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NOPPORN POOPARE : DESIGN OF LAM TA KONG SMALL HYDRO
POWER PLANT PROJECT. ADVISOR : ASST. PROF. PREEYAPHORN
KOSA, Ph.D.

Currently, the use of fossil fuels such as oil, natural gas and coal for power
generation is more than 80%. The purpose of this research is to study and design Lam
Ta Kong Hydropower Plant that is a renewable energy. This will reduce the
proportion of fossil energy used to generate electricity and support the future energy
crisis. In this study, there are 3 parts to be analyzed: (1) Study on soil survey data of
EGAT to analyze whether geological conditions need to be improved or not. The
analysis of SPT at a depth of 0-10 meters, at least 12 times per foot, was also found in
the clay layer. The geological conditions are acceptable. For a depth is 10-30 meters,
water permeability in the material exceeds the criteria. In the depths of 9-21 meter,
the geologic condition must be improved by injecting cement water. (2) Select the
size of water turbine and generator. From the data of water drainage and water level in
the reservoir of Lam Ta Kong dam, the research was divided into 7 choices and the
appropriate choice was 2 x 0.80 = 1.60 MW that is less than 1.50 MW of electricity
EGAT (0.262 million kilowatts). However, this research option can be operate a
machine in the case of less water but the EGAT choice must be stop. (3) Economic
analysis. The maximum B/C ratio in the case of 2 x 0.80 = 1.60 Mw is 1.60 and the
IRR is 5.09% . On the other hand, for EGAT choice, the B/ C is 1.17 and IRR is
8.37%.

School of Construction and Infrastructure Management Student’s Signature

Academic Year 2017 Advisor’s Signature



Pafanssuilszmea

a9y 9 o

v o O Yy A (=
msvai Inseuil d159144208 isweveunszam e1sdntinulassnu
1 4 a o o Y Y
Aremans19156 as.05ems Tnw liuuaas 18 Tema Mdwuzii saunssendtamn
& 1 a 2 o Jd J1 Yo o & A
asMUlemedNazidea saas0wdluanungauazquils: Teminedvauiusdiss
4 a
YOUDUNTLAMUAULNTTUMIAODIATINY 509MAAT19150 A5.29%591 1YY o115
a a 4 { a < o o o

Usg5IUNITNMI A5.009A gaaway nssums Anjanlddeaaiuuaz Indmugii vld

X ¥ A 2
Tnsenuiigndes AseuAquaNYRloaY

o =2 [ 90} A

YPUOUNIZAMAULTINIUANEIANMMNIZAY Tasen1s 15 Tddmduiuvou
o \ a QU 901 1 a 1 1 é’ é’
d1azaes fedainssy Teswaznaai s ldidhendaualszmalne Mvoedoya

1 a v %’ { 1
yovounm fUszauau auugia navemn dhedrnssu Tesuaznaail Nnosyieiae
' A N a o 3 A~ ' ay 9o AL Y
uazviuoue TushedenssuTesuaznaani Aliaauswuai ldweuuun a hiise
A ~ Y 1 A A 1 [ = 9 @
YoupLAMLNDUY Nl §U 15 NFremdeuazswrhilumaudalaenadeny
sazgameuens v UNszAMDAT 113a1 §Ini e veuguiiouazaseunsf

1 ) I o w = (=1 o Y dy o J 9 A K
sawaivayurazumaslalumsdnsuaizou auih i lasenuiiduiegasludren .

1 I 1 4
lasvevounsenanusdlaga o Tomail

UNWT QUNT



aIvey

degen e
UNARGOM DN Y
NAANTINUSENIAL
MUY
MUY
ensteglaw.
UNN
1 UNUY
I o o
L1 anwdlvwwesdayvestdywr.
[ 4
12 deqiseesd
1.3 WoUWAVeIMIANYY 2
a" 1 [}
1.4 sgleminanaiegléss. 2
1.5 ASOUMUIAANISING. 2
1.6 Hewdwiewy 2
v J A A A 9
2 1SHmissanssusazuIReNhees
Y
21 Jsalddwdnwih
Y
2.1.1 wanmsmawveslsedhwdei o 3
9
212 szanvedlsdlwbwéeh 5
1 % ?)’
2.13 awlszaevvedlse i weni 7
Y
2.1.4 dsganvesneviuwsr 9
% [ %’ v A
2.1.4.1 marwilsanyiine 9

A A =
2.2 WUNMTANEN

13

13

15



223 doyagailewinewazgnninen 18
2231 @wgienme 18
2232 gumgNusnalasems 19
g % %
2233 anwyudwwnms 19
2234 Aswamsseme_ 23
2.2 3.5 TN 23
2236 swwedw 23
2237 QNN 25
Y = ~ 4
224 deyassadmewazlginamens 31
Aa o
2241 aawssaiomewal 31
)
2242 aawmssamensnanaslseddh 34
9)4‘@ A Y
225 msl¥naugasawnaey 45
9 Aa A ' 9
2.2.5.1 MIATWADUVDYANAUNONOEI N 45
2252 wNEaNHUMIINAUedoy 48
23 mIUseanasMIATINS 49
231 nqegmsdsenessen 49
232 wanmsrhwléene o 50
Av A a F)
2.4 VUMDY DN 52
A o A a o
DO U T 0 56
n 42
3.1 aamssaanenenadlslwh 58
A [ YRy %,} d‘ o a
32 @envinanaiuivazesesduialdh o oo o 61
33 AT MATHMTAT 65
330 msUsewes e 65
v U o 1 Y
332 eanauwalsglenilasemsaoauny 67
wamsAnMaLIATIEiWa. 69
= Aa A2
41 wamsAnwanwssaiamenanaslseld 69
411 WAEWWaA SPT 69
a rd 1 %’ g’/ a a
412 wpngvnacmssuveuinlusuauaziv 71
= A v g d‘ o a
42  wamsanyIMs@envinanaiivazvinamsessuia i 72
a 4 14
43 WAMSANEIMSIATIEHNIRSYgINGRS 73



5 agduazderauenus

51 da3Uwamside

52 Yolauouu

1NA1391994

MANUIN N ASTM STANDARD

Usziadidon

78
78
80
81
82
99



aIVYMIN

A
ATTNN

2.1
2.2
23
24
2.5
2.6
2.7
2.9
2.9

2.10

2.12
2.13
2.14
3.1
3.2
3.3
3.4
3.5
4.1
42
43
44
5.1
52
53

H a v 30'
Uszinnueanariui WITAUINTNAITHFINIUN (Head)

doyangle1nany 30 T (w.A. 2514-2543) ao1idandaunss1wdn

O

uanihmnedoun lnarnisudinznod

9 A2 A a J ¥
meyjaﬁmuummiﬁummmswwﬂ?mmummﬂﬂlﬂﬂmdmi

[ 90’ =T
Afsnanimangagasouilane
HANIAIUIUNIADA IAeIBANIaMMHIaz AN 3 TUgIgaIo
H A 0 Aam & 1 E
Ysmanimarnisevilaisy Taedsnamnilanisenim__

E4 { 1 ’é { a ’é 1
PSnanhnszueriueimsszueiniauiaumsnagaie

AUNUINNAK QNI 1399

Nafﬂiﬁ@ﬂ‘ﬂ@af]\iiJW]i;ﬁTlﬂuﬁouL!ﬁ%Wﬁﬂ?iﬂﬂﬁ@ﬂiuﬁ}ﬂﬁﬂf‘jﬁaﬂ1i

v 9 9 9
wami‘wﬂaaumﬁﬁuuwawmu%uwu

S Aa ?,‘ ]
viinagaee

HaN1INAT DU Uniaxial Compressive Strength

] Y
Wwatanunlddmsunsdszanasia Isa limaaives nvlw.

a31a1 NPV, B/C, IRR 1tag PB luuaazniuaon

Y
U °

A 1 I G ! ) ] =
3zﬂuu151me@u“lu’mﬁmuumaummﬂm aauall 2524-2558

%’ A ~ Y A o csxlz =
Psunansameunszuemaaua1nz A aduall 2524-2558

51082108AINUT HNANAA Turbine NAAADNUINI TR

[

agdamasa luihasilidwna ldnnmaden

1 Y [ 9 A ~ ya
a5 lszunusma lEngneas 19 InmMaaeny 1Fns

< a o J
ANTULUIUDITANTIWAUILUNAINAT SPT

a 4 a o o a
manazlmsinnznanmsIsImeazuuzIiinslsulyeanmsiaame

A5 19T VN OVTENINLUINNVOINTUITIN UL UINIVDS N9

4

=1 a Y
GﬂiNLlﬁﬂ‘ULﬂﬂUﬂ'ﬁ3Lﬂ§1$ﬂﬂ1ulﬁiﬂiﬁ1ﬁﬁﬁ

W.

13
21
26
28
29
29
30
30
36
41
43
45
51
52
62
62
63
65
66
69
70
73
76
78
79
80



a3ty

1 i

Cant

1 % 30}
2.1 arlsznevuealse lWihmaarih

23 WouninasInianIn

d‘ 4 3 =
2.4 mauﬂmmmm@qumma&m

2.5 Tsdlihédreznossaniiamn saiauassvdun

[

9
2.6 MUUUDUINDIAY

[

Y %,' 4
2.7 MHUILULMBS 1A

[

y =)
2.8 AU UN s 1S

9
v o o

2.9 nerudunyuay

3 =
2.10 N UUWVULALT B

v Y v ]
2.11 aaalsallihwavihwoudwzpos

2.14 Wenawwsgu vowsemalve 20
2.15 Foyaniie1nd a1 30 1) (WA, 2514-2543) VOIANIIMIAUATIWEN_ 22
A y & ~ A 3
2.16 upunnaauduruaNuguessmadudasvesquiya 24
[ Y4 [ go} 1 = = ti’ Ao %’
2.17 uHuaNNduRusIenISnanhmnemasaswungovel 25
o v v %,‘ I~ A j | %}
2.18 anuduiusszinusnanivangiganelmaguasnunsoiey 28
: ' Z . 1Y A °
2.19 A5 MHInI8m (Unit Hydrograph) ¥ i;ﬂ'ﬁmt%ummﬂm __________________________ 29
d‘ aa a = g’/ v So' d’ o =~
2.20 uruissAINeUINURAIazamMs 15 Ilihwanihweudneans s.unsssdu 33
4 H
221 gwmisvquingnelusnawalases 34
4 [
222 dwrdanquInziasusnawunlagsoy 35
223 guaaamangdisnnlungueig LTHP-3. 35
L 1} = =) d‘a dy d' g’/
2.24 wavathauunand el gglnau uagiundu quawganr 47
Y Y A
225 wlaulasems i wmdahv iy 54
L dy 9 2 A 0
3.1 WUNANUMSMIUOIUBUMASAD 56
9 v
32 Aawsnanuinead1alse il 57



33
34
3.5
3.6
3.7
3.8
3.9
3.10
3.11
4.1
4.2
43
4.4
4.5
4.6

AaUsme1ns 159 lihuazdumianquiaz

9
HUINIMIIDIANNEIAIIMegana 15 Tl

NANAADUAIANNHUIUUVDIAY IA8IT SPT. Test

Y a @ a
pInems@ennaiuhnusEngwan

= A v o 2 A 9 A o
L']_EEJIIWIEJ‘].I‘VINLG@ﬂﬂ']J'EWﬁ"IﬂTillﬁﬂelli’)QHTTI?%TJ"IEWHEJHJ@U@W@S?‘I’EN

mamurumnasnu Iinwaa 1aaod)

J

a 4
HUINNWMITUATISHNIUATHIATAT

4
NQWQ?JL%1$‘U§L’J‘EI!’fﬂﬂﬁii\i1Wﬁ1l!a3@1ﬂ133%ﬂ18u1 ANk

a 4 AAa a
NANTAUATIZHNINFIAUING 1A82D SPT TEST

57
59
59
60
61
62
64
64
65
70
70
72
72
74
75



1.1 anmilnuazanudayvesifym
A d‘ a [ = d‘ [ Ad' [ d’ 4 [ %
duiilosnnuAnaeiyuuad iotuhn 9 Sunau 2546 Gesgnsmans lrliwaanin
< 4 1 a ] I
VnaANMeB U NI VYAl TEnu” voams Wi theraaurslszmealne (nulw.) dedlu
f . { 1 1 o [ %’ 4 I
nureNUrHantausn lumswanlaseanms IsaIdmwmdaihewouralseniu dlu
[ =~ A Y d' < ~ o w a Y
wasuryuAsuNniuGEoenUiuAL wagaNuwetiiosuesiawan T aArugiuuTeure
Yoan3zNTNNaIulumsquadnuidwaadon uazinlszaniamms ldwasau ns
1 a Yy a [ = [y [ ~
duasuliimsnaa ldhnwasaunyuieu amuruiandsaunannu 10t yeans
Tlihdhenaauvalszmelne (vln.)
] d' 9 1 [ d' 1 [ :ﬂy a
dagtudyn1Fosm s lsunasnaanuve sl ssma MUIINURAINAINUIFOINAT
a [ %,1 o [ a (9 AR o J [ ~ y 9 ]
Uszianloada s 1 01wy Messsund sasadlunasanunlsudivuall Tueunse
Y o g‘/ 19 a3 1 &’ a a 1 Liyd 9 9 dy
winmaunu g aaiuluinEuvausemasodsamiariinzdosnua 1 aremaiiviate
< A A ~ ) = o A A o ' 2
Us2mMAIUTUNIZ FOUH UIINININAINUNIUADN UIDNAINUIINUHAINAUNUNINVYY
1 (%3 =) U %)} 4 % ¥ a U =) (%3
U WAINUTAATET WEINUTNDINAOU WAINUFDINAIFINIG WEINULUEIDINAT WAIU
9Ya o A ' o A 2 A & a Aa
Tdnan wasaay minsiaueuls uag hinwwusviedymilnoufiromasloaany
§ o @ 1 I y
wwa 1 Uszmanammsidmdsnvedialszme ne aziluilsumausaginenanszny
281U UDY
[ [ %’ Y d' o a 4
Tasamswau Ise llihnaniriedouralseniu dufiunmsawunugnsenans
[ [ a YA 9 @ A [ 1 o 9 [
naea1u lumsauaTuldunislsnasnunauny ioaadaa1unNITU UTINAI91UN
1 A g o AN o1 Y a 1 A 9 ] T W
a1l szne uazd o uUNaIUaze1aN N IHINANANTENUAD A IIAROUAIVIFUN U
Y 1 = a [ %71 Y Aa 4 [
Tasamsasnanimsysuimsuazuivissanmsildinalse Teaigega Taoaz ludana
[ [ 4 [ a g Y A = =\
nignulagaedagiszasananian Tunisszuisimeweuvednsuyallszniu Faagll
v A Y] Y] = 9 A A A o ' o
HANTENUABAINIAAOUUDININ UDIYNT IFNIUSIIUNGANDINIUN VIR AINAIITY
d' [ %’ 9 d' o a {’,’_, d' o a
naunulszandug Taslasenis 1z lWihmduimeveudinzaed azandunsoefuiia

v ¥ Y
aszua lih Nsudivzaos sunednd JaniauaTIva

[ J
1.2 Jngilszasn

¥ 9 A

A = [ o
LW?JﬂﬂHHLﬁ%i’)@ﬂLL‘U‘UIiQUlWﬂWWﬁQHWTnEJHJ’EJuaW]Sﬂ@Q



1.3 YOUIUAUBINSANH
a 4 a 1 Y v Y ) g’; a
1.3.1 Anszranmssaianeganoddelsdii Taglddayamzdisiaduduves
a 4 =1 d' Y L= A Aa d'
AN, WIUATIZHANINTIA N I NIV NTANINFTAINGUNVIZANNIE
' 9 ] o ) 1ay Y o Y a <.
noadnse i (nw. iummizzdisae uall Idihdeyauniingzn)
a Y v =) g { ' {
132 ponuuusiauazauinued 15 il Wmuizaudvdsuanim lvariun
v X ° = o A ~ o ) ¥
FuinnTasnsuratlszniu vazihufSeuneusuuuimaasnin nulw. vi'l3 5
A
ENGER

' 1 a L4 4 o
1.33 ﬂigiﬂﬂl'D'WﬂWﬂWﬂ@ﬁ%H\i 'Jlﬂ§1$ﬁﬁ?ﬂLﬁﬁHﬁﬂWﬁﬂﬁ%ﬂﬁIﬂiﬁﬂ?i HAagUIUN

nSeumsusuuuamadonin avw. 1113 5 maden

¢ a Y
1.4 Uszlaminimainazlasy
A ' 9 v ¥ <3 v Aa
1.4.1 wwmadenvosmsneddels imduhvwnaan dsznoumsdadulonm
A A
madenimuzay

S o w ' o 3 <
1.4.2 dhumwanemsesnuuy dwmsvdaulaluauneadalsdldidhmdnihnwmedn

awv

1.5 NIRUUUIAANTIDY
= ds’ Y o Y A v v %:.} ?:I ] A
1.5.1 Tumsdneil Idhdeyawieenuuumiosnaiuimuuii lvariu ion
H [ 1 a 4 4 a ] gi
YUIATNNINZ T, TIAIAINDET 1, NITUATIEHAUIATHTAEAT NITRUMINY
Tae hisrudeamsesnuuy Iaseasnoiaiadiosnn lduuuIaseadieeins
i lamenearaniudrlulasenisous ves nilw. v1dszaenlunis
Y
DOALLUNIUY
a v Y % 3O}
1.5.2 Tumsdtei lduuinean msanuianummzay Iasans 1seTwdwgaii
A o ad = I = Ao
AOUAINZADY 0.872 2.UATTIFFUT ¥ AWM. 1T uuuImalumsdnu1Ide tag

nFeuiiendoya

a v d
1.6 HENANNIRNIL

¥
o A

T5a Il ndaiunaidn (Small hydro power plant) Huneda 159 limduihnivineg

[

Y
o a . U v v J
MAINaA (Rate Capacity) 9L 1 ﬁ\‘] 10 tUNLING



UNN 2

U

o d a P
3NaIsanssutaz NN IV

= (2 %’ Y A o A (% dy A 9
Tumsanu Tsd i mdniewoudazasaniianummnz ausunun Ussnouae
(% 9 &‘ v o Y 1 -dy
Wanms uazdoyaiugiu asiitens 1
Y
1. Tsa llma i
A A =
2. WUNPITANY
3. mMsiszanasim

a v

A A 9
4. TUIVYNNYIVD

2.1 Tsallhmdarin
2.1.1 ndnmsnauedlsdliihndai
Ao Inarmnatvenhinldesnndumans lua ldafaiunh (Turbine) tag
w3eruiia Wi (Generator) nlasundanuaaiiunganunauazndaanu i dudindoe
mladlihuagsoshszuuaods Iihde lal Taofidrulsznenvealsliiuas fufurh

auaaalugli 2.1 uaz 2.2 mudray

. Wou Taa'lvlvh

mgaa v

i

5 ﬂ"‘ﬂ"“ e, A s oas o
n9siuin Yieaain  MIVINIHUIN

maieen

H 1 U g”
517 2.1 arulsznovvealsendnduin

U



N11: Web powerplant2.wordpress.com

Gﬂ‘%aoﬁ’nﬁﬂ‘lﬂﬁa

. <
AAINAIN

dannan

VIBLIADI

. 3 NIRWU
Tunanssin

{ 1 5 % so‘ 4 o a Q‘ a a a
1 2.2 damtlsznevvesnwiutazinestuiia lulih (Ba1ldn qninAaed,2553)

G

(%

¥ 2 ' a 1 v 1
"lJ'LlE]Qﬂ‘U“]J‘ilHﬂ!HW TEAUAITUANUBDN

amasnu e Isg Inidmdni o
1 g o ?)’ a = (%] Q g (% 4 o = 1 o (%]
1A UIMI a1 uazilszansamaesnaiuinuasosnutia I Taeamdeluiuas
9

o v 3 ° 9 v 1 A A a a A e
NAINTUIMNNAIUN ﬁWiJWiﬂﬂ1u’Jmhlﬂ%1ﬂﬁ3Jﬂ'li ﬂ\?ﬁ'ﬁ]ulﬂu (EN‘]J@'J ﬁﬂﬂﬁﬁjﬂﬁ,ZSS?))

yQHT
1000

maelvihdnenin A ladas)

waau Wi @ladad-521u9)

= Unit Gravity Force YEL) Specific Weight U911 (9,806 Haau /1)

v v J a
= NAINUANIINT (W.)

P
"
i
v ’é a I}
Q = 9031 IMavear (a1.y. / 3ui)
H
a A v o 3 4 o A
n = dszansnmsawvesnaiuiuazinsestuiia luih
T

= szgznanlumswaan v (e Tug)



2.1.2 Uszanveslselvlihnaai

Taen lmssuunszianueaTsa linaai Aldduunsvate 1 3 Uszan
A a Aa a 4
(@91/a7 Annaasd, 2553) Al
v %1 ! < %1 .
1. Tsalmdainine1anuiin (Reservoir Type)
1 1< ¥ o Y A I o 3 A 1 3 J 1< ¥ =
eIz Ius WAz unni1 ledassinnneruniiiag
o Y Aa v o ¥ . 4 o A
M laousnegavedlan wauhinmannms lvaszryunaiuiil (Turbine) waziaseef 1iia

A A g 1 < ¥ ] o a Y ¥
17t (Generator) Tunsaldlusranuiivmalvg wws ldensausmssamstildazaan

Y
[ Y

a v 3 Y o a T 1
duiu lwFuassgmanivieginouda Taalihmdninlszianil donda Wi lugend
4

anudeams Iihge FailureildaneuunugalFina liihieda 1dnnTse Idmdain

U 1< ¥ @ = 3 A 1 1 < K 1 J v ¥
vinerenuiegAunlsamlsuaninddesnerunuii tazanuuAnaA19IEHINTEAD
' s ¥ o ¥ A 1 ¥ o o 3 ' <
lugrenutiuazsgauitmiase (GumeinIaenall Tasems ldihwmashauIngsziu
Y

[

1 Y 1 o 1 o 3
Tugdupuves lihwasihnnsradui ludszma lnefu@eddu wu Tsalddmdai

A

a ] ao’ a [ [ [ { 1Y g 4 QQQQJ [] so‘ [
Wougiina (il Yandaain) awaaslugln 2.3 Tsadhidmdnindeudsna (uiinim

De

o a o ¥ A = a J v ¥ (Y] 1% ~ I
ININDATAND) LlagTiﬂllWﬁTWﬁQuTWi’)U?ﬁuﬂﬁuﬂi (LLiJu’]LLﬂ'JGlﬂﬂJu i]w’mmiyimui) 19w

E]

SBe

U

d‘ d‘ a U v
71U 2.3 weuginavaniann

(R www.egat.co.th niw.2561)


http://www.egat.co.th/

o g
2. Tsalwhwdniuwy Run-of-the-river
o 3 <t Y 1y 3 Z
TseIfmdaisznnil dugduuuibiisraduiniluesdlsznen 3
L} a o g o g/ o %’ o
Tifimsusmsdanmsi auin Tsdlddmanihuny Run-of-the-river azvhauaasanainiy

2 g d' ' g 4 v g o 1 2
Ysuanirn lnaluniin iiesein Tse Ilsdwasimuy Run-of-the-river inardeegluusnm

o v 9 a

A A ) a 0w Pqv X2 9 9 o q ¥

NUNADUUYNIUY Llagil'ﬂTﬂ'lﬁﬁ'lﬁ5‘]J‘V|ﬂ1‘l'l&l1’iqximu ﬂ’]ﬂ"l]@"l]'lﬂﬂﬂTUQiJﬂﬁ&ﬂﬁ ﬂ'ﬂﬂﬂ'ﬂll
] ] [ %’ d' .3 [ 1Y d' U 9 Y %’ = 1 [ 1 ]

UANANICHINICAUUINNAVU ﬂU‘53ﬂ‘]J'Vl1Ja'ﬂEl‘VINﬂTLWHfl“lJ'liJﬂ'ﬂillmﬂ@nQﬂu‘llliﬂﬂuﬂ

9
Y

{ a QU aol L 90‘
aoiu Y lihiwaaldanTse Ildhmanimoy Run-of-the-river Seiuualsaua/Sananiy
udhda T5 lWihwaninun Run-of-the-river Waneasalunsnaniifsinanhasudrann

H = A a ' ~ 1 1 K X
uaziivi nanaeadl uaiigiivszmalimanzauiivzneadveranuii TseIvilszianiilu

L} 4 ) BO’ o Q’ Q {
UszinstIne laun T5eIldudouthnya (uivhyadiniaguasssit) awaaslugili 2.4

—1

,dl A (2 [ IS
719 2.4 wenihnyavaninguanysl

(R www.egat.co.th n¥w.2561)

4
3. Tsaldwashuvugunay

Wuzdunumseaaliihiinevaussrisnaiiinnudesns luihgega

= L2 1

[ %’ 1 1 < %’ ~ ] 1 A Y 9
Tﬂﬂmimﬂmmizﬂ”JNEJNLmJummm“}ﬂ,mmﬁmﬂu GluGH'NL'JaTVlﬂJﬂ'J'lilﬂ'f)\?ﬂTiul‘V\lﬁ']uﬂﬂ

v
= 1

a ' a ° ¥ o 1 ¥ ' 4
Usna Tiharuiuluszuuezgminnlflunmsguih lddierunuifiedgenit e

u Y


http://www.egat.co.th/

[ A 9 %’ 1 o @ 1 < %’ ~ () 1 a
mmamummmmmiﬂl%'"lwﬁmm ‘Ll”l%ggﬂﬂﬁ@ﬂﬂﬁﬂﬁ\111WﬂQ?JNLﬂ‘ULl'WI’E)Uﬁ?ﬂ’ﬂl!ﬁ%ﬂﬁﬁ

U

Y '

= { a o %’ 1 <
Tl Y5una Iihanaa 1as sfunls S inani uaganuuana1ae9scaULve 18190

¥y v '
UINIA09 Autaaanndalugln 2.5

LAM TA KHONG

Thailand

Project Image

5U7 2.5 Tsa lihdrmzaesraniiann daniaunsswdun

(MU:EPDC. Consult,2541)

2.1.3 arulsznovvedlselullhindain
(4 %’ U { [ % ara < [ so‘
Tsaldfwmdsnuifiamlszneunaasiin (landsivuena; wasami,
2543)
Y
1. ®1MITUUT (power intake)
=) 9 v @ %} d' ' 1o dl ' (4 dl ]
Aoo1M1sdImsus VN lvavinewasgnenegnisluaie1a1s e
[ %1 v W A o A [ ~ 9
wasui livyunsiunazvywnsesduiia lrlih meludeinsziitesmuauszuums
H a U 50‘ Q'J Qv 4
Twavesrhuazszuumsnaa Trlih exmssuii Taena iz gnaiie31nds duvou
2. ALUNIY (screen)
S sq 9 o ¥ o { ' ) 0o q ¥Ya
Wuginsainlsdosiuen i wiednglaq Regrrudn lilvilviRansga

(J ' v 3 Y Yo o o
AUVDINDEIUN W%f)ﬁi']\iﬂ'ﬂﬂl%ﬂﬂ'lﬂsl‘ﬁﬂ‘uﬂ\‘lﬂu



7 2

3. glueAiiein (headrace)

<3| ' o) 1% v 2 9 v 1 A1 ' o A Pt ]

Wugesdwsulni lvadundimeduiegneludnvou g lusdtzeglu
@ @ ¥ ddy A Y o I A 9y A o 9 = a 3
aromsTuihiivinaadiuglinenitmiesenay shaleasuAIAEINIKAD

]

4. voa (penstock)
<

1 o o QU g = A’ 1 1 £ g 90} d‘
nJumamim‘ummﬂmu@mauuazama"l,ﬂmmmﬁum INDVTHU

v o

WuaznTaanuiia v

4
5. 91MIAALIIAUUT (surge tank)

I A ]

9 2 A @ 3 A @ U 1
Lﬂu’f]’lﬂ’liﬂ’ﬁi'NGU‘L!LW’E]ﬂ'J‘]JﬂﬂJL!ﬁ'\?@um@ﬁu?ﬂﬂgﬂﬂiﬁﬂ'lﬂluﬂﬂﬁ\iuW ¥

v A %’ %’ !

o Y A = Y @ 9 ' 1 o A v @
@1%‘1/]']11(?%@??5@14’3%@‘14“?(81418“1@ IﬂEW]')UI,‘]JFﬂgﬁi'N’f]giZW’J'l\iﬁ'glsllfluﬂﬂﬂ'lﬂ'liiﬂuulﬁ
~ ] Yo o A Y g 1o & Y = o 3 dy
TsaWihneglndnudnveusguds nlusuiludesdionnsaaussduiii
Y
6. 13 £ U1 (wicket gate or guide vane)

2 2 J © e
Wunuszafiniuaunis lnavestiiiag Tvarh lvyuluwave sfasiu
b4 E4 4

] v 1 1 90’ [ §
avguIaemstlaniodlalszginildi lvarmmdn ludmeduihlusasnmngau

QU

Y
v °

7. 9N UUT (water turbine)

4 ¥ 2

I v v o A 1 S @ tdy o Aa
11l 'Ji‘]_llli\iﬂuéll@\iu']ﬂ‘lﬁall'ﬁ]'lﬂﬂf]ﬁﬁln TaousIautziWinNAA1Io

nanauldnsiunyy vildmTesnuia ludriawisondaldiroenurla fewudlu

q

1 { o U U %)} X 1 7 1
drulsenoundinnves s limani deeeldnanteswazidea luiadens 11

T W ao’

8. NOITVUN (draft tube)

I ¥

1w Bo' [ { o [ y ] g 7 g '
Hunos VAN NUIHINEBNNIVINAIH Y Lﬁ’t’)iﬂﬂ?@’l’)ﬂulﬂﬂﬂﬁ)”lﬂlﬂ Nno

Y e 1 =) 1 v v o
'i1Juwﬁ%z@gmnmmumwmmwu

E4
o

9. Madu (spill way)
A %,/ 1 < %’ A A %I [ = o a
Aomeszieiieenanerunuil lunsaimilueniiszauganull na
?,’ k) Y =) 1 a Y A ?a' ~ Y o A
duszdsslvnalugnenez I manigeganszuiseon awsnszuieesn lanuie
(% ] Y a = ' d’
foanulildiRaanudemeuniou
10. 1a309rmiia v (generator)
3 d o o d' [ v W < [
Huginsaidmiunlasunasnunannnsvyuyeanaiuuulungauy
(% @ ] ] I~}
Tl TaeldvdnmsvosvaaladaruauINLLvan
11. nifeuilaq (transformer)
< 4 { o [ [ { a 4 o a
Wuginsal i lddmivmlawssdu Tiihanaa laoinaseeduiia

Tl Whdlu lWihiatiussdugaieaaihgszuuaiedsdo



2.1.4 Y521ANVeINIHiuY (Turbine)
v @ 901 o [ [ g A 9
Usznnvesnaiindmsy Tse Iuimdaaui %La@ﬂmﬂmmmummqq
o % [ % 1 I o ara 4
VYOI IUT (Head) uazammﬁ"lwammu1(Q)Tﬂﬂumaamﬂu 2 ﬂizmwwaﬂq Manasiv
(4 %l A v A . a A .
A, WAINIUUN, 2543) Aolsznniiing (Impulse turbine) L8 ﬂizmmgiqﬂgﬂim (Reaction
turbine)
2.1.4.1 fariuidszoniiiNe (Impulse turbine)

A Y %’ v o %’ t:yo/ Y o A A 1 <
‘H’i’e)fNﬁuum‘mJLL‘NﬂizLL‘I/IﬂﬂWi‘Ll‘LHLL‘UUuuﬂcl%ﬂmﬂl’e)uﬁﬁ’e)mﬁmu

A3

Y Ao ¥ 9 ) = A ¥ A v Y Ao ¥
UINUHIUIEN lW5139’]@\1@1?[8&&3\1%@14ﬁ@!!ﬁﬁﬂﬁglltﬂﬂmﬂﬁu1ﬂqﬁﬁu1%1ﬂﬂ@ﬁqu1ﬂjﬂu']ln

QU

'
=

4 1 1 SO’ X 4 1 { % o 5
nnWou i Inaasnamuneduinggnasvinamduinaneuazgniam lUidavesnaiu

v
a0 1 @

%’ o so' = = < [ g’/ A 9 ) A 9 Y
I ATHINWINTUYIRAVSULULIILASAITNETIG ﬂQUULNE]ﬂﬁ$LWIﬂLﬂJ‘Ii‘]JWﬂﬁﬁ@'Nﬁ@ﬂl@\?ﬂﬁwu

q

F4
% o A

9 9
iz Idnsiuiinamsuyuld msarugumsnyuvesnaiuihansaild laemsliu

v a R A S v (a 3 q v A g Y v v o ¥
VUHIAUDITIINA “INLE‘TJJE’J‘HL‘]J‘l!ﬂﬁﬂi‘ﬂ‘ﬂill"lm'L!ﬂ‘ﬂll"lﬂ‘i’iii’)l!@ﬂllﬂﬁnuﬁﬂﬂﬂ"li AN UUN

Y
[ < a 1
Uszinnilansauiiaeoniu 3 via laun

Y
1. AaMuUL9N (banki turbine)

%

y y C 24 y .
AarUsEn Nz d M S ULuHasiNtKi161 (low head) tag

9 o w a J 9 9 & @ [ ) Y 9
ABDINIINIENNTINAAAD UV NUDY Gmﬂi]i;uuklnm)auﬂﬂ%um

v w

Y
2. DNUUUUNAAY (pelton turbine)

Y
o =\

¥ a Yo @ o = J
‘L!uWGBuﬂuhl@iUﬂWiW@lu'liJ'lﬁQLMﬂ .71, 188 Tﬂﬁllﬁﬁm@‘i IWa
Y

‘ne

A3

o A

(Y Y v 9 @ %’ =2 a 1 Y
#1U (Lester Pelton) gﬂgmmlmﬂwuum ﬂﬂ’é]ﬁ)ﬂLL‘U‘UI@Elrl"]fi‘l’Jﬁliﬂu1°ﬁ\1@ﬂ®§1u’3\1aﬂﬂ1ﬂiu

U

'
a0 v A 1

v v v g 1w P v o 3 '

Glﬂﬂﬁﬂulﬂuuﬂﬂﬁ}’)ﬁlﬂ ﬂﬁllﬁﬂﬂiugﬂﬂ 2.6 Llazﬁ'llﬂiﬂcl%jﬂﬂa']u'l WIUUIRANUINNIT 1 BN
A o =3 1 3 ¥ = o I Yo o o A dB! A Y 3 1T A

IﬂﬂﬂT%iJzﬂ']‘L!'J‘LlfN 4 G]f@\‘iﬂllﬂ “])'\'iﬁ]%‘vnﬁh’illﬂﬁ‘Ufﬂﬁ\?LW?J”U“LJG],H"U’M$Vlsllu1@ﬂlﬂﬂﬂ\1ﬂuu1lﬂ']!ﬂﬂ

=\ [ o %’

' y 9 v 24 .
Tagm lneiuihimuzdmsumseaa lldhoinmaninliseAuvesrianinga (high head)
= 1 A Y T3 Y aA g <3 ° Yo o 3 a dy
HIFINIT 250 LUAT ‘HifJfJ']‘ﬂL!fJEJﬂ’J']ﬂ‘lﬂGluﬂ'imﬂ!ﬂu'ﬁ%°]JUlﬁﬂﬂﬁﬂﬂﬁﬂﬂﬁu‘HWGﬁu{ﬂuﬁyu
9 < o ¥ A v a A 1Y = < @ a a v v ¥
61%15]5?]’ZﬂllLi?l“ll’fNaTL!TVIIN"I‘L!‘HDﬂﬂﬂl’luﬂﬂﬂhﬂ’ﬂulilq\iuﬂ Tﬂﬂﬂﬁgﬁﬂ‘ﬁﬂWW‘UﬂﬁﬂﬂﬂuuW

]
a2 A

A A A v o o , < Yy v g &k &
FUAUIEANTA LiJi’Jﬂ’ﬂllﬁ?JWu‘ﬁigﬂ’ﬂx‘]ﬂ’NNLS’J‘Ui’)\‘]ﬂ1314341!%9\1’3@69&’JEJL‘]J‘L!ﬂiQ‘VilN"Ui’N

< o ¥ Aa 9
mmgswmmmmmmﬂﬂ



10

' v
317 2.6 AvTuUDIadY

(MW1: mechanicalbooster.com)

v o 3 s .
3. narvivdunesin (turgo turbine)
3 A o 2 v o

< v o ¥ @ A =
L“]J’Llﬂ\ﬁ’iuuﬂ/lﬂﬂw%lUWGUHEU'IﬂﬂQWuquU‘U!Wﬁﬂu lll’f]ﬂﬁgll'lml]
9

U

£
v o A wg g

@ Y { ! { Y [ '
f.71. 1920 IﬂﬁlﬂW%@ﬁﬂW‘HMW% Glsflma‘iuml,mmaEnuazzﬂauﬂTNﬁmmuawiuuntﬁJUﬂ
' v

3 2 ‘3 da o 3 d
Tufnaiuthwoumady awaaslugdn 2.7 fsdinlsanmiimnedmsuuranhnuinim

Y
o Do

= [ . Yo A - ) <3 v
HIe Uﬂ’JWﬂJ’gQﬂ1UﬂﬁN (medium head) LW’J'WﬁHJ”IiﬂGlG]Sﬂ‘UE’ﬂquNTL!‘Vi’mWNMﬂ’J"IilLi’ﬂﬂJ
Y 1 2 9 g U a )
WINUN uazflﬂamam15aGlumsiuﬂ?mmm'lﬁ’mmmmwummaﬁu Iﬂﬂﬂ’i%ﬁ"ﬂ‘ﬁﬂWWﬂl@\‘]
v o @ aA 4 < R = T D < o 3 Aa
ﬂmum%ﬂmqmmmmLiasumm'i'ﬁ14uGUaaNaanquuﬂimuwmmmmmmmmmﬂ

9 A @ =\ Y %’ @
lenllﬂ!ﬁllﬂuwl]ﬂimsllﬂ\‘]ﬂ\iwuu']uﬂﬂlwaﬁu

Y
°

A [ o
31U 2.7 Avuhuuumes In

Y

(ﬁ 41 www.smallhydroturbine.com)



11

2.14.2 farur)szonus sl §asen (reaction turbine)

I v o 3 A o v ¥ : a J o

L‘]J‘llﬂ\iﬂuu"lﬁﬁ)ﬂ\‘]?ﬂﬁﬂlliﬂﬂLlEU’ENLﬂ G?\Hﬂﬂi]"lﬂﬂ')"llllmﬂﬁ"l\i“l]@\ﬁ%ﬂ'ﬂ
3 A 1y 9 Yy 9 v o 3 0 q.9Yq o v o a S ) o
‘m‘vmgmuwumazmu‘wweumﬂwuummﬂwclfuwwummwumﬂmimgu mmm"lﬂium
9 9

[ v o @ o W ]

o Y
u‘l/]ﬂ“ri INHUHINNTUAITINDEY

f
o/wg :75

%} dy ) [ Y v 1 %’ Aa o %’
1‘1&1!'] ﬂwumﬂizm‘nummzmmumﬂ%ﬂmmmumumm 1

Y 9 ] 1 Y] < 1 9
naruazunsnad I lugessgraaluia@unnseaniou
a1unane Taen'lda

a Y 1 <3| a Y
uaﬂ%aa%mmaamﬂu 3 "]fuﬂllﬂ!!,ﬂ

U

4
[ Y o

1. DU WS (francis turbine)

[ ¥ a yd v o Y Aa @ 1 1
ﬂﬁﬁuurﬁu@ﬁlﬂuﬂ\‘]‘HHUWﬁuﬂmﬁl%ﬂu@fJNL!.W'i“HﬁWfJLWiWZﬁTJﬂiﬂ

Y ’ Y
o v v o

9
Gl%'ﬂ‘uLmmmﬁﬁimummqwmmmmzm 2 ﬁ\iﬂ’ﬂ 300 LUAT (Boyle. 2004 : 164) HanNN13
Y

o v W a %’ { 1 1 1 ’.f L] Y H
et siuiwudsugane ingnaudwinnnedaieg lvargiedunosy

] v v W T Y = dy A Y v I 1 A
ﬂi%ﬂ@ﬂﬂgi@‘ﬂﬂ AINNYTH NONUNDYISUUHIAVDINUNHTUHIAALNAIANTUAITNYTIVDINDIND

y o ¥ ¥ A @ < K 1 Y a3 g 1
ﬂmﬂﬁmﬂwumusmmmzmmwﬂumﬁ"lwamnmu ma“lu‘waﬂuﬁamzummmg

Y 4 \ o 2 LY , ' Vo o o ¥
aaeanal 11N lralunenunesazunsndamIuan1ii 1 (guide vane) tiort1gddnaiuii

£l

A

o Y v v v ¥ a SIQS‘ o ¥ v o 1 ya a Y
m“lmaammaﬂwummﬂmimg‘u"lﬂ ﬁuiﬂu1Lﬂl1ﬁ1ﬂ1§ﬂﬂiﬂll@]ﬁuuﬂlﬁﬂﬂﬁ3’011]@1@111?!

F) Y o Y A k) v A v ?,’ @ ?,‘ & o 7q Y v
HUDYNTUAIIUADINTT MU UINADTYININAUDINIH U ULV UINAN Y mmm&wmmu%au“lwm

) 1

Y L 4 9°/ { A v Y 30‘ a g’/
“luwsamwumué'aﬁ]x“lwamqmmumﬁﬂﬂmumma”lﬂ AR UMDY WS uFainuuuLnu

u

‘9]// é A 9 dy [ 1 )
Auazunuuoy FamsdenlFziuegnumsesnuuutazyuiaves 15e Iliua Tagna ez

a (9111 i v v W ’.3 a2 v {
Hewldunuunuaunnni ansagvesnsinimsudaawanslugili 2.8

9
v v °

= A
71U 2.8 Aoy

(M1: www.global-hydro.eu)



12

[

%

2. nerudadiay (kaplan turbine)

&Q

9
o (2

v o A A A v o A [
WU udIng mgmzmuau“luwsamuﬁﬂﬂugﬂm 2.9 Imuenuy

9
%’:wq/ld

L} 90} H % v % o %7'
unaninllszauaugesdmIAwe 1 99 70 was wagdinanmsiaulaelinglva
1 7 = (-7 (-7 % aO’ (-7 -7 % aO’ %
A lusalunaununurnuyeanaiui Tagluwavesnsiuin  nduauansad oy
d' [ @ A = %’ @ wa R o Y <
NRTUUIIOANTOLTINAVD Taedn Tudazarzin e msaauguanuE lumsnyues

YY) %’ k2
Aaviurin 1

v

H 4
31U 2.9 Avfnihuueiuay

(AW1: www.global-hydro.eu)

Y
3. peviusRis o (deriaz turbine)

Y
°

3 v o 3 AAo o v v v W 1 )
Lﬂl‘lﬂ\jﬁul‘l’]ﬂi‘l NHMUS 'Jllﬂﬂa1ﬂﬂﬂﬂ\1ﬁuu1 lﬂﬂ!iﬁuu@lﬁ’mﬂu
Y

= (2 ¥ a v @

1 QI % o v T o %I a 4
luaruvesgdunvaesluia Feadrenuluwavesnsiuinisugansduiwsiaiiozs 14

9
o

@ 2 Aa ¥ a o v o o
Llﬁ\‘]ﬂuu']‘ﬁ!ﬂﬂ%’]ﬂﬂ’]ﬁuh’ia"Uf]Qu’ﬂuﬂﬁﬂ’mﬂllﬂ\iuuﬂﬂllﬂuﬂlfNﬂ\iﬂuu'lllagﬂ'ﬁﬂﬁngﬂﬂﬁl%}ﬂg

o

[ @ [

1 so} { 90' U 1 %
mznULraRhNTszAUANNgUeIR g s izAeelduseduihminssiuge dnvae

v o 90} =) dl
ﬂlﬂﬁﬂﬂﬁuuulﬂ'ﬂlﬂﬁEJ“]SLLﬁﬂQ]lﬂuE‘]J‘VI 2.10


http://www.global-hydro.eu/

v

(N www. geppert.at)

a v W %l . y A a Y
MINTUIYTLANVOINIH UM (Turbine) gu150 1¥a13199 2.1 ‘Wiﬂiﬂﬂulﬂ

4
Taglddoyaszaniini (Head) wlsznonlumsidon e

4
v o a

319 2.10 AU

WVLALT By

9
C

M1319% 2.1 521N Y0anaH U1 N9 INIVANNFININ (Head)

9

Uszinnveanaviui syduinh (was)
Y9 u29de 02<H<4
Aaiuanguesosalag 1<H<10
YruAiau 2 <H<40
AT RIS | 10 <H <350
NHUNAAY 50 <H < 1300
Yafumes In 50 < H < 2500

111 ; Wikipedia.org (ANWIAY a3 1y nTIe5)

2.2 NuUNMsAnN

2.2.1 anHAULNAIUDIIATINS

4 Y 1 [+ aol 4 o -2 2 90’
Aunneadalsd I mdnindeudiazaos Wulasemswaun 1 Indwdai
] Y ]
Mewouvesnsusalszniu saunu ms Iidhenaaualszmeing (niw.) Avegievou

o o ¥ o % I o 3 v 3 a 1o 4
A1 VUATUIATNSADI %QL‘]J‘L!E’HNT?I’VIH"U@QLLNHW?JUG Uil?ﬂ!ﬁ?ﬂﬂﬁ@ﬂqﬂ ﬂﬂﬂﬂaﬂﬁ

[

4 U ) S A
WNIAUATIIFTN Tagln

azdueon auaadlugli 2.11

o vy 9 oA A 9 ~
ﬂﬂf”nllﬁu%ﬁugﬁﬂ 14° 52" 00" (MUD LIAL LAULLIAIN 103° 33" 40"




14

= A A _‘is?lﬂﬁmﬁ«fﬁﬂﬂéqmam

[ WA MY ————————— @
S o (WP - v

LA S
! [ BNRUE A mARY ——
-V : P
e 8
N [
.‘\ 77
= A
Nt -
oy | NeAuANAIRAY
v 7 o 0
& - 7 T 37
e RS 3 w ¥ & Sl
= : ,‘ e - TsddAmanid A i ugunay f )
) s : ! 4 g Taalviilomu i A W 7
e 7
7 /
> .""/ ® X
/,/ / %,

ﬁ 2.ndag "/" s v ; £

H vy 4 &
g 2.1 daslsdlihadninveudnzaes

H Al =) U g
Aw1: Aedenssulesaznaaril nwle.,2559)

o < o ¥ Ao o & ' ¥ ~y ¥ 1A A
mmﬂmgﬂummﬁwmmﬂmmwuwaumuma HAUUIDYVIIUINDNIUT

9

< Y v o A o ' o 2 1 3

PNWRY U Q‘]@uGlﬂi?l,ﬂg‘]Ji5i]‘]JﬂUlﬁﬂﬂlﬂnﬁuﬂ']LLWQGLUVQIj’E—Nﬂ@'ILﬂfJﬂ'IﬂGH’E]\‘] ﬁ’lu'lclu"]f?\?g],uu']
] ¥ A o WL 3 ' 4 < ' a

"l‘l/iamu?jmqn “lf'lﬂlsll']Llﬁgﬁuﬂa'lﬂ"]fu Lﬁfla’lu'lllﬂaW’]umﬂ!ﬁﬂuaullaglﬂl'lﬂ'lulaﬂﬂ YINIU
o ad & g A Y A o < A Y o ¥ A o 1 o

DUNDANT G]fﬂlﬂuﬂ@]ﬁlﬂlﬂua’lﬁzﬂ@ﬁ i]$!ﬂu1/]i’lﬂﬁ@\iﬂ\iﬁ’]l!’]ﬁ’f]!u@\?ﬂl‘lﬁaﬂﬂhlﬂ ATUDUND
1 %’ 1

Q\uuu DUNDVINNTIAND f]'Hﬂ’E']!ﬁf]Qlla$@1lﬂﬂlﬂaﬂ1’\|§$£ﬁﬂiﬁ Llagllﬂaa\‘lllﬂu']u‘.aﬁ@"lﬂ

fazn09aNNeaaoadslszua 220 0 lawas IUF 19N UNaINLABIIE 1Har LB IUND

Ao A C4

A a Y ' y 9 [ o '
W USaYIu Inase ﬁ]%JJﬁTUﬁ‘]J“iﬂ!I,Lflﬂ@@ﬂﬂﬁﬁﬁﬁlﬂﬂ Tﬂﬂ”lwamum"lﬂﬂummﬂmmu

v o a

o A Y A v [ o a = a J A
DUNDIUDI LLa’Jll‘]J‘lJﬁ'iéﬂ‘]Jﬂﬂﬁ']ﬂﬁﬂﬂ\‘llﬂﬂﬂﬂ1uﬂuwu WA UNDIRANNTSINYTH (NOUN
o 1 %’ =\ a o a = a ~
aWI%ﬂf)\‘]ﬂ%hlﬂﬁa\illilu'm“aw‘lﬂﬂ 3 ﬂimiﬁlﬁ) mmmmmmm&nﬂsmm 35 ﬂIﬁ!ﬂJ@]ﬁ NIy
¥ o o a Ea a ° A ~ Y] A =
ﬁﬂﬂﬂﬁa"lﬁ%ﬂ@ﬂlm%a']ﬂ’iﬂuﬁﬂ!‘Hﬁﬂﬂilﬁﬂl@'ﬂﬂ@m@\‘] Tanunnelseunm 5-8 ﬂIaLiJﬁi N

] I ~ A 9 1 o w A 1 901 dyd' o 1 v A
Ll‘]JL']J‘Ll‘l/li”l‘}J‘I/Iﬂ’Jle‘ViﬂJLlﬂ$ﬁ"lﬂfy‘l/lq@iuq%uTuﬂlﬂuﬂW]‘éﬁﬂ@Q agiummmwmamm

[ o

4 ° P ,
Iﬂiﬂﬂﬁﬁﬂuulaz‘]ﬂgﬁﬂH”IﬁW]%ﬂf’N ﬂjﬂﬁﬂiu%aﬂiz‘ﬂiu ﬂji’]fﬂﬂquﬁu‘ﬁ 183,316 ‘15 Iﬂﬂ

Y
A A 3

° ‘o : I 4 1 o (2 v
mumﬁmuwﬁuﬂuwummuuﬁaﬂmﬂym 164,186 ‘liﬂii’)ﬂﬂqu 5 9UNDUDIIINIA
v

= 9 " o A A a a = a o A S 9 %‘
UATINVAUT Ulﬂll,ﬂ UNDANI FUUU VINNTLATD (RANNTSLINYTA LAZDUNDINDI UAUUDY

Do e

2 < @ o a o 1
llﬁl:]iul,ﬁ'ﬂﬂLGIJTQQWELI"ILEJHLLﬂglﬁ@ﬂL"U"Iﬁuﬂ”ILLWQGlulIﬂ’Jm@Hﬂ'E]’]J”Iﬂ“]f'EN Iﬂi\iﬂTS"lﬁ‘ViﬁHﬂ

a o a 1 %’ o U 4 {
SUHAFOUIUAIUNITIUAY AdDquauanazandumsdaiazigesn luwanui



15

v A 1 < 1 sol so'
FuRarouloIMTralszmuruIalng YUIANAN LAz YUIAEGN AAOITIN ABDITZLIEIN
A @ H v Y ] A A Y o = =
mearugunsdadsihwazduih liunnuinmizdgnluvalasems ldedranadaasil
a a dy A a A Y a Y A I A g < ¥
Usganiain wuivsnaeeaigiaoanesiunaldveuvon Wunase1unuilve
9 1 A ] { o
Tasems 159 Idmanhdmzaowuugundy ms ldihdhenaauvsdszmalne (nln.) i
Y ! { ¥ ' 3 ¥ o S
wasnu Il de 14 lugrantianudesms 14 lWiiles guinansranuihdnzaesiulyl

o a

] o 1 s ¥ A ' ? o A Y
DUYID NNV HUIU ULV Y] Llazﬂaﬁlﬂumaumm lW'ﬂVITfT]iWa@ﬂigllﬁqwﬁ“m']qagﬂu

Y
(4

Tugrenaanudesms1¥ g uinadinanduiuiduesTasimssaiuaunaalilih

dazne Meunuy awdaalugln 2.12

879" nguty

e

grafiuihdneaes

o
P STV 1 FIET 1)

Tsalw

H )
517 2.12 R Tse llhuazasna lasseu

{ [ a [ 901
G fhedenssu lesuagnaail nvn.,2559)

A vos o
2.2.2 1 UdHUAZDIUNUH

A
1) WwoutazemMsdsznou

- %A WouAu (Earth Zone Dam)
- srduduAeu +282.30 3.5N7.
- WougN 40.30 a3

WU 251.00 AT



16

- mmﬁ’nﬁjm%u 10.00 LUAT
A g a3

- AUV UATULTTUBDUN 1:35,1:2
& y v 3

- ATRUUDUATUNTIYUN 1:35,1:2

J < 3
2) 21UNUUN

[ [

<3
- IZAUNUNNGIYA +280.30 .50,
@ <3 (% a
- szaununnilna +277.00 .57,
Y] <3 o :)
- IEAUNUANEIYA +261.00 .50,
] 4 ] I~} %
- ANYENE NITAVINVANGIGA 445.56 A A,
1 ~ % a3 [ a
- AN NIzAUNUNNYNA 314.49 AUTESIEY
1 ~ o < v o
- ANUPDN NIZAVNVANAIYA 22.72 AUTESIEY
- AMNgE N 19 291.77 au av.,
¥ AAa 901 ~ @ < %
- WUREND Aszaununingage 44.70 A5.NY.
,i’ A a %,J =1 v < [ a
- NUNEIY NsEaUUNnina 37.17 A5.nY.
zi’ AAa % =1 v o o
- WUNE NTzAUUANIgA 5.04 A5.nY.
Y
3) 2IATIZUIBUIAY
- ¥ia Controlled Spillway 1/521A7 Radial Gates
1 %} o 1
- YUIAFOITSVIU A419 6 1T | F94.70 1HAT , IUIU 7 30
22 . 4
- 99 NIV NV UVDY 20 1UAT
Y
- sEAUAUNINSZVI8YT (We) +273.00 1.5,
%’ Y a =1
- szneihlagega 1,530.00 V.1 AUN
¥ =)
4) 81M1331LIRANY
A g a (=
- ¥UA nszuetnla i
Y
- YUIANNTSVIU A919 40 AT , 817 800 11UAT
d'?:}.z y A a @ g k)
- 99 NRIUVDIVBUAANVDIATTEUIOUIAY
Y
- FAUAUNNTZUIYUN (I?hEJ) +278.00 U.3N0N.
ES =\
- szaneh 1dgega 600.00 au.u./Ai

Y
5) 1m35201811 199711 (Outlet Works) U52no1de91a13 2 ¥iia Ao
Y
5.1 91A135UU1 (Intake Tower)
N AT ISTR T Muuen 3 1, ey 11w

- VU 1.75x 1.75 as



17

C seumsEI UMA 1 +265.50 .50
1 2 +263.30 .50
I +261.00 .50
vy +261.00 1.5N1.

' H
5.2 NOITUIYUN

a J A 9
- %A vio ada. 3iinenin
[ ]
TR A, 04298 YDIANUD
] ~ g 9
- szausIallInIaEn +261.00 1.5N1.

.2 y y
- vwamelunenidumilon uaziieii 3.50 1UAS
- ANNYIIND 99.00 1NNS
%:l 9 a =1
- sznei ldgega 20.00 ALY AU
Y
6) IYVVITVIYUN
1 90’ 1
- anueaaosaaidelvg
lg’/ Yy 9 Y a
(Aavdme Iy nIdese tazdauued 11 431.) 142,515 Alamas
(MA9ZADI) 120.000 N Jaua g
- AMNEIINADIBDULAZAADILINYDE 61.277 Dlaag
J
(7) sz Tewi

' g ' 9 1
- dahlduniuimizilgn

agdu (lug) 131,600 15
(Wonn) 57,840 15
NG 50,000 5

- glanuSTan  misdszdunanadiesuaswdunazmsilszih
A

- UITNPNNAY  AIRIINAINEABIAZUTNUAITINIAUATII TV

(] A

Y Y o ¥ dy Aa o [ A
U IAsEAUUN AITNY HASWUNRIUT UBDILUBUATASADN (ﬂﬁgﬂ‘ﬂ 2.13)



18

& da ¥
WUNH (A5.na.)

285

280

275

= 270 A

265 :
/ Ddad Storage Leviel (261.00 moMFL) \
260 7‘ \

255 - = -

(a1.5%n.)
-
%,

sEAULn

0.0 500 100.0 150.0 2000 2500 300.0 3500 400.0 4500

A9 (AU A3

k2 Y Lil Aa A v o 1
2.13 Iﬂ\‘]ﬂ'ﬂl@ uae Iﬂ\‘lW’Ll“I/IW'J NITAUNNINUAN

&an
=
=)

Auunsurallszniu)

v a a a
2.2.3 YoyagnHenIngazgNnINen
2.23.1 amNQNIMA
a @ < - {

ammngieimalagna lidunuuieonau msnlasuuasaniwermia

Yo a a Y = 9 o = A J o o Y A
lasuaninannavusquaziuanined]a nazavusguaz uesndounilodluran shliina

2 A 2 A = A L
998y 3 99 Ao “geruisulusnnarsdeunguman liyudinarufeugaian Fuilugig

a a [ = Yo o Y a o a A
yosonswaauusquaziuandoaldouiliinaduanlaona 1 wenvndninavesauusgu
o 1 Y o ~ Ao ~ Y o 9 a v =X o < a

aanaual Sanmnganlsaduniaumnnzaivla mlidaduanmindaninunaiuusne

v
9 v =

9 &2 g @ o Y a 2 o o a 2 J [ a
i Fududrimsdriag i ldmadynnimusunaulugineil Tasdiulvgezing

=KX o A

1 a 4
Tusrudoudamaudanueton “ggru17” szisulunaudougainudame@oununinus
2 g 1 a A @ a A Ao Y Y = 9
Fuilurrevesdninaavusquazivesnifounile Mvannonnuuideninlszmeiuen

o ) = 3 ' FY A A o o L
w1 i ldemaianunuuduas dau <ggiew” wisulusnilmeeununiiusiaz duga

" 2 o4 . 4 o v d
aslusmnarvfeounguaian suilugsrefavusguiiduldouain avusqu

o a A g o a Y 1 9 a v Y Y e
aziuesneunioluannsguazuaneld dwwaldoimatinennudounazuiads
Idanmeimalasiill¥eusudnuinigalusenil s1eaziBoaiianisvesannsgu wig

18du vazdwmisvessesnnunaeimelauans13lugiin 2.14



19

:.1 = dy (3 a 9y 9y =
UMTANHIY @]’JLHJ?ﬁﬂTINQll’E]WﬂTﬁGlG]fGIJﬂgﬁ%?ﬂﬁﬂTUﬂilﬁ]ﬂTﬂ?ﬁﬂJﬂQ

3

a a @ 1% = 2 g AaA Yo dal A & aa y
NINYAUININYIINIAUATITIVAN “]NL‘]JUﬁQTHWGQGlﬂﬁﬂﬂwuﬂIﬂiQﬂTﬁ PINNTADAUDUAN

QU

nlspiiermamasluniu 30 I w.a. 2514-2543) deuaas 3 luaisren 22 naggua 2.15

£
Y v A

a Y3 K a a fjl’ A 9
ﬁ"lll"liiﬂ/\li]"liil!ﬂﬁl‘l’iﬂﬂ\iﬂ"liNuuﬂiﬂli’)ﬂﬁﬂWWQNﬂTﬂ”lﬁ‘iJil’JmWHT]Iﬂi\ifﬂillﬂ AU

a A

2.2.3.2 Qmﬁﬂﬁlﬂinmiﬂﬁx‘lﬂ1i

Y

a A d' 2 dy d' I~ Ul ' !
Qﬂ!WQN?W&L@@HLQ@&UH’JQ&‘W‘L!‘V]Tﬂi\‘lﬂ1i UAIBYITHIN 23.1 93N

= a %

iraLBod (51121AY) D9 29.7 oA isaidod (WBIU) AAsguHNgIgaT1eTueglusie 29.1

U U q
=<

04 36.5 parUTAITd AunAsgUunIaIgaTIeTued 1usI3 17.5 D9 24.7 eeswaiBod taz

v
[ o

gagiseiugegatazmgaminneiuin 13161 42.7 uag 6.2 ossaaided awday

o

YK

2.2.3.3 ANNTUANINE

%% v A

zil = 2 zij A =Gl 1 1 =
ANUFUTUNNT TR WRATUTIUNUN IATING HADYITHIN 60 DI

J o Jo

J 3 14 A dy v o 1 A (% 1 g o 1
BIGHEG TaglAANUFUFUANT a9 IHFIBADUNUEIY LAZAIANTNTUTUANTA WY

U

= = g [ v d ~ == (Y < 3 4
RDUNUIAN ANVFUTUNNTIR ATV UAWNINY 70 11)o315ua



20

T
13

e

20

LTI

\._,_§ 1
Ho.-ng = =

iy
A,

WL LTI
— —
D

MghyuaTay

f.f. —

ngryuaday
— —
Wo.-59 =

b.f

NINGAHNINGY

Meteorological Department

710 T

2.14 NANNANNTTY VD

a

(N1: NIugaHenINg1 )

Uszima'lng



A1519% 2.2 Toyagiio e a1w 30 I (WA, 2514-2543) AITHIINTAUATI BTN

a o 3
seavvesamtitiiloszautimeathunais

21

a =
AU UATIIBTUN 187.00 tUH3
@ = a 4 =} v 3
TUATDIU 48431 mmqwm‘uﬂimmaimuaﬁzﬂuumzmﬂmnmq 188.00 tuMg
a J a J A dy a
aceIn 14 58 N mmqwmmaﬂwmaimuawuﬂu 1.25 A3
a A [ A tg a
aNnYA 10205 E ANVFIVDUATONIAANVUBDNUAY 12.00 LN
Ao 3
mmgwmm%mﬁu 1.00 LN
fusgiionna u.A . fi.a . nw.A HIC n.a. .0 n.g. .08 W.e 5.0 5180
ANUNABINIA (+1000 130 900 HAUTS)
wde 10135 1,0115 1,009.7 1,008.1 1,007.0 1,005.9 1,006.0 1,006.1 1,008.0 1,0105 1,012.9 1,014.7 1,009.5
geitan 1,027.1 1,024.6 1,024.9 1,0204 1,0179 1,012.7 1,013.1 1,013.1 10163 1,020.1 1,023.1 1,026.5 1,027.1
shiiten 1,003.0 1,000.7 999.5 998.1 999.2 9978 997.7 9983 998.8 1,000.1 1,005 1,003.6 997.7
oo fuads 589 617 6.00 547 4.75 a.27 417 4.38 471 4.80 4.98 550 5.09
gl (osriwaidva)
wdy 239 265 287 297 289 288 283 219 212 264 209 231 210
\adugen 308 335 358 365 35.1 343 338 332 32.2 309 297 291 329
wadorign 7.7 204 227 244 247 247 243 241 237 228 205 175 223
gaitan 37.1 40.1 423 427 413 39.7 400 38.1 380 352 36.1 36.0 427
shitan 7.9 114 124 190 21.0 212 213 215 204 16.2 10.1 6.2 6.2
qathins (eurwades)
e 159 17.7 19.4 216 230 229 227 228 233 220 19.1 159 205
awBufaning (%)
e 64 61 60 65 72 73 73 75 80 79 72 66 70
\nfugaEn 85 83 82 84 88 88 88 90 93 93 89 86 87
waduign 40 38 37 a2 50 52 53 56 61 60 53 aq a9
shitga 21 15 12 19 23 23 32 35 34 31 27 20 12
sinudds (flawns)
191 07:00 u. 34 34 40 5.2 74 89 89 8.8 75 6.2 54 a4 6.1
wdy 58 53 56 6.7 9.0 100 10.1 98 9.4 85 7.8 6.7 7.9
anweuas (0-10)
e 36 4.0 46 5.6 7.1 7.9 81 8.5 8.1 6.7 5.1 39 6.1
dalusiifiudeunn (0-10)
BT
A2m3any (Tfom)
fiemna NE NE s s s sw sw sw w NE NE NE
Fsdhaniads 14 15 16 17 19 23 24 23 14 18 21 20
AT 220 50.0 420 49.0 50.0 58.0 410 320 330 29.0 280 280 58.0
nszme (Tadums)
wad-0 1373 1439 1832 183.4 174.8 163.4 164.3 151.0 1258 1256 1286 1359 1,817.2
Hu ([fadwns)
e 59 18.1 36.1 663 1372 1118 1153 1462 226.6 1412 210 30 1,034.7
ruuuiitumn 09 23 a9 78 138 134 137 165 18.2 12.1 38 08 108.2
ugaiigalu 24 Falua 712 51.2 97.3 91.8 107.3 83.4 104.1 1213 1380 136.0 84.3 181 1380
SwouSuiuiiia
uisven 288 217 29.2 240 7.7 24 11 10 18 9.7 164 259 1757
wen 000 00 00 0.0 0.0 0.1 00 00 02 0.2 0.1 00 06
ity 00 00 0.1 0.0 0.0 00 00 0.0 00 0.0 00 00 0.1
fhazuos 02 22 56 119 151 9.0 9.0 8.4 127 7.4 10 00 825
el 00 0.0 00 0.0 0.0 0.0 00 0.0 00 0.0 00 00 00

N1 : NINYATaNING




Ysnnelu Giaduns)

qumpil (arigadud)

)

-
oA

(

AT

300

250

200

150

100

50

a0

35

30

25

20

35

30

25

2n

05

Usuaelu

sEie (HafwnT)

anIINTI

-

. dim. nA.

ANl
LN

5 (%)

o

GELTRL

o

ﬁ'ﬁugu

. din. nA

A21UL528Y

AT (0-10)

wa. mA o an

7 d' 7 9 a = A o [ =
gﬂVI 2.15 VBYANUDINIA AU 30 1 (W.F. 2514-2543) UDIFADIUIINIAUATINVTU

300

250

200

150

100

100

90

a0

]

60

50

o

2ATINTTINY

ANUBuduNG

AUATULU
wE. WA Z’J\,U ik} dA. N AR wae LN




23

2.2.3.4 Sanamsszimig
F) = [ 9 d' A v %
Poyallsuansszie #3133 laalHnT09l0 NI TS IHEVOIU MUY
a A A A (A A
919 (Class-A Pan) Tagusnaiui lasamsidSuamsssmoasangagalumouuyion

a

] d’d [ 9 a A = :a A 1 d‘d
(FTNNVQUNYNFN) Sa'ld 183.4aamas uawﬂ?mmmﬁzmEjmqﬂel,umau@mfm (B INNY

Q U

[

Ao 9 Aa a ~ == Aa A
gariniia) da’ld 125.6 tadwas Psnamsszivemaeseilia 1,817.2 Tadmas
2235 nIzuaan
= a L A I a A
MIHYUIIUVINTZUAANUTIVNUN 1ATINT 2T UNaIINBNTNA
I [ 3 A A [ Y 1 ] o =\ o Y
yosauusguitluranaNuEaumasing19ia lata liganniin uaslianudumlsdosun
1 ] 1 < a 1 [ { o a a
Taolin1egz1i19 1.4-2.4 oa Aanisvesandinlvgiluauiwanionneinlduazia
o ~ g2 a X ' A = = o ' ' A = v o
azduanmedla sunavuluriufeouiuandin ey a1 luruneugIANDINUAINUT
a o a @ 1 ] : 1 Il @
AAN1voIaNIZNANININN AR TueonReuvile wiAuEIaumaeszlin lugeanin
[l <] ~ ] Y 1 = <3
HANINIGIANGIFATNIABATIVIA TANAIZID 58.0 ToA
2.2.3.6 oy
A ) dy A & ' ' 3 a J A
eannUInanunlasinsategluguiiiga msinsenlsuasdy
99 = [ 3’; a a 1 A
lddoyarSumduandnting197aveaNIngualenINgT NTNFAYTENIU LATHUIBIIUDU
& g‘; L] 1 dy d‘ 1 %:.I o g’/ Qy a9 d‘
HI09NTT18YANYAA 1 AT UAGUINUN THaguIya S1uIuUNITY 338 a1l deyarun
I an ] 1 a 1
s ldduadadoyaluriesznandl wa. 24952546 9ndoyadsumduisivsnla
Y { 1 SOJ 2 {
Wtanudusun1ge (sohyets) Usmadusielimasvesquiiyga awaasluzili 2.16
1 =Y a 1 Bo’ ] J H 1 1
WU Snaruysnaneuutazaouna1veIquI Nluanedlunuvingy druneual
] BO} =) U U U v o a g’l a 1 30}
YBIGUU UINVIIHIAYVAIIFFINLALTINIATIUIVATY TIUNIVTNUABUUUUDIGUUT
J Aa dy Aa v v o [ Y = A A A J
V1IN AUNUNAAN UM IAUATUIENIAr I Il 19uYyT NSaduanlunasigs
= = kY raly A a A A a
Usunarluanmagsgveansguinia lagiseanas 1,399 Naamas NIlo NI saa Ny
A Y ) a A A A A A A 1A
MmauruaNugavealsuady vinaiunlaseamsidsnuduannasasl) Uszum 950-

1,000 Haauag



24

(LRULMRTLBRMLU) BItLANEPRLRLRI[IALEAMIBLIEL[IMRAMENRLLYHLHPIDBLRITULHMIT 9T'T WTE
e B P 7 o "

000'058 0%0'008 000'0s¥ 000‘00% 000°02E 000'008 000'08% 000‘002 000081 000'001
& 1 1 1 1 1 1 1 1 1 1 =
m - wen RIEIBUK f S
wt
et LI
nppnLomTLY
nngng -
£ yyre @D o 8
Rl T e twnzee's g
= ACHBRING e e e
SLUBAUAINGR wnm e mmm h
WORUBHY BUngLARE RIS
5 UBLHEBI'E i
£ -2
g g
o - W
s, Rt -
& s it UeCe RERLCUSLE] £
£ e SR B
g C g
74 ; =
5 5
2 L. m
8 cLenaLassft -2
H supgLasspsemsLoLe 8
\ \ nunners
000'000'% : 1 Reseuwr &
——— RLBSLBLAR'S
uy 09 or 0z o
5 % &
S - l.m
1

000'08¢ 000'008 000'0S¥ 000'00% 000°0¢8 000°008 000'052 000°003 noo'ost

000001




25

2237 annInen
E4 1
1. suanim
= = a g’/ d‘ o a [
NNANIANET IATINTANEIPDNULUAAAIUATDIN A I INgd

¥ <3 4 o o v @ Jd o
u'l"llu']ﬂlaﬂl%ﬂua'lﬁgﬂﬂq UDINTUNAUIWAINTUNAUNUUASDUITNH WA (2547) WaN13
3

a I A EO { . . o v
a1l nahmumassetluuuguiing 1y (Regional Analysis) mmmﬁgﬂmmamwu‘ﬁ

q

' 3 N A o X do ¥ . . 9y
i%W’JNﬂQ‘ilﬂmu1%1i1ﬂﬂlﬂaﬂﬂumu1ﬂwu‘l/]iuuwj‘u Iﬂﬂﬁuﬂ’liﬂﬂaaﬂ (Llnear Regress1on) ]’lﬂ

[

N

e

0.5413

Q = 5.5708 A (R* = 0.8085)
4 %,1 1 H 4
110 Q = Pimnahmaeihndae (@ ugniaimwas)
,3 Ao ¥ a
A = Wunsuihdu (@151an lawas)
@ a Q\{ % v 7
R = dulseansanaunus
[ % 4 1 =Y %’ 1
NIMUAAIAMNTUNWUT (Linear Regression) 52 1319U5 11111911
=y d' [ dy d‘o/ Eo} [ d‘ aa 9 =Y 9o’ 9J d‘ o dl
emasnununs vy uaaasgli 2.17 addveyalSmani lvariioudinzae i
(%] g’J 1= = = = % d'
a5197a lagnsuyalseniu auall 2512-2558 (47 1) 15198z DeaLanIndn1s1ean 2.3 Iaeg

A ) =1 %‘ Y <3 %’ A a Y
Lmaummmmﬂ?umm”lwamaNmumﬁxﬁmmaﬂﬂax 266.04 14 aU.N.

1,000
LR
//

: 1L

© ®

s I~

ag [ ® }// B

5 .
Tg //

g x

2 100 [P B BT x| ®%

2

r [ [ 1Zidl

= /’
anS *//

a

o

&

Q = 5.5708 A%3113
(R? =0.8085)
10
10 100 1,000 10,000

& Y

WUNTULELY (r9.nu.)

9
o

~ v o J¢ J ¥ ~ = dy Ao
319 2.17 uruanuduius sz T nanimnglimasuaz nunsuury



A Z A =~ g A o
1IN 2.3 ﬂ?3J"|f,uum151m@aum"lmmmaummﬂm

26

N1 : 1 Ay

bl 1a.g. W.A. Q0. n.a. a.0. n.e. 0.0, g, 5.0. .0, .. fi.a. 5181
2512 2.00 1.00 | 19.00 | 3800 | 33.00 | 110.00 | 3800 | 15.00 8.00 7.00 6.00 800 | 285.00
2513 8.00 700 | 1400 | 2200 | 17.00 | 36.00 | 40.00 9.00 9.00 5.00 5.00 4.00 | 176.00
2514 600 | 1400 | 11.00 | 2300 | 1500 | 2800 | 18.00 6.00 6.00 2.00 7.00 6.00 | 142.00
2515 5.00 0.00 6.00 | 17.00 | 24.00 | 19200 | 168.00 | 33.00 1500 | 13.00 | 13.00 9.00 | 495.00
2516 1200 | 1600 | 11.00 | 1200 | 19.00 | 7000 | 47.00 6.00 6.00 500 | 1000 | 16.00 | 230.00
2517 1500 | 1800 | 1800 | 19.00 | 2200 | 3200 | 7500 | 46.00 13.00 | 11.00 | 10.00 | 11.00 | 290.00
2518 8.00 19.00 38.00 39.00 39.00 92.00 107.00 18.00 10.00 10.00 12.00 8.00 | 400.00
2519 13.00 | 2000 | 2400 | 3000 | 59.00 | 8200 | 99.00 | 43.00 15.00 6.00 6.00 | 10.00 | 407.00
2520 10.00 | 16.00 | 11.00 | 2800 | 2200 | 3500 | 20.00 7.00 7.00 4.00 5.00 6.00 | 171.00
2521 1400 | 1000 | 19.00 | 3500 | 36.00 | 39.00 | 57.00 8.00 4.00 5.00 3.00 2.00 | 232.00
2522 700 | 10.00 9.00 | 2400 | 2900 | 61.00 | 53.00 7.00 6.00 4.00 4.00 3.00 | 217.00
2523 5.90 550 | 2480 | 19.60 | 1810 | 4190 | 8480 | 17.40 5.70 4.40 3.80 200 | 233.90
2524 11.00 | 1610 | 2260 | 2750 | 31.80 | 4360 | 3380 | 27.20 4.60 0.00 3.00 530 | 226.50
2525 4.40 6.40 880 | 2170 | 2870 | 7020 | 3890 | 11.40 4.80 4.20 2.30 0.60 | 202.40
2526 1.60 4.50 750 | 1290 | 4650 | 5890 | 231.40 | 40.00 16.00 | 1040 | 14.20 720 | 451.10
2527 11.70 8.20 840 | 2450 | 3210 | 4150 | 83.60 | 15.80 7.50 8.50 4.20 1.50 | 247.50
2528 920 | 2670 | 3080 | 3230 | 31.20 | 4580 | 51.00 | 16.70 6.60 5.90 2.00 4.40 | 262.60
2529 11.10 | 2430 | 1020 | 1500 | 14.60 | 2990 | 77.90 | 11.00 5.60 1.80 3.70 1.80 | 206.90
2530 790 | 12.80 | 10.70 890 | 1220 | 7390 | 4480 | 17.00 5.10 5.80 7.10 290 | 209.10
2531 550 | 2260 | 1660 | 1430 | 29.70 | 87.40 | 10580 | 15.60 9.70 7.50 4.90 7.40 | 327.00
2532 160 | 20.10 7.70 8.90 980 | 1990 | 2520 3.60 2.10 3.90 1.70 480 | 109.30
2533 300 | 11.10 930 | 1050 | 1200 | 1820 | 16750 | 27.70 8.10 5.90 6.20 4.00 | 283.50
2534 3.00 810 | 1780 | 19.60 | 4650 | 37.70 | 60.80 5.90 2.70 4.30 0.00 0.00 | 206.40
2535 0.00 0.00 0.50 390 | 16.80 800 | 2730 5.70 0.90 0.20 0.00 270 | 66.00
2536 2.30 2.30 3.20 220 | 1770 | 57.00 | 30.80 6.60 2.10 1.90 1.40 4.40 | 131.90
2537 310 | 1360 | 3820 | 4270 | 46.10 | 3690 | 28.00 3.20 1.90 2.80 1.50 460 | 222.60
2538 3.60 7.90 510 | 11.80 | 37.30 | 10240 | 5420 | 11.20 6.50 2.40 1.70 7.10 | 251.20
2539 8.30 40.90 25.80 17.30 26.40 117.80 139.50 62.10 9.50 9.30 4.70 9.20 | 470.80
2540 1050 | 13.80 7.40 450 | 14.30 410 | 3070 4.40 2.20 1.30 0.30 270 | 96.20
2541 580 | 11.90 4.40 990 | 1340 | 3930 | 43.10 8.30 4.10 2.50 0.10 1.00 | 143.80
2542 10.80 45.00 27.40 20.90 23.60 62.50 93.30 38.00 5.10 7.00 8.70 5.50 | 347.80
2543 | 2110 | 3610 | 2590 | 3050 | 60.70 | 8833 | 12220 | 17.20 7.10 7.80 240 | 11.20 | 430.53
2544 370 | 21.00 | 1370 | 2360 | 36.10 | 2020 | 2430 7.80 2,50 1.65 0.75 133 | 156.63
2545 2.89 18.42 9.66 1.18 18.53 103.09 56.76 12.32 5.02 7.15 2.21 6.60 | 243.83
2546 a.41 9.59 7.70 977 | 2487 | 3699 | 6569 3.00 0.46 3.16 378 570 | 175.12
2547 516 | 1614 | 37.78 | 1523 | 2816 | 4585 | 2187 | 1256 656 | 1026 | 1438 399 | 217.94
2548 1.60 3.29 9.57 6.47 10.78 66.60 38.51 53.96 9.75 5.26 5.72 6.83 | 218.34
2549 1640 | 2251 | 2448 | 51.00 | 2570 | 5470 | 9530 | 18.60 1553 | 1808 | 16.40 | 17.68 | 376.38
2550 1392 | 6482 | 2090 | 1890 | 2852 | 4314 | 6478 | 17.12 19.08 | 13.62 | 1268 | 2220 | 339.68
2551 15.86 34.73 26.00 20.59 25.82 124.81 68.13 41.46 13.13 14.44 17.80 18.87 | 421.64
2552 | 2392 | 1709 | 1648 | 2037 | 1826 | 3756 | 63.47 | 1631 5.26 7.54 5.59 6.58 | 238.43
2553 11.34 6.40 587 | 1322 | 3397 | 6480 | 271.47 | 3115 | 2249 | 1163 | 1253 | 13.96 | 498.83
2554 15.07 35.61 38.80 41.63 57.75 162.10 102.85 22.37 12.00 10.26 16.21 22.01 | 536.66
2555 833 | 11.44 883 | 1853 | 1521 | 60.04 | 3562 5.95 7.87 4.95 2.28 3.95 | 183.00
2556 5.65 630 | 1414 | 1339 | 2532 | 9925 | 14343 | 19.95 1074 | 1401 | 11.05 | 13.86 | 377.10
2557 10.89 9.49 955 | 1954 | 2472 | 2787 | 4807 | 16.19 5.53 547 | 1272 | 11.02 | 201.07
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2558 9.70 | 11.40 8.89 865 | 1059 | 3677 | 4061 8.71 3.33 3.41 1.64 3.39 | 147.10

GRGL 23.92 64.82 38.80 51.00 60.70 | 192.00 | 271.47 62.10 22.49 18.08 17.80 22.20 | 536.66

13y 8.30 16.11 15.86 19.75 | 27.00 60.55 73.14 18.12 7.58 6.40 6.18 7.05 | 266.04

G‘i"’l?jﬂ 0.00 0.00 0.50 1.18 9.80 4.10 18.00 3.00 0.46 0.00 0.00 0.00 66.00
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2.2.42 amussannenusnamalss i
1 a 1 9 o a o g‘/ a
m3 Iiheraauvelszmalne onn) Tdauiumsmzdrisrasuau
=) d' g}l A o ] a dy d’ a dy d'
vinunaelsedliilh TaoldwniangumigareluninaiuilasinsuazuSnanun
] o F)
Tagsou Az 2.21 1822.22 $1UIU 5 HQN T10aZBIAANVANHNTIY 150 1WAT 19
o a o 1 [ d‘ a = [ d' 9 1

AUNUMTEd1320 U219 TUN 6 FIMAN 2555 89 JuN 20 Aueneu 2555 wua13e i

[ % 4 o [ 9 a 3’; o a [ v A a
WAL UVDUAINLADY TDITVAWHUFU ININHU IAAUUNTNABUA LR UNITY AL HUNT Y

9 9
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M13199 2.9 AMUHUINNAK QUL EITD

NNATguIEL szauthnvigu ANNANHQIIY

vigue - =

e (N) AzIUe0N (E) (1.3N0.) (1un3)
LTHP-1 1,645,119.834 775,512.084 +252.124 30.00
LTHP-2 1,645,138.661 775,518.806 +251.424 30.00
LTHP-3 1,645,117.555 775,562.927 +249.673 30.00
LTHP-4 1,645,134.035 775,502.079 +252.260 30.00
LTHP-5 1,645,152.570 775,502.079 +251.079 30.00

d‘ L} =) U g
v dhedennssy Teswaznaaiin nilw. 2559

Y
Tusu@U (Overburden) 1441 1115AOANAADIAINNIATFIU ASTM
o <3 @ [ a o A
D1586-99 @t lumanuIn-n TaeiNuaiognauNnIzes 1 mas 1uunlsznnuesauniy
32 U U Unified Soil Classification (USBR Designation E-3 of ASTM D-2487) gandaalu
MARUIN-N LAZNATOUNITTITY (Permeability test) 71111955114 USBR Designation E-18 10
k) [l
sror 1masvudaniiulusuiiu (Bedrock) 1msmiz Tasldiniouaizuuuniyu (Rotary
<3 o 1 o <3 o ] =Y
Drilling Machine) 1N U@20819 108191 219121W%5 (Diamond bit) 1Az AT UBNINUAIBE YA
. 1 o a a gﬁ [ )
NMLC Core Barrel 3301d UM 1gudna1ani1suon 76 taamas wiouninagousnsnissiay
y 1 g‘/ =) =Y % 1
YOIUIWIUFUHY TA8IT Lugeon Test AUHANNITUYDI A.C. HOULSBY (1976) N1N¢) FIIAIN
= = v aAY T ] yax
an 3 was awdenuvau n3din liannsonaden Lugeon 14 921935 MInado UL Length
= 1w a £ o =R ¥ ) = ' 4
Test adutlszansveamsFuvesitawisari s euimeuia Lugeon 14 1ag 1 Lu
PAUNINY 10-5 ¥NAUIN IUTEHINNITIEFITIVANHU LA VBINITIIEUAZTNIN
a @ o w . e 9 @ Y o ¥ I
5301901 9zgnaasluiuiinglsz$13u (Daily Drilling Report) d115umsiaszauiildauas
Y v
Huiinuamnduganismizudliedtios 24 ¥2 lusnansinizd1sin msnageuluauy
uazmsnadenludesliamsagdlan
¥guIa1g LTHP-1 (ANWAN 30.00 (A3)
gﬂ a 9 g‘/ a =\ = a
FUAUDUNUI 10.00 AT Usznovale¥uaumtendunsie Niaysiu
9
nieuaziuneudaluluwiiodn niedunsieuds vazdumiierunseuialunsie 9o
2
naminadeyludeslianisnudnliainudu 9.51-18.77% Ja1 Specific gravity 2.72-2.77
= [y 1 1 1 Q‘J %’
ANTDTWUNAUAINTZVY USCS 3a0g 1ungu CL, SM 11ag CL-ML UA1n155 2300910
Y
A9UA 0.00 D9 2.55x10™ LFUANATABIUIN IINTTAVAIAUDITLAVANNAN 5.50 1WAT UA1

9 9
SPT-N 524719 12 14 22 A59ABYA 12 INTZAUAINEN 5.50 - 10.00 tWAT A1 SPT-N AduA
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= ] ?111 [ v 9 2’, a a A ,&} = = v Y
42 DANNNI 50 ATIADNATOITUAIBFUTUNI I UM 1HpazBa NANUKWIANIT0Y
< o { ] 1
WAMULTIIUNA1IUDITEAY +239.424 1.5ND. NTAV +241.674 D4 +241.124 .50, UA1
RQD 0% NTLAD +241.124 D9 +240.124 1.500. UA1 RQD 92.5% UaLNTAY +240.124 D4
+239.424 3.50N. UA1 RQD 23.33% A1 Uniaxial compressive strength 32.409 MPa #1415
FWUATUMINTSUUNTIMUATUVDI Deere and Miller (1966) agﬂu class D (Low strength)
o ] < @ ] o
INTLAD +239.424 D9 +238.124 1.50n. Ta1w150nUaI10819 1491052 A +238.124 D4
I 2}; a a3 = A A v Y =2
+231.424 3300, HuguiuIaan Mhaauad tazmunued fulamuenaaniosnau
v Y
NN AUTAN MU NIZAV +235.124 D4 +233.624 1.5NN. FURUTANINYNVADA (Sheared
&} A A v I a = a . ~ o
zone) tHeNUNany T U NN I AsNYBITY IAa L (Mudstone braccia) NN INLANKTNNIN
Aulleanmesy 1A1 RQD 84321719 0-24% N3ZAUAIINAN +240.124 D3 +237.124 1.591. 1]
1 Q'/ ?)’ 1 U 1
ANTSIFUNUDIIN YU 75.83 Lu NTLAVANNEN +237.124 D4 +234.124 11.50A. AT
] g [ a3 g/} a
$aFuv0911 Uszunar 12.73 Lu 9032A1 +231.424 89 +230.124 1.300. Wusurunseuila &
?,’ =) o Aa A v Y =\ 1< A s
Wgauad Jan muanyinun Kullanmgwaaniios Iauudauna1e 1A1RQD 0% UA1
v Y Y
MITIFNV0 U520 0.90 Lu 1INTZAV +230.124 9 +226.124 1500, FURUTANINGNUA
o d" a A o I a A a .
9@ (Sheared zone) WerulanvaziluiunsIavasuveariv lnay (Mudstone braccia)
Namuaninun Aulianiweou NTzal +230.124 19 +228.124 1.5910. A1 RQD 0g3zHIN
0-17% N3ZA +228.124 D1 +226.12411.500. A1 RQD 8YILHIN 48-49% N3ZA +230.124 D
1 Q'./ EOJ { o
+228.124 1.5N7. VAN ITITUUDI111TLI8 0.90 Lu NTTAD +228.124 D4 +226.124 1.591.
1 O'J %} 1
NAMITTIFUUe1 Yseual 10.06 Lu A1 Uniaxial compressive strength 4.731 MPa 6114139
FIWUNTUAINTCUUNITIIMUN AT UUDI Deere and Miller (1966) @chlu class E (Very low
@ { 1Y) I gz a
strength) 9INTLAL 4226.124 1500, WWDINUNAUNTLAD +222.124 1500 1T usuiiu Tnaud
Y Y F
AAUAT HAZINANTEY UNTAAFUMETURUNT1BIHDAZIDoR LAz AUNIWUT Hudlanw
= v Y Aa A 1 ~ o = a1 ~ @
AndIgHuanNT o8 HUNTNINOOU NTLAD +226.124 D +225.124 .50, LA RQD 0% N3zAY
, ' & 3
+225.124 D4 +222.124 31.590. A1 RQD 48-62.5% HAINI5IIHNY911 UT2119 3.89-10.06 Lu
11 Uniaxial compressive strength 7.376-9.554 MPa e31303 WUNHUAIMNTEUUMTIMUNTY
Y84 Deere and Miller (1966) @&_jﬁlu class E (Very low strength)
@91z LTHP-2 (ANWAN 30.00 (A3)
g’/ a 9 {’,’_, a = = a
FUAUDNHUI 11.00 w5 Ysenoualesuauvdedrunsie Niayiu
a da’ =) a = a =
n9euaziunseutlauluiiedy naeludumtied uazniedunsreudaludumiier 31
9
pan1snagoulunel §UAn1TNDNTAIN1INTY 9.28-19.26% 11 Specific gravity 2.70

AWITDTWUNAUAIWTZVY USCS 9A0g1Unqu CL, SC 1ag SC-SM N5z A1 +251.424 D19
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v
v

1 0'/ 90} 3’/ 1 - - a 1T Aa
+248.424 31.3NA. YAIMITIIFUVDIUT AQUa 1.31x10° D4 3.42x10° (FUAUATADIUIN NTLAL
[ ] ¥y 2 1 - _ A 1
+245.424 §9 +240.424 1.5N0. TAINITTIFUUDIUT Aaua 1.34x10™ 89 4.20x10° ¥UAIATAD
a A A g}/ 1 = 1 3’; 1 [ Y ?zjz a = 1 =
U9 LA SPT-N A6 24 DININNI 50 ATIADNA 3995VABFUHUNIT I8 Tn1vpud NI
= = v I Y = < =< o = ~ o
Wy UANUHHUAN T VAUV IUNAIIUDITEAVANUAN +238.424 19NN, NIZAY
+240.424 49 +239.424 11.5N7. UA1 RQD 37% N5LA +239.424 D4 +238.424 1.5MA. 1A1 RQD
88% 1A Uniaxial compressive strength 48.936 MPa ATDNUUNAUANTZVUMIIUUNAY
U8 Deere and Miller (1966) ® giiu class D (Low strength) 3103 AUANIUDN +238.424 D4
a3 g’z a %:I [ a
+231.424 w.300. (HusuiiuIaay Teauad tazmuaue) UNIaaUAeRUNI 18Ul
= j’ ~ a A v 9 = = 1 ~ [
gazHuNIIioazden HulanIMEWUaNtosnsunas HulanIweou NIza +234.124
Y Y
Y a @ a [ 3 a
19 +231.424 15NN, FURUTANINYNUADA (Sheared zone) oA UTANYUIT U UNTIA
maguvearuIaan (Mudstone braccia) HUNANINBDU AIUNINUAT RQD BYITHI 46.67-
70% 8N3UNTLA +235.424 D4 +233.424 3,300, A1 RQD 0% NILAL +239.424 3 +233.424
1 Q'/ gOJ § U
1.300. UM ITIFUV0 Uszunar 14.95-17.27 Lu N5LA1 +233.424 D4 +231.424 3.500. §
1 o 901 [ I g: a
AT ITUVDIN 0.62 Lu INTEAY +231.424 D9 +229.424 150N, W UFURUNT 00T T
H A A v I Y = < A A v =
Wgnanad AulamuEWaanios 1a1uu91 11819 YA RQD 26.67-64% UAINITTIFUVDI
¥ ! [ a
11 152819 0.62-1.87 Lu UA1 Uniaxial compressive strength 19.188 MPa 101503 ULUNT U
AINTEUVVNITIIUANUVD Deere and Miller (1966) E]Q:Glu class E (Very low strength) 310
I { [ 3 g‘/ a so’
TR +229.424 1,500, WDINUNQUNTEAD +221.424 w500 HuguiiuTaaudiaauas
9 4
LazIMUNNYe) uNInaduRIFUiUNTeHpazDea nagiunswuds Aulianimaad iy
3 v A = ' = < A A o = K
ANUBY AUNAN MO UDIVI1UNE19 UA1 RQD 70.67-100% UAIN155 &I Uszum
0.83-1.87 Lu 11 Uniaxial compressive strength 4.905-15.147 MPa AUNTOUUNAUANTE VY
NIV WUNHUVDI Deere and Miller (1966) agﬂu class E (Very low strength)
¥aa91z LTHP-3 (A1WAN 30.00 1103)
g‘/ a 9 g’.: a = = a
FUAUDUHUT 10.00 1105 U5ENOUAWFUAUIM LI UNT 18 WAYH 1
=) dgl a a =
naevaziunieuilauludiody uazaumilendunsisuilalunsie aawanmsnaaeylu
9
ol §uansnuliaA1nINFY 13.09-29.10% 1A Specific gravity 2.73-2.80 @11508144UN
=) (%3 1 1 1 Q'J g g}.l 1 -
AUAWTZVD USCS 900gTungu CLuaz CL-ML 1A1n13557F0ae01i1adua 2.21x10° 09
2.21x10° (FUAWATADIUIN NTLAVAIAUDITLAY +246.173 1.5NN. 1A SPT-N 5814 20-
9 9
38 ASIADIA IINTLAV +246.173 DI +243.173 W.390. A1 SPT-N 531119 3-5 AT9a01A 1ag
Y Y
INTLAV +243.173 D9 +239.673 1.500. 1UA1 SPT-N 521119 13-40 ASIA0WA 5095 UA0TU

a a A L 2 = v a3 9 a < =2 o
Hunsie Fverdum iieazidun HANTUHWILANUDY UAWUVIYIUNDIIUDITZTAY
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+236.073 4.5NN. A RQD 42-78.5% 111 Uniaxial compressive strength 29.011-65.205 MPa
AWITDVWUNHUAINTLVUNITIIMUNHUUDI Deere and Miller (1966) agflu class D-C (Low to
@ I g}/ a ¥
medium strength) 31NTLAV +233.673 9 +228.473 .59, 1 ususiuInau Firauad iay
s a A v I Y = a A 1 ~ o =
MUAVAVEIRUNAMNRRAANT DD N HUNANINOOU NIZAL +233.673 DI +228.473
g’/ a [ g a [ I a { a
WIND. FURUNANINGNUADA (Sheared zone) tHOHUNAN UL UHUNTIAMAEUVDIH U
TAaY (Mudstone braccia) HANIMLANTANIN HUTAN WU UA1 RQD 0YILHIN 63-86% N
1 Q'I %’ { 5
FEAU +237.673 D9 +231.673 ¥.3NA.UAIMITTIFUYIUT 5.52-12.04 Lu NTLAY +231.673 D4
1 o %:I ' . . .
+228.673 1.5NA. YAIMMITIIFUYDINT 1.55 Lu WA Uniaxial compressive strength 3.092-12.073
MPa 8131303 W UAHUAINTEUUNITTMUNH UV Deere and Miller (1966) 8814 class E
o 3 g: a %’
(Very low strength) 9105¥A 1 +228.473 949 +227.073 1.500. Wusuiunseuila diiaauns
A A v & Y =~ 2 A A o =R H
HuNanIgHaan oy IAuLv911una1e 1a1 RQD 83% NANSTIBNYe Yseua 1.11
Lu 371 Uniaxial compressive strength 14.197 MPa AINITDTUUNAUMNTEVUNITIIUUNAU
994 Deere and Miller (1966) agflu class E (Very low strength) INTLA +227.073 D4 +222.673
g’/ a o ¥ a [ I a { a
WINN. FURUTANINYNUADA (Sheared zone) 1iloH UTAN U URUNTIAMABUYOITHU
TAaY (Mudstone braccia) HANTNLANTANIN HUTAN MDD UA1RQD BYILHIN 70-88% U
1 o so} 1 . . . o a
ATN1T3IFWYD91 1.11 Lu A1 Uniaxial compressive strength 3.038 MPa @113 09 UNHU
AINTTVUNITIIUNTUUD Deere and Miller (1966) ElEqJ:GL‘Ll class E (Very lowstrength) NNTEAL
1 [ I g’/ a %}
+222.673 1.5N0. WWDINUNQUNTEAD +219.673 w.3nn. HuFuiiuTnaudiarauas unsn
v 9 Y a A = a Aa A =2 v I 9 = I
daudroruiunioiioazidoa uaziunseutls Hullanmaatwiuanios ianuudalu
! ! d 2
AA14 UA1 RQD 85.5-98% NUAINI53I%HNU09H 1.38 Lu
HaNI01y LTHP-4 (mmﬁﬂ 30.00 LUNT)
g}/ a 9 g‘/ a =\ = a
FUAUDUN U 10.20 AT Usznoualgruaumderdunsie Niayiu
b4
neuaziunsentauluiiedu neudlaunse nsretunsiendls waznsedunseuns
a = Y a oA 1A j‘ = .
Yudumiien annansnaaenluiealHUuansnuNLAININTY 8.04-24.64% 1A Specific
gravity 2.75-2.78 811503 MUNAUAINTE UL USCS 9a0¢1ungu CL, ML, SM tiag SC-SM
' ' @ ¥ ¥ ' - a 1A ¥ A o
AIUNINNAINITTITUVD AR 3.66x10° yUAATABIUIA dUDINVI endunszay
1 ) %’ - a 1T A = v A
+246.260 D9 +245.260 1.500. UAINITIIFUVUT 1.82x10™ HUAIATABIUIN VINTLAVAD
Y
AUDITZAY +245.760 1.5NN. UA1 SPT-N 521119 17 D3 31 AT9A0HA 9IN52AD +245.760 D4
= 1 gﬂ J [ 9 g}/ a a A &1
+242.060 1.5, UA1 SPT-N 11011 50 AFIA01A 5935 VAWWFUHUNI Y TVeI1um Lt
= = v Y = <3 = o a0
az19en UANURWUANUDY UANNLUIIUNAIUDITEAY +238.960 1.5, 1A RQD 50-

60.67% HAINITTIFUUDIUT 10.78-12.27 Lu DINTLAL +238.960 D9 +235.260 1.0, 1Fuxu
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A = %’ = Aa A v < Y = A A 1 ~
Aulnau ddieaunag uazmmﬂmmmwuuﬁmwvgwqmﬂuaﬂmﬂmﬂma HUNFTNIWDIOU N
9 4
SR +235.260 D9 +232.260 W.5N1. %uwuﬁﬁmwgﬂmaﬂ (Sheared zone) e ulianyay
<3| a = a . = o a 1 ISP
WurunsIamasuveariv Ina (Mudstone braccia) NN INUANKANIN AUTANINODU A
] 1 1 Q‘/ %’ U
RQD 983211314 60.33-63.67% 1A1IAITTIT LU0 10.78-13.18 Lu 31NTEAU +235.260 D4
<3| ¥ a 2 o Y a &
+229.760 1.500. WuFuriuneuila Himauas unsnadudieruiunieiioaziden uay
A A A v & 9 = < A A o =K
nulnau HUHUANINHNUANUDY Hawuualunale M RQD 34.33-63.67% NAIN1TTIHY
4 2 a v
911 UTEunas 13.18 Lu 91ATLAY +229.760 D9 +228.260 U.5N1. %uﬁuﬁamwgﬂuma
XA a Ao <3| a = a . a A
(Sheared zone) WenulanyazluriunsIamasuvoariu lnay (Mudstone braccia) ¥ U
ANINODU LA RQD 34.33% 91032A 1 +228.260 4.5N1. ﬂuﬁqﬁ’quuﬁizﬁu +222.260 U.

H S 1

I 3’; a A o A A a A v 3 Y =
snn. fusuiuInaudimauas uas@¥erum dulanmyiaaniesdathunais Ian
A < 1 o Y
RQD 60.67-82.67% HAMITIITUUDIHT 1.10 Lu INTLAL +226.460 D4 +225.660 1.5NA. FU
a =\ [ dy a A o I a ~ a
AUBANINYNVADA (Sheared zone) IMBH UNANBUIT U UNTIAMABUVOIRU TADY
(Mudstone braccia) Aufianimeouiiosninaiodisiu lnaui ldanuquing lu'laldwaradn
1 9 A [ 1 Y v L] =S dy o Y o 1 Y] [] o
o Imetlosnu lilddedsgapdennuiu siildaredrauandn liawsaihumaaey
. . . Y < A U A 9
Uniaxial compressive strength 14 (v1quI91g LTHP-4 Lﬂquumqumgiﬂ TIUNQUOU 1%
a ] Yo o < é’
wanaanye IMuinasnnmuiuIniguee)
HanI01e LTHP-5 (mmﬁﬂ 30.00 14N T)
3’1 a 9 3’;
FUAUDNNUI 10.00 1097 Uszneudretunsiedunsrenila nsreu
a =1 a a Y a oA 1A
nieutlludumiionasiunsosaziunseutls Maransnagonluielfiianmswond
. 2 . . - o
AMANUTU 12.40-24.72% 1A Specific gravity 2.69-2.70 @MU1TDIULUNAUAINTEUU USCS 24
1 1 1 1 Q'I SO/ gjl 1 = =
pglungu SM, SC-SM tiag GP @IUuINTIAINTIIBUY0UIgI Adua 1.20x107 D3 3.77x107
=\ 1 =) { QU 1 Ql/ %’ -
HFUANATADINN onIUNTLAV+251.079 89 +250.079 31507, UAIMTTIFUYDT 1.89x10°
A a = d' % 1 C;I % -
FUANATABIUIN LATNTLAL +242.079 DA +241.079 1.50A. UAINITSIFUVDI11 4.28x10°
a 1A A A 1 = Y v 9 Y a a A
FUANATADIUIN VAT SPT-N 51N 12 04 32 AFIa0¥a 5995 UA8TURUNT I T8 U
dy = =\ v I 9 =® aa = [ [ a =\
M 1ipazipea NANURWUANTD8D1)1UNA1N NALKUEININBYTEHINTBYUANVYDINY |
< [ [ [ A [
AMULTIYIUND1 IUDITTAD +238.110 .50, AIUNINTAT RQD69-84% antiunseay
+241.260 9 +240.260 3.5N7. A1 RQD 0% NA1 Uniaxial compressive strength 57.538-96.503
MPa @181509 UUARUAINTEUUNITIIUANUVD Deere and Miller (1966) ?)E‘J:Glu class C
o I g’/ a 9°l a
(Medium strength) 91NTAV +236.379 84 +233.079 W.5n0. Wuruiiulaau Firaaunas Hull

v I a ' { [ ¥ a
amgiaanios Aulianineou NTzav +233.079 19 +230.079 1.51n. Furulianimgnuea
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@ { a [ I a { a a
89 (Sheared zone) Hotiulianvaziutiunsiamasuvestiu Inay (Mudstone braccia) Hul
anmeeu d1u1nTiA1 RQD 0833119 53-86% niiuilszall +232.260 94 +231.260 1.591.
1 [ < %’ 1 . . .
um RQD 39% 1AMIITITUYDIUN 5.48-9.07 Lu 1IA1 Uniaxial compressive strength 2.893 MPa
11130 MUNHUAINIZUUNMITMUNHUYDI Deere and Miller (1966) 8¢ 11 class E (Very low
@ I ?x’/ a ¥ @
strength) MATLAV +233.079 D4 +227.779 1.500. (HuFuiiunseudls Tiraauas unsnady
9 g’/ a i’ = a a A v I Y = I a
AMevuiunoazdeauaziulaay Kulidmmgiudniios Yanuudaunaie ian
RQD 49% INTZAL +227.779 DI +223.079 1.500. FUAUTANINYNUADA (Sheared zone) 11D
a Ao I a = a . a A ' 1 A
Hulanvaztluiiunsiamasuvesriu lnau (Mudstone braccia) HUNANINODU dIUNINTIA
RQD 0435¥ NN 65-76.5% 0NIAUNTLAD +229.260 D9 +228.260 1510, IA1 RQD 0% UAINIS
v 4 ' ° A
§2%uv991110.30 Lu 1A1 Uniaxial compressive strength 2.079-2.582 MPa eMUInLULUNHUATY
FEUUNITIWUNHUUYDI Deere and Miller (1966) 8811 class E (Very low strength)d1n 5261
=® 9 A @ I Z’, a a Y a A
+223.079 W.3NN. PUDINUHQUNTLAY +221.079 W.3nn. W uFuiu Iaaudiiaiauag vull
v & ¥ A =g A ~ 4 = 1
ANNHWAAN DY UANINODUD TN 1UAA1E UAT RQD 76.5-100% UAINITTIHNVDIU 2.68
v VA o
Lusgaunldauluvquiaig LTHP-1, LTHP-2, LTHP-3, LTHP-4 iag LTHP-5 g3 A 1
' v
1+247.624, +247.424, +245 273, +245.860 AT +247.079 11.5N0. MU 19D Feszaviirldaueis
= A Y o = 3
imsnfasunlas]damgamananisaennaaswunasgiuluauin kansnageunssaduh
v v [
VNP UAUF UV U LOSHANITNATDD Uniaxial Compressive Strength HEAAIAIAIT1N 2.10,2.11

Hag 2.12 Muaa

A1519% 2.10 wamsaennaaownai g luauutaznamsnadou ludoslfinms

ANNDN Wn Unit Weight Specific Atterberg Limit (%) SPT
LGEITE uscs \
(wn9) (%) (Ton/m’) Gravity LL PI (blows/ft)
1.00-1.45 CL 9.51 2.72 26.43 10.16 22
2.00-2.45 Sample Loss 12
3.00-3.45 CL 18.32 2.73 30.92 12.95 21
4.00-4.45 CL 22
LTHP-1 5.00-5.45 CL 18.77 1.93 2.75 27.26 9.51 16
6.00-6.45 CL 2.09 42
7.00-7.25 SM 15.40 NP 50/4”
8.00-8.18 CL-ML 12.13 2.77 21.03 4.09 50/2”
9.00-9.10 CL-ML 50/4”




A1319N 2.10 (91B)

ANNEN Wn Unit Weight Specific Atterberg Limit (%) SPT
L (CEIORH USCS N
(un9) (%) (Ton/m’) Gravity LL PI (blows/ft)
1.00-1.45 SC-SM 9.28 2.70 20.14 6.33 58
2.00-2.33 SC-SM 57177
6.00-6.45 CL 15.31 28.64 10.36 32
LTHP-2 7.00-7.36 SC 19.26 2.16 2.70 27.40 10.70 56/8”
8.00-8.45 SC 223 35
9.00-9.45 SC 24
10.00-10.38 CL 13.02 68/9”
1.00-1.45 CL 13.09 30.05 11.00 20
2.00-2.45 CL 16.04 2.00 2.73 26.97 9.39 24
3.00-3.45 CL 2.01 38
4.00-4.45 Sample Loss 4
LTHP-3 5.00-5.45 CL 29.10 2.73 34.11 13.25 5
6.00-6.45 CL 3
7.00-7.45 CL-ML 22.86 22.25 6.10 20
8.00-8.45 CL 18.57 1.91 2.80 25.46 8.42 13
9.00-9.45 CL 40
1.00-1.45 SC-SM 8.04 19.59 5.61 21
2.00-2.45 SW 24.64 NP 31
3.00-3.45 CL 16.67 1.99 2.75 29.19 14.48 23
4.00-4.45 CL 2.08 15
LTHP-4 5.00-5.45 ML 19.56 2.06 2.78 NP 13
6.00-6.45 ML 17
7.00-7.45 SM 22.64 53
9.00-9.45 CL 15.24 2.78 34.14 16.73 65
10.00-10.21 CL 1.97 50/1”
1.00-1.45 SM 12.40 NP 28
2.00-2.45 Sample Loss 24
3.00-3.45 GP 16.07 NP 16
4.00-4.45 SC-SM 15.79 18.19 32 32
LTHP-5 5.00-5.45 SM 21.64 2.69 NP 17
6.00-6.45 SM 16 16
7.00-7.45 SM 15 15
8.00-8.45 SC-SM 24.72 2.70 23.05 21 21
9.00-9.45 SC-SM 12 12
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ANNEN PN — Permeability
Haue FUAUBUNU IENINAaOU n A Lugeon Pattern
(ChED) (BN./AUIN)
0.00-1.00 Falling Head Test 3.50x 10°
1.00-2.00 Falling Head Test 2.70x 10°
2.00-3.00 Falling Head Test 3.04x10°
3.00-4.00 Falling Head Test 0.00
4.00-5.00 Falling Head Test 0.00
5.00-6.00 Falling Head Test 0.00
6.00-7.00 Falling Head Test 3.46x 10"
LTHP-1 -
7.00-8.00 Constant Head Test 2.55x 10
8.00-9.00 Constant Head Test 253x10"
12.00-15.00 Sandstone Lugeon Test 75.83 Turbulent Flow
15.00-18.00 Mudstone Lugeon Test 12.73 Turbulent Flow
21.00-24.00 Mudstone Lugeon Test 0.90 Dilation Flow
24.00-27.00 Mudstone Lugeon Test 10.06 Turbulent Flow
27.00-30.00 Mudstone Lugeon Test 3.89 Dilation Flow
0.00-1.00 Falling Head Test 3.42x10°
1.00-2.00 Falling Head Test 2.39x10°
2.00-3.00 Falling Head Test 131x10°
6.00-7.00 Constant Head Test 420x10°
7.00-8.00 Constant Head Test 295x 10"
8.00-9.00 Constant Head Test 1.34x 10"
LTHP-2 | 10.00-11.00 Constant Head Test 7.78x 10"
12.00-15.00 Sandstone Lugeon Test 14.95 Dilation Flow
15.00-18.00 Sandstone Lugeon Test 17.27 Turbulent Flow
18.00-21.00 Sandstone Lugeon Test 0.62 Void Filling
21.00-24.00 Siltstone Lugeon Test 1.87 Dilation Flow
24.00-27.00 Sandstone Lugeon Test 0.83 Dilation Flow
27.00-30.00 Sandstone Lugeon Test 1.29 Dilation Flow
0.00-1.00 Falling Head Test 221x10°
1.00-2.00 Falling Head Test 1.15x 10"
2.00-3.00 Falling Head Test 494x10°
3.00-4.00 Falling Head Test 3.73x10°
LTHP-3 4.00-5.00 Constant Head Test 3.99x 10"
5.00-6.00 Constant Head Test 2.05x 10"
6.00-7.00 Constant Head Test 1.64x 10"
7.00-8.00 Constant Head Test 1.83x10°
8.00-9.00 Constant Head Test 221x10°
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ANNEN PN — Permeability
Haue FUAUBUNU IENINAaOU n A Lugeon Pattern
(ChED) (BN./AUIN)
12.00-15.00 Sandstone Lugeon Test 5.52 Turbulent Flow
15.00-18.00 Mudstone Lugeon Test 12.04 Turbulent Flow
18.00-21.00 Mudstone Lugeon Test 1.55 Dilation Flow
21.00-24.00 Mudstone Lugeon Test 1.11 Dilation Flow
24.00-27.00 Mudstone Lugeon Test 1.11 Dilation Flow
27.00-30.00 Mudstone Lugeon Test 1.38 Dilation Flow
0.00-1.00 Falling Head Test 3.66x 10°
1.00-2.00 Falling Head Test 1.78x 107
2.00-3.00 Falling Head Test 561x10°
3.00-4.00 Falling Head Test 0.00
4.00-5.00 Falling Head Test 0.00
5.00-6.00 Falling Head Test 0.00
6.00-7.00 Constant Head Test 1.82x 10™
LTHP-4 -
7.00-9.00 Falling Head Test 1.92x 10
9.00-10.00 Constant Head Test 3.26x10°
10.00-12.00 Sandstone Lugeon Test 12.27 Wash Out
12.00-15.00 Mudstone Lugeon Test 10.78 Turbulent Flow
15.00-18.00 Mudstone Lugeon Test 11.77 Turbulent Flow
18.00-21.00 Mudstone Lugeon Test 13.18 Turbulent Flow
27.00-30.00 Mudstone Lugeon Test 1.10 Dilation Flow
LTHP-5 0.00-1.00 Falling Head Test 1.89x 10°
1.00-2.00 Constant Head Test | >3.77x 10"
2.00-3.00 Constant Head Test | >3.77x 10"
3.00-4.00 Constant Head Test >377x10°
4.00-5.00 Constant Head Test >377x 10"
5.00-6.00 Constant Head Test >3.77x10°
6.00-7.00 Constant Head Test >3.77x10°
7.00-8.00 Constant Head Test | >3.77x 10"
8.00-9.00 Constant Head Test | >3.77x 10"
9.00-10.00 Falling Head Test 428x10°
10.00-12.00 Lugeon Test 69.75 Dilation Flow
15.00-18.00 Lugeon Test 9.07 Dilation Flow
18.00-21.00 Lugeon Test 5.48 Dilation Flow
24.00-27.00 Lugeon Test 0.30 Turbulent Flow
27.00-30.00 Lugeon Test 2.68 Dilation Flow
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A5 19N 2.12 HAMINATOU Uniaxial Compressive Strength

ANNAN Water Content Unit Weight Uniaxial Compressive
naNE Rock Type 5
(tNa9) (%) (Ton/m’) Strength (MPa.)
11.15-11.45 Sandstone 0.76 2.409 32.409
22.62-22.90 Mudstone 5.73 2.355 4.731
LTHP-1
27.75-28.00 Mudstone 3.70 2.412 7.376
29.30-29.55 Mudstone 3.41 2.550 9.554
11.55-11.90 Sandstone 0.95 2.367 48.936
15.35-15.70 Mudstone 4.41 2.334 9.819
20.30-20.65 Siltstone 2.10 2.501 19.188
LTHP-2
23.15-23.60 Mudstone 5.44 2.290 4.905
26.00-26.50 Mudstone 5.54 2.291 5.844
29.00-30.00 Mudstone 3.47 2.454 15.147
10.10-10.25 Sandstone 1.34 2.400 29.011
12.80-13.00 Sandstone 0.78 2.401 65.205
16.50-16.70 Mudstone 5.92 1.534 3.092
LTHP-3 18.15-18.45 Mudstone 6.92 2.042 2.381
20.20-20.70 Mudstone 2.80 2.421 12.073
21.20-21.40 Siltstone 2.66 2.527 14.197
25.60-26.00 Mudstone 5.84 2.243 3.038
LTHP-4 Illiﬁmﬁfﬁ’lﬂﬁ’émﬁﬁ’r)ﬂ'wIlﬁ}!ﬁmmﬂﬁﬁﬂmﬁhjﬂ,!,!ﬁﬂ
10.00-10.40 Sandstone 0.78 2.418 96.503
13.45-13.75 Sandstone 0.68 2.446 57.538
LTHP-5 16.20-16.65 Mudstone 4.70 2.386 2.893
24.70-25.00 Mudstone 5.37 2.360 2.582
27.70-28.00 Mudstone 4.99 2.386 2.079
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(Environmental Impact Mitigation Plan)
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Turbine) 4ag ¥HAN1ay (Kaplan Turbine) uaauunmsoonuuy 159 11 ¥19siia Reservoir
A v o K a a 1 A { A o
Type Wnilonldnainiwsia s wda vinndn yiiamduau Nilenldiu Tse Wiy Run-
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A 9 [

v ) a ¥
WVINNITAUNIVOYAUDININUUN (Turbine) uazm%muuw"lﬂ%u (Generator) U

Pl
U A v Y A o 1A 9 o 9 9 A styd
dannusEnguan 1n ludlamwedeyavesginsal ludeyamsisue Tasdoyanviulaiill
=
12

Ay

a9 a A . . N R o A = 1
lWﬂQEWﬁ@ﬁ’]ﬂl gIMD Y110 Xin-Yi-Hydro m@ﬂﬂﬁglﬂﬁﬁ]u WWNINTLADNUVUIANATIAI TINITD

¥ 1 v 1 -
T¥auldlndieenulSmanimszehedou lduniga iellsznoumsnasan

A13197 3.3 $10a2IBEANNUTENGHAA Turbine NAAHONIINIITY

Turbine Head Flow Turbine Generator
Manufacturer s Cost (Bath) Reference
Model (M) (M'./Sec.) Efficiency Model
SFW-500-
Xin-Yi-Hydro HL295- 21.70 2.81/600 www.smallhydro
99% 10/990 65,000,000
(China) LJZ-66 (0.5MW.) RPM. turbine.com
0.5 MW.
Xin-Yi-Hydro HL295- 22.4 2.50/600 SF630-10 www.smallhydro
99% 68,000,000
(China) LJZ-71 (0.63MW.) RPM. 0.63 MW. turbine.com
SFW800-
Xin-Yi-Hydro HLF13- 22.30 3.09/500 www.smallhydro
90% 12 70,000,000
(China) WJ-84 (0.89MW.) RPM. turbine.com
0.8 MW.
SF1600-
Xin-Yi-Hydro HL220- 20.40 9.35/250 www.smallhydro
99% 24/2600 75,000,000
(China) LJ-140 (1.6MW.) RPM. turbine.com
1.6 MW.

= a 9 Yy a Y Y ¥ A o A A
I0A13197 3.3 Rsageyannguan lTavuiansiuimaznsostuiia ludn
v A Y o o a = [ A A 9
AALADNLAIVIUIU 4 YUA IﬂEJ“L!”I‘JJ'IW%'IE%I!'IHGEJ‘UWIEJ‘]_Iﬂllﬂ1Lﬂﬁﬂﬂ1ii$ﬂ18u1‘ﬂigﬂ18‘ﬂ18
A ° = Y A A A v o Y
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= PN A ulsz ° A A
TumsAnEIENIsTHININEaeN 19 311U 7 Maaen Ao

1. 919 1 195949 x 0.50 Nz iag Mawaasdy 050  wnziag
2. 9179 1 193949 x 0.63 Nz Ind MawaasIn 063 wnziag
3. 9179 11A3049 x 0.80 10N g MAWAATIN 0.80  wazIad
4. 9179 119304 x 1.60 1Nz 3Ad MAwWanTIW  1.60 1wz
5. Y179 2 1A3049 x 0.63 LNy g MawanTIm 126  1wnziag
6. YA 2 1A3049 x 0.80 1N g MAWanTIm  1.60 1wz iag
7. 9179 3 103049 x 0.63 LNy Tad MawansIm  1.89  wnziag
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Mawanunz inn) A  va v o s A
(au.a. ) wan oAl Turbine + Gen. @udladnd/va.-1))
1x 0.50 = 0.50 MW. 281 365 99% 43362
1x0.63=0.63 MW. 250 365 99% 5.4636
1x0.80 =0.80 MW. 3.09 365 90% 6.3072
1x 1.60 = 1.60 MW. 935 105 99% 3.9917
2x 0.63=1.26 MW. 5.00 365 99% 9.9338
2 0.80 = 1.60 MW. 6.18 300 90% 103680
3x0.63 =1.89 MW. 7.50 200 99% 8.9813
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1x0.5=0.5 MW. 2.24 365 98.86 4.33
1x1.0=1.0 MW. 4.63 365 95.32 8.35
1x1.5=1.5MW. 7.41 365 79.83 10.49
1x2.0=2.0 MW. 10.74 365 60.96 10.68
2x0.75=1.5 MW. 7.51 365 80.90 10.63

& a 4 9 o o
LAt -N@uhlmﬂﬁlﬂumiﬂ\iclﬂf 24 ¥U./IU Gl,umﬁmmm

/520501 Turbine + Gen. 1¥4oya1ndHan

d d
3.3 INTAMIATHFAANS
3.3.1 msdszanasia

ﬂ1§ﬂi$1l1ﬂl31ﬂ11ﬂ3ﬂﬂ15ﬂ5$ﬂ@‘ﬂﬁj’)ﬂ NHWI‘%EJ?JﬂWiﬁEJﬁ%}N NTHUIATU
[ o o A U 1 o a a 1
FUWUS 11 Tos1 QTH%V\IWHLﬁ%Lﬂi@Qﬂﬁ qmszuum"lﬂﬂw AR UUUNITNINIAINTTU AN
a A A d‘l 1 A o £ = dy 1 [ Y
V3113 IAT9N5 HazA Lo aaINeuIA vliJi’JiJﬂWHHWL"’U'I YA ADNIUYTEHINNITNOAIT I
v
i']ﬂﬁglaﬂﬂiWﬂWTﬂiﬂﬂﬁﬂl@\iﬂﬁfﬁﬁﬂ‘H? ﬁWﬁﬁWﬁﬂﬁWNﬂNLaﬂﬂﬂﬂﬁNﬂ 7 ‘VlNLﬁ’é]ﬂiﬂW%TiﬂH
A g Y a o o 1 Ay Y a 4 1 o 1 "
LW’E)L‘]JHﬂJ’E)?;IJﬁGLuﬂ”Ii’J%EJ Tﬂﬂ%%uTﬂT@N‘]'ﬂllﬂﬁJnLﬂﬁ%ﬁWWﬂ"I@ﬂﬁﬁ’Ju watlse Toxil Inganis
1 1 1 a 4 Jd o
(Benefit) ao A1 14918 TA59015 (Cost) MUUUINWNIAATIENMUATHINANT Aduaalugl)

A A v ] 1 A v q Y 1 ]
7N 3.11 Tﬂﬂlli’]ﬂ']ﬂ']ﬂ@ﬁﬁ1\161]EJ\L]LW]EI31/]'Nlaf]ﬂ@nm@’nﬁ1\1ﬂjgu']mﬁ']ﬂ']ﬂ']ﬁl%ﬂ'lﬂﬂﬂﬁﬁ'm Gh«!

4
AT NN 3.5
[ 1 o A d‘
oA AIU maaeni
v v 1 L3 4
Benefit/Cost Juua Iaanvim WUy
dszanasim R °
& ) 4 Inszivay
AT armaaenuaz IRR #
- A 1o a3
maaen 199NAIDNT 3TezIN0Y

K&aumnﬁaﬂuﬂ%j Tnasams 301

{ a J
Eﬂﬁ 3.11 LL“IJ'J“VI'NﬂTi'JLﬂiT%ﬁ’VINLﬁiHif'ﬂﬁ@ﬁ




~ 1 Y 1 9 A A ya
A1519% 3.5 M3 dszanasima l¥ngneasvanmaaeni lgnosan

66

=h.

8M3

Al Y1 \J v
ml¥neneaia (wn)

1x0.5MW.

1x0.63MW.

1x0.8MW.

1x1.6MW.

2x0.63MW.

2x0.8MW.

3x0.63MW.
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1x0.5MW. 1x0.63MW. |  1x0.8MW. IxXL.6MW. | 2x0.63MW. | 2x0.8MW. | 3x0.63MW.
A8 1
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qmb Designation: D 1586 — 99

AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for

Penetration Test and Split-Barrel Sampling of Soils’

This standard is issued under the fixed designation D 1586; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This test method describes the procedure, generally
known as the Standard Penetration Test (SPT), for driving a
split-barrel sampler to obtain a representative soil sample and
a measure of the resistance of the soil to penetration of the
sampler.

1.2 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For a specific
precautionary statement, see 5.4.1.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

Note 1—Practice D 6066 can be used when testing loose sands below
the water table for liquefaction studies or when a higher level of care s
required when drilling these soils. This practice provides information on
drilling methods, equipment variables, energy corrections, and blow-count
normalization.

2. Referenced Documents

2.1 ASTM Standards:

D 2487 Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)®

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)?

D 4220 Practices for Preserving and Transporting Soil
Samples?

D 4633 Test Method for Stress Wave Energy Measurement
for Dynamic Penetrometer Testing Systems?

D 6066 Practice for Determining the Normalized Penetra-
tion Resistance Testing of Sands for Evaluation of Lique-
faction Potential®

3. Terminology
3.1 Definitions of Terms Specific to This Standard:
3.1.1 anvil—that portion of -the drive-weight assembly

! This method is under the jurisdiction of ASTM Commitice D-18 on Soil and
Rock and is the direct responsibility of Sub DI18.02 on Sampling and
Related Field Testing for Soil Investigations.

Current edition approved Jan. 10, 1999. Published March 1999. Originally
published as D 1586 — 58 T. Last previous edition D 1586 — 98.

* Annual Book of ASTM Standards, Vol 04.08.

* Annual Book of ASTM Standards, Vol 04.09.

which the hammer strikes and through which the hammer
energy passes into the drill rods.

3.1.2 cathead—the rotating drum or windlass in the rope-
cathead lift system around which the operator wraps a rope to
lift and drop the hammer by successively tightening and
loosening the rope turns around the drum.

3.1.3 drill rods—rods used to transmit downward force and
torque to the drill bit while drilling a borehole.

3.1.4 drive-weight assembly—a device consisting of the
hammer, hammer fall guide, the anvil, and any hammer drop
system.

3.1.5 hammer—that portion of the drive-weight assembly
consisting of the 140 = 2 Ib (63.5 = 1 kg) impact weight
which is successively lifted and dropped to provide the energy
that accomplishes the sampling and penetration.

3.1.6 hammer drop system—that portion of the drive-weight
assembly by which the operator accomplishes the lifting and
dropping of the hammer to produce the blow.

3.1.7 hammer fall guide—that part of the drive-weight
assembly used to guide the fall of the hammer.

3.1.8 N-value—the blowcount representation of the penetra-
tion resistance of the soil. The N-value, reported in blows per
foot, equals the sum of the number of blows required to drive
the sampler over the depth interval of 6 to 18 in. (150 to 450
mm) (see 7.3).

3.1.9 AN—the number of blows obtained from each of the
6-in. (150-mm) intervals of sampler penetration (see 7.3).

3.1.10 number of rope turns—the total contact angle be-
tween the rope and the cathead at the beginning of the
operator’s rope slackening to drop the hammer, divided by
360° (see Fig. 1).

3.1.11 sampling rods—rods that connect the drive-weight
assembly to the sampler. Drill rods are often used for this
purpose.

3.1.12 SPT—abbreviation for standard penetration test, a
term by which engineers commonly refer to this method.

4. Significance and Use

4.1 This test method provides a soil sample for identifica-
tion purposes and for laboratory tests appropriate for soil
obtained from a sampler that may produce large shear strain
disturbance in the sample.

4.2 This test method is used extensively in a great variety of
geotechnical exploration projects. Many local correlations and

*A Summary of Changes section appears at the end of this standard.
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the
Cathead

widely published correlations which relate SPT blowcount, or
N-value, and the engineering behavior of earthworks and
foundations are available.

5. Apparatus

5.1 Drilling Equipment—Any drilling equipment that pro-
vides at the time of sampling a suitably clean open hole before
insertion of the sampler and ensures that the penetration test is
performed on undisturbed soil shall be acceptable. The follow-
ing pieces of equipment have proven to be suitable for
advancing a borehole in some subsurface conditions.

5.1.1 Drag, Chopping, and Fishtail Bits, less than 6.5 in.
(162 mm) and greater than 2.2 in. (56 mm) in diameter may be
used in conjuction with open-hole rotary drilling or casing-
advancement drilling methods. To avoid disturbance of the
underlying soil, bottom discharge bits are not permitted; only
side discharge bits are permitted.

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 mm) and
greater than 2.2 in. (56 mm) in diameter may be used in
conjunction with open-hole rotary drilling or casing-
advancement drilling methods if the drilling fluid discharge is
deflected.

5.1.3 Hollow-Stem Continuous Ilight Augers, with or with-
out a center bit assembly, may be used to drill the boring. The
inside diameter of the hollow-stem augers shall be less than 6.5
in. (162 mm) and greater than 2.2 in. (56 mm).

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers,
less than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm) in

diameter may be used if the soil on the side of the boring does
not cave onto the sampler or sampling rods during sampling.

5.2 Sampling Rods—TFlush-joint steel drill rods shall be
used to connect the split-barrel sampler to the drive-weight
assembly. The sampling rod shall have a stiffness (moment of
inertia) equal to or greater than that of parallel wall “A” rod (a
steel rod which has an outside diameter of 135 in. (41.2 mm)
and an inside diameter of 1% in. (28.5 mm).

Note 2—Recent research and comparative testing indicates the type
rod used, with stiffness ranging from “A” size rod to “N” size rod, will
usually have a negligible effect on the N-values to depths of at least 100
ft (30 m).

3.3 Split-Barrel Sampler—The sampler shall be constructed
with the dimensions indicated in Fig. 2. The driving shoe shall
be of hardened steel and shall be replaced or repaired when it
becomes dented or distorted. The use of liners to produce a
constant inside diameter of 1%% in. (35 mm) is permitted, but
shall-be noted on the penetration record if used. The use of a
sample retainer basket is permitted, and should also be noted
on the penetration record if used.

Nott 3—Both theory and available test data suggest that N-values may
increase between 10 to 30 % when liners are used.

5.4 Drive-Weight Assembly:

5.4.1 Hammer and Anvil—The hammer shall weigh 140 *
21b(63.5 = | kg) and shall be a solid rigid metallic mass. The
hammer shall strike the anvil and make steel on steel contact
when it is dropped. A hammer fall guide permitting a free fall
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The 1% in. (38 mm) inside diameter split barrel may be used with a 16-gage wall thickness split liner. The penetrating end of the drive shoe may be slightly rounded.

Metal or plastic retainers may be used to retain soil samples.

FIG. 2 Split-Barrel Sampler

shall be used. Hammers used with the cathead and rope method
shall have an unimpeded overlift capacity of at least 4 in. (100
mm). For safety reasons, the use of a hammer assembly with an
internal anvil is encouraged.

Note 4—It is suggested that the hammer fall guide be permanently
marked to enable the operator or inspector to judge the hammer drop
height.

5.42 Hammer Drop System—Rope-cathead, trip, semi-
automatic, or automatic hammer drop systems may be used,
providing the lifting apparatus will not cause penetration of the
sampler while re-engaging and lifting the hammer.

5.5 Accessory Equipment—Accessories such as labels,
sample containers, data sheets, and groundwater level measur-
ing devices shall be provided in accordance with the require-
ments of the project and other ASTM standards.

6. Drilling Procedure

6.1 The boring shall be advanced incrementally to permit
intermittent or continuous sampling. Test intervals and loca-
tions are normally stipulated by the project engineer or
geologist. Typically, the intervals selected are 5-ft (1.5 mm) or
less in homogeneous strata with test and sampling locations at
every change of strata.

6.2 Any drilling procedure that provides a suitably clean
and stable hole before insertion of the sampler and assures that
the penetration test is performed on essentially undisturbed soil
shall be acceptable. Each of the following procedures have
proven to be acceptable for some subsurface conditions. The
subsurface conditions anticipated should be considered when
selecting the drilling method to be used.

6.2.1 Open-hole rotary drilling method.

6.2.2 Continuous flight hollow-stem auger method.

6.2.3 Wash boring method.

6.2.4 Continuous flight solid auger method.

6.3 Several drilling methods produce unacceptable borings.
The process of jetting through an open tube sampler and then
sampling when the desired depth is reached shall not be
permitted. The continuous flight solid auger method shall not
be used for advancing the boring below a water table or below
the upper confining bed of a confined non-cohesive stratum
that is under artesian pressure. Casing may not be advanced
below the sampling elevation prior to sampling. Advancing a
boring with bottom discharge bits is not permissible. It is not
permissible to advance the boring for subsequent insertion of
the sampler solely by means of previous sampling with the SPT
sampler.

6.4 The drilling fluid level within the boring or hollow-stem
augers shall be maintained at or above the in situ groundwater
level at all times during drilling, removal of drill rods, and
sampling.

7. Sampling and Testing Procedure

7.1 After the boring has been advanced to the desired
sampling elevation and excessive cuttings have been removed,
prepare for the test with the following sequence of operations.

7.1.1 Attach the split-barrel sampler to the sampling rods
and lower into the borehole. Do not allow the sampler to drop
onto the soil to be sampled.

7.1.2 Position the hammer above and attach the anvil to the
top of the sampling rods. This may be done before the sampling
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rods and sampler are lowered into the borehole.

7.1.3 Rest the dead weight of the sampler, rods, anvil, and
drive weight on the bottom of the boring and apply a seating
blow. If excessive cuttings are encountered at the bottom of the
boring, remove the sampler and sampling rods from the boring
and remove the cuttings.

7.1.4 Mark the drill rods in three successive 6-in. (0.15-m)
increments so that the advance of the sampler under the impact
of the hammer can be easily observed for each 6-in. (0.15-m)
increment.

7.2 Drive the sampler with blows from the 140-1b (63.5-kg)
hammer and count the number of blows applied in each 6-in.
(0.15-m) increment until one of the following occurs:

7.2.1 A total of 50 blows have been applied during any one
of the three 6-in. (0.15-m) increments described in 7.1.4.

7.2.2 A total of 100 blows have been applied.

7.2.3 There is no observed advance of the sampler during
the application of 10 successive blows of the hammer.

7.2.4 The sampler is advanced the complete 18 in. (0.45 m)
without the limiting blow counts occurring as described in
7.21,7.22, 0r 7.2.3.

7.3 Record the number of blows required to effect each 6 in.
(0.15 m) of penetration or fraction thereof. The first 6 in. is
considered to be a seating drive. The sum of the number of
blows required for the second and third 6 in. of penetration is
termed the “standard penetration resistance,” or the “N-value.”
If the sampler is driven less than 18 in. (0.45 m), as permitted
in7.2.1,7.2.2, or 7.2.3, the number of blows per each complete
6-in. (0.15-m) increment and per each partial increment shall
be recorded on the boring log. For partial increments, the depth
of penetration shall be reported to the nearest 1 in. (25 mm), in
addition to the number of blows. If the sampler advances below
the bottom of the boring under the static weight of the drill rods
or the weight of the drill rods plus the static weight of the
hammer, this information should be noted on the boring log.

7.4 The raising and dropping of the 140-1b (63.5-kg) ham-
mer shall be accomplished using either of the following two
methods:

7.4.1 By using a trip, automatic, or semi-automatic hammer
drop system which lifts the 140-lb (63.5-kg) hammer and
allows it to drop 30 = 1.0 in. (0.76 m = 25 mm) unimpeded.

7.42 By using a cathead to pull a rope attached to the
hammer. When the cathead and rope method is used the system
and operation shall conform to the following:

7.4.2.1 The cathead shall be essentially free of rust, oil, or
grease and have a diameter in the range of 6 to 10 in. (150 to
250 mm).

7.4.2.2 The cathead should be operated at a minimum speed
of rotation of 100 RPM, or the approximate speed of rotation
shall be reported on the boring log.

7.4.2.3 No more than 2V rope turns on the cathead may be
used during the performance of the penetration test, as shown
in Fig. 1.

Note 5—The operator should generally use either 1% or 2% rope
turns, depending upon whether or not the rope comes off the top (1%
turns) or the bottom (24 turns) of the cathead. It is generally known and
accepted that 2%ior more rope tumns considerably impedes the fall of the
hammer and should not be used to perform the test. The cathead rope
should be maintained in a relatively dry, clean, and unfrayed condition.

7.42.4 For each hammer blow, a 30-in. (0.76-m) lift and
drop shall be employed by the operator. The operation of
pulling and throwing the rope shall be performed rhythmically
without holding the rope at the top of the stroke.

7.5 Bring the sampler to the surface and open. Record the
percent recovery or the length of sample recovered. Describe
the soil samples recovered as to composition, color, stratifica-
tion, and condition, then place one or more representative
portions of the sample into sealable moisture-proof containers
(jars) without ramming or distorting any apparent stratification.
Seal each container to prevent evaporation of soil moisture.
Affix labels to the containers bearing job designation, boring
number, sample depth, and the blow count per 6-in. (0.15-m)
increment. Protect the samples against extreme temperature
changes. If there is a soil change within the sampler, make a jar
for each stratum and note its location in the sampler barrel.

8. Report

8.1 Drilling information shall be recorded in the field and
shall include the following:

8.1.1 Name and location of job,

8.1.2 Names of crew,

8.1.3 Type and make of drilling machine,

8.1.4 Weather conditions,

8.1.5 Date and time of start and finish of boring,

8.1.6 Boring number and location (station and coordinates,
if available and applicable),

8.1.7 Surface elevation, if available,

8.1.8 Method of advancing and cleaning the boring,

8.1.9 Method of keeping boring open,

8.1.10 Depth of water surface and drilling depth at the time
of a noted loss of drilling fluid, and time and date when reading
or notation was made,

8.1.11 Location of strata changes,

8.1.12 Size of casing, depth of cased portion of boring,

8.1.13 Equipment and method of driving sampler,

8.1.14 Type sampler and length and inside diameter of
barrel (note use of liners),

8.1.15 Size, type, and section length of the sampling rods,
and

8.1.16 Remarks.

8.2 Data obtained for each sample shall be recorded in the
field and shall include the following:

8.2.1 Sample depth and, if utilized, the sample number,

8.2.2 Description of soil.

8.2.3 Strata changes within sample,

8.2.4 Sampler penetration-and recovery lengths, and

8.2.5 Number of blows per 6-in. (0.15-m) or partial incre-
ment.

9. Precision and Bias

9.1 Precision—A valid estimate of test precision has not
been determined because it is too costly to conduct the
necessary inter-laboratory (field) tests. Subcommittee D18.02
welcomes proposals to allow development of a valid precision
statement.

9.2 Bias—Because there is no reference material for this
test method, there can be no bias statement.

9.3 Variations in N-values of 100 % or more have been
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observed when using different standard penetration test appa-
ratus and drillers for adjacent borings in the same soil
formation. Current opinion, based on field experience, indi-
cates that when using the same apparatus and driller, N-values
in the same soil can be reproduced with a coefficient of
variation of about 10 %.

9.4 The use of faulty equipment, such as an extremely
massive or damaged anvil, a rusty cathead, a low speed
cathead, an old, oily rope, or massive or poorly lubricated rope
sheaves can significantly contribute to differences in N-values
obtained between operator-drill rig systems.

9.5 The variability in N-values produced by different drill
rigs and operators may be reduced by measuring that part of the
hammer energy delivered into the drill rods from the sampler
and adjusting N on the basis of comparative energies. A method
for energy measurement and N-value adjustment is given in
Test Method D 4633.

10. Keywords

10.1  blow count; in-situ test: penetration resistance: split-
barrel sampling; standard penetration test

SUMMARY OF CHANGES

(1) Added note to Section 1, Scope. The note refers to a related
standard, Practice D 6066.

The American Society for Testing and

(2) Added Practice D 6066 to Section 2 on Referenced
Documents.

takes nop

pecting the validity of any patent rights asserted in connection

with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the

if not revised, either reapp d or withd . Your
and should be to ASTM Headquarters. Your

and must be reviewed every five years and

are invited either for revision of this standard or for additional standards
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technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

87



qm}’ Designation: D 2487 - 98

88

AMERICAN SOCIETY FOR TESTING AND MATERIALS
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Standard Practice for

Classification of Soils for Engineering Purposes (Unified

Soil Classification System)’

This standard is issued under the fixed designation D 2487: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the yeur of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Deparment of Defense.

1. Scope*

1.1 This practice describes a system for classifying mineral
and organo-mineral soils for engineering purposes based on
laboratory determination of particle-size characteristics, liquid
limit, and plasticity index and shall be used when precise
classification is required.

Note 1—Use of this standard will result in a single classification group
symbol and group name except when a soil contains 5 to 12 % fines or
when the plot of the liquid limit and plasticity index values falls into the
crosshatched area of the plasticity chart. In these two cases, a dual symbol
is used, for example, GP-GM, CL-ML. When the laboratory test results
indicate that the soil is close to another soil classification group, the
borderline condition can be indicated with two symbols separated by a
slash. The first symbol should be the one based on this standard, for
example, CL/CH, GM/SM, SC/CL. Borderline symbols are particularly
useful when the liquid limit value of clayey soils is close to 50. These soils
can have expansive characteristics and the use of a borderline symbol
(CL/CH, CH/CL} will alert the user of the assigned classifications of
expansive potential.

1.2 The group symbol portion of this system is based on
laboratory tests performed on the portion of a soil sample
passing the 3-in. (75-mm) sieve (see Specification E 11).

1.3 As a classification system, this standard is limited to
naturally occurring soils.

Note 2—The group names and symbols used in this test method may
be used as a descriptive system applied to such materials as shale,
claystone, shells, crushed rock, etc. See Appendix X2.

1.4 This standard is for qualitative application only.

Note 3—When quantitative information is required for detailed de-
signs of important structures, this test method must be supplemented by
laboratory tests or other quantitative data to determine performance
characteristics under expected field conditions.

1.5 This standard is the ASTM version of the Unified Soil
Classification System. The basis for the classification scheme
is the Airfield Classification System developed by A. Casa-
grande in the early 1940°s.? It became known as the Unified

' This standard is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.07 on Identification and
Classification of Soils.

Current edition approved Aug. 10. 1998. Published January 1999. Originally
published us D 2487 - 66 T. Last previous edition D 2487 - 93,

* Cusagrande, A.. “Clussification and Identification of Soils,” Transactions,

Soil Classification System when several U.S. Government
Agencies adopted a modified version of the Airfield System in
1952.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica:
bility of regulatory limitations prior 1o use.

1.7 This practice offers a set of instructions for performing
one or more specific operations. This document cannot replace
education or experience and should not be used in conjunction
with professional judgment. Not all aspects of this practice
may be applicable in all circumstances. This ASTM standard is
not intended to represent or replace the standard of care by
which the adequacy of a given professional service must be
Judged, nor should this document be applied without consid-
eration of a project’s many unique aspects. The word “Stan-
dard” in the title of this document means only thar the
document has been approved through the ASTM consensus
Process.

2. Referenced Documents

2.1 ASTM Standards:

C 117 Test Method for Materials Finer Than 75-um (No.
200) Sieve in Mineral Aggregates by Washing®

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates’

C 702 Practice for Reducing Field Samples of Aggregate to
Testing Size®

D 420 Guide to Site Characterization for Engineering, De-
sign and Construction Purposes

D 421 Practice for Dry Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil Con-
stants®

D 422 Test Method for Particle-Size Analysis of Soils*

D653 Terminology Relating to Soil, Rock, and Contained
Fluids*

D 1140 Test Method for Amount of Material in Soils Finer
than the No. 200 (75-um) Sieve?

ASCE, 1948, p. 901,
" Annual Book of ASTM Stundards, Vol 04,02,
* Annual Book of ASTM Standards, Vol 04,08,

* A Summary of Changes section appears at the end of this standard.
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D 2216 Test Method for Laboratory Determination of Wa-
ter (Moisture) Content of Soil and Rock®

D 2217 Practice for Wet Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil Con-
stants®

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)*

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)*

D 4318 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils*

D 4427 Classification of Peat Samples by Laboratory Test-
ing*

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses®

3. Terminology

3.1 Definitions—Except as listed below, all definitions are
in accordance with Terminology D 653.

Note 4—For particles retained on & 3-in. (75-mm) U.S. standard sieve,
the following definitions are suggested:

Cobbles—particles of rock that will pass a 12-in. (300-mm) square
opening and be retained on a 3-in. (75-mm) U.S. standard sieve, and

Boulders—particles of rock that will not pass a 12-in. (300-mm) square
opening.

3.1.1 gravel—particles of rock that will pass a 3-in. (75-
mm) sieve and be retained on a No. 4 (4.75-mm) U.S. standard
sieve with the following subdivisions:

Coarse—passes 3-in. (75-mm) sieve and retained on ¥-in.

(19-mm) sieve, and
Fine—passes %-in. (19-mm) sieve and retained on No. 4
(4.75-mm) sieve.

3.1.2 sand—oparticles of rock that will pass a No. 4 (4.75-
mm) sieve and be retained on a No. 200 (75-um) U.S. standard
sieve with the following subdivisions:

Coarse—passes No. 4 (4.75-mm) sieve and retained on No.

10 (2.00-mm) sieve,
Medium—passes No. 10 (2.00-mm) sieve and retained on
No. 40 (425-pm) sieve, and
Fine—passes No. 40 (425-um) sieve and retained on No.
200 (75-pum) sieve.

3.1.3 clay—soil passing a No. 200 (75-um) U.S. standard
sieve that can be made to exhibit plasticity (putty-like proper-
ties) within a range of water contents and that exhibits
considerable strength when air dry. For classification, a clay is
a fine-grained soil, or the fine-grained portion of a soil, with a
plasticity index equal to or greater than 4, and the plot of
plasticity index versus liquid limit falls on or above the “A”
line.

3.1.4 silt—soil passing a No. 200 (75-pm) U.S. standard
sieve that is nonplastic or very slightly piastic and that exhibits
little or no strength when air dry. For classification, a silt is a
fine-grained soil, or the fine-grained portion of a soil, with a
plasticity index less than 4 or if the plot of plasticity index
versus liquid limit falls below the “A” line.

3.1.5 organic clay—a clay with sufficient organic content to
influence the soil properties. For classification, an organic clay

* Annual Book of ASTM Standards, Vol 14.02.

(¥}

is a soil that would be classified as a clay except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
value before oven drying.

3.1.6 organic silt—a silt with sufficient organic content to
influence the soil properties. For classification, an organic silt
is a soil that would be classified as a silt except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
value before oven drying.

3.1.7 peat—a soil composed of vegetable tissue in various
stages of decomposition usually with an organic odor, a
dark-brown to black color, a spongy consistency, and a texture
ranging from fibrous to amorphous.

3.2 Descriptions of Terms Specific to This Standard:

3.2.1 coefficient of curvature, Cc—the ratio (D.,)/
(D) X Dgy). where Dy, Dy and D, are the particle sizes
corresponding to 60, 30, and 10 % finer on the cumulative
particle-size distribution curve, respectively.

3.2.2 coefficient of uniformity, Cu—the ratio Dgy/D,,.
where Dy, and D, are the particle diameters corresponding to
60 and 10 % finer on the cumulative particle-size distribution
curve, respectively.

4. Summary

4.1 As illustrated in Table 1, this classification system
identifies three major soil divisions: coarse-grained soils,
fine-grained soils, and highly organic soils. These three divi-
sions are further subdivided into a total of 15 basic soil groups.

4.2 Based on the results of visual observations and pre-
scribed laboratory tests, a soil is catalogued according to the
basic soil groups, assigned a group symbol(s) and name, and
thereby classified. The flow charts, Fig. | for fine-grained
soils, and Fig. 2 for coarse-grained soils, can be used to assign
the appropriate group symbol(s) and name.

5. Significance and Use

5.1 This standard classifies soils from any geographic loca-
tion into categories representing the results of prescribed
laboratory tests to determine the particle-size characteristics,
the liquid limit, and the plasticity index.

5.2 The assigning of a group name and symbol(s) along
with the descriptive information required in Practice D 2488
can be used to describe a soil to aid in the evaluation of its
significant properties for engineering use.

5.3 The various groupings of this classification system have
been devised to correlate in a general way with the engineering
behavior of soils. This standard provides a useful first step in
any field or laboratory investigation for geotechnical engineer-
ing purposes.

5.4 This standard may also be used as an aid in training
personnel in the use of Practice D 2488.

5.5 This standard may be used in combination with Practice
D 4083 when working with frozen soils.

6. Apparatus

6.1 In addition to the apparatus that may be required for
obtaining and preparing the samples and conducting the
prescribed laboratory tests, a plasticity chart, similar to Fig. 3,
and a cumulative particle-size distribution curve, similar to Fig.
4, are required.
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TABLE 1 Soil Classification Chart

90

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests*

Soil Classification

Group

8
Symbol Group Name'

COARSE-GRAINED SOILS Gravels Clean Gravels Cu=4and1=Cc=3F

GW Weil-graded gravei”

More than S0 % retained on No. More than 50 % of coarse  Less than 5 % fines® Cu < 4 andior 1 > Cc > 3F

GP Poorly graded gravel”

200 sieve fraction retained on No. 4
sieve
Gravels with Fines Fines classify as ML or MH GM Silty gravel~6+
More than 12 % fines®  Fines classify as CL or CH GC Clayey gravel” &%
Sands Clean Sands Cuzbandt=Cc=3" SW Well-graded sang’

50 % or more of coarse Less than 5 % fines® Tu < 6 andior 1 > Cc > 3%

SP Poorly graded sand’

fraction passes No. 4 sieve oo L Fines Fines ciassiy as ML or MH

SM Silty sand® ™

More than 12 % fines® Fines classify as CL or CH

sC Clayey sand®™!

FINE-GRAINED SOILS Silts and Clays inorganic P!> 7 and plots on or above *A” line” CL Lean clay®t™
50 % or more passes the No.  Liquid limit less than 50 Pl < 4 or plots below “A” line” ML SiitcLM
200 seive organic Liquid limit — oven dried _ o oL Organic clay-*~
Liquid fimit — not dried oL Organic silt® -0
Silts and Clays inorganic Pl piots on or above “A” line CH Fat clay™+*
Liquid limit 50 or mere Pl plots below “A” line MH Elastic sit* ¥
organic Liquid fimit — oven dried OH Organic ciay™+™*

<0.75
Liquid limit — not dried

orgamc smK,L.M,O

HIGHLY ORGANIC SOILS Primarily organic matter, dark in color, and organic odor

PT Peat

“Based on the material passing the 3-in. {75-
mmj) sieve.

211 field sample contained cobbles or boulders,
or both, add “with cobbles or boulders, or both” to
group name.

CGravels with 5 to 12% fines require dual
symbols:

GW-GM weli-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with sill
GP-GC poorly graded gravel with clay

®Sands with 5 to 12% fines require dual
symbols:

SW-SM weil-graded sand with silt
SW-SC weli-graded sand with clay
SP-SM poorly graded sand with silt
SP-SC poerly graded sand with clay

(D

£Cu=Dg/Dsy Cc = D, x D

F If soil contains =15 % sand, add “witn sand” tc
group name.

Sif fines classify as CL-ML, use dual symbol
GC-GM, or SC-SM.

“If fines are organic, add “with organic fines” to
group name.

'If soil contains =15 % gravel, add ‘with gravel”
10 greup name.

“1f Atterberg limits plot in hatched area, soil is a
CL-ML, silty clay.

Xt soil contains 15 to 29 % plus No. 200, add
“with sand” or ‘with gravel,” whichever is
predominant.

“if soil contains =30% plus No. 200,
predominantly sand, add “sandy” to group name.

M1t soil contains =30 % pius No. 200,

precominantly gravel, add “gravelly” to group name.

¥Pl = 4 and plots on or above A" line.
2Pl < 4 or plots below “A” line.

“ Pl plots on or above “A”" line.

2 Pi plots below “A” line.

Note 5—The “U” line shown on Fig. 3 has been empirically deter-
mined to be the approximate “upper limit” for natural soils. It is a good
check against erroneous data, and any test results that plot above or to the
teft of it should be verified.

7. Sampling

7.1 Samples shall be obtained and identified in accordance
with a method or methods, recommended in Recommended
Guide D 420 or by other accepted procedures.

7.2 For accurate identification, the minimum amount of test
sample required for this test method will depend on which of
the laboratory tests need to be performed. Where only the
particle-size analysis of the sample is required, specimens
having the following minimum dry weights are required:

Maximum Particle Size, Minimum Specimen Size,

Sieve Opening Dry Weight
4.75 mm (No. 4) 100 g (0.25 1b)
9.5 mm (% in.) 200 g (0.5 1b)

19.0 mm (% in.) 1.0 kg (2.2 b}
38.1 mm (1%2in.) 8.0 kg (18 Ib)

750 mm (3 in.) 60.0 kg (132 Ib)
Whenever possible, the field samples should have weights two

to four times larger than shown.

7.3 When the liquid and plastic limit tests must also be
performed. additional material will be required sufficient to
provide 150 g to 200 g of soil finer than the No. 40 (425-um)
sieve.

7.4 If the field sample or test specimen is smaller than the
minimum recommended amount, the report shall include an
appropriate remark.

8. Classification of Peat

8.1 A sample composed primarily of vegetable tissue in
various. stages of decomposition and has a fibrous to amor-
phous texture, a dark-brown to black color, and an organic odor
should be designated as a highly organic soil and shall be
classified as peat, PT, and not subjected to the classification
procedures described hereafter.

8.2 If desired, classification of type of peat can be per-
formed in accordance with Classification D 4427.

9. Preparation for Classification

9.1 Before a soil can be classified according to this standard,
generally the particle-size distribution of the minus 3-in.
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GROUP NAME

<30% plus No. ZDO<:<15$ plus No. 200-————— | pan clay

GROUP
SYMBOL
PI>7 and plos——-C L
‘on or above
A" ~{ine

15-29% pius No. 200———-% wand >% gravel —» Lean clay with sand
% sand <% gravel —= Lean clay with gravel

% sand 2% gravel <1 —_—
>30% plus No. 200. <: = <15% grave| Sandy lean clay

"B 215% gravel——s- Sandy Isan clay with gravel
% send ﬁnrmi?< 15% sand ———= Gravelly lean clay
215% sand ————= Gravelly lean ciay with sand

<30% plus No. 200-;:(515% plus No. 200 —_————  »Silty clay
4<PIST and L'ML 15-29% pius No. 206-?:1&;“\1 2% gravel > Silty clay with sand
tnoganie pictsan o ‘_"—"c. % sand <% gravel = Silty clay with gravel
A linn abavi s 20% pios No. 200 % sand >% .m-lt:cmx gravel ——= Sandy silty clay
s No. 215% gravel == Sandy silty clay with gravel
% sand <% vn-l—z?-ﬂs! sand =————=Gravelly silty clay
216% sand —————#= Gravally silty clay with sand
LL<50 <30% plus No. 200\—\:<16!‘ Phus No. 200——————————— . giit
15-28% plus No. % sand —®=Silt wi
PI<A of piats L 200—-:: sand =% gravel— Silt with sand
below "A“_"__'"“M“ % sand <% gravel — Silt with gravel
\ 30D} No. 200 % sand % gravel m————# < 15% gravel —— = Sandy 1ilt
' > -200<] 215% gravel ———=Sandy silt with graval
\ % sand <% gr-ur-q?<!5% sand ~———= Gravelly silt
- (LL_WM’M & 215% sand —-— Gravelly silt with sand
rganic 0.75 i
Linot dried < ——OL-——b-Su figure 1b
<30% plus No. 200\—:(\15% Plus No, 200 —————— ————mFat clay
P1 plots om or H 15-28% pius No. 200-=— % sand 2% gravel—s-Fat clay with send
ot on ¢ hm—-c iy ™% sand <% gravel - Fat clay with gravet
\_‘}a“ e % sand 2% gravel ———— <15% gravel———a=Sandy fat clay
230% plusio, <: >15% gravel-———Sandy fat clay with gravel
| . % sand <% w;ult:j:<|55 sand ———3» Gravelly fat clay
norgan Z15% sand ———Gravelly fat clay with sand
§ "
/ ~30% phus No, zoo\—\:;.;r;:,:m No. 200 e ————————=Elastic silt
/ 1 plots belowr MH 4 plus No, 200-&:: % sand =% gravel —Elastic silt with sand
LL>B0 A =" i % sand <% gravel == Elastic sitt with gravel
% sand 2% gravet <15% gravel——a i
.5 30% plus N zm< ‘T:: L] Sandy elastic sitt
\ 2 . 2‘15%0"“|‘—'—"5de elastic silt with graval
. % sand <% gravei ~———— <16% sand ———® Gravelly alastic sily
\0 7 ( LU —ovensrieg } 215% sand———» Gravelly elastic siit with sand
TPMNIC | e £ 0,75 |
LL —not dried / OH Tl

FIG. 1a Flow Chart for Classifying Fine-Grained Soil (50 % or More Passes No. 200 Sieve)

(75-mm) material and the plasticity characteristics of the minus
No. 40 (425-pm) sieve material must be determined. See 9.8
for the specific required tests.

9.2 The preparation of the soil specimen(s) and the testing
for particle-size distribution and liquid limit and plasticity
index shall be in accordance with accepted standard proce-
dures. Two procedures for preparation of the soil specimens for
testing for soil classification purposes are given in Appendixes
X3 and X4. Appendix X3 describes the wet preparation
method and is the preferred method for cohesive soils that have
never dried out and for organic soils.

9.3 When reporting soil classifications determined by this
standard, the preparation and test procedures used shall be
reported or referenced.

9.4 Although the test procedure used in determining the
particle-size distribution or other considerations may require a
hydrometer analysis of the material, a hydrometer analysis is
not necessary for soil classification.

9.5 The percentage (by dry weight) of any plus 3-in.
(75-mm) material must be determined and reported as auxiliary
information.

9.6 The maximum particle size shall be determined (mea-
sured or estimated) and reported as auxiliary information.

9.7 When the cumulative particle-size distribution is re-
quired, a set of sieves shall be used which include the
following sizes (with the largest size commensurate with the

maximum particle size} with other sieve sizes as needed or
required to define the particle-size distribution:

3-in. (75-mm)
Ya-in. (19.0-mm)
No. 4 (4.75-mm)
No. 10 (2.00-mm)
No. 40 (425-pm)
No. 200 (75-pm)

9.8 The tests required to be performed in preparation for
classification are as follows:

9.8.1 For soils estimated to contain less than 5 % fines, a
plot of the cumulative particle-size distribution curve of the
fraction coarser than the No. 200 (75-um) sieve is required. A
semi-log plot of percent passing versus partical-size or sieve
size/sieve number is ploited as shown in Fig. 4.

9.8.2 For soils estimated to contain 5 to 15 % fines, a
cumulative particle-size distribution curve, as described in
9.8.1, is required, and the liquid limit and plasticity index are
required.

9.8.2.1 If sufficient material 1s not available to determine
the liquid limit and plasticity index, the fines should be
estimated to be either silty or clayey using the procedures
described in Practice D 2488 and so noted in the report.

9.8.3 For soils estimated to contain 15 % or more fines, a
determination of the percent fines, percent sand, and percent
gravel is required, and the liquid limit and plasticity index are
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GROUP SYMBOL

<30% plut No, 200 ————— <15% plus No. 200—-——

P14 and plots on :
or above “A” - line >30% plus No. 200 <:

GROUP NAME

- =———————— Organic cisy

15-29% plus No, M? % sand 2% gravel—— Organic clay with sand

% sand <% gravel- - — Organic clay with gravel

-—#Sandy organic clay

% sand 2% gravel ﬁ—_: <15% gravel
215% gravel ——————# Sandy organic clay with gravel
% sand <% gravel ~————— <15% sand — > Gravelly orgamic clay

T 216% sand = Gravelly organic clay with ssnd

oL <30% plus No. m?‘:m‘ plus No. 200 <= Organic silt
15-29% plus No. 200~—————"% sand >% gravel— Organic silt with sand
"% sand <% gravel-——— Organic silt with gravel
PI<4 or plots % sand >% gravel —————— »<15% gravel =& Sandy organic sit
below “A"~ line 230% plus No. m< TR >15% gravel —— - Sandy organic it with grave!
% sand <% wnd—?:<15% sand ~——————~——# Gravelly otganic silt
215% sand————— - —#= Gravelly organic silt with sand
<mph”"u.m-_—_::*—b(|5” plus No. 200 * Organic clay
T 15-29% plas No. zno-q::x sand >% gravel-———— Qrganic clay with sand
% sand <% gravel— Organic clay with gravel
Plots on or . % uﬂd}%gr"d?(lsﬁ gravel ————— Sandy organic clay
sbove A"~ line 2>30% plus No. m<: =15% gravel ~~—————% Sandy organic clay with gravet
% sand <% gravel *:\H—: <15% sand —————— Gravelly organic clay
215% sand ——————= Gravelly organic clay with sand
OH _w <30% plus No. 200==—_—— <15% plus No. 200 Organic sift

15-29% plus No. MT_T_:’E sand >% gravel— Organic siit with sand

Plots below
A" line

% sand <% gravel—® Organic silt with gravel

Z15% gravel ———» Sandy organic silt with grave!

% sand >% urnul‘?(l@% gravel ————® Sandy organic silt
>30% plus No. zoo<:

% sand <% gravel —T:QIS'& sand ————# Gravelly organic silt

215% sand —-——————# Gravelly organic silt with sand

FIG. 1b  Flow Chart for Classifying Organic Fine-Grained Soil (50 % or More Passes No. 200 Sieve)

required. For soils estimated to contain 90 % fines or more, the
percent fines, percent sand, and percent gravel may be esti-
mated using the procedures described in Practice D 2488 and
s0 noted in the report.

10. Preliminary Classification Procedure

10.1 Class the soil as fine-grained if 50 % or more by dry
weight of the test specimen passes the No. 200 (75-um) sieve
and follow Section 11.

10.2 Class the soil as coarse-grained if more than 50 % by
dry weight of the test specimen is retained on the No. 200
{75-pm) sieve and follow Section 12.

11. Procedure for Classification of Fine-Grained Soils
(50 % or more by dry weight passing the No. 200 (75-
pm) sieve)

11.1 The soil is an inorganic clay if the position of the
plasticity index versus liquid limit plot, Fig. 3, falls on or above
the “A” line, the plasticity index is greater than 4, and the
presence of organic matter does not influence the liquid limit as
determined in 11.3.2

Nove 6—The plasticity index and liquid limit are determined on the
minus No. 40 (425 um) sieve material.

FEL1 Classify the soil as a lean clay, CL. if the liquid limat
is less than 50. See area identified as CL on Fig. 3.

11.1.2 Classify the soil as a far clay, CH, if the liquid limit
is 50 or greater. See area identified as CH on Fig. 3.

Note 7—In cases where the liquid limit exceeds 110 or the plasticity
index exceeds 60, the plasticity chart may be expanded by maintaining the
same scale on both axes and extending the “A” line at the indicated slope.

11.1.3 Classify the soil as a silty elay, CL-ML, if the
position of the plasticity index versus liquid limit plot falls on

or above the “A” line and the plasticity index is in the range of
4 to 7. See area identified as CL-ML on Fig. 3.

11.2 The soil is an inorganic silt if the position of the
plasticity index versus liquid limit plot, Fig. 3, falls below the
“A” line or the plasticity index is less than 4, and presence of
organic matter does not influence the liquid limit as determined
in 11.3.2.

11.2.1 Classify the soil as a silt, ML, if the liquid limit is
less than 50. See area identified as ML on Fig. 3.

11.2.2 Classify the soil as an elastic silt, MH, if the liquid
limit is 50 or greater. See area identified as MH on Fig, 3.

11.3 The soil is an organic silt or clay if organic matter is
present in sufficient amounts to influence the liquid limit as
determined in 11.3.2.

11.3.1 If the soil has a dark color and an organic odor when
moist and warm, a second liquid limit test shall be performed
on a test specimen which has been oven dried at 110 = 5°C to
a constant weight, typically over night.

11.3.2 The soil is an organic silt or organic clay if the liquid
limit after oven drying is less than 75 % of the liguid limit of
the original specimen determined before oven drying (see
Procedure B of Practice D 2217).

11.3.3 Classify the soil as an organic silt or organic clay,
OL, if the liquid limit (not oven dried) is less than 50 %.
Classify the soil as an organic silt, OL, if the plasticity index
is less than 4, or the position of the plasticity index versus
liquid limit plot falls below the “A” line. Classify the soil as an
organic clay, OL, if the plasticity index is 4 or greater and the
position of the plasticity index versus liquid limit plot falls on
or above the “A” line. See area identified as OL {or CL-ML) on
Fig. 3.

11.3.4 Classify the soil as an organic clay or organic silt,



93

@b D 2487

GROUP SYMBOL

GROUP NAME

fines <:0u24 and 1<Ce<3
Cu<4 and/or 1>Cc>3

GW. 15% sand. Well graded gravel
\‘Zlﬁi sand——— Well-graded gravel with ssnd

GRAVEL

GP\ 15% sand ———- Poorly graded gravel
215% sand = Poorly graded gravel with sand

<15% sand —— Wallgraded gravel with it
215% 1and ———# Well graded gravel with silt and sand
GW-GC?«“ sand ———- Well-graded gravel with clay {or silty cley}

for CLML) 215% tand —— = Well-graded gravel with clay and sand
% gravel > 512 fines
b {or silty clay and sand)
fines=ML or MH—— =GP -G <15% sand ———=Poorly graded gravel with silt
Cu<d and/or l>¢e>3< ~ 215% 1and ———a Poorly graded gravel with silt and sand
fines=CL, CH, GP-G == 5% 1and———s Poorly graded gravel with clay {or sfty clay}
for CL-ML) 215% 1end —— - Poorly graded gravel with clay and sand
for silty clay and send)
/lm-ﬂlu‘“‘ GM —— 15% sand —— Sitty gravel
216% sand ——»- Sty gravel with sand
S17% ¢ \- Lor cn—*GC-?:qsxm—.m-y:.w
215% 10d ——a Clayey gravel with sand
fines=CL-ML GC-GM <15% sand ———- Silty, clayey gravel
T 215% sand— Sitty, cleyey gravel with sand
GSlu-:?:cqeui Ce<3 SwW <15% 1 Wellgraded sand
sy
gravel ———»= Well-graded sand with gravs!
Cu<6 and/or 1>Cc>3 SP = 1% ravei— Poorly graded sang
215% gravel ———s- Poorly graded sand with gravel
fines=ML or MH———=SW-S! <15% gravel ———- Weli-graded sand with silt
Cu>6 and 'SCcSJ< ) Z215% geavel —— Well-graded sand with silt and gravel
fings=CL, CH, SW-SCT:qss ravel —— & Well-graded sand with clay for sty clay)
g;..:.‘ N sz {or CL-ML) 2715% gravel ———— Wellgraded sand with clay and gravs!
ines i
bogeal 5 {or silty clay and gravel]
fines=ML or MH. P-SM. 15% gravel ——— Poorly graded sand with silt
Cu<6 andjor ’>C=>3< ) T 215% ravel— - Poocty raded send with it and gravel
finessCL, CH,———— = SP -S| <15% gravel = Poorly graded sand with clay for silty clay)
for CL-ML) 215% gravel ———a Poorly graded sand with clay and gravel
for silty clay and gravel}
fines=ML or m«___.sM-?:ass.m__.sm sand
Z15% gravel ——- Silty sand with gravel
>12% 4 SC <15% gravel-—— Clayey sand

fines=CL or CH.
\ / el 215% grarel— 2 Clayey tand with grovl
1mu——>sc-smﬁ<vm gravel—— Silty, clayey sand

215% grevel——— Silty, clayey sand with gravel

FIG.2 Flow Chart for Classifying Coarse-Grained Soils (More Than 50 % Retained on No. 200 Sieve)

OH. if the liquid limit (not oven dried) is 50 or greater. Classify
the soil as an organic silt, OH, if the position of the plasticity
index versus liquid limit plot falls below the “A™ line. Classify
the soil as an organic clay, OH, if the position of the plasticity
index versus liquid-limit plot falls on or above the “A” line.
See area identified as OH on Fig. 3.

11.4 If less than 30 % but 15 % or more of the test specimen
is retained on the No. 200 (75-um) sieve, the words “with
sand” or “with gravel” (whichever is predominant) shall be
added to the group name. For example, lean clay with sand,
CL; silt with gravel, ML. If the percent of sand is equal to the
percent of gravel, use “with sand.”

11.5 If 30 % or more of the test specimen is retained on the
No. 200 (75-pm) sieve, the words “sandy™ or “gravelly” shall
be added to the group name. Add the word “sandy” if 30 % or
more of the test specimen is retained on the No. 200 (75-um)
sieve and the coarse-grained portion is predominantly. sand.
Add the word “gravelly” if 30 % or more of the test specimen
is retained on the No. 200 (75-um) sieve and the coarse-
grained portion is predominantly gravel. For example, sandy
lean clay, CL; gravelly fat clay, CH; sandy silt, ML. If the
percent of sand is equal to the percent of gravel, use “sandy.”

12. Procedure for Classification of Coarse-Grained Soils
(more than 50 % retained on the No. 200 (75-um) sieve)

12.1 Class the soil as gravel if more than 50 % of the coarse

fraction [plus No. 200 (75-um) sieve] is retained on the No. 4
(4.75-mm) sieve.

12.2 Class the soil as sand if 50 % or more of the coarse
fraction [plus No. 200 (75-um) sieve] passes the No. 4
(4.75-mm) sieve.

12.3 If 12 % or less of the test specimen passes the No. 200
(75-pm) sieve, plot the cumulative particle-size distribution,
Fig. 4, and compute the coefficient of uniformity, Cu, and
coefficient of curvature, Cc, as given in Eqs 1 and 2.

Cu = Dy/Dyy (1)
Ce = {D30) /(Do X Dgo) 2)

where:

D, D3¢, and D, = the particle-size diameters corresponding
to 10, 30, and 60 %, respectively, passing on the cumulative
particle-size disiribution curve, Fig. 4.

Nore §—1It may be necessary (o extrapolate the curve to obtain the D,
diameter.

12.3.1 If less than 5 % of the test specimen passes the No.
200 (75-pm) sieve, classify the soil as a well-graded gravel,
GW, or well-graded sand, SW., if Cu is greater than or equal to
4.0 for gravel or greater than 6.0 for sand, and Cc is at least 1.0
but not more than 3.0.

12.3.2 If less than 5 % of the test specimen passes the No.
200 (75-um) sieve, classify the soil as poorly graded gravel,
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GP. or poorly graded sand, SP, if either the Cu or the Cc  grained soil with fines. The fines are determined to be either
criteria for well-graded soils are not satisfied.

12.4 1f more than 12 % of the test specimen passes the No. plot on Fig. 3. (See 9.8.2.1 if insufficient material available for
200 (75-pm) sieve, the soil shall be considered a coarse- testing). (See Note 6)

clayey or silty based on the plasticity index versus liquid limit
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12.4.1 Classify the soil as a clayey gravel, GC, or clayey
sand, SC, if the fines are clayey, that is, the position of the
plasticity index versus liquid limit plot, Fig. 3, falls on or above
the “A” line and the plasticity index is greater than 7.

12.4.2 Classify the soil as a silty gravel, GM, or silty sand,
SM., if the fines are silty, that is, the position of the plasticity
index versus liquid limit plot, Fig. 3, falls below the “A” line
or the plasticity index is less than 4.

12.4.3 If the fines plot as a silty clay, CL-ML, classify the
soil as a silty, clayey gravel, GC-GM, if it is a gravel or a silty,
clayey sand, SC-SM, if it is a sand.

125 If 5 to 12 % of the test specimen passes the No. 200
(75-pm) sieve, give the soil a dual classification using two
group symbols,

12.5.1 The first group symbol shall correspond to that for a
gravel or sand having less than 5 % fines (GW, GP, SW, SP),
and the second symbol shall correspond to a gravel or sand
having more than 12 % fines (GC, GM, SC, SM).

12.5.2 The group name shall correspond to the first group
symbol plus “with clay” or “with silt” to indicate the plasticity
characteristics of the fines. For example, well-graded gravel
with clay, GW-GC; poorly graded sand with silt, SP-SM (See
9.8.2.1 if insufficient material available for testing).

Note 9—If the fines plot as a silty clay, CL-ML, the second group
symbol should be either GC or SC. For example, a poorly graded sand
with 10 % fines, a liquid limit of 20, and a plasticity index of 6 would be
classified as a poorly graded sand with silty clay, SP-SC.

12.6 If the specimen is predominantly sand or gravel but
contains 15 % or more of the other coarse-grained constituent,
the words “with gravel” or “with sand” shall be added to the
group name. For example, poorly graded gravel with sand,
clayey sand with gravel.

12.7 1f the field sample contained any cobbles or boulders
or both, the words “with cobbles,” or “with cobbles and
boulders” shall be added to the group name. For example, silty
gravel with cobbles, GM.

13. Report

13.1 The report should include the group name, group
symbol, and the results of the laboratory tests. The particle-size
distribution shall be given in terms of percent of gravel, sand,
and fines. The plot of the cumulative particle-size distribution
curve shall be reported if used in classifying the soil. Report
appropriate descriptive information according to the proce-
dures in Practice D 2488. A local or commercial name or
geologic interpretation for the material may be added at the end
of the descriptive information if identified as such. The test
procedures used shall be referenced.

Note 10—Example: Clayey Gravel with Sand and Cobbles (GC)—
46 % fine to coarse, hard, subrounded gravel; 30 % fine to coarse, hard,
subrounded sand; 24 % clayey fines, LL = 38, PI = 19, weak reaction
with HCI; original field sample had 4 % hard, subrounded cobbles;
maximum dimension 150 mm.

In-Place Conditions—firm, homogeneous, dry, brown,

Geologic Interpretation—alluvial fan.

Note 11—Other examples of soil descriptions are given in Appendix
X1

14. Precision and Bias

14.1 Criteria for acceptability depends on the precision and
bias of Test Methods D 422, D 1140 and D 4318.
15. Keywords

15.1 Atterberg limits; classification; clay; gradation; gravel;
laboratory classification; organic soils; sand; silt; soil classifi-
cation; soil tests

SUMMARY OF CHANGES

(7) Replacement of partical diameter by partical size,
(2) Change in Section 9.8.1 to indicate type of plot.

(3) Correction on Cu in 12.3.1 and 12.3.2 to be compatible
with Table 1, Soil Classification Chart.

APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES OF DESCRIPTIONS USING SOIL CLASSIFICATION

X1.1 The following examples show how the information
required in 13.1 can be reported. The appropriate descriptive
information from Practice D 2488 is included for illustrative
purposes. The additional descriptive terms that would accom-
pany the soil classification should be based on the intended use
of the classification and the individual circumstances.

X111 Well-Graded Gravel with Sand (GW)—73 % fine to
coarse, hard, subangular gravel; 23 % fine to coarse, hard,
subangular sand; 4 % fines; Cc = 2.7, Cu = 124,

X1.1.2 Silty Sand with Gravel (SM)—61 % predominantly
fine sand; 23 % silty fines, LL = 33, PI = 6; 16 % fine, hard,

subrounded gravel; no reaction with HCI; (field sample smaller
than recommended). In-Place Conditions—Firm, stratified and
contains lenses of silt 1 to 2 in. thick, moist, brown to gray;
in-place density = 106 Ib/ft* and in-place moisture = 9 %,

X1.1.3 Organic Clay (OL)—100 % fines, LL (not
dried) = 32, LL (oven dried) = 21, PI (not dried) = 10; wet,
dark brown, organic odor, weak reaction with HCJ.

X1.1.4 Silty Sand with Organic Fines (SM)—74 % fine to
coarse, hard, subangular reddish sand; 26 % organic and silty
dark-brown fines, LL (not dried) = 37, LL (oven dried) = 26,
PI (not dried) = 6, wer, weak reaction with HCL
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X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and
Boulders (GP-GM)—78 % fine to coarse, hard, subrounded to
subangular gravel: 16 % fine to coarse, hard, subrounded to
subangular sand; 6 % silty (estimated) fines; moist, brown; no

reaction with HCI; original field sample had 7 % hard, sub-
rounded cobbles and 2 % hard, subrounded boulders with a
maximum dimension of 18 in.

X2. USING SOIL CLASSIFICATION AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE, SHELLS, SLAG, CRUSHED
ROCK, ETC.

X2.1 The group names and symbols used in this standard
may be used as a descriptive system applied to materials that
exist in situ as shale, claystone, sandstone, siltstone, mudstone,
etc., but convert to soils after field or laboratory processing
{crushing, slaking, etc.).

X2.2 Materials such as shells, crushed rock, slag, etc.,
should be identified as such. However, the procedures used in
this standard for describing the particle size and plasticity
characteristics may be used in the description of the material.
If desired, a classification in accordance with this standard may
be assigned to aid in describing the material.

X2.3 If a classification is used, the group symbol(s) and
group names should be placed in quotation marks or noted with
some type of distinguishing symbol. See examples.

X2.4 Examples of how soil classifications could be incor-
porated into a description system for materials that are not
naturally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. pieces of

shale from power auger hole, dry. brown, no reaction with HCI.
After laboratory processing by slaking in water for 24 h,
material classified as “Sandy Lean Clay (CL)"—61 % clayey
fines, LL = 37, PI = 16; 33 % fine to medium sand; 6 %
gravel-size pieces of shale.

X2.4.2 Crushed Sandstone—Product of commercial crush-
ing operation; “Poorly Graded Sand with Silt (SP-SM)"—91 %
fine to medium sand; 9 % silty (estimated) fines; dry, reddish-
brown, strong reaction with HCI.

X2.4.3 Broken Shells—62 % gravel-size broken shells;
31 % sand and sand-size shell pieces; 7 % fines; would be
classified as “Poorly Graded Gravel with Sand (GP)".

X2.4.4 Crushed Rock—Processed gravel and cobbles from
Pit No. 7; “Poorly Graded Gravel (GP)"—89 % fine, hard,
angular gravel-size particles; 11 % coarse, hard, angular sand-
size particles, dry, tan; no reaction with HCl; Cc = 2.4,
Cu = 0.9.

X3. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES BY THE WET METHOD

X3.1 This appendix describes the steps in preparing a soil
sample for testing for purposes of soil classification using a
wet-preparation procedure.

X3.2 Samples prepared in accordance with this procedure
should contain as much of their natural water content as
possible and every effort should be made during obtaining,
preparing, and transportating the samples to maintain the
natural moisture.

X3.3 The procedures to be followed in this standard assume
that the field sample contains fines, sand, gravel, and plus 3-in.
{75-mm) particles and the cumulative particle-size distribution
plus the liquid limit and plasticity index values are required
(see 9.8). Some of the following steps may be omitted when
they are not applicable to the soil being tested.

X3.4 If the soil contains plus No. 200 (75-pum) particles that
would degrade during dry sieving, use a test procedure for
determining the particle-size characteristics that prevents this
degradation.

X3.5 Since this classification system is limited to the
portion of a sample passing the 3-in. (75-mm) sieve, the plus
3-in. (75-mm) material shall be removed prior to the determi-
nation of the particle-size characteristics and the liquid limit
and plasticity index.

X3.6 The portion of the field sample finer than the 3-in.
{75-mm) sieve shall be obtained as follows:

X3.6.1 Separate the field sample into two fractions on a

3-in. (75-mm) sieve, being careful to maintain the natural water
content in the minus 3-in. (75-mm) fraction. Any particles
adhering to the plus 3-in. (75-mm) particles shall be brushed or
wiped off and placed in the fraction passing the 3-in. (75-mm)
sieve.

X3.6.2 Determine the air-dry or oven-dry weight of the
fraction retained on the 3-in. (75-mm) sieve. Determine the
total (wet) weight of the fraction passing the 3-in. (75-mm)
sieve.

X3.6.3 Thoroughly mix the fraction passing the 3-in. (75-
mm) sieve. Determine the water content, in accordance with
Test Method D 2216, of a representative specimen with a
minimum dry weight as required in 7.2. Save the water-content
specimen for determination of the particle-size analysis in
accordance with X3.8.

X3.6.4 Compute the dry weight of the fraction passing the
3-in. (75-mmn) sieve based on the water content and total (wet)
weight. Compute the total dry weight of the sample and
calculate the percentage of material retained on the 3-in.
(75-mm) sieve.

X3.7 Determine the liquid limit and plasticity index as
follows:

X3.7.1 M the soil disaggregates readily, mix on a clean, hard
surface and select a representative sample by quartering in
accordance with Practice C 702.

X3.7.1.1 If the soil contains coarse-grained particles coated
with and bound together by tough clayey material, take
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extreme care in obtaining a representative portion of the No. 40
(425-pm) fraction. Typically, a larger portion than normal has
to be selected, such as the minimum weights required in 7.2.

X3.7.1.2 To obtain a representative specimen of a basically
cohesive soil, it may be advantageous to pass the soil through
a Ya-in. (19-mm) sieve or other convenient size so the material
can be more easily mixed and then quartered or split to obtain
the representative specimen.

X3.7.2 Process the representative specimen in accordance
with Procedure B of Practice D 2217.

X3.7.3 Perform the liquid-limit test in accordance with Test
Method D 4318, except the soil shall not be air dried prior to
the test.

X3.7.4 Perform the plastic-limit test in accordance with
Test Method D 4318, except the soil shall not be air dried prior
to the test, and calculate the plasticity index.

X3.8 Determine the particle-size distribution as follows:

X3.8.1 If the water content of the fraction passing the 3-in.
(75-mm) sieve was required (X3.6.3), use the water-content
specimen for determining the particle-size distribution. Other-
wise, select a representative specimen in accordance with
Practice C 702 with a minimum dry weight as required in 7.2.

X3.8.2 If the cumulative particle-size distribution including
a hydrometer analysis is required, determine the particle-size
distribution in accordance with Test Method D 422. See 9.7 for
the set of required sieves.

X3.8.3 If the cumulative particle-size distribution without a
hydrometer analysis is required, determine the particle-size
distribution in accordance with Method C 136. See 9.7 for the
set of required sieves. The specimen should be soaked until all
clayey aggregations have softened and then washed in accor-
dance with Test Method C 117 prior to performing the particle-
size distribution.

X3.8.4 If the cumulative particle-size distribution is not
required, determine the percent fines, percent sand, and percent
gravel in the specimen in accordance with Test Method C 117,
being sure to soak the specimen long enough to soften all
clayey aggregations, followed by Method C 136 using a nest of
sieves which shall include a No. 4 (4.75-mm) sieve and a No.
200 (75-um) sieve.

X3.8.5 Calculate the percent fines, percent sand, and per-
cent gravel in the minus 3-in. (75-mm) fraction for classifica-
tion purposes.

X4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTING FOR CLASSIFICATION PURPOSES

X4.1 This appendix describes the steps in preparing a soil
sample for testing for purposes of soil classification when
air-drying the soil before testing is specified or desired or when
the natural moisture content is near that of an air-dried state.

X4.2 If the soil contains organic matter or mineral colloids
that are irreversibly affected by air drying, the wet-preparation
method as described in Appendix X3 should be used.

X4.3 Since this classification system is limited to the
portion of a sample passing the 3-in. (75-mm) sieve, the plus
3-in. (75-mm) material shall be removed prior to the determi-
nation of the particle-size characteristics and the liquid limit
and plasticity index.

X4.4 The portion of the field sample finer than the 3-in.
(75-mm) sieve shall be obtained as follows:

X4.4.1 Air dry and weigh the field sample.

X4.4.2 Separate the field sample into two fractions on a
3-in. (75-mm) sieve.

X4.4.3 Weigh the two fractions and compute the percentage
of the plus 3-in. (75-mm) material in the field sample.

X4.5 Determine the particle-size distribution and liquid

limit and plasticity index as follows (see 9.8 for when these
tests are required):

X4.5.1 Thoroughly mix the fraction passing the 3-in. (75-
mm) sieve.

X4.5.2 If the cumulative particle-size distribution including
a hydrometer analysis is required, determine the particle-size
distribution in accordance with Test Method D 422. See 9.7 for
the set of sieves that is required.

X4.5.3 If the cumulative particle-size distribution without a
hydrometer analysis is required, determine the particle-size
distribution in accordance with Test Method D 1140 followed
by Method C 136. See 9.7 for the set of sieves that is required.

X4.5.4 If the cumulative particle-size distribution is not
required, determine the percent fines, percent sand, and percent
gravel in the specimen in accordance with Test Method D 1140
followed by Method C 136 using a nest of sieves which shall
include a No. 4 (4.75-mm) sieve and a No. 200 (75-um) sieve.,

X4.5.5 If required, determine the liquid limit and the plas-
ticity index of the test specimen in accordance with Test
Method D 4318.
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X5. ABBREVIATED SOIL CLASSIFICATION SYMBOLS

X5.1 In some cases, because of lack of space, an abbrevi-
ated system may be useful to indicate the soil classification
symbol and name. Examples of such cases would be graphical
logs, databases, tables, etc.

X5.2 This abbreviated system is not a substitute for the full
name and descriptive information but can be used in supple-
mentary presentations when the complete description is refer-
enced.

X5.3 The abbreviated system should consist of the soil
classification symbol based on this standard with appropriate
lower case letter prefixes and suffixes as:

Prefix Suffix
s = sandy s = with sand
g = gravelly g = with gravel
¢ = cobbles
b = boulders

X5.4 The soil classification symbol is to be enclosed in
parentheses. Some examples would be:

Group Symbol and Full Name Abbreviated
CL, Sandy lean clay s(CL)
SP-Sm, Poorly graded sand with silt and gravel (SP-SM)g
GP, poorly graded gravel with sand, cobbles, and (GP)scb
boulders
ML, gravelly silt with sand and cobbles g(ML)sc

The American Sociely for Tasting and Materials lakes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their cwn responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headguarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known fo the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, FA 16428,
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