
A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers 
\Vith Completely or P~uti::llly Penc:trating \Veils 

,t, pro>CeCUfC 11 ;lft!l(ntcd ltlr CaJ~uJullnv the h~<JruuiiC ~lln.JUCIIVII!' o( Jl' ~IIUIJ«:r 'leur J "'fil rrom lht: 
r:.tc of M'IC of the .,atcr level in tn~ "'CII Jr'tc:~ J ;er:utn "'liLtme or *Ute~ ·~ •u•hJe:~l~ r~moJvl!tJ. -r~~ 
-~l.;ul.won ,. b~K'd on ti'tc niem C!lUIHII.IR ol •IC:Jil:' t(ol(( lk .. l<J u ~tl. ntt o:•rwuvc r~dtUI R. IJ•cr 
wt11..:h the ~c~d diffcr4mce bctween tile ~qu1litmum Willer :w.,lc '" the :llllltli:~ anu the "'JW le-tc! 1tt tnc "'ell 
i\ di~~~p~tt\1 wa~ ~·~luwtcd wnh 1 rc:mt;~nce n~twork anulo~ ror .1 wide rJn!le or 'l''U:m ,comet~. 1'1 n 
emrirtcill CQUIItion •chitin~ R, to the .,.eumct~ or lhtt "'CII Jnd u~o~mrcr """' ~crt .. ed, inc technt\jur ·~ 
~ooti~':JI11c to cvmi!I~tcl .. 9' parJ.!!tll~.QO:.XIfJttn~ wclla IM..JI.!!COnlinrtJ J!J..U..tfso, II c;m ;tlao be ~UIJ for 
~unlined wqutt'co tn¥1 rrcct"t: "'Dter rro.~m '.ho: •.IPO~r ~:unhninll lu~t:r. tii"( mctM•IIl'1 rt:1<ut\s o1r<: compuubl~ 
Wtth thO~ OOI~&ned bv Olht!r ~~~hni~U~ r<.~r O•llfiiiP!ltnll ~eumetflt!'l 

With the 'lu!J \~t the h~l!raulic ~onuuctivtt~ or tranh· 
mi:I:IIOilit~ of a~ a~ifer i~ .jctermincd 1'rom the rutc oi' r:~c of 
the water lc"el 1n a ·well o~{ter J O:el".all, vl)lume f)r \lull· I))' 

water 1s ~ud\lc:nlv rcml.l"C\1 from the w~:ll, iht: ,lull :c~t ;s 
11mplc:r nnd '!Uickcr than the The11o oumorn~ :c~t .,o:l!:lu~o: 
ODHervution wells and pump&n~ the weil Jre not ~ectiell. With 
the: \lulf te1t the portion of' the aqu1fer 'sumptcd' for nvcruulic 
.;u,llu<::t"tlV is ~mJIIer th11n tnut ror :he pump•n!l tcs1 even 
:h•,ut;!l wtth :he Iutter, mont of•.he hca-: io~~ .tis•> tJt:curo; "'nhon 
J r-:t:wvo:J:r 1m01il Jist.m~:e ct' :he ;umocc: ..vo:!l .mil :he: rc~IJIIInJ! 
tran~mtSMICtlit~ prtmurily re~eL~l :he J~u!t't:r ·:tJn(!lltons near 
the p~<mpc:d ~~ocl:. 

Euenw.tlly inllt;JOt:..tnecus lcwer:n~ of the wa:~r le.,el :n J 

wctl can ~ uchteved oy quick!:- remuvtnl! w:~ter w•th o1 b~ouicr 

or by pamially or ~:ompletel~ \llbmc~~mg an OOJCI:t in the 
w:atc:r. icltin~ the w;Hcr IC'I'cl ~each -:qutlibr1um, und t/lcn 
quackly removing the objc:~t. If the OJQUtfcr b very permeable, 
the water lcv-:1 in the well mo~:- ri~c very t"'o1;>idl!'• Suo.:h ru!'•d 
riKs .:an ~ mc:tt~urcd "'ith '~<naillVC ~r~»ure lranlklucers Jnd 
i\at•reospcnx mip :ho~rt r~&Jrdcr.~ or X•JI ~iiJtterl. -' I5Q :c mil~ 
IX r•mibic til i)~I.Jte ~"rti•.ln5 of the p.:rf~ratct.: ~·r ~rccnetJ 
ieC\i&Jn of the well with spc1:1111 ~IlCker!> ror the siu~ te1~. iht5 
not onlv reduce:~ the in/lo"' 01nd hence the rutr: .,r n~ o( lhc 
"·uter !~vel in the .. ett. but it also makc5 it possible :o deter• 
mine tho: ~crticu! diltrtbuttQn ..,r the h) drJ~o~Ji.: ~llnducl:"lt~. 
Spcc1ai puo:kcr leChni~Uc5 m;~y ha"C to be .:Jcvelt>pcd II) obwin 
a l!OOd 1cal. cliP<Ci;tlly for rough ~:~ing, or pcrfiJWtcn~. Erfcc· 
tivc scaling ma~ be ;u:hic--ed "'ith relati11cly ion~ w:ucn~ tJi' 
onflatabtc sttJppcrs or tuoing. The u~ of il)l'ltl )(';tion~ l)f '.t\~ 
matcriul' wl)uld ~l~o r~u.:c feubpe !I¢"' frllm the ·~t ,,,· :.~c 
well :o the ltt<JiiJIC~ sec:i"n ~CI\Oo~:l ?oll!kc~. TI'Wi ~()..., ~an 

o.:cur thtuuqn i"'"Cl en .. eliJpa or oth.:r pcrmo:ubic lone~ ~ur· 
~oundini the ~a sin;:. S<'CII¢n5 or in/];JJJOic :ubin!l mJ" "~"( toJ 
be: l..:n~:~ eniJUSlt to oloc:k orr the enure rur: \Jf the well nut U'I(C 
ror the ~~~~~ LC:Il, Hi!lh inrliJtitJn pres~iJres should be u~t! lU 
minimz::e vclume !!hungC$ in :llc !Ubing due 10 ~'!lan~ing W:llC~ 
prc,surc:~ in the i~olatec J<CI1¢n .,.hen :he: ~eill! i5 !..:wert:~. 

s" fa~. -.olullon5 ror the slug :~t ha~c ~m:n de~cftlpe~ l)nly 
for ..::Jmolctcl:- pcnct::..un~ .,.ells 111 ~;onrined aqu•fcn. CJI1Pt• 
tr at. {I Qfl7l dcri'<~ed ~n equauiJn :'or the rl)( or fall .)I' the wutcr 
:cvci in 11 well dter :11.1ddcn lu,.enns or ro1i3ing, rc,J)«ll"cl:-, 
T!'letr cqUi.lhQn ... :1) ba:M:d on ntln51CIId!' now 10 il pump.:~. 

:umplctely ;:'enc:r;•tinij well, .and ~he solution wu~ c:~.J)re111te1'1 J 5 
;a :~cr·e~ ot' 't~pc C:.ti"'<::~' 01\!!0iin~t whtCh Ob!ICrw:d ratC1 Ill' w:uer 
levo:t nh~ 1111:re :narl!l\c:jj. v.uue:t lor the tran~miMibtlitv .and 
11uru~c ;:o~rtic:.:nt were th.:n :"~alu.ucd rrom the ..:urve puramc· 
te~ Jnt: hor•<:l.lntat•~C:ilt: ;lOJSitiiJI'! Q( the l~p.: ,:urwe ~hCwtn~ tnt: 
oc~l ~~ wtth the c:~.pcr~m.::llulauu.&. S:Cihit:kt (l<l5il\ d.:••t:IOJ:!Cd 
JM >!QUD!IQI'I for C.:.ilculuUI'IIf tr!li'!Kmts~tbillt~ rrom the ~ec,vel"o 
oJ( :ne '"'lltl!r •.:vet 1n il well :llut wu5 rep.:atcdl~ buiiell. T':!~ 
:ccnntuue ~~ !im1te-: l<l ~~o~o:lt., tn confined Jl.lllti'c!'l ""llh ~l.j 1 '. 
ncientl!' •m•lll1..•• wutc:r icvo:r~ !t: ~crmit ~hor: :rme tntt:r-,~ 1 ~ 
octween b.tliin~ .. -y~lc:~ {L.JIIman. 19~:j. 

To lllll: tho: 11u~ tt:'l t'"r ;)llrll.tll~ penet~JM~ IJr pnrt.tull" 
po:rft)rattl! .,.ell) 1n .:onri11cll oJr un.:ontin.:o Jo:~uir~r~. •<>me 'IOeu'· 
oun5o C:e..,c!l)ped (.;,r :he :.IIJI!Cr hole o~nll p1ezcmeter :cchnoquef 
tv mc:~:~urc ~oel h~oraulit.: condwu~tty {Bou~o~rr QNZ Jatk.Jo,, 
l'li4] ma:o- be cml)lt.:ycd. HO'-'C'I'C:r, thc gcomo:u~ tJf m~t 
)lrounawatcr wells •s l)ur~tdc the run~c tn Jlcometry O:&J'~c~ed by 
the t::IHMtint~ c~uuu~o~nH cr table$ ror the •u1Jer hole or p1ezomc. 
tcr mc~:tOJtJs, F "' thi~ reason. theory iii'IO cquauon~ ar<: ;)rc• 
'l<nh:d itt this pupcr r .. lr ,,1.11! tests on purttall:o- or complete!~ 
pene:~~ttnw .,..ell! m un..:t:'ntincd aqutli:r~ ftJr a ~o~~td( ro~n~e llf 
,o~come:ry ~:onc:iuon~. ihe wc!lr. m;~y be: PIITtlllll!' .:lr ~ompletcl~ 
pcrfcr:Hcd. 'ICrccncd, or othe:'Wt3C open along thetr pcnphf:ry. 
While :he "WJIUUIJn~ ilrc d~clol'f!d fur un.:IJnlincd aQult~. 
:fie~ rr.01~· ;~I~" Ol! u~~d f.:Jr .:uw t~sa .,, .. cib •n .;l.lnllncu 
o~quifcr1 1r watoer enter, the m(!utfcr from the U?!)Cr continintt 
lii~er tnroug!'l comJ'rcssilln or leuk.ii~l!. 

THEQMY 

Ccl.lmctr;. ~n..! ~:-''TICI.ll~ ol ~ .. ~u,n Jn ur...:or.rined a~;u•fer 
Jr~ ~MI!\0:'1 in Fi~ure I, r:ur the ~lu~ le~t t~c "'Ulcr lc-•el1n :he 
~o~ell i~ iudueni~ :., .. er~u. Jnd the r~tc oJI r•~c ol' the ""'~ter l¢'ocl 
~~ mcu~ur-:d. Th( tlc..•,. 1nto the well J! J :ourrict.lur \'~luc .,r 11 
..::an !)C .:;~•cutatct: ;,~ mi)C:If~·lnl! the Thiem equJ\It.ln to • 
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n ... '· 
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'"nere Q ~s './1.: ::o"' rntl) the well ! h:ntt:h' · t1me >. K. ~~ :he 
/'lvdr:ALIIic .:cnt!uc::,lt~ IJf 111~ :~quifcr t:enjlth, ttmc 1, (. 11 the 
h.::~ht ,,1· :~c ;:'\lrt1on tlr well throu~h 10ohi..:h "'liter entc:n 
lhe111ht .:r ~.::~e~n ~r ~rforated Lone or or uncu~d pom1on or 
\Owetl), y IS IMC VCI':ti:UI <!i1~.1MI:C: bct\lt~n W:Jtcr leYt'ill! \OoeiJ 11 no 
cquilior:um "'Uter uablc in :.quifer, R, is the efl'ccuve r:.~iu~ 
over whi'h y is di!uiputed, und' '• ''the hori.tont;d diu~~ 
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IMPERMCABI.E 

Frv.. l. CieofM'I"· •"~C ~~~mt.ola or • I'•Mi•ll' PfM11tllin~:o pll'li•l'' 
pcrforttl'd wcllm um.,tn!IJIC!d 1QU1I~ w1tll J:l'liVCI!'IICt. or dtl<flo:oed 
ronc arnun~ perluratul~.oc:l.ior •• 

frorn weJi ~ntc:• II' l'~i,:in~l IIQUtler iwcll ~11diu~ Or TlldiU~ of 
Clt~;r~~ ;"IU~ tr11::1 nt"'J C>( )1T~•·el l'r.•·eiO~if 0~ Ol'"t:.iOJ'('C :N1r I. 

T!'lt 1~1 L. I. P ••• a.nc: 'w· ~t•t !Ol; tl.:••('\t.t•.C llo u:'ll\1 ··~ 
len~t;. inr etie~rvr r11dM P.. i' tne r.qutvalcrrt rad~ul cb~tlmct 
<'~ ..-nt:h the n:ttC: lo"• .•· •• dtr.~l~llteC tt; tne !lo~a· '~'Rttm. in!' 
v~IUC C'l!' f., de~ncll ;,r. tne reomct~ of tile fie"' fY~IelT\, llnd 11 
...,.,.. oetc~mee for difi'erenl vulu~ or H. 1.. D. anC: r .. tF1ro.m 
I 1 ,..,~!': ~ :"tll"tun~ ,,e:...,orl; uniiiOf'. 11.1 "''ill tl( dr~u~~ tn thr 
nc).\ ~oCC~.ion. E.oUlltuon (II ,. b3K'C or. ~tit ~tnumNinm thlll ( 11 
dnwdowr. or \tl( Wtote~ tabl~ r.round thr "'till~ ntorllcible. (:) 
1\c:>"" ot'tcw~ tht wattr u.t-.le (Jn the capillary· frinrrl c:an t't' 
ignored. i~) heH<! lcuel 11: Wltltr erllrn Ute well(welllo•~oC~o) 
arr nc,:lrf!ibie. anC: ~") Utr 11011ifc! i1 homogcneou~ an~ J~oe>­
tro~ic. nlelof Krt 1J'H UKUIIl IIS~Umfi\IOtl~ in the d~elopmtnl or 
CQ\IItu:m~ fo: T'l.lmj:leC hcue l~hM~Ul:'f jbw"'f'r a..t Joci!.ICW., 
lq74, 11nC: rererence! thc:rtm}. 

Tnc \'oaluc or, .. In \1) repreJ.c:r.t• ~he radilll di~tonce bet weer. 
the undi•~urbed aquifer 11nd the well center. Thus r., ~hould 

·include grave! envelop~ or 'C)~elo~· zones irthe,· urc much 
more perm~!:llc ~bun the aquifer IL\I!Ir tFi~ure 11. 

The rate 0~ rir.c. all'ldt, or UIC ¥'8\Cr le\'Ci in the we:J arter 
$Uddcnl•· rcm('l'in~ ~o'slu~ of "''!ller '"~~~.be relai(:C ro the inflo~~o 
Q b~ the equation 

d,l•ldl • - o:.,.~; 

whc~r .,.,,, il the e•Cis,..,r.:tiOnal ~~~~ caf the well ¥'herr thr 
"'·ate! IC'Vcl 11 ~ISI!lf. ihC' mHHI~ GIS,:T• lfo (; i 1~ ml~OOu~:e~ ftt• 

eu u~r 1 de~~cu•e• "' : 1n~re11~eL. 
The' term t, i' the tnMtOe r11d1Ul ol tl'lc c:uin~ \f lnc w111e' leovo:l 

i~ llbCVt tne perfo~~IC~ 0/ Cllherwn;e o~n POrtiO!\ or lhC well. 
If trtt \ll'•tct IC"Yc!J~ ~ism,: tn thr perro~alt'<l r.ecuon of ~he well. 
alli'wlmet- ~l!ouiC ~ t m11Cit l<>r lhc roro•it'' <oul"d~ \h(' wei! 
C&~ln· If tht h,-cltllllht C:OndUC\IYII~· Of ~hC J!rltVCJ envelope Of 

ck'Vc:lopo<j z.onc il Tr uc:h l''llshet thlll'\ that or lhc: IIQUifc: In ~hot 
.: ca.c ,the (or:>en) poro~lt)' ·•n the vermc.oble z:onc mu'' br '"' 

;~...;, .. -d~cod .In tile CI'OJ .. IoiX'UONII ~tre~t or lhc well. For CJ.IImplc. if 
·: :-:-t~~c:ndJv•·~f~he-pctrl«1Uod'OI•ing ia .20 ~m and the cuinB is 

·-tl. 1ttJ,•':tJ:~~"t'u_~~·~··-;4'ill~.~f"''r-.~J~~,'.,."r.~ ,)."" ... •. ~,.:..:_..,':!J·.;. , . 
'·· .,,. ~w~ ..... ~''l.h"" lll:).'tor"""•· · ~IJ.o~~,.~ .. ;l'li" .. 'T: • . . , • ,,6 •.a.,'''~~~~~;:,.tll,l'.·~·· •.,,• , ............ ,,.,;~\•f\vt'•••·'-'"-'•:•J'! • • . • •u, · 

surrounded ~~· 11 IQ.crr. J:IC!'Inc.ablt r.r~vel envelope ll'ith c 
porosilr (lr ,~. '• ~hCI:.ald t-c \liken a• I~ - o.~O('QI -
~(")]''' • ~.~ern ICI ott:w. tile c~OH•ho:c:'.IMIII :arett of tile w:t' 
thlll rcl:slt"!! 0. te (,1' ·t!:. The \'lllut e~r r., for 11'11~ weU !ltctior: " 
Jt• ~:rr.. 

Combinm& (I i »ltd t:) )o'telcu. 

l.. :r.:. 
:: c;.t• - - • d~ • "• lr. (1~ •. ,..,, 

which CliO ~ inte~rated 10 

: J:L.r . 
I t4'J n ,1' • - l 1 ., . ) ~ com:tlll'll . 

r, n l"•' r. 

AppfyinM thi• cquat1on l:>e!wt't'n limit' ·"• al 1 • 0 and ,l'o a: 1 
llnd .olv1n1 for X y1cld 

•• r,' ln CR.t,.) 1 I •·~ 
r.• -n'-:r. I ,t·, 

(~) 

Thi~ l:'qUIIlion enllblt'\ A' 10 be calculated from thr ri~ or the 
'\ll'lllcr level in the weJiafle~ ~uddcnJy rcm0111nj: II ~IU): of \10'11\C:f 

from thr well. Since K. ,,., r,... R.., and L '" \~ 1 •re c:on)~nt~o. 
(lit) In .•·.J.v, mustal•o ~connan~. Thu~ licld r.iuu. 'hould 
yu:ld a nrlli~ht line whcra ~hey are plotted tu In y, VCMiu~ r. The 
term (1/t) In .v .. 'y, in(~) tt then obtained trCim lhe be•t·fillin~ 
tit~aiJZhl line in a plot of In y versus. r I !lOt the eJ.amplcl. The 
Vllluc ar In R.l,. il ciQendenl on H. D. 1.. II TIC ,., and e~tn bf 
C\'Hlllated from lhr anui(IF ~c~ulu. ~l'ehCntcd tf' the nekllieC:tlor.. 
ThC' 1~an~m1~~ibiht~ 'i" o: thr 11o:tu1fcr i~ cuiculutec! !:1~· mult;. 
rd~·~n~ (! \ !:'~ :trc tntci.!ICU {) Cf tht' IIOUil~ or 

1>•.' \n (P.,.ir.,'l 1 I ~ 
T • :.L i n J'o 

(61 

'ihll equaticm i~ httt.eC: on thr Ol.uumrtuon lhllt the aquifer u 
•unt(orm wllll def'lh. 

Equ~:"'"' <~ 1 11nd (6) 11rr dlmen~tiOn!l!l~· ro•rcc~. Th u~ K enc 
7 IITC e~pm!oed In lhe r.11mr UnJt~ IU tne lcnj!th 11nd lime 
Pllramctcr~ 1n th~ cquatton,. 

.... ... 
Va\uet. orR •• cxpret;I'Cd ~~ lr. R.:r,... ~'~Crt OMerminec with 

un eiectrical resi~tllnt:f nctwo~~ anaiOF for d1fl'erent value~ o( 
'~~'' :... H. 11nc D (F'i(:utc 1'1. u~inp \h~ Mtmc tn~umr.ti.:tn" 11~ 
lho~oe for \ 11. An u:~:"~·mmetrt: ~.ct.or of I r11d wu !iimulaled 
b~· a n~t\I>'OrJ.. or electrical resiatort.. Tttc vertlc:al di$lunc:c: ~· 
tween lhe node~ w1n con~tant, but the r11cli11l d1M.ance bctwrtor. 
fiOdl'fo IOC~c:ISCC with increuing dll!l8nC( rrom thl" center line 
( F't~ure :i. This ~·icldcd a nctworl "'llh the hr(!heNt nod~ 
dt't15Jt~ nettr thr wei:. ll'tlt'!'e tht' heud IOl~ ll'lA f!TCH\e'~~. nne lJ 

dec~c:.~in~ noor ckn~u~· toward the ou1~ reaches or the ~y~· 
tcm. For p more dc:Uiilcd di~IISSICJn or j:~UOcc! networl;~ ro· 
re:m:M:ntin~ u~;is~·mmctri• flo.,. sys.tcm~. l'et l..H•ttrnaM ! 111~0} 
1mc! bf>u ,.,., I! llr.Cl). 

i11e ru:lall e:.lent or th~ m~diUIY: t(J)TeoenlcC on th~ unuiN 
"'H~ m<trc tn11n ('IC,(YY.l time~ the III~J:c:li~ !w· l'lilur u~~eC: 1r. lht 
unui~'IOC\. Tnu~ the Tlldiol exu:nt or \he: Malo~; S~'!tem wu~ 
es~cn11olt~ mftnile. Ill t'\'IOencc:c b~· the l1.1et \halu rccluc\tOn ir. 
~11d1u! ex lent t-~ M"vcrat nodc~ die not huvr u mea~>uruble cft'e::1 
or. th~ e>b~~...,.e~ ••ulut' Clr R •. 

Tnt: ''IIIUt' orR, ror un lhflnllel~ dec~ IIQUifcr (f) - cr. I "'"~ 
ocv:rmtncc b~· r.1mul11tins un impermcuble und then lin tn· 
flnnc'J' permcllble lU)Ier Ill II c:crtuin \•&ilut o: /). If thi~ \'lllue or 
/) U taJ.en 10 bf 'UfflcienlJ~· larpt, lht fl0\10 in the: JyMiem when 
L111: IM)olt'r u1 D i4 tAken llll betna tmpermut-le •• onl)' sJighLI) ,._•:. ~·:i:~·~:,~~ .. ~.;.~\~ . ."; .· 0 
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Fia. :. ~•Jilc ~rr~nwemcnl wm 1 (or ~·•tun~:• ~l!lwllr~ ~Mill~ ana ~!tnCiaf di,crrllurion liiiiJII::JlCO .1& pcrccn1uwes ')11 

eQUIPOit:n!IIIIS t (qr ,\'Jicm •Hfl L:~. • ~:!, H;r,. • llliXl. Jnd o, '• " I ~')0. Tllc n~o~mntn un :he lett •nil ~~ I tit :oo •ll' lht 

rhturc ~rc ,,rm1r:11~ len~:h Jnlta tnole llrlf~•• '" 'lcmzllnllll ~:.le1. 

l~s than the llcw wnc:'l the Inver ·,! taken a~ beinll in tin 1h:lv 
~rme11elc. i'le ~~ :r:&~e .,, tlle :.wo 'lew~ ;an :nen ~r.· ~u11cM Js ~ 
yoO.: ~Limacc •lf r ~e ~O"' :nat •.-outc occr.r .r !lie aQUII'cr "'ere 
repre:~enled en Ill·~ anal...,g Js bcmfl un1f'urm ~"' mrin~te <lC!)Lh 
{Bou"'~"· 1967), ihis a~erugc tl\lw .,.ll~ u~d \1) r.:~h:IJI:Itc R. (or 
0- til, 

The :~nliiOJ! anu ·~~ llfCrl: P<rfllr.n.:d ~:' ~1mulotin!; 01 1y~tcm 
w1th r:ertuin valu·:!l uf '•· H. unc D. The: elec:m:al currt:':lL 
entennl! the •.,.ell' ,..as then ma.~,ur~ fllr ditTer<:nt Yaluc~ l.)f /.., 
rant~inK fr1.1m nCllr H to ncar 0. T~m w:n r~o::llt'd ror other 
llalues or"'*' H. Jrrd D. The condiuon Wile!'( t. • H .:crllt: not 
be ~imuJ:~ted on :he unalop ~c-.ru!IC 11 woultJ me:~n 11 'hor: 
betwec!'l the water tilblc :uthc wurt'C .md :he ...,eil a~ the 11n~. 
The elet:trt~:al Cl.trrcnl now in the anulos WIIS COI'IVC:rted to 
110\ume per duy, and In R.,'r. wa~ cvnlu:ucc w1th 1 I) for eut:h 
combination cr ,.,, H. L. and D U!.CC in ttl~ ~na/oll. 

For ii si~rcn i<•Jmr:l~ d~rlbcd :l;' , ... H, ""~ O."Lnc ..:urrenL 
ftow Q, intO the timUJlltcC WCI!IIaricd ~.cntt;liiV ltnellri'Y Wllh 
C. und could 01! •leteritred b:r" the e~o~uuuon • · 

Q, .. "'J. - " ('7) 

B~CilU,C or !h!~ ltnc;Jrit~· l)(: ... een Q~ :~.nd :. :he ~!:SUI~ llf ~he 
11nuly~~ coulu ~~e e:\trapol:ltcu tl) thr: con~1tion L • H. 7'nc 
vulucs ~f min(~ appear~ to ~~~r::' invef')({~ .,.ith In H1•,.. The 
vuiun 11f n \'Uroell o~pprO\irn.ato:lv 1inc:at!~ ·..,ilh In [ID • Hl,· 
r.,l. the 1lopc A an.:l intcr~:cpt 8 1n :hc:1e r~lauon~ ~"II.:~ func· 
Uon or 1./r,. ":'!lis cnllbicd the ~errvation .,,. :tic rolltJWIO~ 
empirical equation C'!:llllln~ :n x.,' r,., \0 the ge~;mct~ or the 

sy:,:em: 

ln & • l_:~..;. ............ _;;.nM:in.-,;.i(.=;D_-~f{1.:.;.;.':~~-uJl-' 
,,. lnCH/r .. ) ;_,,,. .. 

(~i 

In this cqu:nio,, A ;~nd B arc dimcn~i~>nl~s cocffic:tent.1 thuc 
~arc functions or 1./r., as ~howl'! in Fit~ure J. If D >> H. un 
incra)( Jn D h.~ no mcasurnble cfTC~:t on In R.lr,.. ibe analo1.1 

~·" "'.1., -.. . •. . ~-.·~'!,'.· 

rc!ults indicated that the ~tft:\.'11 .. .: :.~p~er ',lm•t or In (<.0- H), 
'.; .~ o. Thu~ if :J is O:Qn~u:~r~ .ntlnlfy •Jr ~.D - H~t·., ~~ tt: 
Ju~pc :nut in f(j .. H),'r.,j "J:CIItcr :.hun 6, a .. a11Je Jl' r. 
1n•)Uit.l !UII ::Jt~ ~~d (¢r th~ :cnn In I<D - H), • .. \ in t:i 1• 

tt' D • H. th.: :crm ln ((D- H)/r.,J 1n (ll) c::~nn"c !>c U'ec. 
111.: analo~ rcsulu indic:ace(! that for thi!l .:oniJIIiOn, which i:s 
the cue o( a full~ pcnetraling 'IIIC!I. Ill) 1hould !)( m~ified tO 

( 
1.1 c ,., 

In R,/,.. • In (H.'r.) -1- r::;;;J (9) 

...,here C i~ .1 ilimensionlc:~u ~11ramcter that j, a (uno:tion of 
t.:•., :1~ ~Mwn '" F'ijlure ). 

EQUUU¢n8 (8) and (9) ~·ch.1 YIIIUC'J I)( In R.rr.th:al ;&f~ within 
IIX of the ~-=tu;~/vulue :u evulu.,tcd b~ anulo~ i( L > O,.IH an<l 
within :!!\% if I. « H ! for c.'ample, I. • 0.1 Hl. 

ihe an;.~lo~ anai~\CS w-:te ~er~.,,~,:~ ror "'ells t~n: ..,~n: 
clo!l((l .. , the tk)ttom. Ott't13iOnally, htJ ... e~er, w.:ll~ W\lh OOC'Il 
bClttoms ... ere IIIlO iimulatcd. The no'-' thrtJu!lh the bCtiOITI 
appc.lltCd 10 be llC!llil!ible ftJt BJJ YiliUC5 Q( 1',_ and /. U~ Ill ttl.: 
unul~~· !I' r. i• noc muc:h l!felltct th.Jn "• !for Cllo~mplr:. 1.1,.., 
<< oll. :he ,~~tern pcometry llf.'pro.)~t:he:~ tiM .,r a piezometer 
~avll~ (B~'U'wtlrf ~rtJ J..zt\:.JOfl, JQ":ol), in whu:h c:m the ~Ottom 
tl~"' can be Sl~nl!iC:ant. Equ:llions I~) ~nd 19) .;an al~o be u!ll:l! 
cc evaluole In R.i r •. ir n 1'~rt1on o( :he pt-r(<)r:~tcd or othcrwi~~e 
c~n purt "I' :he .... cu~, t!l~•ullcd "'ilh l'llt:Kcn for :he ,lug tell. 

E.~IIIOI.ltCntiBl!l (or t:-.'1: :\ow ty\LCm IHOIIII~ :t. l)llrtially penc• 
tratinl!. pun1ull~ pt:rfuruu~d ,.ell in"" on..:onllncd JQUtfer after 
!c.,.cr:n~ :he ~~oJtc~ lc ... cl in :he wcll.l!"! ~htl""!l 1!1 Fi~1m: :. The 
numbe~~ ill...,ni; tn~ )~mr:cl~ 01:0.:5 01nl! the w;~:cr tuNc re:m:• 
'>!:nt ar,ttr:H'Y ie:tr,h units. The numot:rs "'" the "QIIIPUtentiohl 
tnctcatc 1!'1o: pC'Icnciul :.n .1 po:rccn~ai!C ...,r the :ot;~l hcud t.1i(.er· 
~nt:e bcl'Wet:n l!'le water wolc (JOQOi,l Jnd !he l,pen P•>rtion of 
:he: well tOo;,) ~how:l ,., a da,hr:d hnc. 

The value orR, ror theca~ in Flsurc ~ i5 %.71ength units. 
As ~hown in !he fi!lurc. thi$ corr~J'II)nds appro~imatr:Jy to~l~ 

.~ . .. 

.. ... 



S~lfr equlr>Qic:r.uul whcr. P... i~ lall:~nll~ C:),\tnclrd f~Cin'l the ern· 
1er o( thC' e>:-er. pe>r11or. o~ th~ \l•cl:. T~u' rN•~! Cll tt>t r·~~ I.;"~ 
'" tht ~''" r~·~·e:m (o;::u~! 1:'1 ~ .-:•hnor· "''ttr noC1tu1 '·~· ""1\tr.M 11 
indtc:J~~J\1( or U.C' hom.CIOUii tXlen: o! the l'Ortt<tn or ltlC' llQUlle• 

IMim~ieC for J, 01 ":. "!"hr YC~IClll C~lCn\ II ~OITIC'Iol'hn: J!rC:IIU:r 
thun l.., ~~~ wd.culed ~"r· lo~ aamplc, lilt 11{•'7. rqut~otcntlui m 
Fij!Urt ~. 

To e~umatr :nr ru1r of rt~ of l!'lr "''Ill!'~ lrvc! 1r. ~well lihC'r n 
i~ ~udocnl~ lo•.,crec. (! i can ~ "'ri:ll:r. I!~ 

'·. 1:., "· t-~ln-ln"-' 
• r... '" .•· 

(lO) 

li~ llll;inF ,l'r • 0.~1·.., riO! reduet~ 1(1 

0 0~ ... r,' 1 II' 
I~ • • .,,. , 7fT. r, ~ (11) 

.,..he~e lr,ooo 1• ;he ume th.ll 11 ::.~c:~ for l:le .,. :.tcr h~\·cl to r:lt( 
~· or the di~ Jlnc:t to tht equilibnum IC'\'e!, l4~· unumm~ a per· 
me&blc aquife.• with X • ;lO m/dlly. a well "'llh r, • 0.: m lind 
L • 10m. ant! In (/(.~r •. ) • ~.(Ill yic:ld~ lrl{l'l. • 1.8: ~. Thu~ if 
·''• ~~ lal:cn liS :10 em. 1! l.alo.ef 1.1! ' (or lhc ""Uit!r level IC> ri~e ;7 
em. aoother l ~ 5 for 111r nr:~t ;:,; em !90'>r ~r the rem&1n1n~ ~ 
em), ;~nc .nul her 1.~ • lor tttc nc:lll o.;-: err.. or 11 total of ~.w • 
IN a me or :~·.97 c:rr.. MCA~surrmc:nl of ~n~~ (llflt ri~ requsre~" 
'Cn~iltYt 11r1d ~occ:uratr trun~Ouccr 1011~ £ !11~:·~C:~J'OM~ recaroc~. 
inc: r~ortr ttf me Clln [)( rr.oucr~ t"~ uiiP"'InJ; ~·ollndwl.ller 10 

c:n1rr :hrCiu~h on I!· L PCI:'liCin Clf tnt orer. ~oec:1on "'the "·el:. "' 
CHn be' a..-com:)lt~rteci wun PliC:t;en. 

For u moocrutel~ pe~mewblc 11qu1fe: "'t:r •. lor r:um~le, J.' • 
I mld»~.ll wrll wtth '• • 0.1 m 11nd L • ~!1m, amd ll'l!F. • .r.,., 
• ~. (ll) vtciC:$ 1 • 11.4 ~.In th1~ c:w~e. Jl wauld lial.t ttlr ll"llle: 
)C'IICJ ::.~·~ IC• rJI'C lrorn ~ C:rn ICI Q,Jo ;ITo l'ltl!l"' iiiJIIt' IC'YC:! 

Ex .. Mr~ot 

"' ~tus: test wut ~~formDd on 11 ~~t' well m the: alluvual 
ocp01iiU or th•: Sail R.tvcr boC w~t of Pnoeni)., Artzetnll. Tl'lc 
"Well. known ~I the WI ~. 1J lOCII\cd 111>0\11 2!) m CUI of ~il 

' ' ., ,.•, • .· ,•' '·:·.:'I·.,,,,: '# ,'. ~.:.;_,' t :. 
.• •rl~·~.~ ......... \ """'. (l '":'\ .. ,., .. ,\ft.,.,,. r~ .. ' . , ......... , ' 
. .• • • • -'• .. ~~·-··· .• , u .•• , , • • ·: r,.. ~····· 

·.-': ..... ,., ...... 

Tlll'id .nflil~11110n b;arn~ rC'r )!fCIUndwuter rr.Chll~pr wl!)': M"Wllpr 
c:flluenl jl:wtt¥>•, f<l':'()j 7"1'1(' ~LIIU' WUIC'r IP!.'IIr "II! u: II O::'!: r 
,,r .•!!:. D • ~~. m, H • ~ .! rn. L • ".~1:' rr .. ,, • Cl.(1':1e n .. unc '• 
""Ill ~~l:er. HI- 0.:: rn LO uho-. for dev~iOJ"liTICTl\ or th~ IIQUlh:• 

llrttunc lhe pe~ICirUI~d PNtiOI1 or the ::a~•n~o. A Statllurr 
Pill. I~ I ":"C prc:~~urr ~~~~n~aucc:r ,...,.. •ufii'CnOcl:' uN•ul l m !'It• 

II'"' :nt ~time Wi!lcr IC'vc:l in ~he well (when \node nurne• unc 
cc•mn11n~ nume• u~r m:oludrc:, th~· ur~ for tr•co eon,•cn•enc:r Cl' 
tnt re;~or.r unc: oo no: im:'ll~· prclercnlial cnGo!"!o~mcnt of ~ 
pun•culli' pr<•Ou.: Cit c:ompun~· ewer Cllhc~) t>~ lhr 1.,; .S. Dr· 
J'llrtmen: Clr Aj:ricuhure ), "' !o¢hd ~lindc:r "'ttil p votumf 
Cqlolil'll)r.tll IC I. C,;l;'•m C:hwnrt in 1111'11\t't iC'VC! In the welt WUI 

ol~o pl~<cn.: toclo~o thr w~ter lc:Yel. When tnr lol'ltU:,; lrvcl hue 
returne~ I<• cQuili~rium. lhc cyhnCicr "'tU .,tu>:l;l~· ~":m(lvtC. 
Tht- trunlodu~~ Clutput, rcco~dc:CI on 11 S11rrc:tl! millivCIIt l'l'• 

carder, ~ic:lo~ :r•r .1"1 rcllliiCin~llip sho"'r; '" FIJ.'Ure 4 wtth ." 
pt\lttcC: on il to~umt.mtc ~calc. 7'hc maight•lJf•t p.;,rttlln ~~ lnt 

''uhd pan C~f the r::lldit~!>~· Tnc nctuol .•·~ vulue or o.:r. rr. 
indtCDic:c! l't~· the strlltf!hl ltne rJ clo~e to the tl'leMe~lc.llll'lli~o~e <tr 
O.J~ m c:w~c:ulotC'd from •he di~plocement of the ~ubmcrgcd 
~·hndcr. 

Ulend•nr til~ ~trutt:hl line in F'l~urc: 4 •he•"'~ lhUI rc>r the 
a~bttrll~il~ ~oeic:tr.: I \'aluc or =(I ~ .. 1'. 0.00~~ ITJ, Tnu~ (l/1 lin 
·''•'.~ •• o.::~~ ,. '· Tht valul' or L/f.,.. ~~ .• rN \O'Illcr. F'i~urc ~ 
~··eld~ /. • :.c- a roc 8 .. 0.,:. Sutl~tltutinj: lliCK \'IIIUe~ 101(1 ~~I 
a:nc u~•nF \!'It rr.~:,lmum '''due orb fClr In ltD - H ;,- '"'! tKm::c 
lro lt.D- H 1 r,.! lc•• ltlt well CJ.~c::dl {1\ ~·•eid In·.!:. •,. l • :.;:· 

EQulrllon :! • 1trer. fl"~ 1: • c.ooc~~ .,.,,.J • ~: rr. co~. Ttm 
\'hluc Uf!ICC'I Wllto A' \'UIUC't- or I {r 11\'ld ~.3 m: Cu~ CIDiall'ltC 
prrv,ou~l.• wnt. lilt lllt:lc methM on f""O nc.art:ty O~he!'\'llticu·· 

well• :M,v...,.•. I 07(1). 7'ne~ot A' vuluC't- we~c c5t>en1Utlt~ pom: 
mcu~urtmenl~ <'r. tnr uqu•fe~ tmmtdlllle!~ arounc ttlc wei: 
DCihOm~. Wl\t;r. \O·trt Ill oe::Jth~ or9.1and (1, I m. ~~;:'IC:IIIICI~ 

COt.11'-.k,I~O!'l~ 

p,,.;(llf'lf'lf'r Mf'tltod. The pcometn,o to v.·hic:h (to Jand (9) and 
the coeffic:t~nt• Ul Fi,u~ 3 apply ()VtrlBpa \he J:COI'I'IC\1')' or \he 

t' ' I • ~ I I' ,•: : ; • I . '. .•. ~ ...... ' 



~ie7otneler method at the lower values o( LIT.,, With the 
.-•c:Nrnctcr method " C:l"'ll!f 1, o~ugered llUt tn tile wil below a 
p1~:.:otnctcr tube. The w:ater lev-:1 in the tube i~ abrupt!~ 
lCWt!r ~d • .1nd 1\ ur thC ,Qtl :Jround the CIIVtly IS Clllr.UI:lted from 
:nc r:1:e or :"1111: of the water ic.,-:1 1n lhc tube (B()IjiW',• IUid 
:oJ•'icJI)fl, ;~ .. "1· The C:QUaUilll ror I( •• 

.,. !I'P' .. J 1 l t1 
~ .. --; n 

Ar • y, 
•.1.!) 

w'\ert .~,. Ill oil ~C:11mc:tr:' "at:tor With ~imen~i011 o( lc:!Uit!l, Val• 
~c' o' .~., v.ere :v:1i uuccd wtth an elct."trolvtu.: tunk a~a:o11 '"' 
Y1111"!~J' {!9~8), wi!Q...e r~::,ull:t wm c:.,pre~d in ubular (orm ~ 
A•l'~· fllr ditfc:rent ~alut'\ of L;r., tr<~ngrng between C an\l d!. 
1H- [.)if..,, ani! • . .0- Hilr ... 

T01l:mg :1 hy~rheticaJ ca.'IC v.here Ur .. "'8, H/r.,.- 1~. and 
D.'r.., • Ill, K .:ul.:ulatcd with l~l is 18~ ~low K cail:ulau:d 
with {1:). i'w1 ;, "'"'e lhan t!'lc: 10% error normully e:\p<:ett:d 
wtth (~ l una 'q l for the /.1 H vuluc of 0.67 in this c:a:~e. The 
lar~cr di~W.:re;:unt:~ r:lill' oc aue :c the: dtlfcrcru:c: '" mcth~· 
OII.IKY· cr ~~ the fa~:t tha~ the £., '., value is ~Jo:~e r.o t~c lower 
limll or ~~~~~ rnn~c: .:e,.erc!l •Jn the re,i!to~n~ nctworl(. anulol!. 

,1\1) .IPI'I't~mutc eqUllUUn ror cnh:uiutintz K 'lotth :.he pie• 
~cmctt:r mc::M•! ... a~ .-r~c:rucd ll~ Hvonl~u (:9~1], The cquu· 
:ton, WI11Ct\ '' ::JIIIIf:IJ \1M !he o15!Umptia!l5 Of iln ellipwtdll} .::l'lllt!f 
..:r w-:11 1ercen anll ;nrintrc w:r:tt:OJl c:.'tcnt (upwnrc anl1 down· 
wuro) .Jf the !'low 1!f~tem. cunr:un' il term {I ... (!./:,0. .. 1')1·'. 
For mu•lL weii·~IUt:•te:\: ~eomctrta, L/':.r,. wdl be au!fio:~ently 
1nrg-: t.:l l'Cr1'11t reolato:etncnt of I his term!):' f./':J.,, rn that 0:11111:, 

.,.,wcYer. H"~Micv'1 cquuuon inr Q ~telds R. • J.. whtch iB n~t 
:r:.~e. l!'t ~c:liit:'· R. iH .;t)ll)tt.le:·Jr:i~ le, •.hun L. F"r ~~Jmt:•c. If' 
:. • ~; m. '"" • 0,4 m. H • ,0 m • .1nd 0 • ':1!. t~ ·, ~I!.Jw, tnat 
R. " l ;,9 m. which tu mut::'l le!s :han the v:~Juc of 40 m 
•nlltt:atcd o~ Hvor~tc~·s cquauon. HoJ.,.c<ter, 11nc:c 1/!C c:~lcu• 
~:ltiiJn ot' K I! ::J.t~d ""In iR.:, .. l a~ 1hcwn ~~ (5),lhc error .n 
K I) ic::~s :h;~n :he err.Jr 1n R. 1 ;,e .• J6 ;Jnd :Jt>llh. resl)e~:tively. in 
:ht~ .;u:~e). 

rf. fo>r the ilt'\.I~C eumple, :he 101' or the Well \l;'reen Or CO.,Ity 
l!ad ~ct'n ~ken Jt the! S.ilmr l~tl n the w~ter tattle tH • 40 m l, 
R. ~~would ha"e ~en ~.b ~ o~nd HYt.>nlcY's equation .. ould hu.,o: 
yteiLle~ a K ,.aluc: :nJt is !0..., h1phc:r than K llt"o:n by (~l. The 
lurl!~:r cr~or ~~ prunuai~ .:Juc to ,.l.,.Or\h:~'s ~~~~~m~tr-'n of m· 
:inue llt:r.rcult.upw·uai e-.tcnt of the llo"" '~~tcm. ""'hich i~ not 
met when tho: <:avtt!l ts immcdtutcly b<:low the wau:r table. 
L'~inl! HvoMJc.,'3 eouuuo11 for ca--iti<' immet.liuteh below il 

~l.lnr\~tn!! i:.~~~:r "''}Ill~ .ncr<OJ'Ic: tht: o:r~l.lr l.:l "J"'t, b'ut tht\, of 
.:ot.SI'le, " .:uc ~o the [;Jet that a water mble Ill n~.>t a S.:lltd 
ooun~ury. H •~o.mlcv\ c~uution ror the .;onlinint~ ia~o:r \ll:;c can 
oc ~nown to .•1dd R, • !L.. 

Ac.r"" it<Ji,. '""'""J. 7hr: anulo!( anal:-~ rcr !H) ijnd 19) and 
Fi~Jur<' ~ were l)er:'\)rmcd t'oJr L < H. bo:cau\c ,hort t:lr~uiun~ 
!;lctwo:~::~ tl'le ""utcr t.1b1o: an<J the .,..ell prt:n:ntcd 1tmul:~ti.)n oi' 
the ..:asc ""here l. • H. tr :ho: .1nall.lll result~ are e.\tr:~colilted to 
L .. H. ~.~wo:~er. the '!'!IJmo::"y or the ~y,tcm in Fi~llrC' I 
~ccome' ,imiiur to thut oltri( auger nole techntque. for which 
o.t number ..:f C4U:Jtion:~ and sr:~ph5 h3..,e been Ct"Jo:lopcd to 
.:ul..:ulatc: I( from t..,e ~!\t. ol'thc ""Uler lc:vcl :n the ..,t:Jl (.8ou-..tr 
ana Jarlr.Jo'l. :llO:-'J· B·I•W llfld Ktrll.hllm (I.J71 J, for l:\o~mplc:. 
O:c:~c:l..:peC ',Me Ct.;UoltiOO 

~~· K • Cue-'­
.!t 

"'here C.ll "'a~ do:termuTed m:JihCmo4ti<:o.tl/~ and t'~~rM!I<d in 
tabular rllrm for "arious valua of L;r,.., tD - Hllr,.., and 
y,/ H. Since the rute or rise of rne ~a let level in the hole afLcr 
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the rc:ml.1val or a slu~ or wo.rter d~rcil~~ .... ,th dC:I!I't:l,in!l y. 
.:..v: .lt i~ not ~ .;on~:unt ano.J :h.: ... uluc cr K obtain~ wnh ttl" 
;mxc:dure depends on tnc m<.~lfniiUilc or .:..v u~d 1n th.: fic:ld 
me01~uremcnts. Tho: tcncral ruh: ia :hat~>' should be rclati.,cl:-" 
!m.tll. 

T .l~ln~ ~ h~p\)1~~\ical ('!ISO: whc~~ v ... :.~ m. ·''' - : 4 ~ • .lt 
• 10 s. L. • H • ~ m. D • o m, aM '"' • 0.1 m. 1 ~ 1 ::-u:ld3 u K. 
ll~luc lhUI i~ 36~ i.:o ... er than K C:\lt.:ululcd lf<lth Cl n H.:wever. 
tf y, ~~ tak.cn as 0.~ m, wh,..:h ~nouhl ~ive .:.r • 3~ s a..:.:ordintt 
to the thco~ that (I.' t l In y,,. y, r~ ;on~tant. the .'( ~ulue yield<'l:l 
b~ (~ 11~ :(l'li- !ltqher thanK t>btutncd .,.ith I IJ). If y. is tak~n as 
Cr. 9 m. ,.:; ' m~ 1 I J) lll"'C: ;dcnu<:al ~~5ults. 

Slug 11'11 "" 01('1/S llr CofljiflrJ 01/UIJim. The ccntint:C. aqul rer 
for wht..:h the sill II test b~ COI>P"' tl a/. ! I ~o'7}wu~ C:c~~Joped is 
an ~qull'cr 1111\h ~n intcrn.tl"'atcr wurr:c. for C:\am~ic, ~ct:hJfllC 
tl'lriJush :~qunard' or ~~.>rnpressu:-n I'll' cor.rinir.l! luye~ "'r other 
mJit:riul. Th1~ ,ttu:~tion i~ ,imilur to thut of the un.:ontined 
J~utfer pr<sc:llted 1n :hi~ ~upe:- ':lcr.:a·J~e t!lt: water :able '~ 
~~nl!tderc:d no)rtzcntul, ltk~ ~he: UPt"<:r ~unc.a,..., tJf 01 ..:or.riru:d 
.~~uifer. an•~ :he wuter table 1:1 a ::.'IUM osourc:~. Thu!l K or 1' 
..::~lt:ulatel! wttll (~ 1 or (OJ slltJuhJ l;c oJI' :he to~ me Qrder :~!1 K 
~~~l~ulo~to:d ""tlh t!'te pro..:edurc of C01J~' tt ai. (19117), wnt..:h 
rn~ol~e' :>lOtting tile M~ of lllc "'atcr le .. cl m the well and 
linl.linar the best tit on a family of type .;u,...,cs. Coupt,. tr ell. 
f19b7J prc~oentcd o.rn cl\ample uf ttl( calculnt10n ofT (Of u well 
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ll'ith '• • , ... 0.0':'~, m una I. • 9~ rr.. Th(' rc~ultirt~ \'IJiu~ (I( r 
'-'llh .:~.~ m•tdll\', Values or D 11nd H for llli~ .,..eli wer~ nCI\ 
J!i"cn. Ho\Oo·eve~.' since the wcll~t·a. rz: m dec~ anc ::Cimpletc:;~ 
pocnerratin!l tat len~1 theoreu:atll~· ), D Mncl H n•u~' tJt·"~ t'or.-cr· 
bet~tetn O!; and 1:~ rn. A!.,ummr thai !'Nt; {) lli'IC H "'C~t !(l(l 

rr •• lt' 1 .'·•c:l.:b T • t~:.ll m',. c11~. "tucn •~ <;omru•lil'l•r ... ,:11 T 
obuunc~ tt:- Cooper e: ul. 

CO"'CLL~SION~ 

T11c h~·drauhc conductJ''':.I ol an IIQuilcr ne<~r ~ "'c:l: cur. be 
calculated (rom the r1!< o( Inc "'IIIC:~ lcvc! in the ... ell tot\:r b 
)IUF of ~t·;ster ~~ ~uddenl,l' rcmo.,.re. The cai:ulalfor. "bllloe'C or. 
the ":"rm:rr. cqu;uior •. ustnJ: t~n cfic::twc ~;,d1u~ R, fCtr thr d1~· 
l.tnet over wh11:h ttu: head c!ilrc:renc~ hclwecn the rQuihb"lum 
'lft'JIIer Llll'!ic in the aouifer •nc the w~oter lrvc1 '" thr "'"Jl ~~ 
di~~lpute<!. VIIIUC'~ orR, ,..ere CVIIIUI.IIt~ ~.\ electricol r~i,.~ncr 
ne-:worl. analo~. An c:mpim:at ~qulltll'ln Wb~ t~en Orvelol'Cd \O 
rel;sre t., to :n~ ~t:CJrnrt~ or lhC' ·'!'&tcm. Ttm ~qu~uor. ~~ 
ucc:urlllr to \\flh1n 10-:~~. oepend1ns: or. h''" much of the 
"-'ell bc~CI" the '"'lll~r lubic i~ :-trfcorated o~ <lthe:""'rlo( Cl~n. The 
Lcchruquc is ~o~~~~cu~le 10 J:~aniall~ or cCimj'leteJ• l'enetrt~tinr 
"'ell~ 111 uncontincod 01quifcr~. It car. a/~o be u~ed IC' oum111r I he 
h:"dr;tullr c:oneuc:tivn~· of c:Mfme'd liQUifen !hill re::eM 1t·.111er 
I rom the up~r conflnll'l!= lu~~ throu~;ll tCCI•IIrrc: or comNe•· 
'it>n. 'Y 

<' The '<l:l'l.icul du.tuncc b~twc:cn tht rrMnJ: Wille• lco..,el u, LM 
~ .,..r:llund thr C'quilihrium w.urc:r Wible,, tbr ~oqutle~ muM ~·reid' 
~ 'tr.r.~i~:ht line "'hen 11 i~ f!iotled on • f(lj:llrJLtJmJ' ~Ciilr u,::;unw: 

l~tt. ih1~ Cllr. tot U!oeC: \(' ChO.:I. lht' l'llliCHI' 0~ hr.IC ,,c~~~~~· 
ll'lt'\!1 OII'JC' IC' CI~Lt.ln :rJt ~C'M•fi::1nr illtr {(>' ~~~i~UIU\111~ Ill\ 
h,IIC!IJ~J,_ COTIOU.:"Il\'1:~. /-'trmt<tbrr IIC11111C:T~ prJIOIJ:r r.apJ(1 1~ 
rr~tmf "'uto::r IC'\·el~ tnu1 c4lr. be mea~uree Wit!' !lt~l-~e"h:'IC>nh( 

pre~surc t~llnloCuc:erl urrc s~~~r ::hu:'\ recora~~~ o~ .r•,l t~i;lho:~~. 
Ttl~ ~rtiCin of lh~ IICJUtfc~ hllm;'lled for h~0~11uhc ce>ncucttvJ:~ 
Wflh !ht MUi tC'•I !I llpptOktm/lte/~ II ~JJnOet Wl[f! rlldiUI /,, 
and 11 itCJf!ll\ •C1m~"'·h11t lurrcr >h•w the ):'c:forlllec or o~ne:""'l~r 
open J;CCtJon of lhe well. 

H~·droulic COtlduclii·H~· ''alue! ct:Hmned •·itll tht propo~c 
~lug ltl.t lite cCimpklltll~ wiLh thost yielded b> the Murc:r hole 
lltld PJr:zOmC'IC:r IC.Chniqu~ '\&'herr lhc S!cOmctrie~ O( the ~~·~IC!'r.~ 
""dill:\. and I'~ ~ slu~ 11:'11! fo• ZCim~leotc:l~· ;'lenetr:ninJ: well~ tr. 
ccrnt.ncC: uquder~ 

Rr """ r...;c.:~ 
!lou~. C. \1. .. ""C: D. ~~r~h1om. 'Iuper hole l«f'lllrt litfo~. Sol/ S:r 

s(,( .~"'(''. 1·~(~ ..... .!.~(JJ. )t~!-.. J~~. :c;·:. 
~(IU,.~r. H .. " '11111~ or hn1i Jnhllr~olion IMIC'i rrorr. rtnr inltllromc:ter~ 
~n~ f'"l~~ltOt• rur!(•WI WJth I II'JI~IIn!:t nctwor~ llnUIOj:.. 1n :"1~ 
J~'"'"O/IJfllol ( tlfff'f.f.• ".·' S(l/1 .St'r""· ~<ol. I, I'P 4.1/w-l~c. I nlcr· 
n~llonu: ~llCIC·~ or Sotl ~·en.:c. Mltdl~n. Wi~ .. ~\1!10, 

lJOU'Nt't, H .. ""lt'I'Uh$ 'Utl,urtucc nr ... ':V•Icm• ... ,It, ele;tfiC Mnwloj!~. 
"'"''' llrJo11r. Rn, ,1/J). M9':.toll)7, 1%~. 

/:l(lu~r. 11 •. <;irC>unc! wattr reeharrt Clt"l" for rc~o•llttn~ "'~''It ...... 
let,J. So,.lt. Clrt. fm. Al'ln. S()(, C111tl Cnt •. ~IS.., I), ~9·74, f070. 

J.ouooer, H .• 11n~ 1<.. 0. J•c~1o0n. Deternuninr .ai: NO~rttt1.,1r. DNIJ"· 
arr.fi'I1.4P•tl'tlltt~, ASA .'tfonc•r•. n, chur. ::, ~eC':. 10, edllrC: b~ ,1, 
\'Ill'! XhJii~:••td(. r'lfl. ttlloo()~:.. llmerK:IIn ~tel~ or Al!fOnom~. 
1\ltLlrr..~n. w,~ .. tu·, ... 

Cnt>~r. H. H .. Jr .. J. 0. l:lredfhodt. •nd I. S. PMI'\adorulo~. Re•pon!>l' 
n: t lir11tt d11mraer wtli 10 •n iTJSJ•n~a,eou~ CIJ~~rr n~ It'll let. Watr' 
Ar,tllllt. l:f'J., ,1, ~l);..;:,c., 19(•~. 

H~orroltl, J. W. .. i'1mr 1111 anC: loCiil ,etnteul'liin~· In j:tl'tUn~•""Uitt 
oto~oe""»llnn~o. ltiJ: J6, ~ f!fl., ~: S. Corl'f o: En& .. "'.,e-..•.:~."~ L>.r 
!.Ia,. \'oc:ubllt/" M11o1o .. 111~1. 

LtP!ImMnn. C .. !tu1u1io~ or lltrttal dlfTerenuall'uu~loon• wtlh ~ re .... 
l&nt'l' nei"'Ori. ~nul<>~ut. 11•11. J 111'1'1. ""·''J,, J. ~·:-10), !11!10. 

t.ohm•r •. l\. W,. CrourtChr111rr h~C!rvuha.. r.:.s G#'t>l Sul't. !''0,(. Pt~r 
70~. 11• IJP, jQ~:. 
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tw.111r h~i•~c.. c•I'C'n ''~~' rrrw•;. L:.s. Cecol l.u-.. w~~~runiJ•or .. ~ c .. 
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~ c•un~··· L C .. Sflll'l !;c:ut•J l<>r ~J'•hwrt, ~ I'H~t'll'•t'1e' mt'IIIO( In• 
Otle~mrnttlJ 1111 l!~a~~Uif' ~rtnOuCtJifl~ or •<th If Jllll fCc' I!Uill <'"~'· 
•~1111 111 rm!lr~'lrt~l!lt floo• or rntu.uel~ I"C'"'T•cul)tr malurr .. .!Jm: 
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