.0
1982 46

Table 3. Lowest Piezometric Levels in Nakhon Luang Aquifer and Annual

Rates of Decline (after Ramnarong, 1983).

Year Lowest Water Level (m) Year Between Annual Rate of Decline (m)
Central Eastern Central Eastern
Bangkok Bangkok Bangkok Bangkok

1959 12 4 -

1969 24 12 1959-1969 1.2 0.8

1974 30 30 1969-1974 i.2 3.6

1979 49 49 l974~1979 3.8 . 3.8

1982 50 53 .1979-1982 0.3 1.3

During 1954-1974, most wells were pumped from the Nakhon Luang and
Phra Pradaeng aquifers. A 10-inch diameter well could be pumped at a rate
of 200 cubic meters per hour. After 1974, with demand for higher yield
increasing and yield of groundwater from the two aquifers decreasing, many
wells were installed in the Deeper Nonthaburi aquifer. A Metropolitan Water-

works Authority well, with screen intervals in the Nakhon Luang and Nonthaburi

aquifers, could be pumped at a rate of 300 cubic meters per hour.




In 1979, the water level was more than 40 meters below the land
surface in the Phra Pradaeng aquifer, 49 meters in the Nakhon Luang aquifer
and 46 meters in the Nonthaburi aquifer. Many cones of depression developed

in areas of heavy pumpage.

Water-level declines were greatest in several intense cones of
pumping drawdown in the Nakhon Luang and Nonthaburi aquifers in central,
and eastern Bangkok. Increased groundwater development for industrial
purposes, in the Samut Sakhon Province southwest of Bangkok, caused decline
of water levels and some cones of depression were developed. Similar
trends of water~level decline in the Nakhon Luang and Nonthaburi aquifers

were observed, and the two aquifers were said to be "leaky"

By 1982, the lowest water levels in Phra Pradaeng aquifer in
eastern Bangkok were 46 meters below the land surface with a 2 meter
average annual rate of decline from 1979 to 1982. The lowest water levels
in the Nakhon Luang aquifer went down to 50 meters in central Bangkok and

53 meters in the eastern suburbs.

The water levels in the Nakhon Luang aquifer declined 38 meters
in central Bangkok and 49 meters in the eastern suburbs from 1959 to 1982.

A decline of 28 meters was also observed in the Phra Pradaeng aquifer from
1969 to 1982 (Ramnarcong and Buapeng, 1992).

It is obvious that at early stages of groundwater development
for public supply, the water level was observed to be deeper in central
Bangkok than in the eastern suburbs. Since 1969, the declining trend
has reversed. Population and industrial growth have spread rapidly to
the eastern part of Bangkok, and demand for water has increased accordingly.
To meet the water requirements of this growing area, groundwater has been
pumped in large quantity without any control, since it is the only source

of water supply; this resulted in the higher rates of water-level decline.
RECOVERIES OF THE GROUNDWATER LEVELS

The implementation of the Remedial Measures on Mitigation of

Groundwater Crisis and Land Subsidence in Bangkok became effective in

1983, which together with the 1985 step to charge groundwater fees from

[P ———



users, had a marked effect on the groundwater pumpage in Bangkok and directly
affected the water levels. The 53.5% decrease of MWA pumpage, mainly in the
central part of Bangkok in crifical zone no.Z and some parts of critical zone
no.l from 1982 to 1986, had caused a net decrease of the total pumpage in the
control areas of the Remedial Measures by 13% . As a result, by mid 1983, the
water-levels began to respond to the decrease in groundwater withdrawal as
observed in the the rapid recovery of water levels in the three aquifers, as
illustrated in hydrographs of water levels in the monitoring wells located

at the central and eastern suburbs of Bangkok.

In central Bangkok, the public supply produced from surface water
source replaced much of the groundwater pumpage resulting in an abrupt rise
of the groundwater levels. For the Nakhon Luang aquifer, monitoring well
NLL7 (station 42) at the Bangkok Planetorium, Phra Kanong district, exhibited
a level rise of 9 meters in 3.5 years, from 42 meters below land surface in

mid 1983 to about 33 meters by the end of 1986.

The water level in monitoring well NL25 (station 47) at Wat Kunnathi
Ruttharam, Huai Kwang district, located in eritical zone no.l, was recorded
at 54 meters in early 1981 and a recovery trend was observed. By 1986, the

water level was as high as 37 meters from land surface, a recovery of 17

meters in 5 years.

In the eastern suburbs of Bangkok at the Bang Kapi district, the
water levels continued to decline until early 1984 when public water supply

the area, after which a recovery of water levels was observed. In well
NL11 (stationm 2) tapping Nakhon Luang aquifer at the Bangkok Golf Course,

Hua Mark, the water levels rose from 52 meters below land surface in early
1984 to 43 meters below land surface in early 1986, fluctuated from early
1986 to early 1987, then a steep decline was observed throughout the year.
In well NL1O (station 13) at the Samut Prakara Provincial Hall, the water.
level recovery of 5 meters was observed from early 1985 to early 1987, then
the 1.2 meters decline was measured in 1987. Similar trends of water-level

rise were also observed in wells PD5 and NB8 (station 2) tapping the Phra

Pradaeng and Nonthaburi aquifers respectively, and located at the same well
field of NL1Il.
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From the hydrographes of water-levels in monitoring wells, it ig
obvious that the year 1985 represented a maximum rise in water levels in
every aquifer. Water-level recovery, as high as 6.5 meters, occurred in
well NL11 and well NB8 in 1985. Well NBll (station 17) tapping the Nonthabyr;
aquifer at Wat Bang Bua, in the Bang Khen district north of Bangkok, an areg
reached by a supply of piped water earlier than in the eastern suburbs, whicy
resulted in a rise of water level in the well from early 1983 to early 1987,

then a decline was observed.

The water levels in Phra Pradaeng aquifer in well PD7 (station'4)
at Phibun Uppatham School, Lad Phrao, exhibited a steep rise from mid-1983
through the end of 1986. Since most wells along the Lad Phrao road of the
Bang Kapi district pumped water from the Nakhon Luang and the Nonthaburi
aquifers, and are located at some distance from the center of the steep
cone of depression of the Phra Pradaeng aquifer in the Phra Pradaeng district,

the water levels rose to 23.5 meters from land surface by the end of 1986.

Although the groundwater crisis in the critical zones no.l and ne.2
have been improved, in the oﬁtskirts of Bangkok water levels continued to
decline, particularly in Nakhon Luang aquifer in the Bang Pli district
on the eastern part of Bangkok, and in the Samut Sakhon province on the
southwestern part of Bangkok, where housing development and industrial
activity have been growing. Station 18 shows a hydrograph of water levels
in well NL2Z at.the Phun Charoen Wittaya School, Bang Pli district, in which
a continuous decline of water levels was observed until mid 1984, rose one
meter by the end of 1986, and declined steeply again in 1987. Station 48
shows a continuous declining trend of water levels since recording commenced
in 1980 in well NL24 at Wat Bang Ping, Muang Samut Sakhon. Water levels in
well NL24 decreased from 27.3 meters in mid 1980 to 43 meters by early 1993,

an average annual decline of 1.2 meters.

Average water levels in the critical zones no.l and no.2 during
1983-1986 showed a general cessation of the downward trend noted in prior

years. This marked change in water level trend had a significant beneficial

effect on the rate of‘land subsidence.
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DOWN TRENDS OF WATER LEVELS

Water-level recovery in the eritical zones was observed from
1980 to 1986, however, water-levels have declined since the beginning of
the 1987. The hydrographs of almost every %ells show the water-level decline
. since early 1987. The reason for the declining water-level phenomena was the
increased total pumpage. Groundwater extraction for public supply in 1987
by MWA, instead of decreasing as in the prior years, increased 7.1% from the
rate of pumping in 1986. The private pumpage in the control areas in the &
provinces {Bangkok, Samut Prakan, Nonthaburi and Pathumthani) in 1987
increased from 1986. Thus, the total pumpage in 1987 was increased from
the rate of extraction in 1986. As a result, the water levels in the three
aquifers began to respond to the increased pumpage and a rapid decline of

water levels in most wells was observed.

From 1986 to 1987, the Phra Pradaeng aquifer, the water levels
declined l-l.5-meters in Bangkok and its suburbs. For the Nakhon Luang
aquifer, a slight decline of water levels was observed in central Bangkok
- at DMR's compound-Phayathai district, and a slight increase in water levels
was noted in Phrakanong and Lad Phrao. The decline of water levels during
the same period in the eastern suburbs at the Poo Chao Saming Prai industrial
area was 2.4 meters; even heavier 2.6 meter declines of water levels were
observed in Muang Samut Sakhon and 4 meters in the Krathum Ban district. The
water levels in the Nonthaburi aquifer showed similar trends to those in
the Nakhon Luang aquifer due to their "leaky" behavior. In central Bangkok,
water levels in the Nonthaburi aquifer were slightly declined to slightly
increased, declined 1-2 meters in eastern Bangkok, and a heavy decline in the

ranging from 2.2 to 3.8 meters, was observed in the Samut Sakhon industrial

area in 1987.

The present rates of groundwater extraction in the outskirts of
Bangkok such as Lam Lukka, Lat Krabang, Min Buri, Bang Pii, some districts
of Samut Sakhon and Pathum Thani, where no surface water supply existed
and more large wells were being drilled for industrial use, is excessive.
Consequently, the piezometric levels particularly in the Nakhon Luang
aquifer dropped significantly. The pieazometric levels in monitoring well

NL7 (station 16) of Wat Nang Khan Chantri, Lam Lukka measured in May 1994,

i
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was 58.55 meters below land surface, in monitoring well NL84 (station 30)
at Wat Mai Lomnok Khwaek, Min Buri, was 61.30 meters, and in monitoring wel]
NL33 (station 62) at Samut Sakhon Provincial Hall, the piezometric level wag

70.15 meters.
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