4-1-3 Present Utilizaﬁien of Grouudwatet :

This section deals with the present utilizaLion of ground

water and the’ valiablllty of the gloundwatel level in the study arca.

In generally, the use of groundwater in the proposed study areas

is small dmount

At present g:oundwater is uscd for human use in

Bang Yai, Nong Khaem, Nong Chok, Min Buxi Lat Krabang,_Bang Phll and

'Bang Bo, and gloundeter is- dlaWn for 1ndust11a1 use in Bang Chan and iy

the 1ndustr1al area beLween Bang Phli: and Bang Bo. However,'the groumb

water level has been gradually drawn down from year to year in the

area adjdcent to Bangkok

(1) Right Bank of the Chao Phraya Rlver.:

1)

2y

bal NOJ :_

At preeent hoIUSe is mede of gfeendweter in this
districe ' Fhere wads a time when groundwater was
drawn from a deep well for a water supply to the
community for about 7 years, but the deep well was
abandoned about 10 years ago The pumpage was 20
to 30 CMD: The well was abandoned due to increased
turbidity and saline water. No groundwater has

been withdrawn ever since in this district.

Baﬁg Bﬁe Thong:

There is°a'watér suﬁpiy“syeEEﬁ-which supplies the
communlty with 2 OOO CMD -of surface water but there
is. no deep Well ' As ‘the water of the_ Klongs
utlliZlng water source at present has_beebme poor

quality 1n recent years Lhere_appeefs to be a plan

‘to tap groundwater.: At present no use is made

of groundﬁater:inethisﬂdistrict; the groundwater

:ievel seems to be 10 to 15 m below ground surface.

_-Aseﬁming the grbundwater'level_wasiabout_S m in

19581959, declining of the groundwater level has

become 5 to 101m_up'to now.
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3) Bang Yai :

Use 1s made of groundwater drawn from a deep well
: whlch reaches a- depth of 162 m and the well is said
‘to-have a hlgh yield and to ptoduce good water,

The present pumpage is about 800 CMD The present
. groundwater. level and its change in’ this dlstrlct

appears to be about the same as in Bang Bua Thong.
4)  Nong Khaem :

.One deep.weii'is ﬁsed”as a.wafer supply. It is 80 m
deep w1th a bore of 250 mﬁ  The pgmpage.is about
450 CMD The water is not good as it contains
_theride ions in'e.coﬁeentration of 250 to 300 ppm,
and iron ions in e cencentratioﬁ_of 2 to 3 ppm,

‘The well casing has gone up above ground surface

‘about 5 cm due to ground subsidence.

Besides . the deep well, the Navy is using one well and
three private wells ‘are operating, but the water drawn from all
these wallb isalso. not good as it contalns chloride ions in a.
concentxatlon of 500 ppm Or more. “There has been little change in
the_grqundwater level, and the groundwater is now presumed to be

at a level of 5 m or so below ground surface. -
'(2) Left Bang of the Chao Phraya River :
1) = Nong Chok :
There efe four deep welis.in this -district. They
afeIISO'm deépIWiﬁh-a'bore of 50 mm, and water is
raised by air llft pumps.. Their pumpage is about
4307 CMD. The’ groundwaLer level in this district

‘is not clear, but is preseumed to be at a depth of

"5 to 8-m below ground surface,
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2)

3)

4)

: 5)

' Min Buri ¢

Two deep wells are exieting and both of them are
200 mm in bore and 160 m -in depth The total"
capacity of the two wells is 3,700 CMD. The well

'casing has gone up above ground surface’aboutISO”

to 40 cm due to ground subsidence.

In addltlon, there are two deep wells whlch belong

to. the Bang Chan Industrlal Estate and produce water.

They are 300 mm’ in bore and 200 m in depth and their

. average pumpage is placed at 2 000 CMD or so.

The groundwater level is now at a depth of about
20_m below ground’ surface and is said to have been
declining at a rate of  about 1 m per year.

Lat Krabang :

Three deep wells are ex1st1ng in thS district,

and an institute of technology owns -another two wells.
Their pumpage is about 3,000 CMD.: The well casing

has gone up above ground'surface'about 10 cm due to

ground subsidence. .

Bang Phli

A deep well w1th a 150 mm bore and 134 m depth is

operated as a water supply ‘in ths district, and

its pumpage is 720 CMD.- The, groundwater level in

'-'thls dlstrlct is now estimated to be ‘at a depth of

about 22 m be1ow ground surface.

Bang“Boff

“Two deep wells each w1th a 150 min bore and 160 m

depth are operated as a. water supply in this

. _distrlct and thelr pumpage is 780 CMD.

o The factories built along the national highway owhi
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their deep well, as shown in Table 4-5

, and the

'pumpage of their wells is estimated to be 600 CMD.

As beelng menLloned above, at present no more than 9, 900

CMD of groundwater is: d1awn for domestic use and no more . Lhan 2,600

-CMD for 1ndustr1a1 use Jn the proposed study area.

Thls amount of

water accounts for only ‘about 1 % of the total pumpage of 936 755

cMD in the low central plaln.' The decllne of the groundwater level

“in the areé:adjacent to Baﬁgkek is therefore not attrlbutable to

puiping of groundwater 1in that area but seems ascribable to over—

pumping in metropolitan Baﬁgkok.

* Report'oh Groundwater Monitoring Well Construction and

Fetufe.Progrem,.Table 2-4

Table 4-5 PRIVATE WELL AT BANG BO

 WELL
NAME OF COMPANY DIAMETER | DEPTH N
: OF WELL | OF WELL
THAT ACRYRIC CO. LTD. 150 mm 160 m
' 50 m3/day
150 mm' 130 m .
SIAM KIKI CO. LTD. 150 nm 132 m 250 m3/day
BANGKOK FEED MILL CO.LTD. 150 wm 118 m 200 n3/day
- ; _
THAT SWEDISH ASSY. 100 mm 135 m 80 m3/day
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4-1~4 Coefficients of Aquifers :

To obtain éccurate coefficients of the aquifer it.is
necessary to install ‘a main test well and an observation ﬁeil to
analyze the results of the yield test, - In thé_S_Amphoes; there are
only production wells and no coefficieﬁts of the ‘aquifer have'been

obtaiﬁed.by the yield test.

On the other hand, Qoefiicients_of the aquifer have been
obtained at some locations in central Bangkok. Table 4~6-§hows ﬁhe
values given by Charoen Piancharoen et al. (1976)*, and Vachi
Ramnarong (1976)*%, who performed.detailed tests in the Bangkok
aquifer and Nakohn Luang aquifer, and which indigatés T = 250,000
gpd/ft and S = 2.2 x 10_3 as coefficients of transmissibility and

storage of the Nakhon Luang aquifer,

% Charoen Piancharoen and Charoen Chuamthaisong, 1976
Groundwater of Bangkok Metropolis, Thailand, P. 13,
Table 1 '

%% Vachi Ramnarong, 1976

Pumping Test for Nakhon Luang and Bangkdk Aquifers, P. 38

In the district where the éoefficients of the équifér"have not
been obtained by yield tesgts, the specific capacity'(SEe Fig. 4-21) of
wells can be determined from the data on the production wells. The specific
capacity of a single well (having a bore of 250 mm) was determined '
from tﬁe coefficient bf transmissibility whigh was in turn determined
in a test well bored in Bangkok. The two values were plotted

" against each Othér.to éstéblish the relatioﬁship between-them, as

shovwn in Fig. 4-20.

The coefflglentv' of the aquifer in the 8 Amphoes of the separate
system were determlned accordlng to the [low chart shown in Fig. 4-22.
In-brlef ‘the specific capacity of the well is determined by consulbing

the data of the existing'wellé,-and the transmissibility of aquifer

: perculiar to each Amphoe is determined from the relatlonship between

the transmls%1b11lty and spec1f1c capacity.
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On other hand,fthe'average coefficient of transmissibility of

' thé"N'akhon Luang a'qui"fers (dn ;centrai Bangkok) is determined by
'caléhlation. “The average coefficient of_tfanSﬁissibility is multiplied
by thie 'Ehickné$s of each aquifer td.ébtéin an approximate value of
transmiséibiiity;  Theralﬁe'of'tfansmiésibility thus obtained is
adjusted to a reaéOnableavalué phréugh comparisoﬁ with the value

détermined from the specific capacity. (See Table 4-7)

In the:determination of.fhe coefficient of storage, the
SPecific.capécity:is first obtained from the relatipnship between
the-obsérvéd Valﬁé 6f'coeffiéient of transmissibility and the
aSéuﬁed ﬁalﬁe of-éoefficiéntfof stﬁrage. When a true specific
caﬁacity was obtained by changing the assumed value of coefficient
of étqfége, the ﬁalue.of qoefficieﬁt of storage assumed in that

calculation is'édeted. (See Table 4-8)
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“Table 5~G

COEFFICIENT'OF'AQUIFER

Location of "

Cdeﬁficient

(See'Table A 6)

'_4f~'45'

AR 13 Coefficient of .
: Aqulfer tested well Transmissibility Permeability of storage
- | (mf /) (m/hr)" o
Nekhon TLuang |.Wat Phai 65 2.21 | 1.00 x 107
Lum Phini 100 3.40 | 2000°x 107
Park _ '
Pak Kret - 110 2.55 | -
| Bang Bua. 125 3,45 2.2 x 107
Dept of ., o __,' PO ~4
Mineral Re~ ' 50 2.65 2.60 x 10
sources I ' - :
SC
150 L
/J
100 |- -
50 |
L 1
50 100 0 T
,7Fig,_4e20 ' RELATION OF TRANSMI%SIBILITY AND SPECIFIC CAPACITY
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Fig. 4-22 ° COEFFICTENT OF TRANSMISSIBILITY AND STORAGE

@)
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P Past. Test Wall
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Se (k) SR
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Table 4-7 TFINAL VALUE OF TRANSMISSIBILITY

Sai Noi 20 m3/hr/m
Bang Bua Thong 20 "
Bang Yail 20 "
Nong Chok 10 "
Min Burid 20 "
Lat Krabang 15 "
Bang Phli 15 "
Bang Bo 15 "

Table 4-8 COEFFICIENT OF STORAGE

T = 10 m3/hr/m g§=1x10>
T = 15 m3/hr/m S =5% 1074
T = 20 m3/hr/m g =1x% 10"“
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4-1~5 Quality of Groundwater :

The location of 18 sampling wells and analysis results of them
collected during the survey are shown in Fig. 4-23 and Table 4-9,
The'groundwater in the area adjacent to Bangkok is saia to have been
becoming saline water in recent years, Since the Plan to use ground-
water as a source of potable water may be influenced by the salinifi-
cation of groundwater, the quality of groundwater was examined from
a geochemical point of view and the mechanism of salinification was

investigated on the bals of analysis results of the 18 water gamples,
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EERNTY Fig 4-23 L_OCATION MAP OF SAMPLING WEL.L_S
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(1) -Discussion onisalinification ofﬁGroundwater':

-

1 Claesification’of Groundwater}

Pure water 15 a compound of hydrogen and oxygen but
water in such a pure form does not exist in the natural world Sub—
‘stance floatlng 1n the alr gets dlssolved in raln, and surface water
contalns a 1arge varlety of substance on the ground surface Ground—
fwater is’ recharged in the aqu1fer,_as ‘surface water containlng such.
i:unpurltles returns to the aqulfer Furthermore, surface water
collects many other 1mpur1t1es as it. £lows through the aerated zone

and aqu1fer before it reaches the surface of.groundwater,

. When' the assumptlon is made that Lhe catlons of the
main constltuents (e g., Na, Ca, Mg and K) of 1mpur1t1es dlssolved
in groundwater are in chemlcal equlllbrlum w1th the anions (e g

804,'C£5 HCO and,CO3), groundwater can be cla331f1ed 1nto four

types as folgows:
L0 caticoy), type.
ii) NaHCd3 type
iii) - CaSO04 or CaC£2 type:'

iv) = Nap504 or NaCl type

1) and 11) GrOUps of Groundwater :

Fresh water is. generally of Lhe Ca(HCO3)2 type, ‘but
'_groundwater ‘may be e1ther of the Ca(HC03)2 type or of the
NaHCO3'type.f Groundwater _of type i) is generall/ at a o
.,shallow depth whlle type 41). is at ‘a deep depth. - Hhen the"
mechanlsm of recharge and flow of groundwarer is cons1dered
the follow1ng three stages can be con31dered to explaln the
"__process in whlch the comp051t10n of dlssolved qubstance '
:fchanges as surface uater traneforms itsell 1nLo unconflned

groundwater_ to conflned groundwater.
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-() Oxidation —= Reduction .
()I'Reedering
©) Ton ekchahge.

. In the etage of (:) the dlssolVed oxygen 1s consumed

in the decomposltion of organic matter’ which akes place

 as ground flows in the aqu1fer. Ae the confined ground=-

water does not come 1nto contaet w1th air, it is exposed
to a reducing-atmospherey As. result, ehemlcal

. components undergo the following changes:

a. Dissolved oxygen decreases.. -

b. Fe2+.ine;eesee.

e, 302*-‘decreeses.' :

.d.___As a result:of'nitrogen fixation by micro-
_organisms, NOB’ whlch has 1ncreaeed in the.
presence of a lot of dlssolved oxygen is

- reduced to NH4 through the follow1ng process:
NO_3 ?“’_-NQZ--fk NHZOH i | NH4
;é., As a result of anaeroblc methane fermentation,

 d1ssolved methane is produced

In ‘the stage of (:) the follow1ng changes take place

as groundwater comes into contact with the aquifer and

equ1clude:

-a,  All kinds of cations: increase.

-3

L. HCOh'ihcfeaseS' that 15, [HCO Jall anlons]
' 1ncrease whlle[Cﬁ /all,anlonu]decrease.

_ Stage (:) represents a chemical procees 1n whtch
ions attached to the molecular structure of an “insoluble

substance exchange with -ions present in a surround1ng
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solution, The -ioh exchdngers undergo exchange w1th
poeltlvely charged ions (cations) and ion exchange of
this type . lS called cation exchange or base exchangef

For example, equ111br1um represented by the follow1ng
équation is attained when the 1on:exchnnger adsorbing Ne*

is exchanging ions with water containing caZt,

. L 4
2NaX + Caz+____CaX2 + 2Na

where, X stands for the ion exchanger.
This reaction explains the phenomenon of groundwater
softening, :
ER o ' g "
1f water containing Na in an uwnusually high

concentration llke seawater 1ntrudes into the dqulfer

filled with fresh water, the reaction 1ndicated above

proceeds from-right to left so that Ca2+ increases.

iv)

Group of Groundwater. :

The'groundwatef of this group containg mainly
componnds of Ca, Mg, SO& and C£. This gronndwater
occurs as permanent hardness is imparted to ground~
water. Acidic waste'Water‘in the mine and volcanic
water are generally of this type and fossil water may

also belong to this group.
Group of Groundwater :

- The water of this group is seawate1 or the llke.
The: groundwater 1n ‘the- aliuv1al or dlluv1a) layer is
contamlnated w1th the seawater remalnlng in the soil in
the llttoral area. Contaminatlon of groundwater, '

seawater in the 11ttoral area may also occur as a result

'of a change in the hydraullc conditlon._ Such contamlnated

'”’water helongs to the NaCl type in most 1nstances.

”“The;elassificationnof‘gronndwater-hae'been briefly
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discussed.: Néw brief mention will be made of saline

water.

::Saline water_is classified éccording to the total

solid content as shown in Table 4-10.

Saline water can occur underground in the following

conditions:

.(D Séline_Watér gatheied during the formation of the

layer remains trapped in 1it.-

L@ 'Salts are'léaéﬁéd out of soil of the layer itself

or the neighboring layer into the groundwater.

©) The layer is exposed to seawater or other source

of salt after formation of the layer.

‘Table 4-10 RELATION OF SALINE WATER AND TOTAL SOLID

e T ]

Total Solid

< 100 ppm

1,000 - 4,000

]

14,000 - 50,000

. Blectrical
Conductivity

' 1,400 sv/em

e}

4,000 - 14,000

Frésh-Water _

] | _
Low Saline Water - 100 - 1,000
Middle " 1,000 ~ 10,000
wigh. . " 10,000 ~ 17,000
Sea Water ~=> 17,000

> 50,000

4 = 57



2) - Discussion on Salinification.
i) General
(:) The rotal concentratlon of dlsso]ved ions

in the 18 samples of groundwater was
compared by measurlng-their elect:1c
conductivity. '
When the electric cbnductivity of ground

water was compared among the- samples, u51ng
the value of 1. ,400° 20/ cm obtalned with low
saline water.as.the reference level, flve

. samples were exceeding the reference level,

as shown following (Refer to Table 4-10).

ez 30 kv
No. 8 : .2-,;02:0 .'/JIUfcm :
No. 12 _ 7 1,920 yt}/cm:
) No; 15 _ | 1,5&5 #El/cm.
No. 18 R 1,685 #U/cn

Other samples showed electrlc conduct1v1ty
whlch value ‘was lower than 1 AOOAL /cm.
Needless to say, the flve samples showed

a h]gh value of total SOlld content furnlsh—
“ing eV1dence to indicate hlgh electric -

conductivity. (Refer.torTable 4-12).

‘() When the salinity range of 0.5 < CA/HCO,
#0053 < 1.3 (Refer to Table 4-11) obtained
'wlth gfcuhd'nafef'slightly confaminatee'
:W1th seawater was. taken as’ the reference,
.four samples fell within this range (Refer

' to Table 4-13), as follows.
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Table.&elln

DEGREE OF SALINE WATER

2.8 <

1.3<

0.5 > C£/Co3 + HCO,

Degree of Saline Water

_— SOV

Not Coﬁtaminafed with Saline Water '

< 1.3

“Low degteé Sa1ine'Watér

Midium degree Saliﬁe'Water

Righ degtee~8aline_water

“6;67<

15.5 <

"o

..Heavy degfée'saiine Water

" Sea -Néter
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Table 4-12 SUNMMARY OF WATER QUALITY

'Eledd_

Ttem _ _ T _ : "Dié4
) . . |Pumping | trical | Tur- - Total~ | 5.
- District Aquifer | oy | Conduc-| bidify | solids | SOTVed
SRS T K Solids
No. ) : : tivity o : - .
L |Bang Khen NON-aqf | 33.3 | 710 | 0.29 400 | 290
. ' [w3/h] | [mv/em] | {ppm] [ppmi| . [ppm]
2 |Bang Khen NON-aqf | 20 3,370 | 24.0 2,650 | 1,450
3 |Klong Luang NAK-agf 0.4 864 0.25 480 370
4 |Klong Luang NAK-aqf | 12.4 897 2.7 500 380
5 |Bang Kruai NAK-aqf |- S 750 | 0.9 372 300
6 |Bang Yai NON-aqf | 20 730 7.2 366 285
7 |Muang Nonthaburi NON-aqf | 354 650 3.5 335 265
Tai-Asahi Soda ' : : . : . -
8 | ash co. Ltd. BKK-aqf |55 - 60 | 2,020 7.0 1,065 890
Firestone Tyﬁe & _ '; .
9 | oitbor Co. ird. PRA-aqf | 81.9 905 b4 460 380
Phranakorn Milk . '
10 | insery Co. Led, |TRA-aaf | 41.7 825 8.3 410 355
11 |Bang Phli PRA~aqf - 1,225 0.33 605 510
12 Bang Bo 'NAK—aqf. - 1,920 1.0 .882 - 770
13 |Bang Bo PRA-aqF - 1,045 0.27 510 | 440
14 |Bang Phli NAK-agE. - 950 0.18 500 390
: ';_:RétanalTanee Commu- _ : : e _ i
L nity Housing Project PRA aq? - 1,545 _ 0.15 742 : 635
16 . |Min Buri ' NAK-aqf - 1,000 0.26 510 390
17 |Lat Krabang | NAK-aqf - 810 0.18 485 390
18 . |Nong: Chok | PRA-aqf | - 1,685 | 0.57 | 850 710
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Table 4~13 COMPARISON OF ION GONTENT

[meq]
A..cluifer No. Ce {fﬁeq'] o ' .CZ/H.C.O:'S + (‘03 S%/Total Anion
- Bangkok 8 :1.1..59:‘ ) 089 006
. Phra | 9ol alsy 0.25 0.12
Pradaeng N = R
10 1.52 ~0.20 0.12
i1 3.61 - Com 0.09
B T |
12 - 8.73 0.69 0.09
13 161 0.6 0.11
4| 10 0.16 0.19
15 i 6.59 L 0.59 0.06
':-18“" asT .74 0.20
Nakhon 30 0ar 0.02 018 |
Luang o :
4 0.37 10.05 0,23
5 0,62 0,11 0.3 |
16 | L 0.68. 01 0.22
17 0.49 0.07 ] 0.27
' Nonthaburi Ty 0.08 0.01 0.22
fle ' _'20.85" 10.30 0.09
6 ;;;13' 0.22 0.33
7 0,25 o.oé 0.40
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“(> The key diagram of the 18 water samples was
drawn. As a result, the 18 water samﬁles_
could be classed into two groups as follows.

(Refer to Fig. 4-24):
a. NaHtO3 Type;

Nos. 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12,
13, 14, 15, 16, 17 -

b. Na,50, or NaCZ Type;
Nos. '8, 18

The inference may be made from the above results
.that No. 8 and Nd.'18 water samples-are seawater or
‘the like,‘while other water samples are Qonfined as
fresh water. As is clear from the key diagram in
Fig. 4-24, however, Nos.5, 6, 7, 8, 12, 15 and 18
water samples seem intermediates between seawatér

and fresh water.

Be that as it may, the 18 water samples belong
to the NaHCO,
_obvious that Na ions are present in these water

type or NaZSOé or NaCf type. It is

"samples in greater more abundance than other. cations.

Ju&ging from (:) the value of Qléctric conducti-
vity, (:) the tendency toward salinification, and
(:) the key diagram, Nos.8, 12, 15 and 18 water

samples seéem to indicate a problem of salinification.

The ions contained in the 18 samples will be
dispusééd with a view to clarifying the cause of
salinification. For.purposes of comparison, ﬁo. 2
séﬁple, which showed an ‘unusually high value of

electric conductivity, will be discussed likewise.
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Fig. 4-24 'KEY - DIAGRAM

100

100

_ I : Ca.(HC03)2 Type 11T C.aSO4 oY CaCly, Type
i1 : NaH_COj Type 1V N32804 or NaCZl Type
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ii)  Causes of Salinification:

*

Croundwater can be salinified for redsons as

follows: -

<:)_
(j)'

‘Contamination of groundwater with fossil

seawater.
Saliuification‘of groundwater resulting

from the intrusion of seawater into the

aquifer.

Sallnlflcatlon of groundwater resultlng

from the leachlng of salts out of the

soil of'the.layer.

'5ConLam1nat10n of groundwater w1th f0551l

seawater

The sallnlflcatlon,of groundwater cannot

be dlscussed in detail on the ba51s of the
ex1st1ng data alone.. However in general
fossil seawater contains chlorlde ions in
the highest cooeentration of all anions and

contains SOa'in a low concentration as it

.is-in:a reducing atmosohere.-.The 804/C£ :

ratio is said to be almost zero, while the

corresponding value of $eavater is on the

'order'of 0.14'approkiﬁéte1y.

_The SO /Cl,ratlo of the 18 watex samples

ranged from 0.13 to- 22. 25 ~ The samples ‘which
showed a tendency toward sallnlflcatlon

showed the fol]ow1ng S0 /Cﬁ-ratios (Refer

“to Table 4— 14)

© Na. 2 0.40 -

No. 8 0.13
-~ No. 12 : 0 0.25
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No. 15 ' 0.17

‘No. 18 ' 1 0.60

In the case of these water samples, it is

difficult to assign fossil seawater as the

cause of galinification.

Table 4~14 TON COMPOSITION

. [meq)
ltem . L ' ‘ . S
N Na 4 Ca Mg cL g0, | HCOxtCD4
Nb'. : m._,_ _,-. . ,,.,,._____, . i -
1 6.3 0,200 L 1,00 | 0.40 | .0.08 1.78 | 6.7
2 175,00 | 0.54 [ 15.57. .} 7.31. -]20.85 | 840 | 69.17
— S e ‘ — - A
3 6.74-- | 0.18 1.40 0071 0.17 1.60 7.26
4 7.60 .| 013 | 1.06 | as9 {037 | 213 | 6.86
5 6.83 ' 0.20 ] 196 1 0.75 0.62 | 3.07 5.45
6 | 6.09 | 0.23 1.96 0.95 | 1.13 3.00 | 5.09
B - .I - . . - .'__.____,_.,,. R
7 f 530 10,20 1.16 | 1.30 1 0.25 3.19 4.52
8 | 18.91 .| .0.49 2.59 | 4.31 11169 | 156 | 13.07
3 852} 0.18 120 0 1.11 1.83 | 1.30 7.88
10| 8.09. . 0.23 1,08 | 0.79 | 1.52 | 1.24 7.43
T ARV SRR B 1) 2.51 0.79 ] 361 | 1.48 | 11.02
12 | 1870 | 0.23 3.10 ] 1.50 8.73 | 2.19 | 12.61
13 L aae [oas. | 120 0.28 1.61 | 1.42 9.90
e : e : : - | e
"4 9,35 | 0.10 1.56 0.47 1.30 2,13 8.05
15 14.78 0.31 2.72 1.03 6.59 | 1.13 11.12
w6 L 676 | 0.10 1.48 0.40 0.68 | 1.95 6.00
17 6.09 | 0.10 1.24 0.6 0.39 2.13 5.27
A SR ) S s L
18 | 12.39 | 0.08 0.60 0.28 4,51 7.72 6.12
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(:)H Salinification Due to Intrusion of

Seawater:

Groundwater can be saiinifiéd'by seawater
ingoné'bf two ways: 1) seawater can in-
ffnde.iﬁtchthé.léyer, or 2) seaWéper can
inff&dés'fhe équifér.through_the”ion.

exchahgeté contained in the aQuiclu&e and

other layer of soil.

a. Direct Intrusion of Seawater:

Assuming that the équifef had been

directly intruded by seawater, the concentrations .

of specific cations were plotted_agaiﬁst the
concentration of éﬁlbridé ions, as shown in
Figs. 4-25 through 4-28. No. 8, 12, and 15
‘water samples showed SO&/Cﬁ.fétios that were
suggestive of the direct intrusion of seéWater,
.but the concentirations of cations did not show
'correlation with the direct intrusion of sea-
water; and, the concentrations of cations were

generally higher.

As.for_Nos.Z, 8, 12, :15 and 18 watér
samples, which iﬂdiCaﬁed a téndency toward
salinification, the concentration of Cf ions
was too low for theramount'of'Na'ions, except
for No. 8 water sample; assuming salinification

was to be explained by the direct intrusion of

Seawafer.
No. "~ Na (meq) : CL (meq)
No. 2 75.0 20.85
..Ncﬁ_si C1891 1169
No. 12 1870 8.73
”Nq.;ls o - 14.78" 6.59
1N§. ;é 1239 451
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The tenﬁency toward salinification in
these samples other than No. 8 camnot therefore
be explained by the direct intrusion of sea-

water “into the aquifer.

b. Intrusion of Seawatexr through Ton

Exchangers:

Assuming that the.aﬁuifet had been
intruded by seawater through ion exchangers
like clay and minerals, the cOnceﬁtrations of
Specific cations were plotted against the
concentration of chloride ions, as shown in

¥igs. 4-29 through 4-31.

When seawater intrudes the aguifer
through ion exchangers, the following veaction
must take place, for seawater contains Na

ions in a high concentration:

2
2N5+ —= Ca t

1f the assumption held true, there shoUld-be
an inﬁxease in Ca ions. The faet was, however,
" that uone of the 18 water samples showed an
increase in Ca ions. The data shown in

Fig's. 4~28 through 4-31 therefore preclude
the possibility of intrusion of seawater

into the aquifer through ion exchangers.
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C) :Salinification Due to”Leaching of Salts:

: Né iOh was the chief cation and_HC03 ion
was the chief anion in the 18 water samples,
'and'HCOE jon accounted For 50 % or more'of
‘all anlons in 16 water samples, excludlng
No. 8 and 18.° This condltlon can be

con51dered to 1ﬁdicate softened groundwater,

The iﬁcréésé'in Na ions was plotted against
afunit_ihcfease_in HCOé-ionS_réiative'to the
-tqncentratioﬁ‘of cl iéﬁs'in the 18 water
. samples, as shown in Fig.4-32 All the
'samples,_lncludlng Nos. 2, 8, 12, 15 and i8
 'wh1ch showed a tendency toward sallnlflcatlon,
.ware dlatrlbuted along a straight line ex-

pressed by the equatlon Na/Cl = HCO + Co /CE

This phenomenon is indicative that if one-
 HCO3 ion is ‘leached out of the layer into
the -groundwater, one Na ion is leached
.out_lnto the’ groundwater. It may there-
__fbré be inferred from this faect that the
.groundwater in the area adjacent to Bangkok

belongq to the NaHCO3 type whose recharge

_1s llmlted

“No. 2, 8, 12, 15 and 18 water samples, which
shpwéd a teﬁdency toward salinification were
indi¢ativé'0f a close relationship between

uéalinffiCatioﬁ and increased ions, especially
Na.iqn,'but the C4/Na ratio of these samples,
'excépt.for No. 8, was smalier than that of

seawater.

The probable cause of salinification is
therefore the'leaching_of_salts and CZ ions

out of the soil of the aquifer.
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In other words the mechanlsm of salinlfi«

catlon of the aqu1fers in the area adjacent
_to Baugkok can be explalned more or. less as
follows: '

Dnring.the_accumulation of ion exchangers -
like clay they eame into .contact with
seawater and ions are exchanged as follows:

ZNaf + CaX —= 2NaX +-Ca2

The ien exehangers riCh in Na ions like clay
were accumulated, and at the same tlme the

clay adsorbed CZ—lons of seawater.;

The groundwater of the area adjacent to
_Bangkok belongs to the, NaHCO3 type ‘which
contalns ‘Na and HCO3 ions in a normal:
condltlon.. When a physical force is exerted
on the aqulfer as-in overpumplng, Na ions
abundantly plesent in the 1on exchangere like
clay and Cﬂ ions -adsorbed by the layer are
leached out 1nto the" groundwater; Sk sum,
.:the groundwater in the area adjacent to
Bangkok belongs to the NaHCO3 type whose
recharge is 11m1ted When the aqulfer is
subject to a physical force as in overpumprng,
Cg ions adsorbed by the layer are leached

out into the groundwater,: resultlng in salini-

flcatlon.

-The'SalinifieatiOn of No." 8 water sample may
bée ascrlbable to the intrusion of seawater
1nto the aqu1fer for several reasons: the
water sample contains Ci.lons in a higher
concentratlon than Nos V2, 12, 15 and 18 water
'samples, the. Soalcﬁ.ratlo of thls sample is
'elmllar to that of. seawater' and the water
'sample was' taken from the Bangkok aquifer

loeated near the coast. line
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(2) Other Water Quality
of the 18 water samples discussed above, Nos.6, 11,12,
13, 14, 16, and 18 were taken from the'pr0posed_served.aréa of the
separate system. They would pose probleins, as shown in Table 4-15,

when used as drinkable water.

No. 6 water sahple was taken from the ekisting-well'in !
bang Yai and the well is assumed to continue in use as a water source
for the separate system. No. 16 water sample was taken from the
existing well in Min Buri whlch drewvs water from the Nakhon Luang
aquifer whlch is planned to be tapped for the separaLe system
Nos. 11, 12, 13 14 and 18 of the samples showu in Table 4 15 were
taken from the existing wells in the proposed served area of the
separate system, but these'ﬁellS'dran water from the aquifers which
are not planned to be tapped torathefseparate system. They will

therefore be left out of consideration.

The quality of Nos.6 and 16 water samples will now be

briefly discussed.
l) No. 6 Water Sanple {(Sampled in Bang Yai):

‘This water sample contains Fe ion in ‘a concentration
of 0.65 ppm and Mn ion in a concentration of 0.302 ppm.
The values of these are exceeding by accepted standards

for drlnklng water.

The values of dissolved solids and methyl orange
alkalinity are also high so that the presence of abundant

HCOS_is suggested.’

"As it appears that Fe and Mo can be removed by a
simple procedure like aeration or Chlorination these
mlnerals do not pose a serious problem when water is

taken from thls source for domestic use.
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2) No;-lsfwater Sample (Sampled in Min Buri):

The total solid content of thlS water sample is . some-—
hat high (510 ppm) , but its tu1b1d1ty is as low as 0. 26
"ppm. The water from this source can be safely used as

drinking water.

y 1he quallty of water qamples was evaluated in relatlon to
the drtnklng waLer standards on the basis of very limited data. The
existlng data on’ the Nakhon Luang and NonthabULi aqu1fers whlch are
planned to be tapped to supply the 8 Amphoes ‘covered by the separate

_system are very scarce.

| - AS'the two dquifers are'planned to:bée tapped as a long-
téfmﬁwétéf_squrdehéﬁpplying the 8 Aﬁphoeé, it is recommended that
thé chéngeS”iﬁ the‘qualiﬁy of water be determined at certain
Qpéfidd:0f tiﬁé_in'the étage of detail design of the separate system
and that Water_tréatﬁént'qr any ‘other necessary measures be planned .

'aécdrding”to'the'results of additional survey. .
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Table 4-15 SUMMARY OF POOR WATER QUALITY

No.

District

Aquifer

:_ =-Depfh

" Poor Item

' Bang Yai

NON-aqf

170

Turﬁidiﬁy,Fé;-Mn,:

11

Bang Phli

) PRAwaqf._

134

ToﬁéluSolidé

12

Bang Bo

NAK--aqf

160

'Odor;Total—Solids,CL

13

Bang Bo

PRA—dqf

135

-'Total?sali&s

14

Bang Phli

- NAK-aqf -

160

‘Total-Solids

.16

Min Buri

NAK%an-

160

Tota1f301idé -

18

Nong Chok

PRA-aqf

| thal—Solids_

NCTE :

NON-aqf

NAK—aqf T
PRA—éqf_ :

Nonthaburi: Aquifer
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b-1~6 1Recherge to_Aquifers

. The 5011 proflle of the meLropolltau Bangkok area and its
vicinlty ehows ‘that there 1s a layer of con51derable cont1nu1ty,
.or the so-called Bangkok clay 1ayer near the gfound surface which
seems to 1nter£ele with the permeatlon_of ‘surface water into the

five aquifers utitierlying- this 'clay layer.

It is very 1mportant to the utlllzatlon of groundwater
whether the aqu1fer is recharged or not or how much surface water

1s_1eturned to the aqu1fer.~

The aqu1fers are recharged in more . than one way " In ode case
_flow 1n the aqu1fer varles w1Lh the head c0n5umed on,the slope of
the- hydraulle grad1ent according to the law of Darcy, and in the
other case where the ‘head of the IOWer aqu1fer is - lower than the
'upper aqulfer water flows through an 1mpermeable 1ayer in the form

‘of a leak

The heads of flve aqu1ferq in metropolltan Bangkok and its
Vsurroundlng area have lowered c0n51derably due’ to overpumplng in

_ Bangkok 31nce 1958, ‘and there is a drawdown reachlng a depth of

30 W below ground surface. As a result many flow. lines of groundwater
'converge 1nto centra} Bangkok from the surroundlng area of metropolitan

Bangkok (See Flg.l4 33).
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. ”ltrseeme“quite_posgible.that the aquifers are recharged, but
the feet:is.thet-thejdrawdowﬁ-hee'been wideniﬁg:from'yearito yeer.
Thie féct-iﬁdlcates.thet the recharge is small as- compared with the
.totellﬁuepagefSO that the_grbundweterrstored in the aquifers is

'consumed.

Tt is: extremely dlftleult to say whether the aqulfers can be
recharged in the form of water leaks. It may be eafe ‘to gay that
VBIthal leekage of water ‘does not occur in these aqu1fers, as

fthere exists an’ exten31ve thlck ard continuous 1mpermeab1e 1ayer.i
However, vertlcal leakage is theoret1cally p0381b1e in thls case where
-tthe heads of the aqu1fers are consumed in large measure., Aseumlng :
'.that 4 pressure head dlfference is 30 w, vertlcal leakage at a raLe
.of about 200 CMD/km can; oceur through the 1mpermeable layer hav1ng

a coefflcient of permlablllty of 5 x 107 -9 m/sec even if there exists

. a seml—confined layer 50 m thlck

e It s sald that 1t can be known from the type of groundwater
whether or not the aqu1fer is markedlv recharged When a key diagram
'was drawn by consultlng the ex1st1ng data (Fable 4-16) collected in

the Eirst” fleld survey, Ca(HCO type grOundwater of ao adequate

_ 2
3recharge was noted in’ part of the area (F1g s, '4“34 and 4-35).

_ In the second ileld survey, however, it was - revealed that all
water samples belonged to the NaHCO3 type of stagnant groundwater or
the Na 50 or NaLl Lype e0ntam1nated w1th sallne water. In thls stage,

274
thlS essentlally precludes the p0331b111ty of recharge to the aqulfer.

_ Charoen et al postulated in 1976 that about 6 %oor 4,212

' mlllion eublc meters of annual prec1p1tat1on in the low central plain
was reoharged to the aqulfers._ Nobody else’ has estlmated the recharge
1n concreLe terms to date. ‘ The' argument as to the locatlon of the

: recharge area should cover the area outside the: low central plain,
j'__and the recharge area requlred to return as mach. as 4,212 million .
“cubic metere of eurface water to the aqu1£ere is placed at 54,000 ka
jr(Refer-to Table 4~]7) However, it is not pertinent to discuss this

question in this report
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Fig. 4-34 KEY-DTACRAM ANALYSTS OF GROUND WATER
FROM EACH AQUIFERS .

100

I: Ca(HCO3)2 Type

171: NaHCO3 Type

111: €CaS%d, or Cac,{i.2 Type

4

Tv: NaZSOA or NaCfl Type
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Fig. 4-35 DISTRIBUTTON OF GROUND WATER QUALITY
WITH KEV-DIAGRAM ANALYSIS - -

‘Klong Vang

O: I : Ca (11C03)2 Type

B : 11 : NaHCO; Type

1 @ : 111 : caSos or CaCly Type
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: : NaCl Type :
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In. planning a water supply project, it is necessary to adopt

a safe yield. In such a case as described above, the optimum

pumpage should be determined through mathematical simulation of

data

on the groundwater level variability so as to avoid ground sub-

sidence due to the-ibwering of the groundwater level or the

contamination of groundwater with saline water. In the present

feasibility study, however, an attempt to meet this requirement

had

to be:given'up for required data obrfained by the punping test with

observation wells.

Table 4-17 ESTIMATED GROUND WATER

SATE YIELD
: S Average . |% of rainfalls. Recharging
s . Effective . water
Ground Water Basin | NE annual |reaching ground 3 :
: area(kms) S, : . .| {safe yield)
rainfalls(mm)| watet reservoir U 3
_ : {(millions m3)
= ]
Northern Highland
and Upper Central| 99,000 1,200 8.75 10,395
Plain :
Lower Central 54,000 1,300 6.00 4,212
Plain _
B _ NS
Khorat Plateau 180,000 1,200 5.00 10, 800
Mae Klong Basin 30,000 1,300 8.75 3,412
Gulf Coastal Plain| 10,000 1,800 8.75 1,575

THATLAND COUNTRY REPORT, UNITED NATTONS WATER CONFERENCE,
ESCAP REGIONAL PREPARATORY MEETING, 1976,
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'As'arconc1u9i0n'of the overall stﬁdy‘of fhe metropblitan
Bangkok aréa and 1ts vicinlty, two foims of rechdrge wer
'postulated. the groundwater stored in-the sur1ound1ng area of the
low ceﬁpral plaln_flows into the'aduifété of_centrél_Bangkok'
~resulting from;déclining_of the groundwater level; and teaks

through the semi-confined layer under reduced pressure.

In the light of this way of looking at the recharge of
the aquifer, there are two criteria for determination of a safe

yvield::

1)  Pumpage which does not give rigse to the=salinificatidn'

of groundwater.

2) Pumpagé'ﬁhich does not cause ground SuBSidence whicﬁ
. might’ result from the 1eakage of water thlough the '

smmwmﬂmmdlwen

Groundwater can be salinified by the direct .intrusion. .of
seawater into the aquifer and/or by the leakage of saline water

contained in the upper layer into the aguifer under‘reduced-pressnre{

In the case of Bangkok not so much the direct intrusion Of
- seawater info the aquifer as the leakage of sallne water 1nto Lhe
aquifer seems respon31b1e for the sallnlflcatlon of groundwater

as discussed in Sec. 4-1-5. The recharge of aquifers in the area

surrounding Bangkok may be expressed-by the following equation.

where;
'h #'groundwater level

Tx, Ty.: coeffipiéhts of transmissibility in X and y directions
 5 :_coeff;ﬁient'df.storage

 'W(x?y?t)¥ pumpage '
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The left term 1nd1cates the amcunt of water. which flows to
Lhe aqu1te1 in proportion to- the. head consumed CIE W(x,y.t) is
.1drger than the rechﬂrge,fSpa? becomes a negatlve value so that the
groundwater level falls from year Lo year. As the pressure of the
qulfer becomes reduced, sallnlflcation,of groundwater and ground
subsidénce ensues . - When the left and rlght terms- equal, the
'groundwater 1evel remains unchanged thdt is, recharge and pumpage

are in equ111br1um.

LLEE the pumpage for the separate systém'is equal to or lower
 than the amount of water. Whlch flows 1u proportlon te the head
_Consumed groundwater can be stably drawn from this water source
"far 1nto the future, To obtaln evidence to support this pobtulatlon,
an attempt was made Lo calculate the flow of groundwat31 by using

_the groundwater level of the Nakhon Luang aqu1fer in 1973,

:Thefaquifers-tO'be tapped for the separate system are the
-Nakhon>Luang'and'Nonthabﬂti.aqﬁifers. Judging from the fact that
- the anfined aquifer in Bangkok»shbﬁed a similar fall of head, the
-asSumﬁtidn'ﬁas made that the:Nakhon Luang and. Nonthaburi aquifers
had the ‘same hydraulic gradient and a combined coefficient of
transwmissibility of 40 m3/hr/n%. As a result, the recharge of the

aquifer in Bangkok can be placed at about 86, 000 CFD. (Hydraulic
.Gradient l/l 200“-1/3 000, Flow Width Gxoundwater : 1=166,000m)

_ The recharge to the multiple well system in the 8 Amphoes
on the left bank of the Chac Phraya river can ‘be placed at 43,000 LMD.
" On the other hand Sai Noi on the rlght bank must be considered
-separately from other dlstrlcts, as it belongs to the groundwater
Vﬂlley formed by the Nakhon Cha Si river. Assuming that the co-
efflc1ent of tLansmlsqlblllLy of the Nonthaburi aqulfer is 20 m3/hr/n,
the recharge by the Flow net can be estimated at about 1, 700 CMD for
'Sai Noi and at about 9,600 CMD for Bang Bua Thong and Bang Yai. The
planued pumpage for the ‘entire area on the left bank is 31,800 CMD,
whereas rhe planned pumpage for the right bank is 1, 500 CMD in Sai
Noi aﬁd 9,600 CHD in'Béng_Yai and Ban Bua Thong. |

When the multiple well system of each Amphoe comes into
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eoperetion. a drawdown cone 1is naturally formed around the multiple
weil system. The natural drawdown due to formation of a cone” affect
in the influence circle of the multlple well: qystem ig placed at
about 2 m or 1esq in Bang Yai: and Bang ‘Bua Thong, about 7 m in Nong
Chak, about 8 m in Min Bur1 and Lat Krabdng, and at nearly Zero in

Bang Phl;¢‘Bang Bo and Sai- N01.

The above predlctlons are based on only the pumpage planned
for each Amphoe in the separate system In other words , the 1nf1uence
gof'the_lowerlng groundwater level in metropolitan Bangkok must dlso

be taken.into account,

In Mln Bur1 the groundwater level is at a depth of about 20 m
below ground surface Accordlng to the 1nformatlon obtalned from’
the Banchan 1ndustr1al well, the groundwater level has been decllnlng
about 1 m per each year in thls district. II the groundwater level
continues to deécline at this rate untll 2000, it w1ll be at a depth
of 40-m or more in that year so. that this dlstrltt w1ll face as
much a serlous problem as-metropolitan Bangkok~does_now.f 1t some '
administrative measures are taken to restrict the pumpage of ground—'
water in Bangkok at a tolerable level, the separate system will

" find itself in a more favorable position to tap proundwater.
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hes? surface Water
4-2-1 General:'

As.béing indicated in Fig. 4-36, it Would be said that these'Kjoﬁgq
and Rivers seem to be f3381b1e encugh as Water source -which will be able to .

supply water to the served area.

CIn general the quantity and quallty of such water must be most
1mportant factors as far as the water Supply undertaklngs are concerned
In this respect the Japanese Survey Team had collected many data in relat~
ing with a p0851b111ty of these sources to be ‘used. The summary of data

collec;ed is as follows.
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4~2-2 Right Bank of Chdo Phraya River
(1) Klomg Water:
1) Kiong Thawi Watthana (R~1) :

. _ :Theu Kioﬁg'ﬁ%aui Watthaua had evef‘beeu fecommeuded as a
water source for the Amphoe Nong Khaem in the comparative studles carrled
:out at 1973 by the former Japanese Survey Team ' However, in that occaslon,
it had been: mentloned that the domestic sewage aud/or iudustrlal wastes
from duélliogs}aud/or factOriesfalong'the Kloug would be one of the'reasons

of water poilution in these'surface water.

_ Judglng from the data 1nvest1gated by the Japanese Survey
Team, it had been also suggested. tbat the flve (5) days BOD of Klong w111
be an 1ndex of water pollutlon, in consequence of Table 4 18 as a result of

quantltatlve_analysls.

o _ In general speaking,rlt is unllkely to take a surface water
from Klongs in which the five (5) days BOD lS recorded more than f0ur(4)

ppm, which is cousldered to 1nd1cate the max1mum tolerant 1eve1 of pollutlon.

- o In additlon to the fact abovementloned the previous value
_:of flve (5) days BOD was only 1 6 ppm in 1972, whlch means Lhat the pollutlon
has 1ncreased rapldly at rate of 0 8 ppm per year, in the result of three(3)

'_tlmes as much as prev10us value On the other hand from the Vl@WPOlnt of
? .

quantltyrof the Klong,- some reerlctlon for'water consumptlon must be
made to correspond with the water demand for Nong Khaem Area, because of

shortage in dry season.

As belng studled above, 1t ig obllged to. deem Lhat ‘the
Klong Thaw1 Watthana is not sultable for the-water sources, taklng water

quallty and-quantlty 1nto conslderatlon
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Table 4~18 WATER QUALITY OF KLONGC THAWI WATTHANA

“

Ttem - o
DQ BOD--3 Remarks
: : ~ (ppm) (ppm) :
Point : |
Amphoe Taling -Chun. 1.5 4,3 Near Railway Bridge
Amphoe’ Phasi Charom - | 2.8 5.2 . in front of Wat Saladaeng
Amphoe Phasi Charoen 1.6 | 4.5 ‘Near Petch Kasem Bridge

- 2) Klong Mae Nam Om (R-2):

It is well-known that the Klong Mae Nam Om is one of the
tributaries of Chao Phraya River. Thus, it is seemed that the capacity
of this Klong. is good enough for water source. Furthermore, thete is no
water gate and other faéilities.to control the flow of tributary, so that

the quality of its water must be nearly same as that of Chao ?hraya River.

According to the description cbncérning to serious pollution
in the water of Klong Thawi Watthana, the Klong Mae Nam Om will be con-
sidered availéble for a water source of right bank of'Separate System, if
the Authority'w0u1d agree to give u? uéingxthe Klbng Thawi'yatthana as
a water source. Meantime, water pollution analyéis shall also be involved

in the water quality survey of Chao Phraya River in any case.
3) Klong Phra Phimon (R-3):

‘The Klong Phra Phlmon might be considered as a water source
for Sal V01 District where is located far from other sanitary distrlcts,
because this Klong is now flow1ng through the center of Sai Noi as being
shown in Fig. 4-36. However, unfortunately, water of this Klong is
also remarkably polluted and quantlty of water is not enough Therefore,

“the Kiong Phra Phlmon shdll be abandoned from the selectlon of water scurce.
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(23 River_Waterk
‘1) Nakhon 'Chai i River (R-4):

Judglng from additlonal investigation for ‘surface. water,
the River Nakhon ‘Chai §i will be situated as water source” for right bank of
ZChao Phraya Rlve1 although the Klong "Mae Nam Om is seemed to be a fea51b1e
water source, because of adjacent location to several Amphoe such as

Sai qu and -Bang Bua Thong.

In respect to total amount of raw water at right bank ag 62,000
CMD(O 72 cu.m. /sec Y in target year of AD 2000 itis clear that the flow of
Nakhon Chai Sl River is good,enough~to cover such demand, because it has been
infofmed from Royal Irrigation Department that the total diséharge of the
River is approximately 50 cu.m./sec. in dry season, among which 30 cu.m./sec.
shqll'be'kept to prevent an intrusion of sea water iﬁto'upstream, and
consequently 20 cu.m./sec. would be available td be used for water supply

system.

_ If it is possible to compare two figures abovementioned,
it seems to be good balance be&ause 20 cu.m./sec. is obviously enough to

cover the water demand of 0.72 cu.m./sec.

On the other hand, the Nakhon Chai S$i River has an im¥
portant'préblem, that"is, the intrusioﬁ of salt water into the river.
In géheral practice,the concentration of saline in water is expreésed
by the concentration 6f chlorine ions. The former is called salinity and

the latter chlorindity.

According to the 14th edition of the "Standard Method"
the relationship between salinity and chlorinity can be expressed by the.

formula which has been learned by experlence.
Salinity o{oq =-0.03 .+ 1.805 (chlorinlty)

where,-thé.symbol.o/oa‘indicatés_parté per thousand. Relatively scarce
is the déta-concerning the intrusioh of salt water into the Nakhon Chai Si
River, but use has been made of such scarce data to the full extent in
order to make Lhe following reconmendations concernlng the location of

the water 1nLake.z
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(i) Daté'No; l‘(Sampling yéar; 1977)

[

Flg. 4 37 represents ‘the 1atest ‘data that was obtalned
by the first reccnnaissance (June - Mamch 1977) It can be known from
this figure that all data’ 1nd1cate neatly the same d&gree of sallnlty

where is 30 lm upstream from the mouth of_the river,

o Chlorlnity (or the amount of ch3oride 1ons) is used
here as an 1ndex of saline to evaluate data No.1, and it is assumed that

_ the upper limit of chlorlnlty for potable water is 200 ppm.

Substituting € = 200 ppm = 0.2 o/oo for § of ‘the above formula,
it is obtained as follows: _ ‘
' S ofoo = 0.03 + 1.805 C o/vo:
Therefbré,
= 0.391 o/oo = 391 ppm

This is shown as the acceptable limit by'é'brokén line in Fig. 4-37.

The distance of  the sampllng polnts where 391 ppm of
sallnlty (200 opm of chlor1n1ty) was recorded is- shown below for all the

data taken.

Sampling -Date: _ Distance from the Mouth of the River-J
1. Feb. 1977 o 22 km |
3. "o 23k
ER | © 31 km
7. L | 33 km
e | 32 km
.o 30 kn

The dlstances of these sampllng p01nts auggest that water w111 be taken
"~ from. the Nakhon Chal Sl Rlver at a point 30 km or more apart from the mouth

: or the river.
@ _'Data _Nd-' 2 _ (S?,‘,“Piiﬁé V_eai:; 1968 - 1970)

Fig 4 38 represents the measurements of salinlty that

were taken of. the Nakhon Chal Si Rlver between 1968 and 1970,
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Among ‘the data. taken from March Lo May 1970, those
1nd1cating a salinlty of . 391 ppm (chlorinity of 200 ppm) or less were

appeared.at.a dlstance of 60 km:or more_from the mouth of the river.

_ - As far as. Lhese data goes, it may be sald that water
would be safe tao drlnk -1f it is taken near the Po Kaw Blldge which ig a

polnt of intersectlon of the Nakhon Chai 5i RlVET and the Phet Kasem Road

_ However, ‘the data taken in May 1968 shows that sallnlty :
near. the Po Kaw Br:dge was . in the neighborhood of 16,000 ppm and that
chlorlnlty was as hlgh .as 8 850 ppm.

ThlS data makes no mentlon of the lee that sampllng
water was taken,_but 1f sampllng was performed a greater number of times

' upstream of the bridge, a estimated llne as shown in the figure could be

obtained. .

‘ The poant that corresponds to the acceptable 1imit of
200: ppm for chlorlnlty (391 ppm for sallnlty) on. this estimated line
suggests that the safe intake would be somewhere between the points of 70

and ‘80 km from the mouth of the river.
©) Detaguo. 3'(Sampling year; 1973~ 1976)

_ Table 4-20 shows ‘the data of chlorine of. the Nakhon
Chal Si Rlver that was obtained between 1973 and 1976 and Flg 4 39 is a

graphlcal representation of the daLa.

_ 4 As -shown 1n Fig. 4-39 this data dlffers from data No.l
and No.2 in that the sallne 1eve1 of water is expressed by the concentration

of chlorlde ions, in data No. 3.

_ Data No. 3 bears a close resemblance to data No.l.
Tn other words, the curve of data No. 3 about overlaps that of data No.l,

Cif the curve of data No,l_1s moved about‘ZO km upstream_on ‘the graph.

This faet suggests that both data is rather reliable
~and: that the intrulen of sea water into the Nakhon Chai s5i Rlver is

represented by this cutrve.
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_ As has already been mentloned however,_the 1ntake
points suggested by data No.1 would be at a point 30 ki upsrream from the
mouth of the rlver whereas” data No 3 suggests that" the 1ntake points he

located 20 km more upstream.

As differences among the data of three sampling values

are so w1de that it is extremely difilcult to determlne the correlatlon

among these.

: _ For the prescnt stage, - therefore, it is c0n51dered
_ that data No.?2 should be adopted ‘for an extra margln of safety -In. other
wordu, there seems 111L1e or no danger so long as water is taken at a

p01nt ab0ut 80 km upstream.

However, the analysis of water quality at the proposed
intake site should be continued for at least one year, if the Nakhon Chai
8i River is to be recommended as the water source.

For information, the results of analysis of watex -

samples collected during the last reconnaissance are presentéd Table 4-19.

Table 4-19 CHLORINITY OF NAKHON CHAT ST RIVER
(Sampling Date 9 Mar. )

“(ppm)
5?' = ._ ﬁékh°n Chai Si-Rive;
§T s Surtace | Midale | r""ﬂaftom “
1 +0.0 9.0 -
i e 110 110
3 1_-3'.0 o .7._15.01 | _:.1'4_0_
‘ 14.0 170 re-d
s - ! 90 180 170
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Table 4-20  CHLORINITY OF NAKHON CHAT SI RIVER
' | ~ Data No. 3 (1973 - 1976)

Resnlt of AnalysiS(Chloriné; mgs L)

" Date of Tidal
“Analysis Condition 1 2 3 4
T e _ 7
1973, 1Aug. - - - B34 14 | 17
laNov. - - 23| s 11
1975, S5Mar. - - | 350 16 16
8 apr. - s000| 41| 16| x72
1 2May- Low 200 33 23 14
1 dMay. High zod 65 18 -
18Jun: Low 1,775 34 25 17
L8 sun | High 3575 40 | x26 tg
14JuL Low L315 46 23 14
15 dul. Hign 2525 as 19 10
5 Nov. E 30 11 5 7
25Dec. - - - - -
1976, 17 Jun - 3850 15 15 14
27 Feb. Low 6450 | 115 25 18
23Mar. Low 6875 | 1,500 12 8
2 3Mar: High | %10500 {%2850 14 7
14 Jun. - 370 31 24 18
15 dni. Low 78 23 26 25
153l High 1800 33| 24 22
‘Mean - 29695 | 2941 | 189 | 181

Remhrks

e

% Maximum Value

1 Samut Sakorn'P;ovince
2 Amphoe'Katum Ban
3 Amphoé"Sahleéﬁ_

Amphoe'Nakhbn'Chai Si.
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4~2-3 Left,Bank'dffChab'Phraja River
(1) Klong Water
1) Klong Phra Ong Chao Chalya NuchiL (L 1)

: As belng 1ndlcated in Blg 4 36 the Klong Phra Ong ‘Chao
Chalya Nuchlt 1ooks 11ke a reasonable source to serve water to Amphoe Bang .
" Bo and Bang Phll, taklng 1ts 51tuat10n 1nt0 c0n51derat10n. Judging from
appearance of the Klong water, it ig clear to meet w1Lh standard of drink-

1ng watel.

' At present amount of 4 800 CMD warer has been taken from
'thls Klong ‘48 a water source of Chachoeng ‘Sdo Warer Works Undertaklng whlch
belongs to Publlc Works DepartmenL, and. another 4, 800 oMD: Water is now

'pldnnlng to supply to a exten51on work of the Undertaklng in near future.

: In addltlon to the fact- abovementloned, it has been also
planned that amount of 5 000 CMD wqter w111 be taken from this . Klong to
-Bang Prakong Water Works UnderLaklng whlch also belongs to PWD.

From these standpoints, it seems to be somewhat difficult
to d651gnate the Klong water as. a source for the Amphoe 'such as Bang Bo,'

-Bang Phll, Klong Dan and Bang Poo. '

2)f Klong Phxa'KhanongV(L“Z)f'

_ Under previOus survey made in 1972_ the Klong Phra
.Khanong had been recommended as a water ‘source to Amphoe Lat Krabaug,
Subject to.an perlodlc ellmlnatlon of wafer pollutlon. As the fact,
. f1ve {5)° days BOD test had shown the value of 2 ppm. whlch reaches almost
to a,saturatloﬁ of pollution. To compare w1th the ‘watex in Klong Thawi.
Watthéné;which hadzshown 1.6 ppm," this Klong had. been somewha t doubtful

"to be.a wa:er‘sourCe.

- Apart from the prev1ous study made in 1972 addltlonal
Z“Survey was done in this fleld study However, unforLunately, the

~ Klong -and its ‘surroundings have not been 1mproved duang pagt five (5)

. year in term of water: quality preservatlon
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3) Klong Sam Wa (L-3) and Klahg éip Sam: (L=4)

These two Klongs are 51tuated in ‘the Amphoe Town of
Min Buri and Nong Chok. Slnoe these two klongs have a vast waterashed
area surrounded by Khao Yai mountaln range s1tuat1ng at nothern patt of -
Thailand, the dlscharge of these two Klongs are recorded that the discharge

of Klong-_Slp Sam 13;20 cu.m./sec. in flood season-and 5 cum. /see. even in o

dry season.

On the other hand, the total watef uemand'iﬁ 1eftubauk of.
Chao Phraya River is 193 150 CMb in the targeL yeéar of AD 2000 in com-
'parison with the’ quantlty of Klong Sip Sam as 432 OOO CMD. (5 cu.m./sec. as
mentioned before). Therefore, it is p0331b1e to designate Klong Sip Sam

as a water source for all of planned sanitary district in-left“bauk,

The contamination of water with organic matter gives rise
to public discussion from time to time in Klong, but exceptionally does

not pose any problem to the two Klongs -at present.

As will be discussed in the follow1ng, the Klong is a -

recommendable water source.

The last survey which did unot -maké 1t a (:_hi(:_’f msiln .to.'. :
investigate into the pollution of water did not give.a guod dssi:of iufor-.
mation on this probiem; In this study, therefofe, the information obtain-
ed from the last water source survey and BOD. test will be used to. con31der
the relatlonshlp between the quality of water and BOD load and so as to

make a pro;ection 1nto the future

: As shown in Flg. 4-36 the sampling point (L 3) of the Klong
'Sam Na 15 at about 3 km. north of the Min Buri ‘distriet office. In the egti-
mation . of the pollutlon of water it is assumed from the fleld survey ‘that
the K10ng 1s llned w1th dwelling houses at spac1ngs of 50 m on. both sides';
_for about 1 km upstream of thlS sampling point and at sgacings of 100w .

'_'beyond 1 km and that the river flows at a velocity of 2. 5 km/day.

_ It 1s also assumed that’ the unit” of BOD load is 13 g per
fcap per day for human waste, the ‘total - BOD load 1s 26 g per cap. per day

'and the population is & persons per household..
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: The pollution of the water of the Klong will now be
' estlmaLed on the above assumptions When the reaches of the Klonb_
are d1v1ded into zone A and an 1nfin1te zone at the above’ sampling point.
aecordlng to the den81ty of dwelllng houses, Lhe BOD load can be computed

" as follows.

1) Zone A

BOD Load = 102000 m

50 - m/house:
2 sides x 26g/cap /day = 62 400 g/day

x 6 persons/house X

The BOD load per d1v1510n 2.5 km distance will,
therefore, be - .

10 km

62 400 g/day (——2.—5-—'-le)

15,600 g/day.
'ii) ' Inflnlte Zone ' '
The BOD'lo&d per division in the infinite zone can be
. calculated to be — -~ ' :

. - ' 2,500 m
b e =
BO .Load.per plv151on EIRTEJEEGEE'X 6 persons/house x

2 sides x 26 g/cap./day
= 7,800 g/day
The decrease in'BOD.(or BOD 1oad) can. eenerally be ex-
preseed by the follow1ug equation.

o . ' -Ki-t
L = Lo -+ 10

‘where,
| L = BOD after T days (or BOD load in g/dav)
_Lo_; = BOD when t = 0'day (or BOD load in g/day)
K1 = Constant of deoxygenation

The value of constant of. deoxvgenatlon should be experimentally determined,

but ite average is placed at 0.1 at 20°C in general use.

_ ‘The value of Ki at a water temperature of 28°C can therefore
be computed as follows '
K20(1 047T 20y,
10.1-(1.04728720)

0.14

CRi-T

It -Il
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7 _' 1he BOD of the Nth d1v1sion 1ncludes the accumulatlon of
:01gan1c matter produced 1u its upstream dLv131ons. and an equal load 1s

assumed to. occur ‘in each divislon (2 5 ki lona)

: Thelefore,_the equat;on L = Lo s ID K"tlc.an be rewrltten to read
1n = To(107KE By 107, .}.;.10“(?“1)K1.F+ IRTA S
where, _ o _

Ln = BOD load of the Nth division, g/day

Lo = 15,600 g/day in zone A |

= '7{8bo'g/d3y' in the infinite zone
ki = ki1 = 0.14
t = time that organic matter is carried from the
point of occurrence Lo the sampllng p01nt

Tt = number of lelSlons oounted down the river

- The total BOD load of zone A up to the sampling point can, therefore, he
computed as follows. '

15,600 x (107 014y 1070 14 x 2 410 ~0.14x3 1070+ 14 % 4y

15,600 x (o 724 + 0.525 + 0. 380 + 0.275)
= 29 700 g/day

o

bn-1

il

The total BOD load.of the 1nf1n1Le zone up to the samp11ng

point can be computed likewise to be as follows

ln-2 = 7, 800 (10 -0, 14x5 O 14 X 6 ‘_10-0;14 Xt?
= 7 800 x (0.200 + 0.145 + 0. 105 +'0.076_+ 0.055 +
= 5,600,g/day

O 040 + 0 029 + 0. 02] ...... )

The total BOD 1oad'at the sampling'pOint will, therefore,
be as follows. o i AR

ziml=tm_i-FLﬁ;2; 29;700 + 5—,6&)0":_35-,300og/-dayE

_ The cross sectlon of the river at the sampling p01nt is assumed to be about

as ‘shiown below, and the water is assumed to flow at a velocity of 2.5 km/day.

C The water flow rate of the ‘river. can, therefore, be computed Lo be -
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Il

Q= AV = 16 mg x 2,500 m/day =_§b;000 ﬁ3/day

.
]

= 20m x 1.0 mx 0. 8
16 m2

The BOD at the sampllng point w111 be ?

Fln_ _ 35,300 g/day S
o 0T o, 000 w3 fday 0.88 g/m = 0. 9 ppm -

The estlmation can be c0n51dered to be reasonable,_as compared with the

BOD =

_observed value of 0.8 ppm ‘and suggests that the assumptlons reflect

the actual condition of the.river..

It can be 1nferred from Lhe above ealculatlon that  Im

does not 1nf 1itely lncrease when,u ig infinite and that the BOD at the

sampling p01nt does not exceed 1 ppm at present.

: When limit value’bf EOD of the water source is assumed o
be 4 ppm, as suggested by experlence in Japan, tlie BOD 10ad per division
of the Klong w111 not be allowed to exceed about 61, OOO g/day, when it

is considered as potable water: Source.

Riot . -2Ki-t ~nki-t

4 (ppm) = gg fg; (10f +10 77T T L. 410
PR B ~0.14 _2x0.14 —0x0. 14
g 75,000 (10 + 10. + 19 )
B = 61;000;g/day

In oLher words, Lhe utilizaLlon of the Klong as a source of potable water
should be" given up when the BOD 1oad along the Klong Sam Wa has increased
to 61,000 g/day.
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Aequmlng Lhat the unit of BOD load is 26 g per. cap per_
day and the lifeweondltion of the communlty people remains unchanged ‘the
BOD load of the Klong will reach its limit when the population produc1ng
61 000 g/day of waste increases by about four times.

61,000 g /g_gg' . 4
lS'GOO'gIday
As has been dlscusqed, the ObSElVEd and assumed values

of BOD of the Klong Sam Wa are as low'as 0.8 ppm and: 0.9 ppm at present,

and indicate that it seems to serve.enough as a source of potable water.

However, the populatlon w1ll grow and the life conditlon
of 1nhab1tants will change accordlng to development. As . a result, the
-unit of BOD load will be 1nereased rapldly _ Slnce rapid water pollutlon
is expected it is most de51rab1e thaL effectxve meaeures for waste
dleposal must be establlshed at an early date in llne with the prevalence
of the water eupply system in order to preserve water of a good quallty

and to malntain hygienic conditions.

The necessity of an investigation and a study to verify

the assumed values of BOD and the estimated water pollution is keenly felt.

(2) River Water :
1) Chao Phr_a'ya_R'iver,_ (1-5) :

Chao Phraye River’ will have a 31gn1flcant p0351b111ty as
the Water source for the Separate System when wells and Klong water

'become useless.

Accordlng to recent 1nvest1gat10n by RID for the’ dlscharge
of Chao Phraya River total amount of discharge is 85 cu.m. /sec. at the

lower stream of thlS rJver among whlch 60 cu.m. /sec. 1is to be used for

.'-'1ntrusion prevention from sea. water qnd another 25 cu.m. /sec. {2,160, 000

-CMD)_ls avallable for use_of Cent:al System. 

On the other hand futuce raw water dEmand of Central

System is as followings.. o
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undertéke-Sbmeispecial'prograM'for water réconnaiéé@ﬁce throughout Thailand

Judging from the Table.4—21,'it wiil.bécdmézngceésary_to

.-in'order to supply enough and safe drinking Watef~tQ-Cénttal Systém as

‘soon as possible.

Table 4~21 DEMAND ESTIMATES OF RAW WATER FOR WATER SUPPLY
"IN BANGKOK METROPOLITAN AREAS

“Raw Water Required
Yeur : Sufféce C%ﬁupd |  Tbt#l ‘Pérqéntage Qf
o Water Water . o Ground Water
(CMD) (CMD) (CMD) (%)
1977 '95@006 312000 1262000 2 4.7 2
'i97Q  ﬁﬁbbﬁoo 53@000 2332000 2281
Lok1 23 00,600 148.000 2748000 16.30
f1§é§ ' &Godobb 294000 | 8894000 7.5 5
_499@__-&%0&060 - 4700000 -
@995' 6,000,000 - 6,000,000 -
zddo; &doapdo  = 6,000,000 -
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4-2-4 Water _Sauﬁ)li_ng T

'a

.‘Sampling'fcrlwater quality analyéis.for'the:sﬁrface WaterxhaS'been:

conducted as follows;

L

‘2)

Analysis for intrusion of Chao Phraya River and Nakhon Chai.

Si River. '
Analysis: for water quality of Kldhg3'ﬁater. After thé'water
quality analysis, reasonable reéomﬁéﬁ&étion of water sources
was made for the Separa;e;systemf “The location of wateér
sampling points is showm Fig{.A—AO and results of water qﬁality'

analyéis is shown Table 4—22,add:4—23.
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