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ROYAL IRRIGATION DEPARTMENT

RESEARCH ANU LABORATORY DIVISION
SOIL ENGINEERING BRANCH

Poga Ho, 2

COMPACTION TEST

PROJECT pow-var_ (21 MENO

161/34
LOCATION 023 _
BORING P2 - _ TEST MO, {
SO1L DESCRIPTION DEPTH
YESTED BY | KAMPONG DATE 10/07/34
CHECKED BY PAIBOON . DATE 11/07/34
1750
1700
ﬁ' -
g) 1650 - /W —“h\hﬁ\
- ' ﬂ \

O TR I 7 O I A A i .
éﬁ 1600 | /] AN .
E g )

_ // ﬁz\
1550 .
1500
5 7 9 1 13 5 17 13 2 23 5
WATER CONTENT, X
Hex. DOry Density 1661 kg/cu.m  Optimum ater Content 125 4
Sheat._ S of 10

D-29




ROYAL IRRIGATION DEPARTMENT

RESEARCH AND LABORATORY DIVISION
SOIL ENGINEERING BRANCH

Pegs Bo. 2

COMPACTION TEST

PROJECT po-val (2wd) MEMO 161/34
LOCATION | | 24 |
BORING P2(1) TEST NO. __ {
| SOIL DESCRIPTION DEPTH |
" YESTED BY _ KAWPONG DATE 10/07/34.
CHECKED BY. PAIBOON DATE 11/07/34
1650
1600
@
8 e il B
g i o
L a A - Nt
§ 1500 W K _
& | N
1450
1400 , _ .
7 18 18 AW A @ 2B 224 B B
NATER CONTENT, ¥ -
Max. Ory Density 1562 kg/cu.m  Optlaum Water Content 2.9 g

Shoet, b_of 10 |
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Pogr bo. 2
ROYAL IRRIGATION DEPARTMENT
RESEARCH AND LABORATORY DIVISION
SOIL ENGINFERING BRANCH '
COMPACTION TEST
PROJECT oow-var (2nd) MEMO 164/34
LOCATION | 024 |
BORING . P3{1) TEST NO. {
SOIL DESCRIPTION . : DEPTH _
TESTED BY - KAHPONG DATE 10/07/34°
CHECKED BY PAIBOON ___ DAE 11/07/34
1800
1800
.
\g 1700
t’—j , e} * [
e i - . _ S R RN " o SN - N U SEVIYS DO
g 1600 | //'/G \&\
2 AN
2 ’ pd
- 1500 . _ /
v
1400 _
5 16 7 18 13 2 2 2 213 U
| WATER CONTENT, X
Mox. Dry Density 1650 kg/cu.m  Optlmus Water Content 2.7 y
Sheot_7_of 10

D-31



ROYAL IRRIGATION DEPARTMENT

RESEARCH AND LABORATORY DIVISION

s lL ENG INEERI NG BR‘\NLH

COMPAC Tl ON TEST

Phga Ho. 2

DOML YAl Qﬂ 9*)
UZJ

PROJECT
LOCAT {0H

BORING .
SOiL DESCRIPTION
TESTED 8Y
CHECKED 8Y

ME&’

Pf(i]

— ——— F\A!’PCBI\J - e m s A e e —
o PAIROON

DATE

TEST %O,
oeeTA

. 08/07/34

DNE ___ 08/07/34__

1@1 /SAL

i

D-32
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Paga Ha. 2

ROYAL IRRIGATION DEPARTMENT

RESEARCH AND LABORATORY DIVISION
SOlEyENGiNEER[NG BRANCH

COMPACTION TEST

PROJECT

LOCATION
BORING

ponyar (457 MeMo A6t [a4

P4(2)

TEST NO. 4

SOIL DESCRIPTION
TESTED BY

B 0ePTH -
KAMPONG __ DATE _ 05/07/34

CHECKED 8Y -

_ PAIBOON DATE _  03/07/34

1800 - . .
1700 - i & .

1600

1500 |

ORY DENSITY, kg/eu.m

I

, !
/ | l | |

//' i lf !
12 ' H I i
-4 - & c- - ERT ] s e :

[ j |
1400 . g B N S DN N N =
A SRS PV N A SN NN SUUNS SN PSS RO U NN ISYSN SN B o
. - i i
| ; !
' 1

1
+
1.
|

|

18 20 22 24 25

]
S
a
—
L
o

"3
]

#ATER COHTENT, X

1641 ~ kg/cu.m {ptimum Hater Content 17.2 A

Shcet_%ﬁu af NQQ

D-33




ROYAL IRRIGATION DEPARTMENT
RESEARCH AND LABORA_TORY DIVISION

SO1L ENGINEERING BRANCH

Pago to, 2

|

COMPACTION TEST
E PROJECT -—-—__.___QQi‘.EfI_&L__(,ﬁQ W;mew MEMO 164 /54
o LOTATION o S ___‘QZB : - .._,_—

BORIMNG

SOIL DESCRIPTION

 KAWPONG

TEST NO,

DEPTH
DATE

1

0807734

Shcet;_s_ o_F__",_O‘ |

CHECKED BY C U PAIBOON . pATE 08/07/34 . ¢
1900 . o . . o |
i 3 H
] | | |
0 LA 1 L B
goe | i ; L
. ? : Z O~ l 3
o E AT ™~ 5 |
3 [T S e [ NV IS PN SN SUNTUDE FIOENON . SO SR UL S SRR S
. R - G N |
= X i /
8 e n N !
2 : e i I\\ :
= S SRTHIRTETIR NN NP PO o S R O OO O P o R
& : 2 | L i | |
= Bt 1 I IR ? , E i L
E : * SO T : S S R ST
; TS o B
sy bt o i | ’ |
; ! C i1 T '
R 1 ]
1 T S RN U U S MO SO SO SUUNE DU S S
S i R Lo o
, SR SR I ! Lo
RN T S S SO SOSNOE SO S NS ST S S
i ¥ 3 4 35 16 W e 13 20 E
. WATZR CONTENT, ¥
Max. bry Densiiy W78 ] kg)’cu.m | Optimum Mater Contont 6.5 ‘-




[ R

PROJECT

ROYAL

IRRIGATION OEPARTMENT

RESEARCH AND LA‘?OR/\TORY OIVISION

SGlL i71‘43‘1‘\'H3R1Nf E)Rf‘\’hi

COMPACT[ON TEST

LOCATION
BORWNG .

SOIL DESCRIPTION
| TESTED BY. e e e

CCHECKED BY

2000 |

DOME-YA _Ljrgj;)<ﬂ o

_PAIBOON

. } \Upohﬂ

HEMO

TEb[ HO
DtPTH
DATE
DATE

Page Ho. 2

164 /34

|

Nz

e e e e e e el

D-35

: = o P ey . —~ £y
. ] ]
; ' . ! i . I r i I ! i :
! : l N ' | l ' T
I I RN SV SRR S S B e TR T P RN SV . oy e el i. A
| j ! Tt T R I o
1 ol 3 ol A S o
i : i i : : : : ! : i
o 1900 : I 1 l 3 T U""’i A\\: § i _r""‘,r__"l i
! | g RS - s poro
| i i T : - !
l R BRI —_— —. l L /K U TR X ‘ — . i \i - 1 v i
{ E i i L A ! e , f
; S i P P Y ; :
i = i ; ¢ . H ! i H ., | !
[ 2 1800 | , T I NN S SRR N N S DO |
i 0 > T oo | R N 5
P S ; ! : P é ‘
i B !__ i P _j_ SRPURTE SRRV - S : (R ! .
i A I P _
YTV N R A WU - Lol L :
._?1 ; i : ;/3 \ i : ' i é S ; : :
& Co ; S R
. - o : . : : . i i : : .
--' P ; I T O Coa
: - oo ' S R b
i 1600 Lo oo L4 ) R S S S W S S S
' ! , i i . . I : ' i : . ;
i | [ ; i A T b i
| AR AU S O S Y AU S S A A |
i ; Lo i S B v
! AR R .
L Y A S 0 N s NSNS N AU SV SRS Y
. = 7 3 3 e o i i3 i T b
: IR DO,
. S Cane . o 0. ;
i Hex, Ory bensisy 1320 kgicu.m Cptimum Wator Content te.d A :
i ) - :
i
1



LOCATION

PROJECT

ROYAL IRRIGATION DEPARTMENT

RESEARCH AND LABORATORY DIVISION
SOIL ENGINEERING BRANCH L
COMPACTION TEST

poe=vat {4 9*:)

028

MEMO ;kgggj_zflgk,;*mﬁ

| BORING P33 _TEST NO. i
| SOIL DESCRIPTION DEPTH 270 .
| TESTED BY KAUPONG DATE 08/07/34
| CHECKED BY PAIBOON _DATE _ 08/07/34
; |
! 2000 =
| S O A e R
1900 |
r—x--‘»___h-
LT ]
£ y / \\\ . !
2 ys00 - = 3 !
¥ / N\ ;
- 2] N !
L = doh . bbb b - ,"\\_:_" o
- R B TR B I
D00 / n ..
j_‘r:_’ ! K ’/' 3 ! I :
i ST i 1 Ty :
] | .
ool 41 IS IEnS ;
| / i i
S NS /N S N U TN - _ S5 SRS R S DU .
| | B
1500 4 b ey (PRSI E S S
/ g g 10 1t 1213 14 15 6 1

Max.

Jry Density

1879

~ kg/cu.m

UATER CONTENT, ¥

Optimum iater Content

127




Fagm flo, 2

ROYAL IRRIGATION DEPARTMENT

RESEARCH ANDlLABORATORY DIVISION
_ SOIL ENGINEERING BRANCH

COMPACTION TEST

PROJECT

. cnnny

HEND

pou-yar (9 )

LOCATIOM

(29

161/34

BORING

P2

TESTED BY

'SOIL DESCRIPTION

KAUPONG

CHECKED BY

PA[BOON

TEST ho,
DEPTH

t

DATE.

UATE

10/07/34_

/o34

1920

1600 .

e

150 1

i .

10

it

Vo, Dry Cemolty 1778 kcum Ootlmum fator Content

2 13 14 15 18 17

-~ FATER CONTENT, X
6.8 ¥

i~

Shout__ & of 10

D-37




AP s Al 8 S s B ¥ Y Pt

Pz Ho, 2

e

ROYAL IRRIGATION DEPARTMENT

RESEARCH AND LABORATORY DIVISION
S0IL ENGINFERING BRANCH

i g o it e e = 8 e M 1 8 b o = o s S e e e it ]

COMPACTION TEST

wd.

Y

PROELT __ooenm (2

LOCATION R
BORING _ B TESTNO. i B

SOIL DESCRIPTION
TESTED BY

———— e e e 2 b e e

10/07/34

i — T T— —7. 7 T
2000 —— F——Mr‘—--rm—*r* ' l . =
A S W SN N P_..J‘w. S (SR U S S —tn. S
ﬂ IR H
1200 |t y i

S SN K

L A N A W O .
S .
1800 1 S]] G ] '

-

IRY DERSITY, kg/cu.m

g

IR S,

- 15

OV SRR VO .

10

th

12

13

kg/eu.m

14
WATER COMTENT, ¥

15

Optlmm ¥ober Content

PR VISP R e

13.6

sheat_ S of_10

e Pkt A s E e e
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FIGURE D-1 DISTRIBUTION OF WELL DEPTH, YIELD & SPECIFIC CAPAITY
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_FIGURRE D-2__DISTRIBUTION OF EC & pH
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FIGURE D-3  TEST PIT LOG

A sand
Clay

[

s e o Gravel

2 |2 -]

e

=Ty Laterite

R Sandy
-~

L Silty
A
2

//i::/‘ ~ Clayey

Y Groundwater Table

P-1 D Soil Sampling Point

D-43



s}isedap 9ddelia] 'PERS PIJJIOS L]
~J00d ‘334 0} }SIOE ‘9500 ‘GMolg
s]ed ‘fwid gysyumodg foueje[Ip
pider ‘s3E[] £}1011527d-Tou yyia
£371s %07 ymoqy 'PURY pajios £]
~Jooed ‘jak €} 1510R "9500] ‘UM&JQ
#]2d o0y f®viZ gsiumelqg ‘yueBImOD
pies suij ‘pues EIIPIT 0} IWI].
! %06 3n0Qy I (gS)pEEs paprid o4

0L

&d

r

s}isodap adeital -f{dueje({p pides
2115e[d-a60 "LI1TS gllE ST
%07 3ineqy "4iel1Z sj2d o} ummnrohn
314 3S10¥ ‘2500] ‘}EREIBOD
PEES a01] ‘pues BOIPIW ©) W]
%06 1nogy ! {dSipures papeJd? £fyioog

0l

‘psreL ‘pmes ML) 0} L3Y1s
‘2500 L4aA ‘mmciq §iEp l]10S doj

00

HOIL4[¥283]

207

IR

| £
CIVE R0Q RYT €0-Q

*{yaejejip prded pue L31d1}
~sejd - L[yUBI[S- DO T}id 301]
nxaﬂ 1Rody 's}isodap 1108 33ed

—I3] *yoa ‘DOI1RIJEIINGI  WOJT
pUE p31104S ‘UM0Iq USIMO]}O
£1q8ty ‘PsB3p WRIPIW 0} 500,

“1ORO]EOD DU®S VL] TCpUES WALIPIN

0% 2WIT %08 3moqe ! (NS)puEs 43I

id

"1s10®m pue 3seo] ‘foTeYE[IP
;o DicRL “£31d13sSeid Dol XH] 1204y
$1IS0dap 3ovIlay .nomuuhﬂnuumwu
"_moll pue pajjods gSIM0]{ok M3]
® ‘osouq Uslmo[raf o1 L2433 Usi
~TROJQ ‘{gg) paprJd []3x lpues 2L,

v

T

BPu®S amry 0} £3[1s 'asoee] £494
‘{212 yIep 0y UMoeiq YIRp Ifjos doj.

[}

NO1LATYISTT

0071

(W)

I-d
1¥A ROG RV £7-(

D-44



_ AR ELE
psq EOJ] J106S [®IpIsS3ay £auejT]lp
so1s 'I31a13seid mo] o) L139H1[S
Y31 S9a1] X7 1R0gY payieds
7Ty 0] (S140]{34 YIIY ‘}siew
“337sp ERIpIW 63 EIY] ‘Leld 1431}

o1 fr2f gsimmoug ‘jieeimep pues.

2317 ¥0§ 3004y 1{)g)preg Falry

0L

<(2)-d

“£3m37%e]
~1p 32i0b ¢} A0]s pu® L3}1211s2jd
£13981]5-101 Q1 k& SITL] X7 3009

-Y payreds ysias({vd JEes ‘}sie@
‘ggorq si2d o0y {®i2 ysiumeldq o
‘asoe] 0] }joS ‘pajies [(%a * ¢
poes 2817 %08 1poqy :{#g}pues L3]I

ane

- d

‘3510® ‘pues 3Bi] 03

£311s 'ssoo] ‘umolq ylep lsples dox

X

" NOTLd 142834

507

[-4
ROS XYT FI-G

1

_ded

‘18108

‘5ytseday IdpJiRl L3¥RIRiiP P
‘SUTjIot}seid-T0m Glid S3D]]
¥pl jmoqy "pues puydes f[Jood
‘1804q 2jed ‘fes? gsimaoclg
'3850¢] ‘}JURWIHOpD DUES IE[] ‘pHes
E1ipoE 0} pues 3IT Y06 veqy .
- L{AS)}pUTS PIpRIZ [[IR pURS FUiF.

-

oYY

S)810W ‘BRES
£y11s ‘'9soo0f ‘ukelq Yiep lftes doy

H

&0

HOILd1¥DS3da

5071

o

(-4
IVA %00 AV] £7-0

D-45



p3yy9ds 1ei8 3921 £19814
‘pydamad ‘fiJeed 'jjes’paiaiedm

f1s3vjdued ‘iz Jrep ‘maedy Firp
‘peppeQla}L] 2WO)SPURS/3TEYSY]IS

s et i e e s

[v]#)

(i)
mojyeRioed jredy juyy IYy Jo Iwoys
—311S pai3njeas L]¥15]dmod el
S5{105 [eRRpIsay -"peyoeds pas gsp -
~&077%4 Lyq21y ‘'feid ysiusolg o}
213 ‘iwrd yuwit) C‘puEs vi] Ldva
0} L3115 X017 1204y "piwy o3 JJiis
‘g3s@adys gI1g L13a ‘fameyeiIip
~Tog pue i31313seid k0| Gile
$3TIT %06 1mOqy {10} LB)> L3118

[SL2A

g-d

(D) 19ARiZ L3]S 3XTL Joof
‘y34 'pai Usime]j’s o3} ‘mAolq
gsIpped ‘Tmolqg. 3dep ‘3114333e7

JO PIPPIQ TPy} pEE PJER [3314333T]

0%

‘15108 ‘pees Lyfis
'f213 3iep oy Wwetq 3JeP -S(les dol

NOIHdTYISET

907

ITTHIE AN

¢y palag)eax []sye]dEed ‘pue jjes
‘fri3 YSIUMOIQ 0} pII YSiuMolq .

‘DO JJzp 9UOISPUERS/NUGYSYIIg

(sELy)
"$o0t poq woij priagyeam fidyaid
-N0Y WHI} S}IOS [ERPISIY “Jvimy

"Lyp1s oy pues auyiy X0I jmoqy

“y32uasys LIp gR1yg ‘LouUBR{Ip-UOW

peR Ly1311s2jd G3IQ 0F MO YjlM
$3UI] X06 ymoqy . (§)) L®Id> £3}lS

piRy &} fel3 gsiumeJq ‘Lwi¥ 3qySiy .

| B

Pl gSIUMOIq G DHoIq YSIppI
dalr] 3370} pre pivy Ipag 3jidayye]

.,

s

“38015-0017) LgRm
Eila 31015 “feld ylep 'slies doj

51°0

NOT1d 143530

3071

1-d
ROS YT ¥i-C

)

D-46



! T
051
Ov¥l ,
.;,suammuum;<. .
137BA ‘3sioX ‘B U] 63 ¥l usamyaq o o
sy1dajey pieg cpues L1115 wyl 03 Jemd
§°] ‘mmoiq 2]ed 0y UseJQ [SIXo] -
L194 ‘feJf gsiuaelq ‘jivdiake] 01 L
3SI5p EO[Pa¥ 03 2500] ‘JERTIEOP L
pes 331] L{gS) poes a01] £3{15 ST
"DEOIQ FdEp . 0c0
‘pUES 2mI} oy pmes [yl !5{I0f dof
| i
NOILd180S30 | 907
1~ m

LEY [YAH §7-0

"131eh Jo 33%e
~4238 YRy £ pejEARIX? jol P{RO)

T 1§20

S fyieEsy :
_ ‘ T oAGlh
e Tl [y e
25007 pUR 3k ‘S10dS8 Usi .umm\...IWW:
_Ko[{3k aues ‘uwolg ajed oy £vd3 PAPRE
ysiomo1q ‘{omeye{ip pided yjik U Ki-d
%¢T "fyidrysepd-uvol poes ITIF X8 AR
‘Xdy I{fg}pres L3yfrs 0} pEes Wi )] .
N 0%
i CysloE ‘fedd yliep oy -
nMolg jdep ‘pues [LyfIs fjros dof
. )
HOTLd1HIST 301 )

D-47



{¢}) "smly wody sjies [eERpIS
Loy -dwep o3 jstom ‘g3Ruauys ydiyg

"ky1213seid §21Q ‘piry 0} JIiiS
‘fe1d 1mfry oy Avid ‘Gmolg USlao]

L3k fes gsiuxedg {10)4eid L3118

A

"s0ds

gsieojraf g1y ‘ysvoem ‘yjlualys

q¥rg ‘Lyoryseid moy ‘piwy

01 JJrys ‘umoiq ysippas o) ‘fesd
1481 oy gstamosg ({73} {efd fpueg

. ‘¥Iscop ¢
{213 ysiamolg oy Ledd ysimeyyai
1rediwoep pRes 01j {KS} puEs £y11§

0Lg

§oeardeye] piey Jo
sspedag "R o} dm Fip 309 pimod
{YIREIY

= R FI TR T T
BE1G "Ly131yseid Mo Yjim
£ely X07 juoeqr ‘'[eavid sslunel 0}

JUI] %08 150qy :(D9)19ArIS £ale[)

Ox0

‘BA0IqQ jdep f®IS jueR Isjies doj

OTAY

NOILd130530

F-d
P9Y 1VAH $2-0

s

FT1Y0W gspRo[[3d yFiy "ys7om 513
-Seld Li3421]s ‘yJos ‘GmoJg ajed

0} mmolq ysimef{af '{wgipomes L31!g
e feld S

S¥o

jiep ‘pues i) ey Lyf1s lji0s dof

$iC

NOILd1¥D83C

HIEH

£-d
TdY 1vnH SZ-C

(L)

<IE~d

D-48



‘sylsodap syies [eiamjiy -idume
1e{1D0 x0]s oy mEIpaw ‘{y1>1152}4d
S139310s yy1x £3[3 X1 jneQy “3ox
0} 3SI0E ‘s9veld Ul payvliuaddal
et "s$3¢ds uaodqg §sipped ‘iedd
§s1mxeq ‘9533)p WHI{PI® 0} Isco]
M12ne13s £Jp L3I0 o) ®ERIpAY Cpues
201) %58 1mogy !(ps)pues fafey)

‘32%)4 Ti PIJBITEAILGD

Bodl FR01Q YSime]jsfl ‘ysiom ‘feJi3

gs1ar01q 03 EBholg 3jed “9s00}

‘Azueywiip xainb "{310i35®)d
£1398y)s-00T ¥p7 juoge ‘juel.
—{¥ep pUes PEI] ‘pUTS WRIPIE 03

pues 3Tl] XpR Xdy ! {fg)pues iy|ig

<H2-d

"ysiew ‘pues LyjIs
‘3500 dia& ‘feif jdep !jlos do}

00

NO1Ld1HISH0

261

(ary

i-d
DNYIG INVY [VOH €7-C

ooy
~23elad giIy ‘paey £1aa o0y piwy -
‘BMOIG USTRPYII VEGE [ 0% GE°T
¥oug "TMoaq Yizp piey ey ‘plTy .
¥ripom WOE ] 0} BZ°D wely pawy
‘gmeig YSIPp3d 0} jiep lajriiie]

3%00] ..
'}sio® ‘pres 1] o) pues fy7Is
‘TM0iq Jlep o1 fesd glep fjtos dofl

g6'1

020

NOIL4I82830

t)

I-4
INYEQ DNVI 1YAH 67-0

D-49



fygeyejlp pides ’
£3121ysepd-non pae ‘3yts X7 jroq
-y 'syisedap grejd poejy -ystom
‘GH0dq 9jed o} THOIG [sTrO[[WL
‘3go0] oy aseo0] Llsr 'g3dmedys
{1p #0] L1ar ‘pajles IjJood 'pues
30l) %98 xdy (ESjpues aw{] L31I§

R L
‘asooyfumosq ‘TmoIQ jyJep [10s dof

0d¢

oTe

NOILd1¥05Ed

i-d
NOB i¥AH I-f

]

‘yslem ‘s3deid ®1omely
~2J3U32T00 Lol pue syods Taolq
gsiMo]jadl gdiy ‘asmap WEIpe® 0} |
25007 ‘fe13 gsimo|(si 0} £raf gsI
-na0rg ‘gydmIs)s Lip wnipem ‘fage
-3R1ip #oys ‘fy131yseid £134d1gs

-BoT §yim Y1IS XQI j20qe ‘pues

0y ¢

W15 K08 190qy ! (xS} pues fypis |t
s

SRR L

£ip 'yjes fi3a o3 3seo] . .- .nm

‘mkoJq d[ed 0% umodq lpmes agry |-
"1sto0m ‘feif 520

3iep ‘pues Wi} o3 £311s !]tos doj
{u
NGILd1¥3534 2017 .
f-d
NOR IVDH L-f

D-b0



ook

“{4)BeiyeEIoy jeniyy juyy 2 1-d
Jo 9WOISY]IS wWol] Sjioes jeRUpisay
T{10) "3sied ‘Mp1d1jseyd WRIPIE -
e} 41142115 4ydmalys Lap ysippal —
f3ysry 'jrrys oy ®ITp CpUES @iy
*f2i3 3ys1] oy £vdd {p)dwid fpueg
aE
<3 (B-i~d
"}SieW ‘sjods pal gsieojiadi maj e
‘}ij0s ‘pEes EB{DIT 0} IuWl] - ‘GHe.q
19311 oy ysimojrad !(Ng)pues £31I§
R
. ‘puES 43118
‘f£e18 3Jep o) Ta0JQ Rarp ljles do}
Tull

NOTLd182834

307

i~d
174 HOO RY1 8T1-~(

's¥2e]d 1 PIjRIYEIOUOD

BoJl pue ‘syods ukelq gsimofiad

‘£l TSTUTMOIQ ‘ISTIP EWRIPIW 0}

3500 “{>UIjewiip EEIDIW ‘'T1InaUys

£ip mBrpew ‘samij £j13ryseld

£iju&Tys-uon ‘pRes Gy Liaa

0% L3708 X0 3n0Qy °pUTS ®WEIPIW
01 AT} X0L jveqy {)NS)pues L3115

K £-d

‘syls50dyp yYsexs dojs
‘[ip ‘EMOIQ 3(®d 'TMOIG ‘3S00]
f1sx ‘paylos Lyiood ‘pues Uiy

PURS L}]1S ‘3stom
‘Unolq yiep o) umolq :jjos doj

0¢06

NOTLdIYISHQ

Wi

£
NOE IY¥QH L-T

D-61



_ "2523p

0] W11y c‘Lduejeiip BOS .uwﬁmmﬁm
£130813s ‘Le]> 0finogy 'jsiow
‘2DIY¥e—3  jo S30ds DPII YSIMO]
-{5L £yy21y ‘feld ygd31] ey [Lea¥
‘10eT1Wep. pues ITI] ‘pUeS ERIPIW
0} AT ROL 1a09¥ s{os)pues [faley)

| .mewog ‘syjeds

_ pel Ystaejisf YRIy 'yrdualys
£1p wmipaw ‘Lyroryseid Ljy4digs
t ‘a5Eap ELIPIW 'fevli yqsTOAClg
_ ©) 3481y ‘fed? [ (gS)puEs L3}]IS

[V

-KIR¥-d

‘ys10€ ‘Syeds Tuolg Gslmejlsd
B3] ¥ ‘[o>FejRPiD X2i1nb ‘I500]
by 2500¢] fiaa ‘pe)i0os 94 “UaeJg
| ayed oy dey? ysiaoljad lpues niy

gri

K De-d

"ysied .Mumwn jo syonl Ljudry
"fedd ydep o) ‘maery ydep I[los do]

¢

N0114132530

001

(-

£-d .
1¥4 KOO %Y1 87-¢

_ {38} 'syods
pas ystuojrek L(ydty ‘yrdualys
£ip q31y ‘srysefd £ygRrps taszep
anjpaw ‘pues 017 ‘Lel¥ 3gdij

0} ‘fei3 ysiumotq !{)§}pues £faley)

:

KJ(2y2-d

.L:Hunuhdm Lip moy ‘Mogegeilp
1218b ‘'juewgmep puEs Ui ‘Is00]

£i3a 'pajdes jlea ‘smoig dred
0y ystmepjai (paEs L}11S/PUES TIj

(s 44

[3]¢ 0

L) 2-d

'Sy004 3305 §iiM
I40JQ giep ‘feid 3JEp l)res do]

SE0

NOILJT1¥083G

501

[gei)]

1-¢
{13} 1YL ROQ HY B7-(

D-62



FIGURE D=4GEOLOGICAL MAP (D-23, LAM DOM YAl (VD)
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FIGURE D~5GEOLOGICAL MAP (D-24, LAM SOM)
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FIGURE D=6 GEOLOGICAL MAP (D-25, HUAI ARI)
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FI GURE D=-7GEOLOGICAL MAP (D-28, LAM YA L))
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FIGURE D~8 GEOLOGICAL MAP (D-29, HUAI FANG DEAND )
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FIGURE D-9 GEOLOGICAL MAP (J-1, LAM SOM)
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PART-l (FEASIBILITY STUDY)

- CHAPTERIV. FIELD SURVEY

The dam axis was decided on the basis of the field survey under the
conslderatlon of followmg three factors, that is, i) the site with narrowest river
width, ii) abutment_l_n the highest elevation and iii) most favorable topography
for the situation of spillway. -Core drilling on the dam axis and survey for
‘embankment material were performed by the Geological Investigation Branch
of RID.

__ Nine holes on the dam axis and two holes on the service spillway were
drilled during the period from November 1991 to J anuary 1992, The result of
the survey is shown in Figure D-11, Geological Map, Figure D-12, Geological
Profile (A-A’), Figure D-13 Geological Profile (B-B’) and Figure D-14 Lugeon
Map. '

36 auger holes and 18 test pits were conducted on the hilltop of the
| right bank and flood plane of the Lam Dom Yai. The deseription of auger holes
and test pifs are shown in Figure D-16, and the result of soil laboratory test is
‘shown in Figure D-19 and Table D-4 to D-6.
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CHAPTER V. GENERAL GEOLOGY

5.1 TOPOGRAPHY

The selected dam-site is located in-the halfway up of the Lam Dom Yai,
which meanders back and forth near the dam site. The river has for med wide
flood plane reaching about 600 m near the dam axis, and old river courses and
natural levees are recognized from topographic maps and aero- photograph
interpretation. Dammed lakes are present on the old river courses and back -
marshes, and the water of the lakes is utilizing for 11r1gat10n The flood plane is
heavily covered by fertile soil and widely cultivated. The area is mostly flat, :
that is, the gradient is about 1/600 and the elevation ranges in height from 130
to 133 m above the mean sea level (mamsl), -

_ " Rolling hills are present. at thé both sides of the flood plane, and théy
have gentle slopes and flat hilltops. The gradient of the slopes is 1/28 at the _
right abutment and 1/15 at the left abutment,

Talus and river terrace are present on a small scale at the feet of the
- rolling hills. It seems that a thin bed of terrace deposit is distributed on the
hilltop of the right bank, because gravel excavated from a pond is observed near
the service spillway.
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6.2 Geology

As sh_own' in Figure D-11 and D-12, the investigated area consists of
‘bedrock, residual soil, terrace deposit, talus deposit and flood plane deposit,

No bedrock crops out in the area, and its lithological character is
observable only from boring cores. The bedrock is a member of the Khok Kruat
Formation (Kk) of Cretaceous age, and the general strike and dip is inferred to
be N30°W to N40°E, 5° to 15°NW from existing data and the field
'récbnnaissance so far made. The bedrock consists of fine to coarse grained
- .s'andstone,' silistone, thin beds of conglbmeraté and alternations of them. The
bedrock underlies residual soil in rolling hill and flood plane deposit in flood
plane,

Residual soil, which consists of weathering material of the bedrock, is
distributed widely in rolling hills and overlies the bedrock. The soil composed
of sand, silt and-clay- is less fertile, more sandy and less contributive to rice
cultivation. The thickness is less than eight meters.

River terrace deposit, which is restricted in the distribution, consists of
sand and gravel and is less than two meters thick.

- Flood plane deposit, which has been transported by the Lam Dom Yali,
“is widely distributed along the recent river course. The deposit consists mostly
of loose sandy soil and less 10 m thick.

Talus deposit overlies residual soil at the feet of rolling hill, and is

- presumably less than two meters thick. The deposit is formed mainly of loose
sand, silt and clay.
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CHAPTER VI. DAM-SITE GEOLOGY

10 bore holes were drilled on the dam axis, and Standard Penetration
Test and Permeability Test were performed in each hole.

6.1 Standard Penetration Test (SPT)

SPT was performed for unconsolidated deposit in each borehole using
split-spoon sampler tube. N value is shown in Figure D-12.

Residual soil (Rs) consists of silty to clayey sand and silty cia_y
including gravel. It ranges in thickness from three to seven meters, and ranges
in N value from 4 to more than 50, but less than 10 within 5 meters deep.

Flood plane deposit (Fp) consists of very loose to dense sand and silty |
sand and 9.3 m thick in the middle of the flood plane. It ranges in N value from
2 to more than 50, but less than 20 in most points.

According to the criteriaV, the ground whose N value is less than 20 is
called “Soft Ground”, and adequate foundation treatment is required to prevent
sliding failure and remarkable deformation. N value of the two layers
mentioned above is less than 20 in most depth, and adequate treatment such as
elimination of soil by excavation is required. On the contrary, bedrock which
underlies the two layers and consists of sandstone and siltstone, has sufficient
bearing eapacity for a fill type dam.

6.2 Permeability Test
Permeability test for unconsolidated layer, such as residual soil and

flood plane deposit, was performed on the basis of EARTH MANUAL
DESIGNATION E-18, OPEN END METHOD, by United States Bureau of

1/ ¢+ Agricultural Land Improvement Project Planning and Design Criteria - Deslgn Dam -
Mlmstry of agriculture and Fisheries, Japan
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Beclamation (USBR). The formula calculated coefficient of permeability (k) is
as follows;

_Q
5.5rH

Coefficient of permeability (cmy/sec)
Steady seepage flow into borehole (cm¥/sec)

:  Casing internal radius (Nx size = 3.81 ¢m)
Head of water (cm)

k =

ot o

Lugeon test by'single packer method was conducted for bedrock, and
permeability (Lugeon value) was calculated by following formula;

- 10Q

Lu = TH
Permeability (Lugeon)
total flow (liter/min)
Testing length (m)
Head of water (kg/cm?)

mrer

When borehole diameter is 76 mm, the correlation between Lugeon
value (Lu) and Coefficient of Permeability (k) is as follows;

1Lu = 1.18 X 10 (cm/sec)

~ The result of the permeability test is shown in Figure D-14 LUGEON
MAP. The map shows that coefficient of permeability of residual soil (Rs) is
mostly less than 1 X 10 em/sec which indicates impervious layer.

The permeability of flood plane deposit (Fp), however, ranges in k
value from 1.5 X 102 to more than 1.0 X 10 cm/sec. The value indicates that
the soil is pervious and will occur seepage flow, Particular attentions should be
paid for the loose and permeable soil layer. According to the auger drilling,
subsurface of the flood plane of the upper stream also consists mainly of sand
and silty sand as shown in Figure 6-3, therefore, natural blanket for the dam
foundation is not expected.

Bedrock consists of sandstone and siltstone intercalated by
conglomerate, and has many open cracks. Therefore, the bedrock shows
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high permeability, thatis, ranging in Lugeon value from 0.5 to 216.7 as show in
Figure D-14. Upper part of the rock is highly to moderately weathered, and
belongs D to Cu class in the rock classification (see CHAPTER VI. 8.4).
Consolidation grouting will be required to consolidate the upper part, and
curtain grouting to prevent seepage flow from the deeper part.

6.3 Rock Quality Designation (RQD)

The bedrock is a member of the Khok Kruat formation (Kk) and
consists of sandstone and siltstone intercalated by conglomerate. Drilling cores
are completely to moderately weathered and easily broken by soft hammering.
Some cores are dissolved by drilling water, specially- thin siltstone bed in
sandstone. The upper part of the rock has been changed to soil including
angular gravel by extreme weathering.

Rock Quality Designation (RQD) shows condition of fissures besides
core recovery, therefore, it is one of the indications of rock property as shown in
following table;

RQD ANMD ROCK QUALITY
RQD (%) Rock Quality
0-25 very poor
25-50 poor
50-75 fair
75-90 good

90-1060 excellent

As shown in Table D-4, 1/3 of RQD is less than 50% that means poor
rock condition, and they are mostly distributed within 10 m deep.
Consolidation grouting will be required in this part.

Table D-5 shows that there is no special correlation between RQD and
Lugeon value,; and most Lugeon value is distributed between 0 to 120, and only
3 points are near 200. Permeability depends on the looseness of fissures of
bedrock, and the permeability of Cr class are generally higher than Cm and Cu
class. However, as shown in Table D-5, the permeability of low RQD, thatis Cu -
class, is same with high RQD, because loosened fissures are filled by weathered
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materials, In high RQD that means Cum or Cu class, the fissures are still fresh
and opened, and have high permeability. Curtain grouting will be required in
deep and pervious zone.

6.4 Rock Classification
Table D-6 shows the Rock classification by the observation of boring

core by KIKUCHI et al, The result of the classification by boring core is shown
in Figure DD-11, and it reveals that boring cores are in the class of C and D.
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CHAPTER VIl GEOLOGY OF SERVICE SPILLWAY

As shown in Figure D-13, the :s'p'illway axis consists of bédrbck
residual soil, talus deposit and flood plane deposit. Assumed top of rock ranges
in depth from 3 to0 9.4 meters and coefficient of permeability isless than 1 X 105
cm/sec. The groundwater table ranges in depth 1.0 to 2.7 meters.
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CHAPTER Vill. FOUNDATION TREATMENT

‘As mentioned in CHAPTER VI. DAMSITE GEOLOGY, the dam
foundation is composed mostly of loose and per\nous unconsolidated sediments
and pervmus bedrock.

The Soft, Ground of the dam foundation ranges in depth from 6 to 8
meters in the flood plane deposits and 2 to 5 meters in the residual goils.-

Typical foundation treatment methods considered for the soft ground
are i) replacement ii) rapid consolidation, iii) counter wexght fill and iv)
embankment control, and the applicability of each method will be examined in
the dam demgn.

Foundation treatment for _seepé'ge flow will be required, and safety for
the seepage failure is generally estimated by stability analysis. However, there
is a high possfbxhty of seepage failure in the case of that coefficient of
‘permeability exceeds 1 X 10 em/sec. When soil is composed of loose fine sand
or silt and permeability is more than 1 X 10 em/sec, soil particles are moved
by séepage flow and finally seepage failure will occur in general. The residual
soil has low permeability, but in flood plane deposit, the coefficient of
permeability exceeds mostly 1.0 X 106+ cm/sec. Foundation treatment is
requi'red'for the high permeable zone of the deposit. Typical foundation
treatment methods considered for pervious and unconsolidated layers are 1)
elnmnatlon and backfilling, ii) general pavement of pervious layer, iii) blanket
and toe drain or iv) counter fill.

' ’I‘h_e perz:_neability of the bedrock ranges in Lugeon value from 2.1 to
218.7, and their distributions are shown in Figure D-14 Lugeon Map. Typical
foundation treatment methods to prevent seepage flow are i) ehmmatlon of
high pervious zone, 11) groutmg and iii) blanket method.

| 1t seems that grouting is most suitable for the bedrock.
Recommendable design of grouting is as follows:
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- Curtain grouting L
Depth 1=10m

Pitch 2.0m

Line 2 lines (1.5 m in space)
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CHAPTER IX. CONSTRUCTION MATERIALS

- 9.1 Field Survey
9.1.1 Location of Borrow Area

It is considered that the borrow area for the embankment material
should be located near the dam-site and to be easy to access even during the wet
season 'Residual soil on the right bank is inferred to be suitable for the
material from the view point of geological features, observation of test pits and
laboratory test according fo the investigations so far made. The soil
investigation including field reconnaissance, test pits and auger drilling were
conducted for the hilltop at the right bank. The investigated area is shown in
Figure D-15. The test pits and auger drilling were mainly located along the
‘proposed service spillway and emergency spillway, in which big volume of
cuttirg'xg:wil_l. be expected. Augerholes were also drilled on the flood plane for
future references.

8.1.2 Soil Conditions of the investigated Area

~ The investigated area consists of residual soils originated from
bedrock composmg mostly of sandstone and siltstone. Asshown in Figure D-12,
13 and 16, the soil is three to five meters thick and consist of silty sand to silty
clay. The soil along A-A’ Line (service spillway) is mainly of silty clay (CL) and
clayey silt (ML) and is suitable for core méterials._ The soil becomes gradually
course to the northward, that is, B-B’ Line; clayey sand (SC), C-C’ Line; silty to
clayey sand (SM-SC) and D-D’ Line; silty sand (SM). The grounwater levels of
‘each test pit and auger hole are 0.5 to 3.5 m deep, and some holes could not
-continue digging up to planned depth because of much water inflow.

- The augérhdles on the flood _plané show that the soil nearby the recent,

river course consists mainly of sand and silty sand, and of fine materials on foot
of hills. The fine materials will be suitable for core materials.
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9.2 Soil Laboratory Test

After the observation and description of the test pits and auger holes,
soil sampling was conducted and selected 16 'samples were delivered to the
laboratory of RID. The numbers of delivered samples and test items are shown
in Table D-7. The soil laboratory test was performed under the specification as
shown in Table D-10. The test data were handed from RID to the Team at the
end of January, 1992,

9.3 Characteristics of Materials
9.2.1 Grading Curve

The samples taken from the test pits consist of silty to clayey and (SM-
5C, SM and SC) and sandy to silty clay (CL-ML, CL and ML) as shown in Table
D-8. The gradation curves of each sample are shown in Figure D-19, and the
distribution of the grading is summarized in Figure D-18. The figure shows
that maximum grain size is 20 mm and passing ratio of 0.074 mm (-200#)
ranges in ratio from 28.0 to 82.5 percent. The soils are well graded and range in
Uniformity Coefficient (UC) from 10 to 583. The figure also indicates that soils
in the tested are consist of impermeable material and the dam of a
homogeneous type or zone type with thick core as recommendable,

9.3.2 Water Contents and Plasticity

The samples range in Natural Water Contents (Wn) from 10.6 to 20.3
percent and almost Wn are lower than Plastic Limit (PL). The samples are in
semi-solid state, and are on the wet side of the optimum water contents (Wopt)
and on the dry side of Wgg (water contents corresponding to 95 percent of dmax)
with the exception of the sample from A-A’TP2. CL ranges in Plasticity Index
(P1) from 8.4 to 22.0 percent, but other soils less than 10 percent which means
that careful execution control of embankment is requlred The soils range in
rdmax from 1.7 to 2.0 cu.m.
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9.3.3 Permeability

The permeability in the conditions of Wgog is less than 1 X 107 em/sec
and the value is enough for impervious materials.

9.3.4 Deformation

Compression Index (Ce), which values is less than 0.15, indicates that
the consolidation deformation of clayey materials is relatively small,

9.4 Conclusion

The summary of the soil test is shown in Table 6-1-1. The soil in the
investigated area consists of silty and clayey sand, silt and clay, and well
graded (UC 10 to 583). The ratio of 200# sieve passing is 20.0 to 82.5 percent,
and the contents of gravel are zero to five percent. The soils range in Wn from
10.6 to 20.3 percent and are in semisolid state. Optimum water contents (Wopt)
are 1 to 3 percént on the dry side of Wn, and ydmax ranges from 1.7 to 2.0
teu.m. Soils after cutting will be blocky from the view point of the condition
mentioned above, therefore, it is required to use sheep’s-foot roller on fill works
to eliminate voids between blocks. Coefficient of permeability of n X 107 to 10-
8 em/sec indicates high protection for water seepage.

The data reveal that the soils in the investigated area are adequate
impervious material for the dam embankment and have well construction
conditions. However, the materials have the factors which must be considered
in planning and constructing, that is; i) poor construction condition by the few
contents of gravels (less 5 peréent), ii) need to excavate drainage channels in
‘the borrow area because of high water table, iii) need of careful execution
control of water contents because of low PI and high contents of silt and clay, iv)
need of careful design for potential of swelling after the impoundment because
of high content of fine grained soils and v) selection of appropriate rolling
compaction machine,

The residual soil is three to seven meters thick, but the thickness of
appropriate for the embankment materials will be three meters in average,
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The borrow area is suitable on the flat land setting B, C and D Line.

quantity of the materials is estimated as follows;

Areaof B, C and D Line; - = _
500m X 500m X 3.0m = 750,000 cum
Cutting from Service Spillway (A Line);
600m X 40m X 4.0m = 96,000 cum
Total (the quantity of natural ground);
' = 846,000 cu.m
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TABLE D-6

ROCK CLASSIFICATION BY BORING CORE OBSERVATION

Class

Condition of Core

............................

Core length is more than 100 ¢m, and core is extr emely fresh and no
fissures. Core recoveryis excellent

RQD is 80 o 100%

..............................................................................................................

Core length is mainly 40 to 50 em, and core is fresh and the surface is
glassy. Fissures are distributed on a small scale and closed.
Recovery is excellent.

RQD is 80 to 100%

" Core length is mainly 10 to 30 e and cilyndrically. Mostly fresh

and the surface is mostly grassy. Fissures exist relatively on a large

- scale, and the planes have changed to brown by weathering.

Core recovery is good,
RQD is 80 to 100%.

Consisting of short cylindrical core, and the length is around 10 cm,
Shghtly weathered and the surface is mostly rough. The plane of

' fissures has been contaminated by weathermg, and the inside of core

also been weathered.
Core’ recovery is mostly more than 80%.
RQD is O to 60%.

Core is mamly composed of fragmentary rock and has been changed
to brown to light brown by highly weathering. Core is generally
highly weathered, and the surface is rough. Core is easy to break at
the opening of core barrel, and partly changed to soil.

Core recovery is mostly less than 80%.

RQD is 0 to 20%.

Core consists of sand, silt and clay. 1t is difficult to recognize the
boundary between the core and overlying layer, but the coreis
relatively well consolidated.

Core recovery is generally very poor, even if double core tube

is used.

RQDis 0 to 10%.

Cor re]atmn to “Degree of Weathering” by RID

o

0nw i

Fresh Rock «— AB
Slightly Weathered Rock - Cn ~ Cm
Moderately Weathered Roek « Cu~ Cu
Highly Weathered Rock “ Cp
Completely Weathered Rock « D -
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TABLE D-10 Spécification of Soil Laboratory Test

(Mechanical Properties)

I)Cbmpactioﬁ Test.
(é)The test will Se:ccnducted based on the condition of
water 6ontents and not on ; dry method.
2) Permeability Test
| (a)The test will be conducted in the condition of tvo water
--as shown in the follwing figure: p amax(1) and p dmax-X
:In case of that w. is extremely lower than w;. the tests
"conducted with 92 or 93% of D value.
3)C6mpressinn Test -
(a)Uncoﬁﬁinéd Test of Undisturbed Samples:
_ Diﬁénsion of test piece: 60mm x 120mm
(b)Direct Shear Test (UU and Eﬁ)
-Principgi stress(o): 0.5, 1.0, 1.5, 2.0 ke/cm?

~-Speed of Shear: standard {1%/min}

natural

contents
95%(2).

will be

-Dimension of test piece: disturbed sample : 100mm x 40mm

undisturbed sample:; 60mm x T0om

4) Consolidation Test

~-Test piece of diturbed sample is conducted in the condition of

£ amsx X 95% (point 2) as shown in following figure.

o ~ _ _ :
-Dimension of test piece; 60mm x 20mm

-Load: standard(ﬂ.l;'ﬂ.z.'0.4. 6.8, 1.5; 3.2. 6.4 kg/cm?) for

both undisturbed and disturbed sawmples.




TABLE D-11 STRATIGRAPHY IN THE AREA

ERA AGE FORMATION DESCRIPTION
£ | QUATERNARY ~ Alluvial deposits; gravel, sand,
ég silt, mud and lateritic soil
& | TERTIARY Basalt Flow Olivine & nepheline basalt
Maha-Sarakham | Sandstone, siltstone & shale with
" Forpation rock salt, potash, gypsun &
anhydrite. Brick red to purplish
red. _
: Undonformity
_ Khok Kuruat Sandstone; brown to reddish brown
CRETACEOUS | Formation ‘partially micaceoﬁs} Shale & Siit-'_
stone; pale brown, micaceous, with
lime nodule conglonerate.
= Phu Phan Sandstone; white to pale orangs,
g% Formation : commbnly ﬁebhly, cross bedding with
* some shale & conglomerate.
-t : o =]
Sao Khua Sandstone; reddish brown to gray,
Formation mostly micaceous, Siltstone, shale
§ conglomerate; purplish red to
brick red. .
JURASSIC '
Pra ¥ihan Sandstone; with some reddish brown
Formation and gray shale. white to pink,
massive, cross-bedded, pebble layer- _
ing on the upper bed;

taken from 1) DHR, Geologica]lﬁap'of-Thailand, 1/500,000, 1983
2) RID, Geological Investigation Reports in the area,

1983-1991
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TEST PITS AND AUGER DRILLINGS

FIG.D-45 LOCTION OF
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FIG. D-16 DESCRIPTIONS OF TEST PIT
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