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1-1 Topography

‘f Table I-1-) ‘Topographical Maps and Other Information

Clagsification |- Scale | Number. f Description
: R ' of Sheets ' o

Topographical 1:250,000 -3 Maps ﬁroduced by. US Arm&-/ RTSD
Maps | © | in 1976, SERIES 1501S
1:50,000 - 21 Maps produced by US Army ./ RTSD
N in 1972, SERIES 17017 o

L:25,000 11 Maps produced by US Army / RTSD
in 1983, SERIES LBOL9
-1:10,000 28 | Maps produced by RID in 1976
for use on Mu No Project
1:10,000 28 : 'qust:oduced by RID in 1975
' fer use on Bacho Project
1:1,000 ' 13 | Maps produced by RID in 1982
' ' ‘for use on Bang Nara Project
(Upper Rgguiator Site)
1:1,000 g Co ditto

(Lower Regulator Site)
1:4,000 b7 .Plan / Profile of Mae Nam Bang
Nara produced by RID in 1984
V1:100 25 Cross Sections of Mae Nam Bang Nara
H1:500 . produced by RID in 1984
Regulator and Canal drawings
used for Nam Baeng Project

Regulator -and other drawings

uséﬂ:for:Pi Leng Project

1:10,000.-| . 7 | Plan of Mae Nam Ya Kang

1:20,000 . ' 2 Profile of Mae Nam Ya Kang
vis100 | - 22 - | Cross Sections of Mae Nam Ya Kang
H1:2000 | ' prodicéd by RID upon the Study

Team's request
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Classification Scale Number Pescription
of Sheets
Topographical 114,000 5 Plan/Plofile of Khlong To Che
Maps v1:100 13 Cross Sections of Khlong Te Che
Hl:200 produced by RID upon the $tudy
Team's request
1:2,000 6 Plan of three sample areas
produced by RID upon the Study
Team's request
Orthophotomaps 1:10,000 58 Orthophotomaps produced by RTSD
in 1984 from photography of June
1982 for use on GRBDS
Aerial 1:15,000 54 Photographs taken by RTSD in 1984
Photographs for use on DLD Projects

Table I-1-2 Catalogue of Survéy Fleld Books

Eiiid Contents Page
1 leveling BM 2778 C - RID 0i8 1
2 Leveling BM RID 018 — MUNO 02 5
3 Leveling BM MUNO 02 - MUNO 04 9
4 Leveling BM MUNO 04 ~ CH P 1781 12
5 Leveling BM CH P1781 - Intersectiom 16
6 Leveling BM N6 — CH P244478 (BM \Y ) 21
7 Leveling BM Intersection — BM 2 (Taba) 23
8 Leveling BM Intersection BM 3 (Mam Baeng) 30
9 Leveling BM 3 — BM 3 (Bang Nara Bridge} 35

10 Leveling BM 3 (Bang Nara Bridge) - BM \/ 43
11 Leveling BM 3 (Bang Nara Bridge) - ARMY P722 45
12 Leveling BM ARMY P722 - B4 (5) (Bangkok Bank) 47
13 Leveling BM 3 (Pasemas Bridge) -~ T.P (Pa Ye) 49
14 \Leveling.BM TP (Pa Ye) - TP 26 52
15 Leveling - BM 2 (Pa Ye) - HYDRO (3) 55
16 Leveling BM ARMY P722 - BM (4) (Ya Kang X 73) 59
17 Leveling for Cross Section of Ya Kang at X 73 66
18 Leveling BM (4) ( Ya Kang X 73) ~ B P 69
19 Leveling - BM P - BM X 73A (BO NGO X 73A) 75
20 Levellng for Cross Section of Bo Mgo at X 734 80
21 Leveling TBM 1 (Sala Mai) - ARMY CH3 83
22 Leveling BM ARMY CH3 - CH P244507 (8M \J/ } 85
23 Leveling - TP 105 - BM 4 (Upper Regulator) - 88
24 LeQeling BH N6 - Cit P571542 (Lower Regulator) 90
25 Leveling PREMARK 004 - ARMY 21 92
26 Leveling for water Levels on Station iﬁﬁﬁfgl:) 94

I-2




1-2

Geology

1-2-1 Area Topography and Geology

(D

Topography

The Study area is situated at Lat. 6°30'N and Long. 120°E along
the border with Malaysia on the Thai Peninsula. The topography in
the area and its vicinity consists of the coastal plain, foothills,
mountainous areas and monadnocks. As for rivers, there are Mae Nam
Bang Nara with estuaries at Narathiwat and Tak Bai, Mae Nam Yakang

with its catchment area in the mountains of Rangae which flows into

" Mae Nam Bang Nara near its estuary, and Mae Nam Kolok which forms

the border with Malaysia.

The coastal plain is a so-called ridged beach plain and 1is
characterized by development of the beach ridges along the coast and
the swamps. The topography within the plain is classified into
beach ridge (old beach ridge) and lagoon (old lagoon), delta and
flood plain, and swamp (old swamp). (Refer to Figure I-2-1)

Beach ridges exhibit a flat surface of 2 - 6 m in elevation and

are developed in three strips parallel to the coast with a combined

width of as much as 6 km,

A lagoon 1s developed at Tak Bai, and old lagoons which have
changed into swamps are seen between beach ridges. The elevation of

these old lagoons is approximately 0 - 2 m,

Swamps are most widely distributed in this area, the most
representative being the To Daeng swamp., They are appreximately 2 m
or so in elevation. They are almost flat but are sputtered with
slightly higher spots consisting of beach-sand which are probably
the traces of the old beach ridges. As development is in progress
currently, the only on which shows the appearance of a swamp is the

Teo Daeng swamp, but the distrubution of peat suggests their former



state.

Deltas are seen along Mae Nam Xolok, and flood plains in the
watershed of Mae Nam Yakang. The delta between Sg. Kolok and Tak
Bai indicates an elevation of 1 - 3 m. Slightly higher places,

presumably natural levees, can be observed here and there,

The flood plains indiéate an elevafion of around 13 m near Mae
Nam Ya Kang bfidge and bécome_lower in elevation toward Narathiwat,
being aroﬁnd 9 m in the vicinity.qf the_intersection of National
Highways 4055 and 4056, and about 3 m in the neighborhood of Wat
Khao Kong. In terms of microtopography, valleys of very minor scale
are generally develbped in the direction of the watercourse of Mae

Nam Ya Kang an also toward the old swamp.

As for mopadnocks, there are conically shaped ones represented
by Khao Tanyong (EL 294 m), and hilly shaped ones mainly seen in the
north of Narathiwat. The former is presumed to consist mainly of
relatively fresh granite, aﬁd the 1éttef of colluvium or.residual

soil.

Foothills consist of colluvium and residual soil. Dissections
are fairly well - deveoloped, but in geﬁeral, these foothills are
gently inclined toward the coastal plain., Major distributions are
seen in the environs of Rangae and Sg. Padi. They are 20 - 30 m in
elevation in the town of Rangae.and around 20 m in the town of 5g.

Padi.

The mountainous area consists of mountains such as Khao Ni Beng
(705 m),;etcx,_loc;ted west bfiBacho,_moqntains located west of
Rangae_?f_which Kao Ko Luﬁi_(9l6 m) is fhe-principal peak, and
mpuptains_légated'wést'of Sg. Padi of which Khao Ta We (1,182 m) is
thg_highést._ Evéry:one_of these 15 steep in aﬁpearance and has

waterfalls,
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(2) Geology

The geology of the Study area has been -inferred from the Field

rt and preliminary DMR report.

survey, the GRBDS geoclogy repo

~2-2,

Figure 1

Geology Map is shown in
Subsurface Geology

I-2--2

a has been inferred from

are

The geological profile of the Study

the boring logs of existing wells and other data.

I-2-3,

Geological cross-sections are shown 1in Figure
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Figure 1i—1-1 LOCATION MAP OF SOUTHERN THAILAND
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Figure 11-1-2

(Source; Climatological Data of Thailand, 30 - Year Period, Metesoroiogical Department }

CLIMATOLOGICAL EONDITIGNS AT THE NARATHIWAT STATION
{PATTANI, SONGKHLA , X45 )
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Figee 11-1-3  CLIMATOLOGICAL CONDITIONS AT THE NARATHIWAT STATION (2)

{ Source.} Climatolagical Data of Thailand, 30- Year Period, Mefeorological Department )
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Figure  11-1-12 PHDBABILITY ANALYSIS o
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Figuro fl-1-17  THIESSEN METHOD and NETWORK

(1955 — 1971)

sTATION No. -] 1 b -2 b A
“AREA . km? 82 | 154° 813 | 282 .
RATIO % 13 11.- | 68 |- 18
. . TAK BAI
« MUANG @
\\ (.-»-._.__
\\ .:
. N [
ST ;
.-]l
)
/
v
L
SUNGAI
CpAaDl
{1972 ~ 1982 )
| sTATION NO. | 1 2 1.8 | 5.
| AREA km? | 168 | 164 561 68 350
RATIO % 12 11 40 25
\ . ( < .
Y f Pl d
. AR ~.7 (1983 — 1985 )
IS ) [sya_mol a2 hoa 4 4 s ) e [ 7
! ITAREA km| @8 | 154 ] 543 126 | 4 | 224 ) 252
RATIO % 7 11 36 3 15 18
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fable 11-2-2  CATCHMENT AREA AND RIVER LENGTH OF MAE NAM BANG NARA

River Name Simboi River Lengih Catchment Arca
' ( km } ( sq. km )
1. Mac Nan ?akaﬁg: ' .A—LB '--——-?5,5jm;——~—#—~————--?24
2. (X73) ®) i:] : o3
3. £ e 15, § e e 50 (96)
4. Khlong Te Chc'. D ::] : | .46
5. Chang Canal B 16. 0 -89
6. K_hrqné Chuagp | R 23. 0 108
7. Kilong Ai Roug 6 5.0 : 16
8. Kﬁﬁohg Sungai Pﬁd?.r it 10. 0 164
9. e B e 39 (52)
0. N S U ——T Y O T
i | M 10. 0 A4
12.  Khlong Pu‘.Chn Ya My N —[ . " 36
13; o 10. 0 31
14. po— 13
15, 9
Total 1, 401
16, Q 5
17. Khleng Pu Yu J 10,0 ' 72
18; Kh]ong To;ﬂacng 14 219
Total 1, 697
LSRR Refer-to Figure 11-2-7.
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Figure 11-2-5
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Figure 11-2-7  CATCHMENT AREA OF MAE NAM BANG NARA
~ ( TYPICAL MAP FOR RUNOFF ANALYSIS )
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ELEVATION OF RIVER BOTTOM
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WATER LEVEL

Figure 11-2-25 Rating Curve at X73, Mae Nam Yakany (1485, RID)
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11-3

Hydrogeology

I1-3~1

Introduction

 The stratum mainly consists of alluvium which 'belongs to
the Chao Phraya aquiifer accordifg to the hydrogeological map
(1:1,000,000) of DMR. A beéghQSand aquifer'iS also seen. The
prsiSility of developing gfduﬁdwater in_tﬁis érea‘has been
studied by grasping the storage condition of groundwater and

the influence of the proposed Bang Nara water storage.

Shallow groﬁndwater refers to the unconfined groundwater
which can be taken by hand-dug well, Deep groundwater refers
to the confined groundwater to be taken by tube well, The

puxpose fo'groundwater investigation in this Study lies in

-grasping the potential of groundwater irrigation. Contents of

(L

(2)

the Study are as follows:

* Present groundwater development

* Subsurface geology |

* Hydrogeology and its features

* Groundwater throughflow and total yleld potential
_Crohndwater quality and problems

Effect‘of the proposed Bang Nara water storage

%

Groundwater development potential

Data collection

Data were obtained in the way such as collection and
compllation of existing well data, existing reports, existing

boring logs, ete,

f}flg_survez

Present conditions of existing shallow and deep wells were
surveyed. The number of wells investigated are 70 shallow

wells and 54 deep wells. (Refer to Figures [I-~3-1 and TI-3-2)
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(3)

Water quality and water level observation

Observation points:were sélécfed-at'IS Wells fiom existing;u
wells. Observation term was July 1985 to Februaly 1986 (1

time/2 months), and water quallty items are EC PH,

VItemperature, 301dity, sulfate, total N, total P, total Fe and’

' BOD.' Groundwater sampling was carried out by the staff of RID

:Narathlwat Offlce, and chemlcal analysis was made by . PSU.

.Hyd;ogeolqu_Map-is sﬁgwp_in‘Figuxé 1173E3,,and shélloﬁ

groundwater level observed is shown in Figure TII-3-4,
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Figure I[-3-4 ghallow Groundwater Level Observed
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ITw3-2

(1

Groundwater resources

Groundwter Quality

Groundwater quality observed ‘is shown in Figure II-3-5,

and EC of deep groundwater is in IFigure I1-3-6.

Effects of the Proposed Water Storage

(a)

(b) -

Fluctuation of groundwater by water storage -

In the case of the proposed maximuin water level of

0,4 m above MSL in the Bang Nara water storage, it is

- supposed that the proposed water level would mainly affect

the shallow groundwater table which is cobserved in the

swamp and old swamp area of Chao Phraya aquifer,

‘According to the observed records of groundwater table,

however, the seasonal fluctuation is not remarkable and
groundwaﬁer level is observed at 0.5 m above MSL.
Therefore, the fluctﬁafion of groundwater table would not
be expected by the proposed imﬁounding water level in the

Bang Nara water storage.

Other groundwater shows higher water level than that
of the Bang Nara water storage based on the actual
observed data. So, it would not-affect the groundwater

table.

Influence of dry season irrigation on groundwater table

‘Groundwater .table with dry season irrigation may be
affected by -a characteristic of ‘an aquifer such as
porogity and permeéability and by an amount of irrigation
water., During the dry season, the amount of irrigation
water would be estimated at about 5 mm/day including

various losses. -When all losses of dirrigation infiltrate
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into the soil, the peréotated water would be 2 mm/day.
The frrigation period of 4 months from April to July is
taken and the acreage of 25 percent of the total irrvigable

area is planned to irrigate during the dry season.

Infiltrated water would be used to first supplement
moisture of an unsaturated soil layer and the remainder of
water would be through-flown as groundwater. In this
section,fluctuation of groundwater table in the beach-sand
aquifer which might show most remarkable movement of

groundwater table, would be estimated by following estimatrion.

The geological profile of the aquifer, porosity(e)

and saturation ratio (Sr) 1is assumed below:

Ground surface

ESDRSIRS
Clay S5r=50% 0.5m
\
e=50% Sr=75% 0.5m
«+7.-. Groundwater table
_.--..“. “_'_"'..".';__,S_Z__"_' <t et
Sand " .. S UF L0
ew30g o

The remaining water in the unsaturated soll layer is
generally called a field capacity and is considered equal
to approximately half the water which fills the voids of
the so0il. Therefore, In the upper 0.3 m, [ileld capacity =
layer thickness x e x (100-5r)/2 = 500 x 0.5 x (1-0.5)/2 =
62.5 mm and in the lower 0.5 m, likewise 31.2 mm,

- totalling a field gapaéity of 93.7 mm. On the other hand,
as the amount of seepage water for 4 months ié congidered
to be 240 mm, groundwater recharge would he 240 (seepage

wéter) - 93,7 (field capacity) = 146.3 mm/4 wmonths, and,

. as e of beach-sand aquifer is 30-percent; the groundwater

“level would be 146.3/0.3 = 487 mm/4 months. Mowever, as
the dirrigable area is 25 percent of the rainy season

irrigation,_the'grbundwater is' dispersed in horizontal
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direction, For this reason, an actual elevation of the
groundwater will be less than half the value. The average
water level of the total beach-sand aquifer as of July 1985 Is
approximately EL - 2 m, and it could equal approximately 1.8 m

(1.5 - 2.0 m) by irrigation in the dry season,
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total Fe (mg/l)

total P {ug/1)

Figure I-3-5(4) Groundwater Quality Observed
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Sulfate (mg/l)

BOD (mg/1)

Figure 1II~-3-5(5) Groundwater Quality Observed
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11-3~3 Present Groundwater Development

(1)

(2)

Water resources in the Study area primarily resorts to
water works, wells, rivers, ponds and rainfall, The towns of
Narathiwat, Yi Ngo, and:iSg, Padi Eave thelr own watex wofks,
but the others depend on shallow wells for water supply. In
each Muban, an overwhelﬁing majority of the supply sources are
the shallow wellé as can be seen from the survey of ARD.

(Refer to Table I1-3-1) Altogether about 80 deep wells
have been drilled in amphoes of Narathiwat, Yi-Ngo, Rangae, Sg.
Padi and Tak Bai. .

Shallow Groundwater

Shaiiow wells téke shallow groundwater. In areas where
water'één bé_drawn, pefSonai shallow wells are dug at raite of
oneIWe11 per=bng or two houSeé. The yield of these is presumed
to be 1 mB/day or less. Wélls‘are hand-dug with around 1 m in
diameter and 3 m in depth, and afe mostly lined with concrete
or bricks., Most of fhe persénal wélls are drawn by bucket and
rdpe; Wells.iﬁstalled‘at.sﬁhoals, health stations, temples and
mosques are slightly51arger'in=séalé:than the personal wells,
and some of them serve as community wells when other wells in
the neighborhood become dry. In many instances,=théée wells

are equipped with electric pumps and storage tanks.
Deep Croundwater

Deep wells primariiy take deep grquﬁdwatef'from.éhe'Chao
Phréya aquifer and the colluvial aquifer. These deep wells are
primarily dnstalled at schoolé, health stationsg, hospitals,
temples and mosdueg. Also, a ﬁumbef of them afe drilled by the

Pileng Project to éerveras community wells which are not

~.utilized for irrigatioh-hor for large écale:factories. These

wells are tube wells of about 10 to 20 cm in diameter and

generally equipped with hand pump; but_phmps operated by

windmills are also observed here and there. Most of these deep
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wells were constructed by DMR, ARD, RID and MOPH,

As for usage, most of the wells are not for dringking, and
a few of them are totally unused because of high iron
contents and coloring. At Tak Bai Hospital and other
locations, water treatment by simple aeration is being
practiced but it is not adequate. As above, the use of deep
groundwater by means of deep well may be claimed to he

extremely rare.
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11-4-4 Groundwater Development Potentlal
(1) Groundwater Irrigation

In the Study area, the aquifers which can be utilized for
groundwater irrigation development are considered to be the
Chao Phraya aquifer {deep groundwater} and the beach-sand
agquifer (shallow groundwater), on which the available volume of

water and other factors are reviewed below.
{(a) Chao Phraya Aquifer

The average yield per one deep well is considered to
be 170 t/min, as in para (3) of 3.3.4. "Water Resources"
of Main Report. The influence radius of a well would be
500 - 700 m in the case of confined groundwater, and when
it is assumed to be 600 m, one well can be drilled per

every 1,44 sq.km.

Based on the foregoing conditions, the potential
total yield from this aquifer becomes 3.8 x 107 m3/yr
since the area where this aquifer is distributed (Mae Nam

Ya Kang - Mae Nam Koleok) is about &10 sq.km.

The groundwater throughflow, on the other hand, is
estimated to be 1.75 x lO8 m3/yr for the entire watershed. As
for existing yield, there are about 80 wells throughout the
entire watershed and most of these are hardly used, but if al
of them are assumed to be operated and the average yield per
well to be 170 1/min, the total yield would come to 5.0 x 106
m3/yr, and when subtracting this, the groundwater throughflow
‘would be.about 1,70 x 108 m3/yr. Accordingly, the total yield

is equivalent fo around 22 percent of the throughflow which is

a reasonable yield plan,

The geological profile of this aquifer is converted into a

model as shown below, The principal geological components of
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the aquifer are assumed to be fine sand to coarse sand, and the

yield per well 1s calculated according to the hydrological

fofmula. ; -_Pq =100h\ 50

21Kbe " (H-ho) -/ To ne' & 1“"{_&1
- D ~no . T _,fi;, . : Ld = 7
Q 2.3 log (R/v,) a7 2per 9% T ) . £ £
) . . H [ow)
' o«
(Kozeny's formula) - i Ea S A
’ - ’ o e ;‘_'_ €
: ity ™

Wherein k : Coefficient of permeability
H : Height from the bottom end of aquifer to the

initial water surface

r ot Radius of well

hy: Ueight from the bottom end of aquifer to the water
surface in well

Thickness of confined aquifer

R ¢ Influence radius
c': /b
c:  Length of well wall penctrating inlo aquifer
q - L7 % 0.0005 x 20 x 0.3 x (49-39)
2.3 x log (600/0.1)
0.1 o 23 ‘-3 . .
(] + 7 x /mﬁj' Ccos ——";{—9——‘" ) = 2.5 X 10 m3/scc '.—‘ 2139.«/“11!1

When the well efficiency is assumed to be 20 percent, the

yield becomes 175 1/min.

“The calculated'resulﬁ would be identical with the
foregoing yield, so that the yieid is assumed to be 170
1/min/well;

- The area in which water can be’'drawn from these wells
" basically extends over the entire Chao Phraya aquifer betwéen
Mae Nam Ya Kang and Mae Nam Kolok, but since the coastal zone
is salinized as shown in Figure I1-3-6, there is a limit to its
use in view of the relationship between salinity and érop.
And;.pumping of a largé volume_of grodndwatéf from the area
" which indicates a high EC value of 1,000 ymho/cm results in

. promoting salinization.’ Because of this; irrigation of only a
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small scale at certain spots would be possible in this area.

(Refer to Fipure II-3-7)

On the other hand, since this stratum contains a lot of
Fe, thefrelationship between Fe contents and crops must be
coﬁfirmed-in advance. ‘And, although 1t was not confivrmed
during the survey, some places have produced brackish water, so
that the aquifer must be selected with care and preparations

made for grouting.

The cost of constructing one well is preliminarily
estimated assuming a well diameter of 200 mm, depth of 40 wm and

the use of electric submersible pump:

_Item Quantity  Unit Rate Amount
() (B)
Drilling ¢350 -mm 40 m 2,300 92,000
Steel Casing %200 wm 34 m 750 25,500
Screen Wire :
wounded 2 3m 15,000 30,000
#200 mm
Well Development 22,000
Cement grout 300
Gravel pack ' 400
Clay plug 100
Electric— $50mm
Submersible Pump 1.5 kw 45,000
Generator - 3HP 12,000
Total | 227,300

Note: RID price, Aug. 1985
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(b)

Beach-sand Aquifer

Salinizaition is the key to determine whether or no;.water
can be pumped f£rom this'aquifer,_:The model as. -shown below
patternalizes the-distribution of groundwater within this
aquifer, Fresh water lies on top of. saline water in lenticular

form with an estimated average thickness of around 4.&,
- Accordingly, taking of this fresh warer im a large volume

would not be possible with an ofdinéry tube well because of the

drawdown in existing wells.which ranges between 6.3 - 15.3 m.

GWLzE.S(averagé=1wS)m
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