
n1nhn flftfl1\1nud~u1mr11~fi u 

1 u~uillRn n1d1ftnh~111 u 

lnU~NTl1 

mlJ'lfnu' .ll1U . '" 1. ft~1~~~ lDU8~~1U1=u10ulua:iftU1 =d~HlftD~1'U 
• 

.... ts .. t', ~... ... 
,},\.I. 'r:U lU'-l.l~ 'Ymn,., m~nnl \.I. VllJ1Un..1 m '''~U 1 U'\.I. 1ft1\.1. 'YllJlrnnUfl'Jl1J flU" 

• 
n "''IIfJ.J'~1J • 
1 ~mill~~\1iiCl1l1l,{~~ 1fla"'fllJl \lIlJl:LLnnTH "tlr1Dn,nlJua:: 1 ~tJCI:.I;fltl.JfI-wnD,ml1 ~1\.l 

• 
1:1mnr~1V1;U\.l.l;11\.1.ts\.l. n L ~Dti'lflu~l h~\.I.l1 ~'fl1::fi"ufmJf1D,mn UR::1nHn: 

nUfl11lJLfllJ1!D.ffl\.l 1 ~mJ ltUUllw;;L \lI1.I1::n1l llA::uw""'nn~lJfl1 1lJt'I::fnn~lJ 1 hm" 
• 

LYn:tl~mLt'I:mimrj£l1 rJt'lflfl'\.I.l;Lfl~D","n ·nfl1D..1~Dt11t1 ~1",;um"1::1Jl[jJ1Lln • """t: ... ...... .. ... .. It 

'W'U L nn~ \.UJ1£1Ch1n111::U1U\.I.ll-!u \lI1D\.I.l'IJrtth:YI1U 'YI 3,nm n\.l.f1'lllJflD..1m1'D'fl..1~1J!lDn 

'.1 '" ~"'1"· 1" '1 , . , ~u'lnW\.l.Y1Lvn ::tlttn ua::UJ'i::flm1::U1VUl flfl'" \liD£.! \unm"'fll11JnnWffiVn.n::LmnTl • • 
uonmti iin"~D;~1!n.U1mn;D1"~"!lIlnLUiin;1U • 

• 
2. U81HU9lUa~>1111d" 'HI 

~u nl \-1 In::CUJLL nnrnJn nWlI , 1\ ,.; ,:'" ;ol~ri L ~[];PJ J011,::nnH lflOUUJufiw,]flU 1 urn", 
• • , ) . " " 

mn::U1t1Ul ( Sub.Surface Drainage Investigat ions LLn:nnl:ll1:flllfl11lJf'lV,Jnll 

mmUlmrl'DJ~\m'jflfllJ 11"~"~1fi1'm' 1"m'~m,~L~'1~ii,~"~;;,~.,: 
s 



tiona) 

J • 
3. • •• d':n.u •••• 'ud"1i 

, -"' i"' i· .... -nJmh:nnum:nm ""~1'Cl1 1\"l\n111'M1v<m11:U1U\l1nnn 

n~th:ll'lfl ~,1,;fi\\ LL\I~JU1~1i11 ~Ln,ru'll\!l ii\\LL~:LL"I\~;"mml11:Ln,,~fil\ 
• 

• 
nn 

t' • ..t ... 1;; .... , ' 
(,) I\lN11\",:nnJ1:U1nnnnl\\\U\lW U' 

(2) ~"'J1:U'U~'\1iuJ"'';11\~Ln\L~L;;UJl'in'\IU' 
• 

(.) fi"~m,un'U110':lJ1nJ""~~\I;n',J' 
... .. .., "-

(6) ,:nnJl:IJ1UI\100nU1nl\nmm,,' LL~: 

(6) ,: l;,:uum11:u',uJ",LLU uh\\iiJ1:'i1"~ii~nn , 

(,) "nm. 
(2) "nm, 1~J"1!.11':"'\\ 

(3) ;lJ'1nU\1~J:'r;"JU~~,)~~ 

(4) 'lm~ 7JflU Jl'!lf)J ~~~"D;'J\rl~~t.L 1 ",,"'\.4t'! J , . 

, 

• t'tlJ'Wl 

t.L ~ft~ Jl'Yl~"\1t't'El~nl1 ~~n";Ufl7'El~U ~ 71.1~il"'~tJ";~~D': 'fi"'11nU6JnU • 
~~m:;~~JUt't:::tfi&-Jnfi t1,J',J'"1J1'ln:.h.l i;n11unnt.wtJ,j~1'Yl1J1:l..I1!JJ,u~1~ul~vm 

l~U" tliJ-rn;lJ"lnn111;~1"Lf(\t.h:::frlU~1J'mn" 'tl 1;n17~LnV1'''DJ 1 ;n11lJ1 \~,jnl1 • 
4 



• 
un1 

.. a. ... 111-,,' .. 
n uoom vm,'Ull1 ~flUfl,]'\.H UUflU 
• 

.. . .d. . .... . 111" 
4, nl1R1"Ji'ililU 11ua:aOD'iI';Ill 1 1111HSLHt'l un~nl1ct11'l'ilLU k1-1Rl.I''U d\l111 • 

• 1 . t' . .. 
,nU'lIULl1n UnTl n 111 ,:\ m 'W0111:U1EJ'U,lnflfl m111lJ11~m ') 'U'OULL n: 

.. , ... . ...... ... , .,:. ... , "'.,:. ........ .. 
1Lnn:~11£lt'l::Lflrlf'\fllJ" 1'HnU111OJLYnYJ)JBri 11t1L'i::LD£lflLnlJ1nUti"HI1.1Y1EJl flU t'tIl1Vl 

• 
.. ... .. , ,... .. ]I £ .. 1..... t', 

fUJili ::UltI 1Uf1flf'lUllDJUflU1Yl'llfl 1::flU.H'iI:n1'l'11:J.l'U,", Jf1 1W..l\.L 1 f1f1U U'Ul.lft::U lf11 .... , .. 
till .. '" I II.,:. ..... ~k 

mt4flU ft..ll '\un,"101l111D..lnU 'YIJt'lU 

-' 1 '1 . ' ' . ,, " ·'1 • '2£J1Jl.h: !t4U Un1111..lU~U~111'~'Vn.JLfllJ nlLtJU uJ l fln11n111'·UUO..:flU UnUllJUU 

~ nTn 'flTn: ~ lflU ~fil.Hm.J n"'u~u~ ii flm:.! l umu m~ ::nl1al11 'ifl1"f~111' l~£'I::LDlJf'l 
• • 

• 

.. ~ .... ,t'.. t' 

(3) nmLL~~"t\I"~IJ"'''''"MJ "~W~~U 1J~1J1f11. 111m"'~1f1fl ">:111 • • 
, .. ..... , t' .,j " • 1" '1" 
fl1..lLnUU1~1f1I.l~n..1 '\.llDU'YI'::Y1' "'tnflUl f1 f'lU 

" 1 ' · ( , ) 1 fin1,'Olh,YI1I1I1L,L1t\1\LlI 

... iI .,:. -" ... 
'II0J01111nl.h::'Yl1U nl1thlU1::flU 'WUYl LtJUflU 

1 • · 1 ..... oJ ... 1 .4, .. ... iI 
(5 ;:flU1I1 flfl1lU1,UII fluth:lJ,t\1HR"'U",mUflfllJ 1 LnU1nIJmnllRJ 

• 

5 -

-



" &.0 ..: ... 

f1noo,u, fln ,nnm nIl 1nu 

() 

.. ..:~ .. I '1" ~ .. ., ... 
7 ~Ufl flf),1 fl11lJfin "~ll:"'1\!LLn::~~'Il!l"'Y111'::U1IJ UUU1ml.n,rVI''H]''t'fl-l.tl 

',"'lJLfllJ.J 11lJ m w"'u ~ uu; 1~1flqsll"" ~~" 1 Un11t;"r" L l'f! 1:11~!l':UllJ,r .m"';u 1 u ~u 
J "..: .... .. .. 
fl'::."l t'lIl1'Wm "'''::U 1[1 u 11'1rnl"n1"'~ VOJ~ f1lJ 

.. .. ..; ~ .. 
,:n1:'Y1U m:L flUU n oJ flf)'1'Dtl.Jfln D.lYl1U 

(,0) M'l'lnml'J 1 ~;l~~~\ri,fi\l~~\ln1~";OO'J 

(,,) m1~oum~";oflun1J,,,u-l\l1~",~vn: l\l~"~~"':tI.n • 
n1n.tl1:fl1"D1'~~\ltl1: 1u,';'illJ1n ~JD1'''111u."iiuflli'J 1 lil ~ '" ,ii~,oJ;;' 
~t1an,",afl:.ln1fim11f~th:'Y11U "1l1l'fun:1:fl·U'!lf).3\rl~vl1lJ 1u ~;u 1 

• 
. ' ........ 

5. n".'"'dm .. n"~1' 1 'I •• ,.U 
11D.~~iiu~.i'J 1 ~~u'n1Jnn1l'ln" 1il",fl"J'" 1;~~""tin1"n1,rim'~ml'l 
.. - ..: .. ... 

n111::tJlllU 1 11Dn::LfJllflfl f1tJ.Jn11lJ 

n. flm~~1J"'DJii"~~D,ri'1Jm' "' •• OJ':,l "fl" tin"'m:~ ~oii\l u.: 1m, 

• • ~_~. ":~_, iii, 

, . f111lJl"Ulun:f11LL""\.I.,,,mll\.l.flU'Uf\1,) 1 '!IflUlllfllltJ.JYl'UflUf11.J1 U"O 

... .. ... .. 
~ )J[llJ11lJn: l [Ill flU!llJlJ1n 

6 



-

• .-I~. ,,1:.11, ... , 
'If"" 'I'ltl. \.I, ,1\.1, 1l.1,Ufi:1:lJ:::~ 1 ,]11fJ.1UD'U U 'l.I,ntJnU"flU~ -II fl1l6 J .11 '\.l," "1' '!IU 1flllt't:l U11J 

.... , ... 1:11 ... . .. ... ... 

,DJWlIl1n111'LL':!lll 111JlI >:":~'Jm":L1J;"ULL1J'Jhl L';Ull1\'il\ii"lIL~nll1": 
~l.1n-U '~~nULlIfll ';'WfU l'\.l,~"'~~~l1'J'L~Dn11nm"iJfl1'i'~lJn"\.I, '~Ml"OO ur.lu 

~Un~";lmin11,)'LUD.lfl"'i.m1":~,.lO"\.t,,,,:nunlt'tL1Jfl" 
nl1iLnn:t.i~tii"nn11fi1\l1l1li'J 1 'DJ"n11'<n111iinll 

y ... ~.. "~""."~"""" ... ~-
lI'~l1~"flnn nrn:U1U1l1nn mDfl"lLI-IlIJl1Dl:U1"nn nDJ01,mm,~"nnJ'lInll 

t 
" • ( ). ... 0. , ... 1: ... ".It ,... ,,)I ... 'II' 

lJ'jilJU1 Barriers W1DflDJn11i ')lfl'Jl1Jnn'mJ'!fUfl\.l.'I'l lJ"dlJUlUlIln'r'lU tl",: 1lJm:: 
• 

"'1Jn1::L;;DUClJ~n'!nJn11n1U1U lu~un~~tinU1fl1n'D!).l'lf11lJ1U~;ml!l\r1~U 111t1n:: 

Lfl£lflfl1J 1 m"~'lnm1fl'')'ftnU1UflflllnJiJPJuHu ufim'J~tin lUU1L1nnfu Ii,: 
n"DJ'numi'JLnn~,liinu 1 ~mn"'"~';t fi11U":L!i"n~ flDJ011 

H.. ... ".-I... t:. ... -10. . " , 
'UflU'I'lUU1YlAnlJ1n 1 \l,U f1111Jann 'f\1U1U~11:::lJ::~lJ1:,nlJYln't:U1t1 

.. • .. 0. .. _ .. "... . .. 
'" 1fll,,:,lnflfl')tIfl11lJnnlnn'l'lC'tflL WtIJ ,; 4 '!InJ1::U:l11J'::~11JYln Unflnn1:U1£ll.l,l 
........ ..' ... 1:: .. , ........ 

~n""J"mh:~'!lI 10 wn.," 3 L~m nJUllI-I'~MmJ 111,n'lILWOOn"'0111:U'" , " 
J1'lfrnftll-mm, 1fi~," tlU1"'U6t1~ftf1fl11'Dfl1~;m ";1~ L ~nL uu,m 11Jf1"'U 'Un11~11,)' , , , 
ftl11l'inl' '~fiu 1 u ~U~~J~'lun::L t1£lfmUL ~D'] LAm-roD 1l~U,l1'\.4m'l'Drl~~unnfll1~fl",)~fm . , , 
~ 1 1" 10 'IIfJJ;lU1U\1~1J'IIf1;nnJ Barriers 3 1'\.4 10 'tItM;1\41\UU't1J1IflnnnJ 8- 12 

, 1 1 , 

lOO, nt't: 6 t\4 10 'Bn,l; 1,"11.\\1~~'flnnn.1 3 llJfl1 ~1'\.4'ltIA::lO£lfln1') 1 L~£l1n"'u , , 
fl!llftW;'fDJflll ~m 'U"lI ~n t :; ~ , 

( 1) • • • 
f1')11J(m"ll()J ,,""flU 

(2) ;n>j!ll:L~"nll (tii"n011n~"ft,r,"~") 
(3) • • 

ft"llD"fl\'!' 

(4) .mh:hnll ( MottHDg) , 
(5) lmJ.i ,Jflll (Structures) 

...... , .. .. "1"' 
(8) lltlt't:mUflfJUI L'!fl.l, 11nVi1f fl11lJ~n-,rm,"1 fl fl\4 Consistence ~ln:: 

."n"m:01,l ~lI ~L I'n:UM ,", \~lIflll 
• , . . ... ( ) 

"1,"011'W1i1,.m'~1'Ufl'\.l.TlU,"1 Barrier Zooe 
, .. 1:: ...... , ..... 

')1 Barrier Zone 'VIlJ1UOJ -41-1flU".1~fl1 Permeability L'r1[Junu Weighted 

J 



.. . '" fl1 Weighted Permeability 'IltJ..1'fuflUUU fllJl1,nMl' 
• 

i<w - tiki + ................ + tnk o .. 
lIU"o.- " + t2 ................ + '" • • , • • - '111lJ",Ul'!1[]..1'1Ufl'\·\UflA::'!fU 

, 1;; .. ' t:: ..... , .. , 
k - 01 Permeability '!I!))'UUf1\ULflA::"lt.'Il1fl fl ""RUlli 

6. n1111nail~9tl~' 

, . 
n. n1'11~nD~111m Permeability l1'Hl Hydraulic Conductivity 

.... "'I.... .. ..... t .. 

"'1t1mtU.l1JflYllJ"1~f1rt"DJf'lU 1'Jl'U1011 Permeability 'Wlfl Hydraulic Conductivity 
• 

n''''''1"1 Permeab lilty fI1,,:n, '"",Al£1Y11.l u~1i;;"'1'lnt'lUllJm.,]u;~ 1N-11,:nlm., 
... , ... '" .. , .... I ..... ..1 

UU,1nnmJJLLn:L'!fDClfl ~flflm'1finu '1 
• ..: ... .. 

m Pe rmeability 'Y\ln'lnVlEJ"lYlflrlflJ'lJm Disturbed V.1fl Undistur bed 

" ' .. 1".. '" ..... .. " ... ..: ... oJ .. ... 
Sa rn pI tS ,:: 1 'HfI11'J~llJl" Cpg::: 'lH 1..l1 [J Ul 11 UllnUflU ", 'H1WU nnlJUq)""n111:1Jl£1U lflt'l lrJ 

nt.l unmjl.1'1n~ L1.1J""::: LthL~t'ln1''IlfltWJnfl~t'lfl n[J"'~ '~f)Lnln"1J01''''lfl' Permeability 
..... ~ ~ ..... or , .l .. . or , ... , 

,mau,"", 1 ~OUUh\,M10um" 1\1'l1'\'I"lh:\'O~'1'1L'.:m 1",u n""':\1101 
Per mea bili ty "n';c,]t1meJ ~~;1'']U'fll~'fl' u~"'~~in1Jfll.n'fl'lna~1lJin 2-3 

, ". "". "1 '1 ". 1 LLIAJ LLf'I'm~~'rmlj::'t11n1'1':Ul!l ~lJ 1-1Q1 f1~ln\.l,n m::"'l1fll"nn"l~ flUf1'." 

n11v"fl' Permeabi lity 'ilnl~cnnlJ m::n1n"'-I, 41; fiJ~tiD.-
(1) Auger-Hole Test met.hod 

• 
Shallow Well Pump-out 

Method l;mfl' Permeabili ty "f)Jfi'-l,~~n:flU~1n11:::,i"u,.rl1flfl\.L lflu,::1oo, 
L 'l~ £J"1JLL ~ 1'J'U 'nm::fiuu, 'fifl~ ltinJ 'l"~ IAn:J 1 "L ~~'D't:" fl\.L ;;u,!"lIU ~ rll.L\' nlJl-l1D 'n ~ 

• •• 
" " nunU1-1ntJ 

• 
8 



(2) Piezometer Method 1,,,,,,fll Permeability "I1fl.3fiU;\.I.Ul.1., 111.1 

1\ 1l111U 11l1:nuYi,hn1":flm;-, 1 ~~Il lfiD.:li,' ul ;;"",,,., ;1l~1l1fi~Cim l' Ull 
"" ,.. f .. 

Sa r ri e r .. ",::CIJ anO"l11::f1U111 ,,'::Ul!1 • 
(3) Shallow well Pump-in Test Method 

1 " "'1"" f1U,::'J"n!!llf1111,Jt'I J'DD·.n::fl 1.1 U 11l1tJ U n..tfl1tJ ti mlDtI '!IfJ,] • • 
Carburetor 

, .. ~ ...... 
mnnm Permea mebility '!IfJ,)flU'YI,J 4 1tiU Auger-H'lle Test Metbod 

m!f:: Shallow well Pump-in Test Method LUU1i~n::f11n Lvn,n::Unm'J"tmtm-.3 lu 

rlu1wrh3DJ flJU~,::'flnal1tiJntlel~~Ufl'DfJ.J'l'l~'] 2 1~fi'lfifJhJ~ 
Auger-Hole Test Method 

1~t'''';1 Permeability '!IOJ Profile lID..tfiu '101::""'uJl\n~u'!.l1\.1.0.1flU 
..I t:c..... ,,... .. .... .. .. .Ie .. t: ...... ,~ 

VI~1J UJD1fUflWt'lUfJFJYlm.n'H'UJ'Wtfl VI"fln n'tI'lnn,"~nU 2-3 W) L1JD'fUfl\.l.nUUlfJllfll . ~. . .. -, " 
n11nu \I"IJlJ1n 1 

1 ......I ... , 
LJ116..1lJDYl'Ii:: \'71~ 1fl1 Permea bili ty lh:nfJUfl1V 

( , ) Hand Auger 
'" t If" .. .. , 

'!J\.I.lf1lnU~1nUElnrn\! 4 Vl1C 10 11.1. 1JrtflflfJtll1nnua:: 
• • • 

90 "ll'JJ. ,1\.nU 10 'Ul\.l. 

(2) • ..i1l1~ii.nwmt":;v' 
.... .. .. ... 
a 1\'1']un'-11JnU'lllntmJ'l::flU " W1!)lIant'uw 

• • 
(Float) tt.:tnum:m1:lu",.iin 

(8) '1naD" iifl 3 10 

(.) . "" 
Tape t'llV11"U1fl1"::n:: 

(5) llU" 
(6) Cl"'Jn"nJ1lJDnll '\.l.1f1~;U~ 1t1U~mnv 3 ~1 FJ11 3 ~f1 . , 

9 



(a) 

(9) 

Inside Calipers 
~ . 

~lUM\l~n~ , 
(10) Perforated Casing 

Shs.llow WeU Pump - OUt Test Metod 

~~ .. ~----

.~ 
• • 
~ 

p 

i' 
r • 

- - -r--

'" 
in.tlll 1 ,;fJW(j'.i!H - -_""'u 

~d~-

J 
10 -



... .. .. It".. ... 

~'1:::fl\.l,fl1t1 Hand Auger "U1f~t'lw·nmUJr1rn~ 10 "D"1! . tin 4.7.10 Vit1 

m~"o'nn '~DU\uU\l1~"~mn~~m;,~,:ri,\ii :1,~an~o'VR~"';,nfl I~omn " , • • • ,....... .. ~.... ... .. , • • 1 
fl11lJt'ln'!lDJ1:f1U"-'l nfl"v.lf)t111lJM'm~"\Ul\nlU m~lnflU U Profile ~\nJmm\.l, fin 

flnDfl m'iYlflnmfi{JLf1lJ11 ~;nn llJnfiillnl.l _UflCli'lf~Ufl"uJ~£lu '11 tlllfiil..1Ylflt'lUJ 
t: .. t: ..... .oM 

~t'tl(J m .JflUlfl111Jrl n'llfl\l 'If'UfI''' ,..,L tI t'lEJU 

m\llm'fluJ'"iiiillDn' \l~" llJ1 'fiRtlflIl11"nn nO",:'fi\lR" '~"nnimfl'u . , , 
.,... ... ~''4''\'''''' "",... .. .... .. 

U1 flflUlh:a .. nnl. 60-100 "lI'lJ. LYW11,::Lf11£ Bailer flnU1Lf1'UmDUCliln'U.~ftll LUf) , 
Imfllll.;'11"1 Ilfl'lhn""""101Ith, \~I;nU1'Dll \lDDlloJ1~fln""R"",\tJ m::ii, , ' 
1"'" ... , "" ... , •• , ......... , .... 
\\Ll\UUlt'l1t1rUltIll,1 l1 lnn flflU'l1lJl'I'lJl \l.~nlJ,\nJ1::flUPlJ'YI , 

rillU'::L 1lJY1flt'lV'] tf""Dlnn"D"Lln"',flflU:.iu '~i"fm"'U"Dlnt'i"m t ~~~ 1 \Un.l.1T1U 00 
• 

L Y1tlm::f)1'dU\m~u '~1fi~1~ t\nllln Ui1;.JnL ;nnn.m""u nnftDtJYlt:,1 2 ,,;,] 'JIUOOnntumn.1 
11 'II' - 11 

"1Jf'luiinrn.1~!Nv.alJ~L'1~ 1'f1"~E1~"m::fi'uJ,1~~u~,nhn\1t\1J fl1'lJnn~tl..i"'t\lJflU~ 
" " -

L '1~~t\::fl111Jnn SJ'Yl'l:;fl u,x,l "flU Cj,lflU v,ftll L~f1t\ n t'IIfl!JU ft~~~~ n"'''l!lo 1 to ~1l1f(~t ; till 1f1l1 ' . , uo. iim~D~DD\l.n.nu' ~ODUOUIJ"~1:' (,r, 'iijill Yi;"1 ~1~lDU' Il"R~) ii' ;iill"~fl " , , ..... ... ~...... ~...... ... .. ~ '" ftJ'U\Ul'1Uni::frn~lJUl1m'E1\unll 0 L1 LLft1 L1fOJflm.r'tJfJn"n\1L'UJth::lJl tll 1- 2 fl1J VI 

l ;1~~f1L ril~'::";l ttl lLn"'11'U~nfJUnnt\mJn ttJ1UVlftlJ U"U~~"::E1:t\.1UUL"tln"U~~An , .., , 
ftrlElnJ~ 'nrlnnu VI ~1J lICU:a,;; [l1n~ U n'flL '1 ~n " 1f\"'1tJ flfJ"n~Un L 'lJ1j"U ~nm W1)'!IwJ, , 
,;;~" lflum,lf,r1,,,nmR1 2, 5,10 1111Yi ~;nm,r,;";,mnm,ti, 1 ~lYi~I';'1 .. ....... , .. , .. ~ -
n \l 'W 'nun U1lflr:t.1UUL fltln1:~U nn:'I.JL lnl f1 L'YJ lnu \L U flflt'lOil'~ ~=E1:Tl'J'ln 'In" , 

....... ,,~ ... .. ... 4'1 , • - _ 

n nMlElt! lJ:.IC'i~'1U lymu VI nlJClJUUUlfll[J l./il111l[ll1t11::JJ1tu 0.80 L 'Yll '!In ,11::V:llnurn , . .. , 
........ t' t: ... .. ... ~ ... '" • '" , - , 

nnnfIL:n 1):.1 ~;'!1 mrn "U inCl.1" fl'llfl a Cl11:V:l'l UU l'lnllUL ."um:fl1l:t flflVl \lJ VlU 1UL 1ft lnlJl . , .. • . II~., . ~ 

UOJDfi n,:\4"J,iRU ~Ufrnnt\l,mfl1 Permeability fill LU 

" • " '1" .. "lIn'lnfl"llflJ Auger n ole Test Metbod n1"l'lm'W-lLL\J1JU UJ .fl~tmJfl 

(,) "OItl\l~I~nim'\;;l'lnM11: , .. • ·1... ... ,..... ,.. .. .... 
(2) l"m:flUll1 flfl"nal,)\l1D"DI~\lm:fllJ"1flll • • 
(3) 1~D!lm1m1 \ \l~;"~'"'n I';" 25 ,"h". ";,, iifl-nJlOOfI \ lirillnlJ 

• 
11 -



... ......" U1lJ'ltu 1I1n'f~1 "~1 
"'" , • ... t:, / 

(4) L1I001 Permeability ]J\UlmJ1nf1.JLlfl 0.025-(1.0025 "i1)J. ~1I. 

!;'lIfhn11In~v\1 ~\ii"fl \U 
(5) ~~lll 'l::~allnflftDJ luu1L 1m~LtlU ~U"";lln1'lflY1'1£1 , 

Shallow-well Pump-in Test Method 

n1"\'I'';' Permeability lfl£l1i~ '::";·mJ;"J1mJ'l~' \'IafJDn'ln.,ft1I'nL~m: 11m .. .. .. ..... , .. ,,' .. 
1n>j1n11~an'O'1I1111""~ 1 t-I",n1no on""o,o, Cae bu retor u."U""" 1"111 \ t-I''If~"on , . 
"nt-l"~ l Ufl1~U II111U I~D1:fllJ\r,1 iiiilloon1n11 nil""" , ., 

\fl~o,~~1f111n11nn"", U1:nDUfl10 

·1 • mJ'\4' un') 

" .. ... ... .. 
rlJU111unL1f\ 200 afl'l 3 ClJ 

.. ........... '" I , ... 

~"" OflU n1nm UO,I "OOlllfl1111>11fl1 

(2) Hand Auge r 
.. . , • lie " " 

't!UlfiLftUmnUVmnJ 10 "dlJ. \'116 4 U1 llYlflflDnl1 
• , 

90 1'11. 10 nnu 

(3) ~n"'1~'\.ml 16 ~1 m'l::iIflft"M,1JfI"'fi.iu '~L~n 1 

(. ) 11'1Ih"iinV11 2.60 1>Jfl1 

(5) 
- . 

Ul't1'n"UL1t\1Un:: Thermometer 

() 
... ," lie 

8 Perforated Casing Ltn.U.srn'\.&Omn,l 4 \.1.1 lJl1 1.00 Loo, 
• • • • 

(9) Carburetor ' fJ..l1Cl Ell-Lf1 lJanrmOVi1VlI .. , , " ... 
(10) "'00"'\l,m"~'flIlOn." 3/8 111 011 5 I>lm • ~.. .. , I II': 

(11) l"nnl"""'1nI"~lflIOn"" 3/8 111 0111 .50,2.50 II": 3.00 I>lm • 
H';1"iuUfl 

(12) orrunnll""" , 
(d o·,h,J,.1I1m'ii • • nmnflnl1J"1 , • 
( •• ) l~"'0 
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')tn' ft,UH 

-... ...'# .. 1e
1 L,':flUfl1rJ Hand Auger '!I"1f1l~"~lf1\.1.tJnri'.1 10~. Wl!) 4 "'1 flU • 

\~mtTIun1:Llimul(lfi"1t)U 1 fl,"""l~"oo~~fl U~~L'1:1~~n 4,7 \1116 10 ~fl fI1)J 

,,"'m1m::'tlJ~~\.I.fi" u"".nnft"'m:Im::L~ofl" lm',]~n" Mottling; fl11lJLlU\Ulnflflfl11lJnn 
... ,...., , ... ~ .. 

,OJ Profile Ut'l1 ~'IfUth"1JfltJln\'lnlJ L \'IL 1VU'Um , 
"""-J:;J~1;'~'1.17:~lm 200 ~m 1no1 ~1L1ml.hn"a~ 1;a1~V'J~D"n , , 

n~Jl hJ[J~ Carburetor ~~n;;f1n"'mt\WAftnU;U 1']~Lt';","~lflu;nnlJ 3/ 8 ~1 YlflnfJ.1" 
• • • 

nl'nl1.:nW!lmnntU][l LLR:: Needle Valve nwlu Cachuretor uri"'\'IOflU Carburetor • 
",'uhma~ '~~m'~;m"iiD"nn\l".~Lriln-u h Lriln-uml~;n~.mJ011 , , 

, . 
Ut'm!JUl 

'In,i',,l~~l"n()[J1J Hn:: Carburetor L",'111"'","1I , 
.. , ..-
LlJDU 1 u",n:JLfllJO.J1::flUn mUlti , . 

... ... .... 
1f11:tJ::'lmnu l Cl.J 

.oj ... "oJ, __ , 
,:Ufl'n1"Lfl'.nm lrm ",a11nnJLlIlI:'1VtnJ " LLn1 Needle Valve . , 

L ~Dnn;.Jl'Inflrh"!lu 1 Un1l1~tiL 1£111 'lDtJ L;U ~u;, 
" . .. .,j OIl ... 

',lL "lImlY1flM1J~ 7a.;,U 
.... r, ... , .. # ... #... ... .. , .. 

L 1tr'M,ln:tJunm,41 L\.I.O'] L,-L l1fJllJflIMlDl1flDCU,....,!IlJ'!I[I,]'\.I.l L'IUlJ , . . ..... ... . . ... ... 
nlJnUmU 2° C ,:::flD.JU'f\1 Viscosity 2J1Unfl1~ 

... .. ... " .. 
1Jl.l.'nnnl''l'"1I'2J'!![I..l\.l,11101 1::tJ: 5. 10, 15, 30 \.1,111 1, 2. 3. 4. 6 t"IJ. fl12J , 

fl ')llJ~ \'lJl::~JJ lflFJ n1\.1.fll U 1JJlrn ~1·i1n." t'UJflLln1 ,,11n1111flt'iD..l'''' m::l101.J~\.I, ,,[I'll 1 \-UU) , 
, III ... OIl.. II .. .. .. ,..t ........ " .. 
~lJ'!I'lm ", fl[) tln1U n::ml L ~t'tllfJ,J\.I, 1Dfln'lnO..llJfI1f1..l rt fl 1'),:m 'U 1:::fl'IJ'-I1U 1 L u,.., t't1l') lfl.'''' , , , 
lfio t;, vliL 1V~!lJfi 1 :fi-U"1~' LLa"11m:Vmnii1~,<iJ ""~\lL tiu nl1fi 11,aD~"' DfiL 101 • 
n1lY1flt't~ fll\.1,')CU,fi1 Permeability Y1nm~J~~m11j'ulin 'Un7' ;..l'flnfl:lO..lUl\.1,n11 , .. 

24 '11. LLn1 O;!lrn....,nULUavumJt't,nnnn11 2"C "\lft1 Viscosity L"lJ1LLn L~D'flfl1 , . 
.. ........ ,k 

Permeability fI,lYlLLt't')'t"nm1{11\.1,{IIfl011l1fU"I{lJ , 
, 

~D~L~~l11Hm1n~M~ 

(,) 1:V:LL';Jn11nflL'mJU1:mlLl 2-6 1U 

(2) 011 nfiL'mJDl' ,~, fl~a L~ OOU~L ~ D"Vl~~ln \I,;;' "'~1U~u1"1tLL tioo-



n1't1;~1tIl~'~;lJ!lnnhJ m'luii1iilfl!ll'ci,;, 2-4 lU u~~.f,a", L;n",n~1~\l:nn;\l 
• • 

(3) ~,i1",~, L;L\ln1'm~n' u,n;;,-m, L~jj'n.m'A~ l'lniiu~ .,;\l';;U1n"U 
• \l"atl1~l11\l 

(4) \.\a~fl~D' fl!IJ'~"d\lu~L1nL~,ii\l~\l\'\1Dm1fl\'\u,u 1 , 
(6) m'~;;n"nriU\.\a~n';;1;,flDinjj'm'\'\~~ (hi r) nV'~rl"';'nwu 1-11nii , , 

• • 
m~'nn1"0 

11 . n11"",UH'H' Infiltration Rate LL:,\: Water Holding Capacity . , .. , 
011\0\1", Infiltration LLn:: Field Capacity "nmUt'!UllJU lJt.i1:lrJ'tiulu 

nnl-l'rlm'7 , I-Ia;~'m';'~'"" 1~\l tJ; ~'nL;"atJml1\l il"rin, L , ri'u~\l tJ7~L1ll'lIh, 1 

;fim"n;lL'DflnnlJ"ilflfllJ., ~~~n1:nunr:L;;D\ninn111; J'lDrJl..l'" "nfllL\o\r.,: ,:"i, 
, urnu 1m 'fA1l11:"IIU lflllflJ~\.ll11 fl,."n ,,"," lflfJlmi~i1'" lU un::1lU lflflnt},l"t'\th::'n~ 

~ • ~j.j .1 v '"7DJtlnM " Wn1n,~nDJmtnnU~lV.-
• (1) nllL"i'l;n 3 nDU 1IUlf1L;w,:'f1\.LOnnlJ 45 "lJ. ft,] 50 -nI. \11fJllUlfl 

• • 
" 30 'llJ "J 60 ~~ • • 

(,) ;DIl~um 12 tJnUfl 1 ,u'i 

(4) .iiLuI-l1n~lwa'niiflfl~~tiDman'\l'fl 100"00 ~~. 
(4t y,a·1 2 .iu 

(5) '~JU;"U'1 30 '!J~. 3 6U Tape ,,,anUTl 2 '00' 
(6) 

." . , 
Graduate A'"'Ufl1,nnIlUlfl 500 C.C. 2 L1J 

• 
3 ~U 

v 

1 1J1U 

() 
...... , til:, 

7 ,,,amnu~1ma\l~muun.,, 1 111 "'1 5 '~m 1 1'100 
• • ... ... I tie, 

(8) L\1am"uth:nmmrnJ Lt'lW.nnUSmn~ 1/4 \.1.1 lJ11 30 "i1'~. 6 rID'" 
• 

(9) m~~o"nun"10u"iiu,;;"ri'um'~;u 36 lu 
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(10) 1tltl~f1 Pick-up 1 flU 

. , .. ... , ~ t;, .. ,oj 

t.ll'Y1m...,:m'!Jl.Llfl~tn.U-lltn.WmnJ 45 ·inJ. 'r1\l 3 'YlflU 11..1lU\.l.'ltl£'l1lJl~I.·Wll 
" ' >iwiu,h:mrn 1 L~m 1f.ffiu 12 t1",I~ iifi~"u1;;"m..,;;n'~~II~~'t1 20 'if~ . Wlliill 

... • .. t: ... II 01 ...... Ii: "" ,'II 
lUJ1JWU'fIflLVitmYl..1 3 hUt.1l1Uth":lJltll 15 'll'lJ. l.m~t'tmt'l\l, 114 'U1 fl1,m,malJ'YlflI.1.6:: , 
UDnnH lilN~;\.L;j1~\l,;\.UJ1L titJJ 10 -n'1I. I.~D 1 ;' .... m:f1 ... tn!" Lla"'1I.filJt!'1n..1 t ul\;~7::iu 
1.v11n"'tl11rmn ~;m;" "'11;tJ'l"'Yl"'oom;~'11 U'l!!llJ~f) L ~fll ;Dlunl"~1JJ~afu"t.J lfllJJ, 

1flumJnrlfll ~Rn 1 \\~7::fiuL nlnuurnm \1nnu·iu L~f11 ~;lmtJ Lv. fiDI. ".,;n;lJa .• 1'rn";;,m~ 
• • 

L~El"nl>o1l.fUJ1 

l~fl\~Lfi1JJ1M luY1DLL;1,J""~nm'-;lJ'YIn '1 15 lonn ,i;"1,mf,!'tflAJl.nUn11 , 
1
" .. ,,"" .... , ... ....... . .4 

6 "J1'lJ. 11 Graduate Lf1lJU1A.JLtl~I:1J'tlrrol,"J'jl":flU\41Lla"'l LlJDfl'l"'ryn115 \Ll'Y1 'lVU 

.. ... ',," ' , ..... 1 ~ ' '4- ,01"' .......... 
(lJ 1 '!fl.!. mn flllLl.l' ,l'lJ:fl1U'l:flV'I'l JJ"t'!::f'17olflflLUnn 5-7 ·nl. LlJDLflLrl1JU1HJ~U 

"" .. .. t .,j .... 

25-30 "illi. LH't1 f11l.L1mU1.JlOl,l.L1f1Dl::!.l:nt'l l l.Lnfifl Dry Run Infiltration .. "'''.. .. ... ..., .. ... .... 
~mJ ~fHfllJU.1L'1J ~ 1.1 25-:30 "il'lJ. LLn") LLflfI,]11f1'\.1.f111'il::mJU10J Fie Id Capa-, .. ... .. ." ..... 

city f1t'1Dflflll1Jnn 150 ~lJ. Un1,..1L1lJ'I'1flf;flJ Wet Run Infiltration Iflmrl1JUlnll 

'U1~ftJ 10 "il'lJ. L",iLf)~l.L~U Jl1l1tJ~!1N)1"~~lLtl\.\fln']LfilJ ..i~~ltuVl;mrWu'nt1fifl , 
I ".. " .. ,.I. f1ftlJ1.hn'Ylfl 1Jl.L"n1::flUU1'Y1n., 6-12 11).1. Wofl1U 48 'ti~J. "'fie:! Wet Run Infiltra· , , 

tion 

... .... I .... .. .. .. '" 

flU'nn "1::tI~ 10 '!flJ. '\I1.U1Jn11lJnn 30 '1f1J. fiB LU,,,munn., 1::£1:' 15 'If),). ,1U;nt"!-l , , 
160 "!fl.!. fl~1flU1Ilfit.LL Vlal~;fl']1.i 1 't1u1111um~ Ufl,] I nUfl"'flU 1"""\\;; un""";L nou' '11 
.... '" ",... ... iii 
\nJ1D1J ., LYillUfIJn,"mi~'llLCWf1'J"N'!1" , , . , 
,'V., fl'lllJ1.LU'V. LU':: Fi e ld Capacity 

... '<!r. 0 .. iii; 
ln n11'nm~m~'\1 

, 
~ '1fI;t1n1\1~Vla l~ hIEi".JiflJy\flfifl\lL~fl\'" % fl'Jl1J 

(,) ;~,r1..,iniillfi1UU"11~;~n",iJ"~~1 ,"um , 
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... .. v .. 
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!'~'"'~"ml~' 1 
(4) ",!jIlDnn ,fJ,r,tninm:iJnmJti'1 
(5) % fl11lJ;" J,~in~~'II'tJ • 

r " X 100 
UWi1.l.nflUUn,J 

(6) lilf1"'1f1rJl\1~U11~h~ Brass Cylinder 1J1Dtl 48 '1IlJ. , 
.so" ......... ... 

(7) '!fJU1\n4n1lUU'\-l\l UA::Vll1hlllfl1W,J Brass Cylinder 

.. '""... ... 
Volume weight - 1.I.l~1.I.nfl,"LL~J (a) 

-=-------
tl11JlfllW,] Brass Cyl.-C.C. 

(9) Fi,ld Cap.city "flllnCl Hilflu 
• Field Capacity - % fl1llJlIU X Volume Weight x 12 

- inch/ft. 

, " 
it. 1111't1 11'103-16 '" U 'He n1ftae.; 

fl1mi, ,ijll ~'''''n~" 1~1l·1l u" "1D1i ,,,:nn., , tJl'Ifl~OO ~m 1lJ~:liiufll ~~ . 
• 

LnlJ hn'DJl'lnflfl,Jfl~mMfll ;J 'fl~n111\fl1r.:~1,'1flM'IlJ1J~"lJ ., "Dn.lflU 'fl1l1::t'lv~n , , 
.£ ,.. .. ... ~ ... "I ... ,... " ... I 

L'r'CfPi:: ~'lffl"J1·ilmun U~t'll'l ~f1'~nnoll" 1 Unl411J ~f1Lmt'l'l'!;m:mUfl'\.LLU'ml1 Hyd ra ulic Con-
!III ........ _~ "', <II...... 

dllctivity Ufln1ijln"LLt'n!JJflflJm1Y1'11UflnUUJllflm.~., fln V!fv. f1111JmlJ'!ID>lflU l.l"ntu , 
1 "tLfi!J1/ LLa::u~ n;tJ1n11L~Un1fl'" iflL u U~1,J1Itlolilv. L U UflU 

01 ~, d . '" AI.,. .. ...... 
7 . "anLnW 'l~l -1 1 't101'HUfl UUl'HB'tf 1 U.f1u ii l1'l iJ iltnl'H0111:::U1SU,1't191u 

L~fJLtb"\H,"n lv.n11riWllU1'l::v::\\"nm.lvlfl1::u 1U 1,m li'H~~'1ml T ransien t· 

Flow Concept ;';fl-,Jri1~ufl Criteria fil.l1l)fl~~fifl.-
Infi ltrated Precipi tation ~)J'[jn.lU;1J'nu.l~n1u~' "'t1;1Jft.lnUlU'I,l,fl'll;J· 

!Ii '," ... ..... I _ ,.J t: .. • 
'ifUDtI Lll.flU 1',}U1,}t1~ lVn'l1 Effective Precipi tation U'l1JlturJU't'lflnm JA::\.\,{IU011 

• • 

4 1JlJ. Cinil'~~~~,ii" 11'l,,,.:';'mv~1lJlu'~lu~qj'1 U .... ,.IIWitJl"ri"fl n"l:lllfln . , 
,r(ltJn111"U~:: 10 1J~J. tilJ11rJUflm;j\~1~v.1 t~flfl~Dn"u 



Cropping Pattern flfltl~;;umlt1nn~' 'U~U~JU11 fll"'::1J~n~'!J\nJ~ . . , 
l;tJ"fI~'" t 1;.1': 1 ;~"li;;" 1 ~~nflt11: lmf\~lJlnn~fl I ~m~uu"'Tn,., 1 "n".';1\.I, lm~l , 
1:":!I1J'~'';V1.Ul" 1'';ln6'ri'~''flI1Dii\ln111JM;;';\l L';" l1an.l,1I'ifl-;m11J • • .. .. .. ~.. .... ........ 
em '[I1-~1f101~'~1-1Jut'l1t1:~n.J ~tJ~flU 

........ ~, .... i .... v 

Root Zone ~ 'nfllln"lfWrlfJl1n1'!lUfJUntJu Wfl~f1mVit'll[jV[l1.1fl1tmU 
• 

-.. " 
fll4 '''::flfl.,11:UllJ flvn 

. -t1f\1 Brancy and Criddle flU ET - Kc x ETp "i1.1 • 
ET Crop Consumptive Use 

Kc Crop Coefficieot 

ETp - Potential Evapotranspiration 

Soil Moisture Holding Capacity tiOOltl1111fU.fl111J;\\lufi\l.ntfl"lnn,; 

Y1fltifl.1.rJnAl1LLt'I"'1 ~lufil Available mOisture fietll1Jlrn.f11111;u1i.w,nl1Jl10U,hl 
w , 

holding capacity num Wilting Percen. 
, -

tage Uel::m Bulk density '!IflJflU 

Deep Percolation Loss 
..... t',.-I ... ... 
f)tltJ'nnm u 1~1U 'YILn\\fl111,H'l1lJl1 "'~fl," ,::flfl • 

':::'4Ifl'" ... " "" ,1:; ... ", 1 • 1'" "It!..... .. .. ~ , ~ ntH':: ~Vit·Ul.1tiJn~u.fl"'W,"nlJ flmI1.1f].1flfl'Ufl.1 an "/JJ1.L'rnminJn.l1C\J,lJln'::lJHti • • " , ........ , ..... II A - .. 1 .... iii .... II ... 

'YI1 ~~1:flU1.L' ~ f1f1Ut't.J1U L1Jf)1::fltl\l.l flflun.1B u 1 OJllIfl1,nvnJ m.:'flwynnl"1::u1E1 • • _I:; 01 .. , .......... 

fltlO ltJ f1.:\I." n1i.::t'lfl Deep Percolation Loss UfI::UCU,..,1m11::U1E1Ul ~flfl,"'JflflJ 
• .. .. , .. r ... 1' ..... - .. .. 1" 
fllU.JOJm1 ~\m11fntl"::l'l1,"f1,)lJ fUl ~WltUJ'l111J'II'U0.11fl Field Capacity Ut'I::tl11 \1 , ; .... , -1- 1 1;:\, .. 

ft1J1U't1JmWmn'l:l1n1irlllfltUJWJlmm UflULYllUU fl1 Deep Percolation Loss lJfl111J , 
ilJ'I4"'W5n"'Unl Infiltration rate l~f)\11fil infiltratioo rate '~n'::Yl11t1~1 Deep 

Pe rcolation Loss ,i"n Cu rve 
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Irrigation SChedule 

.. , .... til'"' .. .. .. t' 
flU nn11m) LlJllfl11lJ'!I'U Uflut'tnt1JC1,] 70 % ~n." A vailabJe Moisture n lVlUl'!1'm..n: 

,.... ...../ II ... ....t:..I .. 
Yl1\UrnnU'1U1Ufl11lJ'!fU'Y1111flVlltJ ~t1 U1nnU Deep Percolation I ass flJ\.I.\.UYfJW'!f 

1 ;:,," R.A.M. a~a~L\\aoo"~ rill~ 1;;:1fl'~111~'tu;Jna'1 
• .. 1(""'" ........ .. "".. ' I " 

um ~fH"iJf11J '1 fl..1nnl1Umn m "'lJ'YIlmlfllU'1mVll"::!J::\\1J~DJ'YlfJ'l:1J1E11.41 

J "'...... 8. ft)lJ1L'M\.I1JaU"'~nm 'J D~ • 
J1U~111't'lIlWml11:::UltlJl1nflu LnUJ1U~L ~JL 111";';\.1. 1", 1fl1.1011'(IItl1::· 

't11'U~!.I.J 2-3 tfl1.Jm1L ~l':U ;J,i"U11LlhLJ1U h.,J~lVil"'1JtI"'l\.u~D'H'n '\IIn"mnm~fll"l 
~l;lflrnJ1nufl USBR l 111.4 VlR"'n L nl~'fl"U1'tJl[llJl;JVl1JfI~lUUL":;lJJn"J";lJl"LW!J,1~1U 
VI~,m11U~\UflJ 1J"J '1 LLn;E1"'J~J1Ulh::nD1J~nVlRl[lDU1 .' L~U ~n~11::fl1J:l1~flU .. nu 
• ..,:.... .. II ... .. til.. .. . ... , I 

'I 1U unu 1:1 f1Yl't'lflU Jl\.L t'l111''''::flUY4 U YlmJlh::l flnalU f1 \1 , J'I::m1111fl::lfl!lflfl1Jl L ",ftl 

.. . .." ... \lmn1'OOmIUU1:UU1:U'""'~N lmJn1,t~ 
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