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..A"i 'Grouhdwaterc'.
4-1-1 .St_ru‘éﬁt,t_r',e ‘of Aquifers :

The DepartmenL of Mineral Resources (DMR) of Thal]and c13551f1es
the aqulfers in Bangkok c1ty 1nto 9. types, as shown in fable 4-1.
The_aqulfers_cpnslst_pfhunconsolidated or_semlfconsolxdated tgrtlary
tdjﬁuatéfﬁéry?@éPQSiﬁé?diStribﬁééd on.focﬁs of quértzite'éndfgneiss.
| As it can be presumed that the aqulfer in the surrounding area
_of Bangkck are in the same dep031t10na1 env1ronment as 'in Bangkok

_the above classiflcatlon of aqu:fers may also bé applled to the area

'adjacent Lo Bangkok

Probable geologlc ploflles were made by u31ng the exlstlng
-_geologlc columns and data obtalncd by electrlc prospecting and the
establlshed classif1cat10n of aqulfers in Bangkok was compared w1th

the group of aqulfers in the surroundlng area of Bangkok “order to.
~obtain 1nformaLion=on the-stlucture of the aquifers 1n the area of
'-senarate system._ HoWevcr;' no more- than Lhe upper five aquifers,
21nclud1ng the Nonthaburi aquifer c0uld be c13551fled on account'

of 1nadequate depths of the ex1sting geologlc columns and the llmltatlon

of the accuracy of electric prospectlng

. The aqui[ers in Lhe 8 Amphoes surroundlng Bangkok will be
',diqcussed in decai] later ' Thls section w111 brlefly deal with the
' ﬁescrlpLion of the structure of thc,aquifers in the area adjacent to

Bangkok, -



Table 4-1

AQUIFER DESCRIPTION

Agquifer

Bangkok Upper

Bangkok Lower

Phra Pradaeng
{100 meter zone)

Nakhon Luang
{150 meter zone)

Nounthaburi
(200 meter zone)
Sam Khok -
(250 meter zone)

Phya Thai

Thonbiri.
{400 meter zone)

-Péknam

{30 meter zone)

(50 meter zone)

(350 meter zone) -

(550 meter zone).

Depth to Top

of Aquifer

(Meter)

20 to 30

30

60

110

180

240
295

350

to

to

to

to

to

tq

to

LOO

160

200

250

320

435

530

Total

Thickness
(Meter)

“‘Description’

<1 to 30

I
et

<1

<5

10

10

50

to

to

Lo

to

to
Co

to

30

50

70

70

60

40

110

_dn some areas or to fine grain-

“connected with 30 meter aquifer,

Fine to coarse white sand with
gravel and clay layers. In some

layers interbedded with clay

bedded with clay.

'Sand'andigravel'layers'inter—

Fine to coarse sand with gravel,
Directly underlies Bangkok clay
in most pieces. Aquifer missing

ed to be a source of supply.

Prédominantly’fine tb‘coafSc
sand with ‘gravel:and clay lavers,
In many places dirvectly tinter-

Both aquifers also yveferred to
as the Bangkok aquifer.

places. directly interconnected
with the 50 meter aquifer. Occa
sionally missing in the eastern
and western parts of the area,.

Fine to coarse sand gravel
intérhedded with ¢lay layers
which are locally extensive.
Individual sand layers up to
30 meters thick. '

Fine to coarse sand and gravel
and silt.
Sand and gravel layers inter-

Sand and gravel layeré inter-
bedded with clay.

bedded with clay. Aquifer
section may contain several
distinct water bearing zone.

variable thick layers of sand
and gravel interbedded with
clay. -Individual and layers
as little as 5 ieters- thick.

et
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The aquifers in the Center of Bangkok and its surrounding area
vary in thickness but are continvous. All the aqﬁifers run thin east
and west, are well deﬁeloped at the center and become progressively
more'déveloped,and thicker, toward. south. They are structurally
rugged. The}Baugkok‘and Phra Pradaeng aquifers have an underground
valley runniﬁg parallel to the Chao Phraya river and a continuous
undérground valley which crosses it obliquely. The underground
valley running ﬁarallel to the Chao‘Phraya river is well developed
in the Nakhon Luang and Nonthaburi aquifers. As shown in Fig's.

4-1 to 4-11, strata of impermeable clay are distributed befween the
aquifers and are not uniform in thiékness but become progressively

thicker as going away from the center.

.-The soil distribution in Changwat Nakhon Pathum and Changwat
Chachoengsao was investigated as a sample case of soil profile
in the area located outside of the central plain. As a result,
it was disclosed that layers of clay were developed in Changwat
Chachoengsao, whereas layers of sand and gravel were developed in

Changwat Nakhon Pathum. ( Refer to TFig's 4-12 to 4-13.)
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Fig4-3 GEOLOGIC SECTION G,H,1I
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Fig 4~13 GEOLOGIC SECTION
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n(l)-'Right.Bank_of the Chao ?hraya.River_:

Outlined herein are the aquifer ‘structures in the area of

'Sai Noi Bang Bua rhong and Bang Yai.

-1)' Bangkok Aqulfer : ThlS forms an ‘anticline between
Bang Bua Thong and Sal Noi In.Sal Noi, 1t 1nc13nes downward toward
_the northuwest and 301ns the underground valley of Nakhom Pathmn
| hile in Bang Bua Thong and Bang Ya1 the Bangkok aquifer forus a'
groundwater valley in the dlrection of the Bangkok underground valley.
The bottom of the Bangkok aqulfer is at a depth of 60 ™ 1n Sai Noi,
60 to 65 m in Bang Bua Thong,'and 65 m in Bang Yai. The Bangkok
'aquifer 1s abou t 40 m thlck throughout the area consrdered The
Hreoords of electrical prospeetlng show that the strata re31st1v1ty of
”thls aqulfer is 2 to 7 ohms—m, and adjudged not partlcularly desrrable

.for an aqu]fer

_ . '-2) Phra Phradeang Aqulfer Thls incllnes dowvnward
gtoward the west in. Sal N01 and toward the east in Bang Bua “Thong
'and Bang Yai } It 1s locaLed over the cast w1ng ‘of the underground
valley of Nakhom PaLhom in Sal N01, and over the west wing of the
_'underground valley of Bangkok in Bang Bua Thong and Bang Yai.

'The bottom of the Phra Phradeang aqulfer is at'a depth of 115 m in
'Sai ﬂ01, 100 to 110 ™ 1n Bang Bua Thong, and 110 m in Bang Yai.
'hThe Phra Phradeang aqulfer thickness is 25 to 30 m in Sai N01, 30 m
in Bang Bua Thong, and 35 m in Bang Yal. 1his aqulfer 1s thin
beLween Sal N01 and Bang Bua Thong and becomes progre331ve1y more
developed toward the west and east The records of electrlc
prospeetlng 1ndicates that “the re31st1v1ty of strata of this aquifer
| is in the range ‘of 3.8 to 14 0 ohms~m, and thus this aquifer is
_better qualifles as a water source than’ the Bangkok aqu1fer, but

iLs resietiv1ty isg not necessarlly satisfactory

| 3) Nakohn Ld‘ang Aqoifer-._ This is nearly flat in all
but the ‘Bang: Yal area where it sllghtly incllnes downward *toward
:the east The boLtom of the aquifer is at a depth of about 150 m
from’ the ground surface in all the: areas, but its thiokness varies

-'from.one area to an other.. The aqulfer thickness is about 15 m in

4 - 17



Sai Noi and Bang Bua Thong, and 20 to 25 in.Bang_Yai;. The re-
sistivity of its strata is relatively high, rauging from 12,4 to

38 ohﬁs4m.

4) Nonthaburi Aqﬁifer g This has a basin near Bang Bua
Thong and Jncllan downwald from Sai Nol aud Bdng Yai Loward Bang
Bua Thong, The botLom of Lhe aqulfer is at a depth of 180 to 190 m
in Sai Noi, 200 to ZZQ m in Bang Bua Fhong, and 190 m 1n_Bang Yal;
and tﬁe aquifer thickness is 10'to 15'm.in Sai Noi, 25 m in Baﬁg'Bua
Thong, and 25 to 30 m in Bang Yal 'Thé strata resistivify is in the
range ‘of 12.4 to 38 othHm, Uhich ig about Lhe same as that of the
Nakhon Luang aqu1fer A test well was. bored in 19?5 in Lhe 10ca11tv
of S5ai Nei and a serleq of teuLs were pnrformed Aq a resulL the
presence of good water in a stratum 190 m thlck was conflrmed dq
the survey team was told. : The paat records show that well water
in Sai Noi was contaminated with saline water; and, to Judge from the
changes in the gquality of water, it appeérs that-the well water was
cbﬁtaminatéd with water of poor quality from an other dqﬁifer,
presumably the Bangkok aquifer, due to the incomp1ete seéling of wells.
A production well in Bang Yai which takes water from the Nakhon luang
aquifer yielded water of good quality, - The groundwater that is to
be tapped for potable vater in the area'eonsidered should be tgken

from the Nakhon Luang and Nonthaburi aquifers.

On the othet hand, as the exlstlng data on the groundwatgz

- of Nong Khaem district indlcaLed that water quallty was poor, ;he

plan to tdp the aqu1fer in Nong Khaem was dlscarded Accordlng:ko the
“exietlng data, the basemenL of Lhe Bangkok aqu1[er ig at a depth of

.70 m below ground surface, tbaL of Phra Pradaeng aqu1fe1 from 115 to 120
“that of Nakhon Luang aqulfer 150 m, and that of Vonthaburl aqulfer 220 m
below ground surface. The Bangkok aqulfer is presumed to be 135 to

50 ﬁ rhick- the Phra Pradaeng aqu:fer about 35 m thick the Nakhon
-Luang aquifer abouL 15 m thick and the Nonthaburi aqu1fer about 30 m
thick While aqulfers are by ne means poorT, as a water ‘source of the
Tright bank the quality of . groundwaLLr 1n them 1is not qual‘fied
fWatepJfrom a deep Well3pf-a.80 m;depth con;ains.chloriQe ions in a

L CDdcentfgtion-of'268 to.297 ppm, and iron ions in a concentration of
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0.95 to 3.32 ppm. (Table 4-2).

_ Test boring to a depth of 500 m Was'performed in this
area in 1971 ehd'with resUlte indiceting that -groundwater at a
depLh of 465 to 470 m was seemed to be available for water source of
portab]e water-buL groundwa;er at. other 1evels was not qualified, as
shown in Table 4 3. ThiS‘aeuifer is presumed to belong to the
Pdknam aqunfer at the greatest depth. As grOundwater from the Phra
Pradaeng, akhon Luang, Nonthdburl Sam Kok and Phya Thai aquifers
contained chloride ijons in a ‘concentration of 823 to 11,030 ppm,
it was considered imp0831ble to cover the demand until the Larget
year by utlllzlng groundwater in this area, no matter how good the

groundwater in the deepest aqulfer

Layers of sand and gravel are well developed below the
ground ‘of the east bank of the Nakhorn Chalsi river and the hydraulic
'condltlons oE groundwate1 in the area are relatlvely qualified.

The analysls_of water samples taken from 6 existing wells in this
area Eheﬁed feiatively satisfectory'values. That is, the water of
this aquifer contained chloride ions in a concentration of 7.5 to

34 ppm,‘and'iron ions in aieoncentration of 0.05 to 0;33 ppm.  And,
it was’ shown LhaL this aquifer belonged to the Phra Pradaeng or

" Nakhon Iuang aqu1fer. This aqulfer, however, does not seem to have
a yield sufficient to fill the demands in the area of Nong Khaem and
Bang Khun-Thlen. - If tapped, ‘this aquifer should be exploited only

as a ‘temporary water source.
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(7) Left Bank of Lhe Chao Phraya River

Outlingd herein are the aquifer structures in the areas

ol Nong Chok, MMin Buri, Lat Krabang,'ﬁang Phli, ‘and Bang Bo.

13 Bangkeok Aquifer : The bottom of this area is dome
shaped near Min Buri, with the axis of an anticline stretching south-
west, and develops inte a large underground valley toward the east
of this anticline and stretches south-west. The underground
valley is about 15 km wide, forming =a basin beginning at a point

about 10 km east of Lat Krabang to Bang Phli,

_ The bottom of the Bangkok aquifer is at a depth of

50 m in Nong Chok, 40 to 45 m in Min Buri, 65 to 70 m in Lat Krabang,
80 to 85 m in Bang Phli, énd 70 te 75 m in Bang Bo. The thickness

of the aquifer progressively increases toward the center of the under-
pround valley (Chachoeng Sao)and is as great as 40 to 50m at its center.
while the aquifer is as thin as 5 to 10 m in Nong Chok and Min Buri,
35 to A0 m thick in Lat Krabang, 35 to 40 m thick in Bang Phli, and
about 35 m thick in Bang Bo. The underground water of this aquifer
containsg chloride and iron ions in such high concentrations that it

is not used for potable water.

2} Phra Phradeang Aquifer : Structurally, this is much
like the Bangkok aquifer. Its basement forms a dome near Nong Chok,
and its anticline extends to Min Buri where it is dintercepted by an
extengion of the Bangkek anderground valley and thus changes its
direction toward the south-east. The Béngkbk underground valley extends
to Bang Phli where it joins the underground valley that extends
south-east from the eastern part of Lat Krabang. The bottom of the
Phra Phradeang aquifer is at a depth of 80 m in Nong Chok, 100 m in
Min Buri, 130 m in Lat Krabang, 140 m in Bang Phli, and 130 ¢o 135 m

in Bang Bo.

The thickness of this aguifer is about 5 m in Nong
Chok, 20 m in Min Buri, 30 to 40 m in Lat Krabang, 40 m in Bang Phli,
and 30 to 35 m in Bang Bo. This aquifer is well develeped in Tat

Krabang, Bang Phli, and Bang Bo and yields water which is used in the
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community for drinking and industrial purposes. In some parts of rhe

area, however, the water contains iron ions in high concentrations.

3) Nakbon Luang Aquifer : This differs in structure
from the aforementioned Bangkok and Phra Phradeang aquifers. The
Bangkok underground valley that runs paraliel to the Chao Phraya
river changes il's direction of flow here towatd the east and extends
from a peint 5 km west of Min Buri.to a point 5 km wesit of Bang Phli.
The underground va11éy which is deVeloped at Chachoeng Sao changes

here into a wide basin.

The dome of the Nakhon Luang aquifer continues to the

east of Nong Chok, and its base extends toward Min Buri and Lat Krabang.

_ The bottom of the Nakhon Luang aquifer is‘at a depth of
150 m in Nong Chok, 160 m in Min Buri and Lat Krabang, and 170 m din
Bang Phli and Bang Bo. The thickness of the aquifer is 25 to 30 m in
Nong Chok, 20 m in Min Buri, 15 m in Lat Krabang, and 10 to 15 m in

Bang Phli and Bang BRo.

4) Nonthaburi Aquifer : The geological structure of this
aquifer bears some resemblance to that of the Nakhon Luang. Its
underground valley extends south-west in the area west of Min Buri
and changes.toward the south direction in the area of Wat Paingern.
The underground valley forms a dome in the areas of Nong Chok aud in
the northwestérly part of Bang.Phli, and the two domes are connected

by a ridge.

The bottom of the Nanthaburi aquifer is at a depth of
190 m in Nong Chok, 200 m in Min Buri, 190 m in Lat Krabang, 210 m in
Bang Phli, and 200 m in Bang Bo. The thickness of this aquifer is
15 m in Nong Chok, ﬁin Buri, Lat Krabang, and Bang Bo, and 20 to

25 m in Bang Phli.

It is presumed that the time of deposition of the
middle and upper strata of the aquifers of five Amphers on the left
bank of the Chao Phraya river nearly coincided with that of the

Bangkok and Phra Phradeang aquifers, whereas the place and conditions
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of deposition seem to differ From the NakKhon Luaﬁg aquifer to the
Nonthaburi aquifer. The electrical proépecting shows that the re-
sistlvity of the Bangkok aquifer is in the range of 3.9 to.S.O ohms-n
in Nong Chok, 1.4 to 6.9 ohms-m in Min BUri,'2;0.to 9.8 ohms-m in

Lat Krabang, 5.0 to 7.8 ohms-m in Bang Phli, and 2.5 to 23.0 ohms-n

in Bang Ro. The resistivity of the'Bangkok aquifer is low over much of
its length. The fact that the resistivity of its stfata is low in
spite of a cousiderable thickness except in Nong Chock and Min Buri

suggests a poor quality of the water of this aquilfer,

On the other hand, the resistivity of the Phra Phradeang
aquifer is relatively high, fanging from 4.2 to 13.2 ohms-m in Nong Chok,
4.6 to 12.9 ohms-m in Min Buri, 4.0 to 9.8 0hms~ﬁ'in Lat Krabang,

3.4 to 40,0 ohms-m in Bang Phli, and 12.0 to 15.0 ohms-m in Bang Bo,
The reéistivity of strata of this aquifer is rather high in Bang Phli
and Bang Bo, as shown above, but is, on the whele, near the éverage
value of the Bangkok aquifer. This means that the Phra Phradeang

aquifer does not necessarily make a good water source for human use.

The Nakhon ﬁuang and Nonthaburi aquifers show much
the same level of resistivity of strata, which fanges from 8.4 to 13.2
ohms-m in-Néng Chok, 4.6 to 12.9 ohms-m in Min Buri, 9.2 to 22.0 ohms-n
in Lat Krabang, 7.2 to 40.0 ohmg-m in Bang Phli, and 12.0 to 23.0 ohms—=
in Bang Bo. The'average resistivity of the two aquifers is much higher
than that of the'Bangkok:and Phra Phradeang aquifers. High.resistivitws
of strata are nothing but an indication that the aquifers contain

evaporation residues and clay soil in relatively low percentages.

_ On the basis bf the structural features, and the
'resistivity of aquiferé resulting from electrical prospecting, the
Baﬁgkok and Phra Phradeang aquifers and the Nakhon Luang and Nonthaburi
aquiferé may be categorized into two groups; and the two groups, the
Nakhoﬁ Luang and Nonthaburi aquifer group should be chosen as the
_wa;ef SOQrce for the water supply . project, as suggested by the past

_data and the information obtained by the latest survey.

Thé.aqﬁifers;plahned to_be'tapped_in this feasibility

study are shown according to district and as shown in Table 4-4,
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4-1-2 FElectric Prospecting:

Electric prospecting.is widely employed one of the metﬁod in
the investigation of gfoundwater, and thée most common of all its
methods is the resistivity method. ihe resistivity method ef.electric
prospecting utilizes the phenomencn that there is a considerable dif-
ference in resistivity between the aqu1fer and the 1mpe1medble layer,
Another reason for its popular use is the fact Lhat the soil invesri-

gated has a stratified structure in most  instances.

The electric resistivity of the. soil layers is generally

influenced by the following factors:

D Mineral composition of the iayer.

23 Crystallinity of minerals.

1) Consolidation of the composite material of the layer.
4) Poresity of the layer.

5) Amount of groundwater in the layer and its_resisti#ity.

Judging from the results of electric prospecting to an average
depth of 200 m iu the area surrounding Bangkok there dees not
appear to be any significant dlfferenee in mineral comp051t10n and
crystallinity from one place to the other. In this area, therefore,
the consclidation of the composite material of the layer, porosity
of the layer, amount of water in the layer and its resistivity can
be considered the:factors which govern the reéistivity of the layer

of interest.

~ The results of measurements taken in electric-prospecting
are analyzed by the standard curve method and direct identification
method. The former method is employed in the determination'of the
re31st1v1ty of the 1aye1 from Lhe obqerved ‘apparent reelsLiviLy
When ‘this method is employed Lhe boundaly of layers is detected
accordlng to the diffelencerin electrlc naLure_between'the two layers
unlikelthe boundary'of_aduifers.. On the other hand, when the direct

_ideﬁtifiéation_metﬁbd is employed, the depth distribution of layers
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is expressed by a curve and the boundary of layers is determined
by expressing the layer of sand and gravel in case of a rising curve

and the layer of clay in case of a falling curve.

‘The location of electric prospecting and results of them perform-
ed In surrounding area of Bangkok can be represented by the columns of
resistivity as shown in Fig's. 4-~14 and 4-15. “he notable finding
obtained in the electrice prospecting in this area is the fact that the
upper bed_shows a low value of layer resistivity, while the lower bed
is high in layer resistivity. The bouhdary of the upper and lower layérs
is at a depth of about 50 m in some parts and at a depth of about 100 m
in.others. It appeared that the boundary at a depth of 50 m was that
of the Bangkok and Phra Pradaeng aquifers, aund that the boundary at
a depth ot 100 m was that of the Phra Pradaeng and Nakhon Luang

aquifers.

The distribution of layer resistivity to a depth.of 100 m to 200 m
is as shown in Fig. 4-14, As is clear from this figure, the soil
of the northern area on both the right and left banks of the Chao

Phraya river shows a low value of resistivity.

The southern coastal area on the left bank of the Chao Phraya
river also Shows a low value of resistivity. The area in which a
high value of resistivity was shown ektehdsiffom Sai Noi to Bang Yai,
and an other similar area exténds along Nationai Highway No. 34

from Bang Phli to Bang Bo.

The specific electric conductivity and resistivity of ground
watér are influenced by the degree in a concentration of lons in
the grbundwater such that the better quality the water has, thus
the lower its specific electric conductivity and the higher its

resistivity. (Refer to Figs. 4-16, 4-17 and 4-18).

It can therefore be said that the groundwater is satisfactory,
both qualitatively and quantitatively, in the district where the soil
shows a higher value of resistivity. If the value of layer resisti-
Vify is low, the pumpage must be planned to have an exira margin of
éafety and the well must be deéigned to have a sufficient'dgpth Lo

reach the aquifer showing a high value of resistivity.
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‘Fig. 4~16 RELATIONSHIP OF ELECTRIC:CONDUCTIVITY AND
c£& -1 CONTENTS OF GROUND WATER IN BANGKOK
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RELATTONSIIP OF ELECTRTC CONDUCTIVITY AND

Fig., 4-18
Ca HARDNESS OF . GROUND WATER IN BANGKOK
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For the districts where no boring_deta were available it
was necessary to estimate the soil structual pfofiie from the results
of electric porspecting. The results of electric prospectihg.were
analyzed by ‘the direct 1dent1f1cat10n method, as shown in Fig, 4- 19.
Since the laver distinction by this method is made on the basis of
a change in apparent resistivity, it must be compared with the soil
data obtained by boring in the neighboring site. In the surveyed
area there was good agreement between the results of electric
prospectlng and the soil data of the nelghborlng site, so that the
d1rect.identlflcation-method was employed.

However, the data obtained by electric proepecting should be
used as a only gu1de for Lhe estlmation of the soil naturc, since
all such data are obtalned on the ground surface In the stage of

detail design, therefore exp]oxatory borlng must be carried out
'wlthout fall ‘to obtain the soil condlLions and determine the

-thlckness of the aqulf&l,
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Fig. 4-19 FBLECTRIC LOG P-NATURAL DEPTH
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