CHAPTER V

GROUNDWATER POTENTIAL ANALYSIS

All grbundwater used in Bangkok Metropolis comes from wells that
are screened in the vwater-bearing sediments of Quaternary Age. Water
moves into and through the waterfygaging sediments in an immense network
of extremely small 1nterconneétipg“§£ihs which extend in all directions
throughout the water-bearing rock uﬁit‘(ﬁyling, 1960). Estimates bf the
total groundwater pumpaﬁe in the?aangkok Metropolitan area is approxi-
mately 1,100,000 cubic meters pgi;ﬂhy and most groundwater produc;ion
is from the Phra Pradaeng, Nﬁkhgﬁiﬁﬁhng, and Nonthaburi aquifers

(Metcalf & Eddy Inc, 1977). — .

This chapter discusses the ﬁh;é;‘quality and some hydraulic

characters of four aquifers (Bangkok, Phra Pradaeng, Nakhon Luang and

Nonthaburi) that are described in Chapter &.

5.1 Water quality. The chemical, physical and bacterial characteristics
of groundwater determine its usefulness for municipal, commercial,

industrial, agricultaral and domestic water supplies. For this study
of groundwater quality is focussing upon the domeséic water use. Inter-
pretation of groundwater chemicai composition commonly involves utatia?

tical analysis of the data and preparation of trilinear diagrams, maps

or graphs (Walton, 1970), as follows :



a) Trilinear diagrams are very useful in bringing out the
chemical relationships among groundwater in more definite terms

(Walton, 1970). This diagram is more versatile than other plotting

methods.

b) Maps show the aerial distribution of the concentration of
irons or of chemical characteristics (total dissolvad solids, total
hardness). The map is used as indicators of chemical character of

groundwater (Heath and Trainer, iQQB){”

¢) The graphical presentation of chemical analyses proposed by
Collins (1923) shows the relation of total concentration of the cations
and anions expressed in equivaléﬁéé per million to silica cOncentfatibn
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expressed in parts per million.

Analyses of water quality in Bangkok Metropolitan area are

expressed in the trilinear diagram_ggg,the contour map respectively.

5.1.1 Piner's trilinear diagram. The composition of groundwater

can be represented conveniently by trilinear plotting (Hem, 1959), and
in 1953 Piper further developed a form of the trilinear diagram

(Figure 25). Tor the Piper trilinear diagram, a groundwater is treated
substantially as though it contains three cation constituents (Mg, Na+K
and Ca) and thtee anion constituents (C1, 504,003+ﬁ003). Distinct
groundwater quality types can be quickly discriminated by their plott-
ings in certain subareas of the diamond shaped field (Piper, 1553), as

indicated in Figure 25. The explanation is as follows :



Area 1 : carbonate hardness exceeds 50 percent-that is, chemical

properties of the groundwater are dominated by alkaline earth and weak

acids. This area is called "Carbonate Hardness Facies" or "Hydrochemical |
Facies I" (Ca - Mg > 50 %, C1 + SO& < 50 %Z). Besides, the recharge :j Y
areas are characterized by the presence of data points in this facies 3i;

at the left hand vertex (Wu, 1979).

e

Area 2 : carbonate alkali exceeds 50 percent-that is, chemical e
propertiea of the groundwater are ﬁominated by alkali and weak acid. _':ﬁf
The groundwater plotted in this area are inordinately soft (Piper,

1953). This area is called "Carbonate Alkali Facies" or"Hydrochemical
Facies II" (Ca + Mg < 50 %, Gl + 30 < 50 Z) (Wu, 1979).

Area 3 : noncarbonaté-h&t&ne;s exceeds 50 percent-that is,
chemical properties of the grduhéﬁ@?%& are dominated by alkaline-earth
and strong acids. This area is ggilédgﬁﬂoncarbonate Hardness Facies"

r "Hydrochemical Facies III" (Ca + Mg > 50 %, C1 + S0, > 50 %)
(Wu, 1979).

Area 4 : noncarbonate alkali exceeds 50 percent-that is,
chemical properties of the groundwater are dominated by alkali and
strong acids; ocean water and many brines plot in this area, near the
right hand vertex (Piper, 1953). This area is called "Noncarbonate
Alkali Facies" or "Hydrochemical Facies IV" (Ca + Mg < 50 %,

Cl + S0, > 50 %) (Wu, 1979).



Hydrochemical facies of groundwater in Bangkok Metropolitan area

are separately determined for each aquifer and presented in Figure 25

and 26,

A) Bangkok aquifer. This aquifer exhibits three hydrochemical

facies (2, 3, 4) but hydrochemical facies 2 and 4 are the important
facies (Figure 25-1). The hydrochemical facies map of Bangkok aquifer
(Figure 26-1) shows that the water quality data are densely developed
in the southern-part of the-study’aréa.indicating that Bangkok aquifer
contains freshwater near the sea and saline water in inland areas
(Metcalf & Eddy Inc, 1977). Besides, it shows that hydrochemical
facies 2 is developed.in the m@ddie and eastern part of the area while
hydrochemical facies 3 and 4 are developed in the western and southern
part of the areca. Therefore the salinity should be increasing westward
of the Phra Pradaenp area. As a consequence, the groundwater of Bangkok
aquifer in the study area becomes increasingly moré saline in a westerly

and northerly direction.

B) Phra Pradaeng aquifer. This aquifer exhibits three hydro-

chemical facies (2, 3, 4). The hydréchemical facies 2 appears to be
more important than hvdrochemical facies 4 and 3 respectively because
6f inordinately soft in cuality (Piper, 1953; Figure 25-2). The hydro-
chemical facies map of Phra Pradaeng aquifer (Figure 26-2) shows that
hydrochemical facies 2 and 4 are developed as the major facies and are

distributed throughout the study area whereas the hydrochemical facies

3 is developed in only 2 areas, at Ban Chaeng Ron (1), Amphoe Rat Burana '7-7




and Chulalongkorn Hospital, Amphoe Pathumwan. Besides, the hydro-

chemical facies 2 is developed in the middle and eastern part of the
study area while the hydrochemical facies 4 is developed in the middle
and western part of the study area. Or it can say that the hydro- : -‘ﬁ
chemical facies 2 is developed on the east bank side of Chac Phraya .fijf
River and hydrochemical facies 4 developed on the west bank side of the
Chao Phraya Piver. Tﬁerefore, the salinity increases from the east

bank side to the west bank side.

C) Nakhon Luang acuifer. This aquifer shows four hydrochemical

facies (1, 2, 3 and 4). It is noted that the hydrochemical facies 2 is
more important thanm 4, 3 and 1 réﬁpectively (Figure 25-3). The hydro-
chemical facies map of Nakhon Luang aquifer (Figure 26-3) shows that
hydrochemical facies 2 and 4 are -dm{e.loped as the major facies and are
distributed throughout the stndy'area while hydrochemical facies 1 is
developed only at Wat Bowon Niwet ﬁihan extending to Saphan Krung Thon
in the north. The hydrochemical facies 3 is developed in 5 areas, at
Ban Talat Khwan, Amphoe Muang Nonthaburi; Amphoe Phra Nakhon; Rong Rian
Sutthi Wararam, Amphoe Yannawa; Ban Wat Ang Kaeo, Amphoe Phasi Charoen;
Ban Khlong Phraya, Amphoe Phasi Charoen. The hydrochemical facies 2 is
mainly developed 1; the middle and eastern parts of the study area, and
also separately developed at Ban Bang Wa, Ban Tambun Bang Duan, Amphoe
Phasi Charoen, whereas the hydrochemical facies 4 is developed in the ';5;:“
middle and western part of the study area. Generally, the hydrochenic;i‘;h;

facies 2 is developed on the east bank side of Chao Phraya River and



-

the hydrochemical facies 4 developed on the west bank side of Chao
Phraya River. As a consequence, the salinity is high on the west bank
side and low on the east bank side of Chao Praya River. The pattern is

similar to Phra Pradaeng aquifer.

D) Nonthaburi aquifer. This aquifer also shows four hydro-

chemical facies (1, 2, 3 and 4). The hydrochemical facies 2 is more
important than hydrochemical facies 4, 1 and 3 respectively (Figure 25-4).
The hydrochemical facies map of Nonthaburi aguifer (Figure 26-4) shows
that hydrochemical facies 2 and 3 are developed as the major facies and
distributed throughout the study area while the hydrochemical facies

1 is developed in 2 areas, at Sathani Bang Son and Wat Bowon Niwet Wihan.
The hydrochemical facies 4 is developed in 2 areas at an adjoining area
of Amphoe Pak Kret and Amphoe Bang Bua Thong, and Chulalongkorn Univer-
sity in Amphoe Pathumwan. The hydrochemical facies 2 is developed in
the middle and eastern part of the study area whereas the hydrochemical
facies 3 1s developed in the western and southwestern parts of the study
area. Generally, the hydrochemical facies 3 is developed on the west
bank side of Chao Phraya River. Therefore the salinity is accordingly
high on the west bank side and relatively low on the east bank side of
Chao Phraya River. The salinily pattern of Nonthaburi aquifer issimilar

to Phra Pradaenpg and Nakhon Luang aquifers.

According to Table 18, the hydrochemical facies 2 of all aqui-
fers show a lower range of chemical quality as compared with the accep-

table limits for potable water (W.H.0., 1963). Therefore, the area on
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Table 18-1

Ranges of chemical quality of water in Bangkok Aquifer (1975-1978)

Concentration in mg/

Hydochemicd Focles | pH | Told | Bhd | Torl SO, | Free /| NO3 | NO,
] AllglinitylHordness |  Dis- a os [Ammonia|  os as Fe Mn Ca | Mg
sotved NcSO,‘ as N N
Solids N _
Accepiable Limits for Potabe Water”
1500 800 «&n0 o 0 05 |20 | B0
JANGKOK -~ AQUIFER
CasMg)S0%  min.
o] +50, (50%
max.
Ca+Mg (50% min. |69 189 a8 260 5 0 0 0 0.13 0 19.2 [5.28
Ol +50, (50%
max. | 821 | 348 6L 529 137 4.2 0.63 | 0.002 09 0.25 28 (2102
Co+ Mg ) 50% min. | 705 186 536 1250 600 -0 .35 0 848 | S0
Cl +50,) 50%
max. | 7.2 274 1160 2000 1160 32 L8 0.48 |315,2|75.4L
Ca+Mg ( 50% min. | &9 180 277 642 262 0 0 0 43.2 |139.15
Cl +50,) 50%
max. | 72 2LL 536 1300 700 43 325 | 0.546 88 |7728

1/ World Health

Organization, International, 1963.
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Table 18-2 Ranges of chemical quality of water in Phra Pradaeng Aquifer (1975-1978)

Concentrotion in mgA
Hydrochemical Focies | pH | ot Total Total SO, Free NO, NO,
5 Allolinity|Hordress|  Dis- a os |[Ammonia| - os as Fe Mn Co| Mg | F
: Solved NSO, os N N
Solids “1 N
Acceptoble Limits for Polable Wmvl'y
1500 | 600 | w0 D 0 | 05 |20 |10 |
PHRA PRADAENG AQUIFER
CaesMg ) 0% min.
Cl« 50, (50%
max.
CasMg (50% min. | 67 200 79 215 5 0 0.3 0 0 0 0 046|672 0
O +S0, (50%
max. | 805 | 338 280 570 160 68.16 1.65 1.58 |0.058 1.3 0.49 |39.2 |4L.64| 0.65
CasMg) 50% min, | 705 | 165 364 1016 387 13.8 0 0 0 §136|L3.7L| 0
max, | 77 | 198 606 ' 1250 | 800 | 355 | 126 322 |1.¢87 [n2.8|77.8|026%
Cao+Mg ( 50% min. | 6.8! 166 258 610 300 0 0 0 0 16.32| 28 0
Cl +50,) 50% _ ,
mox | 7.8 232 1700 LL00 28L0 L9.7 0.27 3.92 0.62¢ |303.6/204.1] 03
1/ World Health Organization, International, 1963.

STIT



'_Iable 18-3 Ranges of chemical quality of water in Nakhon Luang Aquifer (1975-1978)

Concentration in mg/

Hydrochemical Focies | pH | Totd Tokal Total S0, Free NOy NO,
’ Alkalinity|Hordress|  Dis- c os |Ammonic| ©s as Fe Mn Co | Mg | F
solved NaSO, os N N .
Solids N

Acceptable Limits for Polble Woter”

1500 | so0 | wo 0 1 05 (20|10 | w

NAKHON LUANG AQUIFER

1

Cas+Mg ) 50% min. | 7.61 76 78 94 5.1 6.2 006 |0.207 |23.2] 24
Cl + 50, ¢50%

max. | 7.78 | 166 122 260 10 18.5 2.99 0..8 27.2 115.36
CasMg (50% min. | 66 162 Lo 245 2 0 0 0 0 0 0 7.2 |09 | O
Cls SO‘ (50%

max. | 8.05 | 392 280 | 1200 681 93.72 1.04 0.31 (0027 0.86 0.8t 8 |4L.64|0.363

3

Ca s Mg ) 50% min. [682| 190 | 2% | 500 | 188 | 156 | © 0.3 |00 |384]29.3] 0
Cl +50,) 50%

: max. | 72| 256 | 990 ' o0 | soo | eaw | 0.9% - 1% | 138 |23 | 96 (0335
CasMg ¢ 50% mn. |65 | 150 | 06 | wo [ 72 0 0 0 0 0 |8 |nof o
Cl +50,) 50%

max | 78 | 308 | «980 |00 | esso | 229 | 0.98 | 0625 206 | 1102 [1256 | w2 [0335

1/ World Health Organization, International, 1963.
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Table 18-4 Ranges of chemical quality of water in Nonthaburi Aquifer (1975-1978)

T Concentration in mgA

Hydrochemica Focles | pH | Yot Total Total S0, Free NO3 NO,
- Alkalinity|Hardress| Dis- =} os |Ammonia| as as Fe Mn Cao|Mg| F
solved NeSo, as N N
Solids N

Acceptable Limits for Potoble Water?

1500 800 | w00 D 1 v 05 |20 (10 | W0
NONTHA3URI  AQUIFER
Ca+Mg ) 0% min. | 705 | 166 122 a5 51 t2 | ome | oon 0 0.335 0 23 | 95 (03
Cl +50, (50%
max. | 278 [ 252 1L 260 16 85 | 0804 | 037 | 0003 297 | 0.076 |46 [15.36(0.335
Ca+Mg ¢ 50% min. | 675| 2© 56 | 28 1 o] ] o} 0 0 0 B8 |2¢| 0
Cl +50, (50% :
max. | 85 | 378 6L0 020 515 | 93.72 | 0.884 | 075 | 0.9 085 | 0472 | &t |28 |0w7
CaeMg) 50% min. | 6.82| 98 592 | w00 672 0 0.04 1.56 m.6| 36 |02
Cl +50,) 50%
max. | 729 | 198 4500 | 6500 | 4100 | 6.8 | 0.2 2 1280 | 312 |0.398
Ca+Mg ( 50% min. | 682 | 220 270 70 33 | 18.48 0.32 | 0377 | 28| 12
Cl +50,) 50%
: max. | 721 | 266 50 | 1700 | 885 | 93.7 0.77 | 0.8¢8 | 86. |39.6L

1/ World Health Organization, International, 1963.

LT1
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the east bank side of Chao Phraya River has a high potential of good
> water quality for domestic use whereas on the west bank side of Chao

Phraya River are generally not favourable. The hydrochemical facies 1,
which indicates the additional rechange, is changing downgradient to
either hydrochemical facies 2 or 3, and finally to hydrochemical facies
4 at saline water encroachment area (Piper, 1953 and Wu, 1979). There-
fore, Nonthaburi aquifer has a better water auality than the other three
aquifers because its major hydrochemical facies considering from the
characteristice of the hydrochemical facies (Figure 26). However,
throughout the study area Phra Pradaeng, Nakhon Luang and Nonthaburi
aquifers have a better water quality than Bangkok aguifer. This is due
to the fact that acceptable limits for domestic uses of groundwater in
Bangkok aquifer is developed only in the southern part of the study
area whereas the water quality other aquifers are found throughout the

east bank side of Chao Phrava River (Figure 26).

Besides, fresh groundvater is expected to originate almost
exclusively from recharge outside of the study area. This is concluded
from the absence of the hydrochemical facies 1 near the left hand vertex
of dimond-shaped field in Bangkok and Phra Pradaeng aquifers. The pre-
sence of the hydrochemical facies 1 of Nakorn Luang and Nonthaburi aqui-
fers might indicate the vertical secpace from upper aquifers. Corres-

‘ i pondence with the studies of Band and Duangkhae (1971) and Metcalf & Eddy
Inc. (1977), recharge from precipitation or stream flow infiltration in

Bangkok Metropolitan area is estimated to be negligible because of the

g . o S S

- Rl

b~
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widespread occurrence of the impervious Bangkok Clay which caps the

aquifer system.

5.1.2 Maps. The analytical data of groundwater from numerous
water wells undoubtedly reveal the variation of water composition in
the aquifer concerned. Subsequent evaluation and correlation of this
information coupled with the aquifer characteristics lead to the ground-
water potential of the area. Aerial variation in water quality of each

aquifer i1s best accomplish through preparation of map (Walton, 1970).

The water quality of four aquifers in Table 18 are graphically
presented in terms of maps showing the distribution patterns of impor-
tant parameters (Figure 27-30). 1In this study, an attempt has been
made to consider only the concentration of chloride, total dissolved
solid, total hardness and irom. This is due to the fact that these
four parameters have a tendency to be concentrated higher than the

acceptable limits for potable water (W.H.0., 1963).

A) Chloride. The two principle types of groundwater are
freshwater having a chloride content of less than 100 ppm. and saline
water in vwhich chloride content exceeds 2,000 ppm. Groundwater at the
interface between the fresh and saline water occurs within a zone of
mixing in which chloride concentration ranges between 100 to over 2,000
ppm. (Metcalf & Eddy Inc., 1977). Generally, all aquifers on the east
bank side of Chao Phraya River yield fresh water whereas saline water

is found in many places on the west bank side. Besides, the interface
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between the fresh and saline water is reported in many places particu-
larly on the west bank side. The distribution patterns of chloride
content in water of each aquifer are shown in Figure 27. The charac-
teristics of chloride distribution patterns within each aquifer are

as follows.

a) Bangkok aquifer. The chloride concentration varies within

the range of 5 to 1,160 ppm.. The distribution of chloride increases
toward the southern and western part of the study area (Figure 27-1).
The over acceptable limit for potable water (> 600 ppm.) are found only

on the west bank side of Chao Phraya River.

b) Phra Pradaeng aquifer. The chloride concentration varies

within the range of 5 to 2,840 ppm. with a tendency to be increased in
the distribution toward the northwest and southwest directions

(Figure 27-2). The over acceptable limits for potable water (> 600 ppm.)
are located in two zones on the west bank side of Chao Phraya River.

These two zonmes are however entirely separated by the fresh water zone.

c) Nakhon Luang aquifer. The chloride concentration varies

within the range of 2 to 8,850 ppm. with a tendency to be concentrated
less than 100 ppm. on the east bank side of Chao Phraya River. The con-
centration appears to increase westwardly. The over acceptable limits
for potable water (> 600 ppm.) are mainly developed on the west bank
side of the upper parts of the study area and as two separates small
zone on both side of the river bank in the lower part of the area

(Figure 24-3)

il e




d) Nonthaburi aquifer. The chloride concentration varies =*ﬁ1§

within the range of 1 to 1,400 ppm. with a tendency to be increase ﬂ#ié
.

LS

westardly and southwestardly. The chloride content less than 100 ppm.
appears as a zone on the east bank side whereas the over acceptable
limits for potable water are mainly developed on the west bank side

(Tigure 27-4).

The cause of saline water on the west bank side of Chao Phraya
River is nebulous and poorly defined due to the limitation of data,
However, the study of Metcalf & Eddy Inc. (1977) indicated that this
saline water occured as the main body that occupy an area located appro-
ximately between the Chao Phraya River and Samut Sakhon and extending

north to Amphoe Lat Lum Kaeo or over 50 kilometers inland from the Gulf

of Thailand. #nd it is believed to be connate water which occurs in

L

less permeable sediments incompletely flushed by freshwater.

Y

The cause of saline water might also be from the salt water
encroachment from the Upper Gulf of Thailand. If this is a case there
should be a continuous increasing chloride content patterns toward the
north through time. Consistent monitoring program on groundwater quality
throughout the area is considered to be essential in drawing such a con-

clusion. However, this is beyond the scope of the present investigation.

The present study inclines to believe that the chloride content
in the groundwater is probably due to the connate water contamination.

This is reasoning from the geographic location of the high chloride
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Figure 27 Distribution Patterns of Chloride in the Groundwater of

Four Aquifers, Bangkok Metropolis.
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content zone which is not covering or overlapping the maximum ground-
water utilized zones. The salt water encroachment zones which have been

reported elsewhere all cccur in the groundwater over utilized zones.

B) Total dissolved solids. Generally areas of excessive quan-

tities of total dissolved solids (> 1,500 ppm.) conformed with the areas
of excessive quantities of chloride (> 600 ppu.) in all aquifer

(Figure 28). These areas are found in groundwater along the saline-
freshwater interface (Metcalf & Eddy Inc., 1977). The distribution of

total dissolved solids within each aquifer are shown in Figure 28.

a) Bangkok aquifer, The range of the total dissolved solids

is from 240 to 2,000 ppm., The distribution of total dissolved solids
is increasing in the southwest direction toward the over acceptable

limits for potable water (> 1,500 ppm.) (Figure 28-1).

b) Phra Pradaeng aquifer. The ranges of the total dissolved
solids is from 215 to 4,400 ppm. The distribution of total dissolved
solids is increasing westwardly. The over acceptable limits for potable
water (> 1,500 ppm.) are developed on the west bank side of Chao Phraya

River (Figure 28-2).

c) Nakhon Luang aguifer. The range of the total dissolved

golids is from 94 to 14,400 ppm. Generally, the distribution of total
dissolved solids is increasing in the northwest direction (Figure 28-3).
The area where total dissolved solids are over acceptable limits for

potable water (> 1,500 pom,) appear to develop on the west bank side of
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Chao Phraya River.

d) Nonthaburi aquifer. The range of the total dissolved 60113;{;
is from 235 to 6,600 ppm. The distribution is increasing in westwardly 5
and southwestwardly. Over acceptable limits for potable water
* (> 1,500 ppm.) are developed on the west bank side of Chao Phraya River
(Figure 28-4).

C) Total Hardness. Tha atu41es of total hardness concentration :
///

and the distribution pattetna pf tgtai»hardness of each aquifer have

K ’ /

been extensively carried.out/“ The purpose of these studies are primarily e

J

concerning with the determinatién‘of acceptable limits for potable watet :

using the standard propased by $ﬁwyer (1969). The distribution patternl

of total hardness in Paftxper°511119n (ppm.) are summarized and presentady';“'

in Figure 29. ‘¢9g:t7_r“

Table 19 : Stpadgrd Hster Hg;ﬁqgss (Sawyer, 1969)

Total Hardness (ppm.) Degree of Hardness
0-175 soft
75 = 200 moderately hard
200 - 300 hard
> 300 very hard
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Figure 28 Distribution Patterns of Total Dissolved Solids in the

Groundwater of Four Aquifers, Bangkok Metropolis.
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a) Bangkok aquifer. The total hardness concentration varies

with in the range of 856 to 1,160 ppm.. The distribution pattern of

total hardness appears to increase from below 75 ppm. in the eastern part
westwardly to the value of approximately 300 ppm. in the central part of

the study area. However, in the western part of the study area there is

a trend of decreasing in total hardness from approximately 300 ppm. to

less than 200 ppm. in the northwest direction, The over all degree of

hardness of groundwater in bangkok aquifer is comsider to be moderately ,é

5 hard to very hard (Figure 29-1).

b) Phra Pradaeng aquifer. The total hardness of groundwater in

this aquifer varies from 79 to 1,700 ppm.. In the half eastern part of
the study area the total hardness concentration appears to be relatively
low arround 75 ppm.. However to what the north-south trend in the cen-
tral part of the study area, the total hardness concentration drastically
increases to 300 ppm.. The concentration of total‘hardnesa pattern is
then progressively decreasing westwardly to the value of approximately
200 ppm. (Figure 29-2). It is interest1£g to note that the Chao Phraya
River course appears to be the boundary betwéen the zones of lower and

higher total hardness.

c) Nakhon Luang aquifer. The total hardness concentration

falls within the ranges of 40 toc 4,580 ppm.. The zone of high total

hardness concentration is mainly distributed in the western bank of Chao

o

Phraya River and in the southwest part of the study area with the value

between 200-300 ppm.. In contrast, the distribution pattern of total




hardness concentration on the eastern bank of Chao Phraya River is

@ generally low value (approximately 75 ppm.) and uniform. The degree of
hardness of groundwater in this aquifer is distinctively different on
both side of the river banks, that is soft and moderately hard on the

eastern bank and hard to very hard on the western bank (Figure 29-3).

d) Nonthaburi aquifer. The distribution pattern of total hard- 44

ness is more or less similar to that of Phra Pradaeng aquifer. That is
f; the zone of a relatively low total hardness (approximately 75 ppm.)
appears on the eastern part of Chao Phraya River course and the zone of
maximum total hardness appears as a distinctively narrow belt almost
parallel to the river course. On the western part of the study area the
distribution pattern is rather uniform with the total hardness concen-
tration varies around 300 ppm. (Figure 29-4). It is therefore concluded
that the degree of hardness of groundwater in this aquifer on the eastern
~ bank of Chao Phraya River is soft to moderately hard whereas that of on

the western bank is very hard (Figure 29-4),

D) Total Iron. Generally, the presence of total iron concen-
tration appears to be related to the chloride content in the groundwater.
That is where the chloride content is less than 100 ppm. the total iron
concentration will be relatively low (Less than 1 ppm.). The findings
of the present study reveal that the relatively high chloride content
{? zone of all aquifers is present on the western bank of the river course.
Therefore the saline-~fresh water interface must be accordingly present
in the zone on the western bank of the river course (Metcalf & Eddy Inc,

1977). As a consequence, the area of over acceptable limits for potable
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Figure 29 Distribution Patterns of Total Hardness in the Groundwater

of Four Aquifers, Bangkok Metropolis.
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water with regard to total iron concentration T> 1 ppm.) is likely to be
found on the western bank of the river course. Detailed distribution
patterns of total iron concentration in groundwater of each aquifer are

as follows (Figure 30).

a) Bangkok aquifer. The total iron concentration in the ground-

water of this aquifer varies from O to 4.8 ppm.. The zone of maximum

total irdn concentration, the over acceptzble zone, extends more or less
in the north-northeast and south-southwest direction. Beyond this zone
on both side the total iron concentration is progressively decreased to

the value of approximately less than 1 ppm. (Figure 30-1)

b) Phra Pradaeng aquifer. The total iron concentration in the

groundwater of this aquifer varies from O to 3.92 ppm.. The zones of
relatively high total iron conmcentration (> 3 ppm.) appear mainly on the
western bank of the river course and on the south most of the study area
right over the river course. These zones are also the over acceptable
zone for potable water. Besides, there is a small over acceptable zone
isolately present in the eastern bank of the river course near the cen-

tral part of the study area (Figure 30-2),

c) Nakhon Luang aquifer. Generally the total iron concentration

falls within the range of 0 to 4.8 ppm.. There are 6 small zones of
relatively high total iron concentration or over acceptable zones S
sporadically distributed throughout the study area particularly on the

western bank of river course. It is interesting to note that this




aquifer contains higher volume of good quality groundwater with regard
to the total iron concentration as compared with the other previously

mention ones (Figure 30-3). : 2

d) Nonthaburi aquifer. The total iron concentration varies

within the range of 0 to 2.97 ppm. with limited numer of over acceptable
zones, Totally there are only 3 small total iron concentration zones

(> 1 ppm.) distributed more or less along the river course in an isolated
manner (Figure 30-4). Considering the groundwater quality with regard

to total iron cencentration, this aquifer has a higher potable water

potential compare with the other three.

In conclusion, it is apparent that the groundwater quality of
four aquifers in the study area with regard to four important chemical

constituents, namely, Chloride, Total dissloved solids, Total hardness

and Total iron, has a tendency to be more suitable for potable use on

the eastern bank of the river course as compared with that of on the

L S d

western bank. The findings of present investigation on many aspects are S

¥ J"I

similar to that of Metcalf & Eddy Inc., (1977). The zone of fresh-saline
groundwater interface must have been present in an area of the western
bank of the river course as concluded from the distribution patterns of
four major chemical constituents of'the water and from the hydrochemical

facies previously described (Table 20),

The problem of salt water encroachment in the study area can be

identified from the 250 ppm. isochlor in a continuous time frame
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Figure 30 Distribution Patterns of Total Iron in the Groundwater of

Four Aquifers, Bangkok Metropolis.
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Table 20 : Relationships between Hydrochemical facies and Distribution of some components.
Hydro- Distribution of components
Aqutier chemical
£ Tot. diss. solid Total Hardness Chloride Total Irom
acles -
Range of Distri- Range of Distri- Range of Distri- Range of Distri-

conc, (ppm.)| bution conc.(ppm.)| bution conc. (ppm. bution conc. (ppm,)| bution
Bangkok 264 240-2,000 South 88-1,160 North 5-1,160 South 0-4.8 Northwest
(water quality data & & & (increase)
available only in West West West
the southern part of (increase) (increase) (increase)
the study area)
Phra Pradaeng 2 215-4,400 West 79-1,700 South 5-2,840 Northeast 0-3.92 West
(data available in (increase) & & &
middle to southern West Southwest South
part of study area) (increase) (increase) (increase)
Nakhon Luang 2 94-14,400 | Northwest | 40-4,980 West 2-8,850 West 0-4.8 West
(data available in (increase) (increase) (increase) (increase)
middle to northern
part of study area)
Nonthaburi 2 235-6,600 West 56-4,500 West 1-4,100 West 0-2.97 West
(data available in (increase) (increase) & (1uct;ase)
middle to northern Southwest
part of study area) (increase)

(A%
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(Metcalf & Eddy Inc., 1977). The distribution patterns of chloride con~
tent in the groundwater of four aquifers in the present study against

the study of Metcalf & Eddy Inc.(1977) concretely proved that the problem
of salt water encroachment in Bangkok Metropolis area has increased in
magnitude and intensity. There appears to be a tendency of salt water
encroachment moving eastwardly across the Chao Phraya River course in all
.aquifers. The areas which have reasonably suffered from this problem
includes Amphoe Phra Pradaeng, Amphoe Yannawa, Amphoe Bang Rak, Amphoe

Samphanthawong and Amphoe Pzathumwan (Figure 27).

5.2) Fydraulic characters. The present investigation is concerned with

the analysis of preexisting data regarding the water level, yield, draw-

down, sbecific.capacitih transmissibility and storage coefficient ( Tables 21

and 22). In order to avoid any confusion which might caused by the

- ¢
PR

terminofgﬁv employ‘Th this study, the following definitions are used
Water Level is the imaginary surface to which water rises in

wells tapping artesian acuifers or called the piezometric level because

all aquifers in the study area are confined aquifers. This parameters

measured from land surface to piezometric surface.

Yield is the amount of water that can be taken continuously from

a aquifer per unit time.

Drawdown is the lowering of the water table or piezometric sur=-

face caused by pumping (Walton, 1970).
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Specific Capacity is the ability of well in each aquifer for dis-

charge and expressed as rate of yield per unit of drawdown (Walton, 1970).

The coefficient of storage is the volume of water, it releases

from or takes into storage per unit surface area of the aquifer, per unit

change in the compornent oi head mormal te that surface (Ryling, 1960).

The coefficient cf transmissibility is the capacity of an aqui-

fer to tranmsmit water through its entire thickness.

Basically, the four hydraulic character data, namely water level,
yield, drawdown and specific capacity are summarized and tabulated in Table
21. However these only represent part of aquifer properties which can be
used as a guidance to indicate that there is a substantial declination
for every aquifer. The average water level of these four aquifers has
declined from about 22.45 meters below the ground surface in 1975 to as
much as 32.98 meters in 1978. Therefore the rate of declination is
between 2.0 to 4.5 meters per year during this period when compared with
the pumpage which has steadily increasa from about 725,000 cubic meters
per day in 1975 to about 1,100,000 cubic meters per day in 1978, Evidences
from other studies regarding this matter are Ramnarong (1975) which
reports the decline of water level at the rate of 1 to 2 and 2 to 4 meters
per year in heavily pumped areas for Phra Pradaeng and Nonthaburi aquifers
respectively, and Piancharoen (1976) reports the decline of up to 3 to 4
meters annually for Phra Fradaeng, Nakhon Luang and Nonthaburi aquifers
including 1 meter per year for Bangkok aquifer. Undoubtedly, this decline

is caused by the over pumpage of groundwater.



Table 21 : Some hydraulic characteristics of aquifers (1975-1978)

(MWWA)
Hydraulic Water level Yield Drawdown Specific capacity
3 3
character () (n”/h) (m) (m”/h/m)
. average average average average
Aquifer

1975 1976 1977 1978 1975 1976 1977 1978 | 1975 1976 | 1977 1978 1975 1976 1977 | 1978
Bangkok 21,25 | 23.3 25.3 - 57.5 175.0 | 241.0 - 7.4 6.55 8.5 - 7.717 26,72 | 28.35 -
Phra Pradaeng 21.02 | 23.8 26.6 30.2 59.25 157.5 | 216.5 | 300.0 | 6.83 6.9 9.24 12.43| 8.67 22,83 | 23.43 | 24.14
Nakhon Luang 22.7 24,33 | 29.72 | 33.7 |l20.5 237.19 | 269.54 | 300.0 | 8.94 | 11.02 | 12.94 14,24 13.48 21.52 | 20.83 | 21.07
Nonthaburi 24,85 | 26.74 | 31.76 | 35.04 | 68.0 295.88 | 279.29 | 301.91) 5.65 | 20.60 | 15.5 20.18| 12,04 14.36 | 18.02 | 14.96
Average 22.45 | 24.54 | 28.35 | 32.98 | 76.31 | 216.39 | 251.58| 300.64( 7.21 | 11.27 | 11.55 15.62| 10.58 19,20 | 21.78 | 19.25

GET



Table 22 : Hydraulic Aquifer Coefficients
(Metcalf & Eddy Imc., 1977)

Storage

Aquifer Trans;isaibility Permeability {ocatton
m /d m/d Coefficient
L/ -
Bangkok Upper 500 = Rat Burana Area
(30 m zone)
Bangkok Lower 3100 - 4160 7 x100) to | Well D-205
(50 m zone) 5.9 x 10
3840 82 10~ Bang Pun
900 -~ 1200 Well 506
620£f Rat Burana Area
Phra Pradaeng 1750 - 3000 58 - 88 == 107" Bangkok Area
(100 m zone) 960 ~ 3100 Bangkok Area
2640 90 Pom Phra Chun Havy
Base
1680 57 N Amphoe Phra Pradaeng
2880 57 }7 U 10_4 Wat Phal Ngoen
2484 20170k 10_4 Well PB - 151
29861 1= 310 Wat Pal Ngern
2800 - 4100 Well 504
Nakhon Luang 1600 - 2750 52 - 82 1 to 2 x 107 | Bangkok Area
(150 m zone)
960 ~ 3100 -4 Bangkok Area
1560 53 1 -4 10_4 Wat Phai Ngoen
2400 82 SR Lumphini Park
2640 61 o Pak Kret
3000 83 2.2 % 10_4 Bang Bua
1200 64 2.6 x 10 Dept.of Mineral Resources
1615 b Well 89/1

1/ Aversge velues

—
w -
o
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The ability of an aquifer to yield water to wells is dependent
upon two important hydraulic properties. These particular characteristics
pertain to the ability of the water;bearing formation to store and
transmit water (Ryling, 1960). FEarly study by Metcalf and Fddy Inc.
(1977) has summarized the hvdraulic aquifer coefficients (Table 22). It
is suspected that within the study area, the capacity for an aquifer to
transmit water will vary considerable depending on the aquifer's thick-
ness and sediment make up (Plate 4 and Appendix 2-C). Generally, the
highest well yields are available from the Phra FPradaeng, Nakhon Luang
and Vonthaburi aquifers principally (Table 21) because of their greater
depth and greater water column available for a well to draw on. However,
the data on peological logs sugpest that there is a progressive decrease
in the transmissibility of these four aquifer westwardly and eastwardly
of the study area. As a result, wells located in these parts will

generally yield lesser quantities of water (Metcalf and Eddy Inc., 1977).
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