
A SUMMARY OF HYDRAULICS RELATED TO WELLS 

By 

D. F. Peterson 

mfEERilfS I£S£ARCH 
A!X;l171 

Colorado A & M College 
Fort Collins, Colorado 

Oc& ROO 

CER56DFP-5 



ASTER FILE COP( ' 

l1"1i:s pit!;··eif. i~ c;.:;s-:·lGl;'H-·: d. r5: :.Ql ;s :1 ~~r:n ;.:~ .r:~: . v- ?·:::r t 2' i :_~ f1j/ :I tr.e.: pz: ,'!~ttc.: E ~; s -:::c~ ~e 
of ktt~~,.~vl~clg:,e. :r ~5 ~~r : d tl~L: r~h.~ ~~ ... l.~: 1t~ ~~ t! ~J;~~v..~~ 7<Y tt.;.!:d {.;-·. 1 ~~.:-r, ~-!J~ s 4_;., :[ h :_rc! ~'"a· 1~ -~~ ~~ tt.t: f 

t~;ell ~~'"- Erag f~nCt~~":" Ii ~ ·tf: (~ f "t t~J..~ ~{~~J:: .c rt'~f.d t.·ft "~ h t ... l_,'J ;:- ~:::o:': -, f.'"..!"": .... ·-:.)( p !:..:"!d ·~~t:tJrLg 11~ ... ~; 
i)-e1rfo A:l';l!'~n~~<e of ~,1. \;:'t:!l! f 1·;J.rti: ";he p;:.;f '~~l :>f "~i ier··J ~ r ·~~;!_ ~ · '?!: s:~ ~;>p; J_.'"/~ a · 1·c~. ~ S '!.i :JJ.e~~h':~~ 
l"~ :r~s f rc~~~~e~-~ 11~' ,) cLi :~i:J ... ~~f~e o l\ ~_l:l;'nJ --~h :~ ~-~!.J-:...'~ ~:-; _t~ ??t.! ·1-~cz:,.. ~t e~ gl.r-2~~: c r s. ~!.!.:.~\:- !.~~ ed .to 
&n:!!.·t-<ll'rr :trJ :·~~r;~s:o tt 0• r:. l !·!' u t~::e :: 

1.) 'f.if:1~ 2' .- l ~ :1il (i!:)t~; 1, [t~: gn t.!~~ : u~ e:::r..-~:.~~. ~ed? 

Z,., f'tJ.:t ~! t t,'.i11 tJ- ;~ <1Jh:=. d ~· rt~K.c:~! .a ~ ~ :·1 \ ~1-~·: iJ ·.: ~·/ .:!r: L'i.: -.:"u l _r,:! rJ .=j:t: 
3 o H~:~:•i tclll " iv:t F lt>.-::J.~ .1e \; ;~ .'i. 0 f :-: :~:e ,._\~.U c h.-.'l'{£2 v;:ith Ux:::? 
4 o \'jh ~t in f~ ~ ::f;;~(~: -~~>!: 1!L<:J ! - ,~ :~Hlt bf! i.l~_: .. T_!i: .:l 9./::11 ~.'? 

I n a~(l ie.~~ 9:71 i ·.o· bqJ~;rr.2-, e;r::; i n , ~(:rf~r:i_~ [;t_z:.:t. ~~t~;~e .';t r:~):- t ~, :_:~ "~\:: i dj~t~b :}_t_ ;j (!I 

s upp l y c.r r.~:;~~i~L~'~ :l~~:t :i .. ~~b d ~" i!~~~~c.~:5a ,1 ".t. .. ~l::.. ~~ n .. ~~~ t-. .1_.~hi CA:3 1'6~-t ~~~;:~i~- e ~~ a !J ... ~~-'t:· 1 '! ~".:2::;~ .... r1.~­
m'!l'n.i~J fc~ :.e~ t:. ';.~,:1~1i)1::C?t.i:: j::l ~~ :t,; lo:: i"~ ~-: lc:-a f l::cl ~l 1'i~~~ti~~ ~--- ~c.-~-~ .. <J ~ P~.~; ~~· e r-J_.y t!:~ ~d- tl~ ~! lt :~ ?..~· 

p:rov!. c.1e s :.1 r.J1 i t1:fo::: ~i!.£~tiq:\ ::; ;ns t~:-?. ~ -.H.:.· . .;~(? r: c: · nrJ ~~-c-~ l \· :1.ty ~,_ :;_ J s i (': t ;1 ~2 (;Gc·f( iJ. .:.~ i f~' i: ~: L·E 
u:r1!e: gt·c " ~d. G2p :-:ts i1_ ·.;~ , L~le}r 1: ~- ,~~;- <t.l S ':) fL~~n.; !::l! d ~; .. ; ~1 c-~ r- ·~ :cl'.t~3.· 1~~ ::;~(!}~ ~r.G·.": f ·;;1.:;L1 
.~anf\1[:., £net c :;-f.!';J r;r~o ~~r~d 'a'rl:s.~~- cz- i.!t• _(~ f~~~ t.r .. r-·· ~1-~ r.l.p f'; il· ...:' t. : ; , ~ by- .. _,f ~·.~p~; _ \·; ·:ilt'~~t() l::--~ 
~'1~..!11 :1:~~ -d~;.:~u li ~ tJ ~;;j-: ~. <~ ·~: :--'~~) :1 :: 4\~,~ .. :J~(\ 1~11 :: ,.".:·:~ ;_ x h!.g:1.lJi' :~ t: :~ ~ .. .1~i ;;.~~ rl ~=-c~ldit i .";.~; d h~~:lc .~·i! 

da n ~J~ 'i:"~a .111:' f ln.1_J.r o ~~~= ~ ~: ~~ i r ~ r:~:'·~ ~ L :t'C(J '".{i'-11. !-J :n.-1:,.~~:~ ~ - t! .: ).t ~t:. t·~ l ~ .. hc ·i) :-~~"' :l.s tt:-~ efv.:;. 

in h :..: 1.pi · "~g t i:' ' .~rr~dr!:C : I(;· r ... ~:.:! t.t:·~· ~ ... ::.:. ;tio;t lf:. f ';:.f .• ~: J.l ,•;v ~r .. ~ ~~ fr. ~~·- ~~~: ;!a ; r~ --~ 1. a ~ i. '} ;--~ .t>::.s~1l t· .=.~ 

f:li.lY ~~~~ c(l. ~-o i: 1; -ntodi f .: r:Lt t)J"; r.!: ":;:·: ~.::~.~i r:-: l;: .J--~c~ gc !i ~ ~~~ :~ "!.. ~ T~'1 :·. ~, in :~ "-~, : tc: -!_~ . ~·. cJ ;:1 ~·r~.·~::·.~ 
t~Z!i 1;i'- t ~t£: c:c;:.H~ ;: i ·:~~.~eJ. : ~ .-:::lr~ iEl ~ i:; ~-:· -". .. :~ cnt£ 1. ::-e 'i.y fc>~--:.l~-~-~:·~:~· 1, !:c t: ·:.~ ~~--~ · ~; is (-: f.· :-;~ ~ic~:~.-
ir· ~ 1.1. ~J::. aJ-r ·~ ~ ~ ! ~ ,f;. ·t'!' f l~ ··.·:~j:. fl{::~~L7 -~ :;-~ ~; . i.::O.l't"-:~.: "?t . ·~·i':: 1; ' r, ~t . : :1 ;:;,. _ ~~ i t ;: r.t kJ~~ ,) :'. ~I~. ': /G rn:.:· !. ;_c ::. 
~~~i.e tl:t":,-: yf-.~ ~.1 ·:1 ~: t;,;,t:·;_{'.: ~z·· :;~.c-r; rl ~~ s-~i ;:· ; ~ · : r .. :.; ~f \".,.~ 1 .:-~t ia ~ .; :-~~;~ ~ : ·}':- ! ' t: -(~C:'JG" ~ ~~r· "··!· . .: ;;J ..... ti1t.: 
.!; ~lC~~ ;_t~G:9.·:'4i 1i."r :$ G1 f :~i~:;.l ?t;Jl ~·.!{ ' d ]? ~ : ·!,!(; d. ~';_·\) ~~·· ~) ·~i~ .;.~;~'·J~_1 z:h5_ f t:~~ ~i::;}: !j.~'(!.f_• . 1 ~-~.:'.:: -;?~:~ · ..c. t',t~t ~ic ::;·~ J._ 

r~J~ J ,;:,.·~l3J:'l ;;~.:!,~ .. ~. i1 b: .. -=: l~r· :~t:.t:;! .3. 1:. tlTi~:,J.: · in ~; i ~~.,;. ilt ~c·~:~ ~::1·-~ p: ... ::. : .. ~i.pal r.~::: ~.,. Ji,~_-! ·~ :- ~:--~=~ (:: .: :- ·· 
iG~ t111 ~·~ed. 0t) tt~1 ~. \l.l~ c~ :,~s ti ·~~Cl.~ .. . r~:. :~t~ ~.ri rt::\ \"::.:~~..:: 2, .::.-~ ; 

{ l) ~t;.-~ ~n- -:1t:!'t : .1 . ~;.-._~, ; ;~~;.~. !t. b~:;ctdi ~ ~~i r; ~~f .~-~-~~- ". fe r: t· 

(2} tJ<(;n -.· ~-:H~~x": ~;; f;,.;; r:. · ,'i;·.:;r~ <"\).z .. 

·;mr~t;JYfiCA:L 'i"P.PA"o'W"~ t2.' 
~;-A,.:;.· ...:.. ,.:;..=:-_:~:.~.·'"= • J C"..:o; .=.oo..,;:.-... a~.:: "':::...-. a- ... 

T:'""lr! ::~ e .. .tl~ ~.:~ :~·% ~~="1~Gj~ :-~:.:~ ,~: :'!.1 t::t·~ :.-. t ~:~·~-:~· i:·Z t-~~!S 1 fq.-r:;. r ~1:~2t.~ ... :~ ~-.CJ!;~D !,_:t. c d ~­

s~e5.dy· s ~ ~.'~l! ·J( f1()~;J i~ r. 1 ~l ~:- ~: . .-· .. :~=·<~~~i ;;~iJ.::. ; :. ~ :1~ .. ~\''.l i :r.: f~.i.-? :Lc.i . By ::~pp ly;·.!.! :~ ~h-e 
elJ.l·lD~ ~: .ic r:1 l!): f D1··~·7 r::y -~ ,.0 tl!:-~ ~c:t;J~}f..':~5)~G- ~~.D~T .. '.~ .~·:~i.o :-.·~·~ ~:~2 · .. ::_;:r.!t ·~ t ~1 :-. .\.:~ '/\' L:-1~p~~r, 1~ ·( .1."3fJ~ 

o·'b *~!ur~~d ~-h:~ c ~"1 :.: 1. i E:!:i ~ t:,--:J ·.<. a ·;: ;;;..:)':~.:i tD .t {;_;~; :-.; t'l ' P ~. t; ~..,j 1 2 ·.:·lt.~ 1 :·.,:..'"::· .~.c ;· ~y:.:; ~-~r.- .. ~. ll 
1 ~~~!l1."""''-""'~-=... ... ~,.,.,~,. ..... c _ _ • ...:·-=..--

P IJ:~ ftJ 58:f):'J~ an :i te~td cf Ci~·(;i l Ei"U!) f. L~-~ ; .. ~r· i~.;~~J, C'<t,') 'f.~~"~ .tJ fi z.x:.c; : .. ~ t>:_·:I .1 c: ~r. , .~ 1-:,; ~, t 

C r1lJ.ir~~, Cu .li'.)~"~: dc .. , 

111 11 11 11 1 111 1 11111 111~1111 11111 11111111 
U18401 0590730 _ _ __ , v 

5 



1 
1 
~ 
l 

\.-
jl 
I -
i 

l<1lide1y us~~~o the D ·::::.;)li\;; c~cz~t tm f ·or: t!l. 1:1 e ~1 ~- ,·• ~:.~1 t'. :'.~~; ~J.H"icr:;d e.-~:d fe t. df..d -no ·~ 
~ru;:e i nto m~r;C!ct!n~ ~~L·2 l~t.!:JO":C~ e :a~ ~l.l. ·~ 't t!'?. ~ .. t tl1~ t:~· .. r~ '.t ·!~ S\~ 1::;~(;:;~ ~~1 f:-~ :~Gl(l.: .. f :;~~ : 
~ 1~r~ ll ~,t~·<~c: ~ti~:bJ..)'"' z {(ac~2 r:; ~. '£ ~· i1~. z~1~~~ c J. .:c ·~/[~ti~~ :.1 t ~ ~ ~~~ .. :rr7! ~:;;~ ~.':! a Cu:~t r.'~t'!f to tte 
D'~pui·t as. ;s-~V!'!.: t~tic,:~?s 9 w::tl'!~ t)' ~~.1 -~ :!.:. e, (.i. K :!~"-;.1 t;b~· i ~; s~~e -~r~ : ... il ::: .s ~- ·:, :-~ r; .~; :; .J' f :: o ~l :J ~ r~ rc4G~~ a. 

. f~~t~Q)X ~~ ~~1 icJ_ .;!:('2 G; ? .. :J,1C!S n S l} . ~~d:r · :~ 'l ~J:c c R~t; 0::(·:::~~; 2.} !: S:- ~?2..~ ~ ?~ ;:3 r n ;::-, ~~f .. ~st\y s~~ ~:e 

~Cra.nn~~ e1r.is~ in u .t~':•e1. h~' :'.2 !.tll i. :c; ff .. <2 ld d Z fi d .. l:~:: :;:; : ~·~l:,t ,, ~· . .! o: 1 v:~}' ~~~~;e :; 
~&m be g~;.r,~v~d fu~om S'i!~h ~ HeX(. i s tJ. ~' c.r.!plc, ~£~:~ 1 CJf s i;~,;r ;:,~~ o i:n spL rt o f 
the fo ireg0 ._ 1tg Sh1~fC ~ t::Grt .:; zt~'t3 9 \;,:.~ l"J~ ~-~2- ~..i ~. t t;·f!:~ e 41: ~ tt·~~ 5 ~T •. :i r,~ ~l1/ b,:: t·· ~ t: !i iS.~C[U i :fo:." 
p~s~t!c&: .i\1 ~'~3.l er~114.r,:~ e!~ :l ~~ ~ fJ:,s Y lL:.~Lt5 .. :.f ~; :;~i:,~ tr ] .~r l!' ~} ~; li ~Co 

Re~r;~ g~1it~ i~g 'the~ :..z~ It.:. Q r;~ tet' .J\:"~ 9 t·,e l l !'J .. (;·:;s 9·~i ~. t.:;i"=~~~eu tzrirz~~- ~J~ i. _ . y 
fr~~ clr~ le ;;;~Q. nX .of ~~~,J-:·;:.i ::_~;~ r. 'a£ _.:~~5 ·: ;..';:33) ~?J~ .i~ic ·1 ~.~:~1 ;-r,;;.-'.:.5 i'"~ .or;~f; . ff' lc·;; C ~l~ ~ -~ : ~ : 1,~ 
t o 9"!r!11s a-rvJ. de -~J ~la~~:?t! t !tr; I'Z' L;~~~ t' .. ~~ ~a- rr!.: ::.Y:d ~) r..' ,J)t:;C(~~ ~ ;:.· :~ f · !: ~~,: .. a .:~ i.. ;.,~ .i~~g l: v} !n~ ~;tt..C.~~)' 
stJ~f;e 'iif~ 11 l .~ff e;t:; rjs ~.;,_e~r~ G-'. i ::; cl: c~~~~~ t; Til ~ .. ~ :J r:\~ .. tf~ .:.: ·J ~rc k:t':.t; t>~ ~:l ~1! ~~ :.: 1 ~1r:J s~ i.!;~ 

cest1~f~lly tnsctio It A.tft-3 ;t f~c ~~ :P~r~n:. a _;; :.? f! ~·tr .. ~: 1:~!~ ~~ ifiJ: .\; t1 ~ C-!~~l~ ~:l~n IQJ!J .: :~ ·Z :3t~ 
pi<:!g.o::it::! ·~ le'~. :c; e1 f!; )tt~~ ~.' :> i2..:~ is tJ :'C(~ !. rt. l~ zd o ! i .:l::J ~s ~·.; J~ -:: ::.~~'f: .:.:rt~~ t:(;.~o~~~1 tf ·~ 21e efc-. 
fe~~s of t'~ <¢.l.tt:l~ g~t; f!!~ t-."2 ':1~ ~ ., .-·t;rt ii.! :1~ ~~ .r .::;---: z:.).ly ~ ;·:.~ 2 .lc , . -~r; .: ; -..)R:~:. ::-~2 of ~-:..?. tc s: 

or!gi~-2.ti:ng d~ -'-'=-~ ! ~~t ly fF. ~~ r:~~;:~l t:g~ :D.s t; .~ ~lf .. l>~ .a :c :TI .. 1t· rt~1 :~·~i:."i.11:v z ~:.i:~ll ~~_;::)::.~c d 
to ~11.11'1: O.A:i[Slaz· ntii:J~ Ut.Ir\."?t:; t.l;v rt\~ i) cl?p1 -:? l :~C:~J ·t.l· :~ :'3to ::- :.1;.jt:; .. . {~ ~1~2 ·!:~::~11y f rJ ~· Z! }~ -· .. 
a~l1:ve1r stat'~" t er-ii·011:J o:t P~t; ~.:~p~ ... ~~ ~ T-1- ~ .. ::; r. :~ 'I ~: .:~ :: t)· .. ! "~::~.l :: 'i c~H: ~;r~1 ~.'-' cle s.~ l'"-9n~d 
pc:itz~ trily t 0 p~:Og[de c1::-n:1 mtit;e., .. ~ g·~ ~J~~~ .. -.. !- ~ t T c 1: :.:~ :: .3 te~d~' s -~::i t -~ e(t .:: ~ ~L {:j :: ~,; 

h;s a yic c1ed ve~-y (:!!:t(!.11en~ .. ·csD. ~~-1 9 (; ve :~ tJ~1 ~ \.'! n ~~k~~ ~ · ; ~ l c:~~· .f.n!~ : \!J- ::0~ f.zr...-..~'J. t; i. ; ~:! 

idc~lizec1 <:.C~(~lti·!l:7.& ~r;::;c.r~~.~~{ n ~~ t: ~:'S~ r: de!i: i~t ~f:: :l ~-j 'p-:! (': Z'(' ::. ·f~lt:- : ~ ? .. ·,.;:~ .1. / GJ:~ ~~. · .. o 

1. 11 t!.'(l t:::\,~~ ~cr~~ to ia~~ 1::6e ~~J~;1 il: :;· . t;.~t :l~·._ ::.·~.t ·;; h. ~ ef re .ct::.~ o f ~e~.~:;~~ ci~ 

01:: n:ep1(?~is~~1?i ~·,,t j) Pa~'!?r: .... v ta ~~:!-; .:1 :1~.~ l::/l ~.l :.:;:i.~~:~~ ( 1? 5G) t :1\S : · .:.~ ':; ~~;d. (!:~:.1~\lic~~ ·~ 

\i1h i dl euz ... ;_, ~J ac c: t:l~~v- G~ ~ ~1~}7 f ~.c~.' r; c!t:.:~~· £cnD o~:· D1.2 ~~·~ (1!, ~r5:J'i;A ~L · : s-ic:··;·z t.t ~ I:. o~-, s c:f 
~orrni1 i A-11.!lflt 1 '! c. r; £_ .-:. 5.x-~~ ~£~1 ~::~1 1\e (;:r~.r.. r;zt.~., :·rr~._...: r5~ P. r;-\~;c:; ·: .;!. :;::; ~!: tJ ::D L'2- ~ i ~~c ~: ~;stl ~c,. [!·?: i""---
r,:a~t'il.~f 1!.1.' t:·..; 11~ f'.f:.· ~:: P~ ~ --.. :(1. d:: ;::irr~~}; ·:r: ~·}!!:! :::~ 17 :~-:;;t:~ .. ~ ~ .:: .j s a p :~i:::..~ :. t:' ~' f"a::1u:: ., 
~'.;!1 ~\ l.C! x~ .~i-.1r1:-: g.? · ·~t' ) tL:::'i(~t: !" .. !:'f_..:t i :.'~5~s rJ·~: ·\.: · i;. {).. r_1::;:~v '- '~'.~j : . .:! ~· ~ --~:.~ 4~ .: ~::.~. 1~::~ f~~.:~ ~~~ ·-~ J ... dc: e.~ 

lJ,l!! :- ~1~t s ~:; i ., ~ f-: "J:.:!:.Y.z ~;: ~.;: ·.::. : .. C; L;,-•:1.; :1:::.· ~ ~ t~::1. i c·~,~:r!. ·i -:::, ~· -~ •·.\ :.: .: ·· ~ 2. :;~~ f (.;~l ': - ::~e ::- c .::~\:! r::..J~:.z i.~~ 

:'L:t n pi~i : · a~ : ·7 c~ --~ ~-; i t;:n ~~:.: :!.: z ~d.~:r::!~ {; : .. ~T. ~ (.~ ;_!(; "/ t~ ~'i'~ ~ ~.;·_,~; ~z -'i! ,.J e~: \.; -;! ~tsitt~ll; c:~ .~..c:~e ~ 

f,&n th~ f.Ji.e1:i~ 

~12:~:-~ t, 
..-., ~:stl:l::--::::1.":. 0.:. 

~!J) 11 ~.~ .~~~ti~~u. ~~ i ~ L".:·;; ~E ~:1~~ ~. :d :]~ ~:~:r .:; b :·: ~ l~ 1t! \r ~ l t.:. .!:~ ~,_1 L:' ::.;· ~:\ f_ r:l~,. ~l d~~~ ~~:: .: :. !: ,_.J_t~1 

ti.~.t~e i!: fi li~~~~ .l ~~e ~r-:::.1 d:~ G- -; lf\":1'~~ \~ ! :-~=-~~ t:~·!.~ t·.:·af.:..;. F. C t ~: :.:·.3:3 ~,.{:Z'~il1r .. ~::, ~;. ,~ . :~. ct.\ L~ 3 l.'.lr.~ 
j. i ~ill:?ll:ee; n )~~·~t: t.E~c ~Z !:'\~rr · rc[; . ~.1.lt~. ZA!j tr :~~ ~-J r;.:.:) J.y !.. ~r :; tl-:~ st~~ t" ·:::.~, s t l-li.; r: eyt: L~~~ ! ~:"! :·:s 

is vezy ~::-:m.lL 

·, 

1) 



i 
j 
l 
I 
I 

I 
l 
i 
I .. 
i 

l 
I 

1:: K < v~a ~ Vs ~) 
Q ~~==~~ 

2 ... 3 1 or;; ( l!." 2! !!.' 1)' 
(2) 

Xn E~s 1 a . 2 ; y is 'l,..,.:z 'tm~elr d:?lJ;'!' 1 c.l'f. :- .~rtd..i.r:.1 u:J.sti:~: r:-J ~·- - ._ ·> y 1md y 
2 

d • ?,. "' d . . 'I rz_ . .. ' ' • · '· ' axe ep'->uS n"' ,. 1 ~Hr~ r .;) !:'~S?e~ •:LV~--i-' :roJ::. -·· :::.s '; ;l ·~ ~ ~vu.x·.c.L'.. !..~ <£;OrftG'.Jc.;~ 

fd.vityo Tih~ pl:'li.~<G :'L al poiu~~~ to :; ~; ·:r:r."; l~ ::~~ ; n ~s. ~t::;: t.!J! 2 l1.:::: f!.;1 -?.~ E~·~ el.!'fc t·.t,; 
of lt;MJ!tril;e_ r;l~~ui tv o~ f.D..o:;.r 0.-o ~~lC!? ~ic;J~ ~~~ t ~::lc :_s dr:·;!~;;·~1 '1( .. H1t'l ~ut;~,c tr . tb.3 ~~: c.;.l1. 
i s r.1·~gle_~~~~tl 9 t; _,fJs E~ 2 si"2Ct3l.c1 r.:ct 1Dl2 . cr.~!' li <.~d l~rj ~ .. t! ·~ c ~~g:·:.v!~ ~l':l.;e tc tt:::: · 
~1~llo Xt ~ s "Ynl1:d fv;; r;;~d~-~1 d!is'~CU :r;~ S e !:~r!21i~~~ ~: : ~ o::dei.: c_.~ t:JC K~:2.t "::: · 
l~lr~;;' 9 ~~ • ;;\.~ .. It~ f;~e E:~G2.rr..s v f !:he ·~.~'..~1.1o r~~ea~:- ~~~ ~!~11- ~~ . , t.h~ \ .. ;~~ C ::' 1 a.J l~ 
\•J.B..ll b :"! nll:::n-::rt <;~l~~n p&ed.ie;t(td :t~y !l,q] ?. 2:~,d ~·Jl ~X ,.;;·:-2·.~: i. 2.\:: 2~ Ltlt;!wr.: e.i. ~--.,' 1.! ~ :1~:• 

imrn-etH.at2 l~' Ou.!l~ ~ n.u.e ;:;.f ~l::.e ~~:.:;:?,.;~:; tJl:'.P) £ nt~;ide- o If ~: ~: i~t<J ~~d ~, :!: ~!:-.; 
then .&J 2 be«::o:11e.~ 

Q ·- ·• ~- ~.J r ~ a -~=!::'-r:~ 
2 . 3 J.o-g (!: ~./ r:o) 

itl~- §.. ~t~ 0! U';h~ d!!!':{': ~! iteet ,e>f f.:q 2 ~2t~~ ~~ :-~r~ t.r.~ .!.1,. C~~ 3~ ~ - Z\.; Q:".z~ ~· ~. f\0~~~:.::1 'f; {~ ~·:· :§.e 1; . 
cc~rrit~Gt Z£!5~1 ~ ~ (for.: ~-=- ·~~!"ta;::-~a itf ~ ~- ~1 i!::1.JGet'l r:..; 2.ct: L t'21v· J .. ~=-~~~~ .. Po :: ·:· ·: i s 
i}aB!f!l~ 3i!;) n~~e ~~~~ tl!e 't:rE~ ~~? tl:~: p.'Z1}. :t,.: f. ::Js: li f1~.; ·:::~~ 1',;:.1~ 1.1 1 ~1.$ ~ ·v .. ..z ~ ~;j~(;~t f.-:; 
c.3 $ !:do 

hf~~£~!!r!l ~-~:~__:tl ;.;. ("!" ![f e.fi·:,!! t:ei.:t ~·: :.~zr;;s ~ .. :~ ~:~1~ ~ .. ::·~ r..~f.~~. __;:. ~:? .. ·;~; 1~t:. ·t1~~ !Z c,f ; ..... ~t;:: ---
~-.'!~g. ~~ , t:~.:\:!~1 ~:J. ~ f .. ~ ... :liL~ ~" ~e~:; :iut( a;: ·'I} t~~ -= ot:·:.. t.! ~ . .::.:2 e~~~~~ yici..::~. s 

'~~1er:e 
&.O~t~;~1 

tan~~ x:2. t:$ Q'! ~r.).5r~ ~ 

..:.nsit;tnifi~&:>-~1 ~:.~ Hrm 

eg~j~~ls ~'r· ~ .. ~~ ';. j[.; l ·_ 1--~ i;: n ·,; 
~~A :2Le [3 .::::t~ ~·~:,._~:; i -:~ r ~l<~ ir.1· 

~:Jhet>e D is the dr:.£~,, .<Y,,m , 

J:.\!J j (....:.! '-~ •• .i~ 
tC;. ·~ t:!j (• .:c.r.:·: tc ::'£c 

( ,... ' ... ) 

Si~~~~ t~~~ f" l tt:it.: :.\n f :.t ~:: cig ·t; e?~~;i~~r~ r:;.a ..... ~ ~~!: ~1 ~ -~~~ ·\..~~~ ~.:--::. · t ·:<;,.et.J:' ;'I ;~~ ~. ~ .. ::~ :. :~ [? .. li.' t:. , ') r 

t .. ~~d,l ... f .r.. ~::y~ ~ .t:d~~; {~~ ~j1:l: Dr.s~ ~·~'l:l.8 f~ ·: :."· ' :-~ ,-.~ ~P ~·'1 61 -l ~r~~~:; .:. ~ :: ~~.-~ ~:r:;'L ::~ ~ ~ t~tJ_~ _,,. 
,~;~ llll ti1e ·-:r~t~'i~ l.:·~~;!~7~~f CJ.(!!~~~~i.i~~~~ - -~ -.----t:·~-~~: c--: : ;;:~~-;i ! ~~ .. ;· :~ i-. ~.2 -: : .. ::1 \ .. :~ ~: :~~: -. ·~i ~ _· ··: ~;jf 
tlne ~~$.:!n£ L1·,;l'y ~ :.! ~:l;·:: ._y !)3 ~~::.t~~~ J) f J.~~ ~-· o~ f l ~~ ~-:~~J. :. :. ~ : :~:t .. { t t:~ ~ ~ t.~ .s --~~t ~:;~ ..; c.:i':J! E::: 
Ew~n-a l1a1t :1 ft"'i'-.1..\:."' ?', f r.l r ~;"bq, t,. t. ~ , .~ . · f) ,, .rt·--::. f" • "J • i ,. -· . ., ~- '" ... ~ -r ~ ,:·: ~ · · .. _. .. .. _ y ...... ,_ .. . _ ........ ~..: ... . ~. . ..... ~· - - ~ · ... --- --.l y • ' · ... - ....... ·- ..... . . .._ ..:_ , __ .. .... \u> ....... .. . ... ..... ..... ~ 

el~w~~'l1 to' -n t.;·D·1Jlr. e·--~ ~ r: i "'""iiL~~ .. ~~.?;\ ,.._ & ~::- ~.~ ~ 1' ·! ~·~··· ~· ~- ·, ... ... ... . , ~:-; -~~- ~ ·· , .. ..... ,,_ •. ,, _. . ., :--. __ ,-\;,,_ .• ·••. ~.·~." •.. -.· .- '- - ,·-, " .. . ... ~ · ~ -~-U _.. ...., ..;..> ~ .,!.. ·-.... ... 1'- 1 ... 1... ~ -'- ' -" ~' jl .. ... , .. ........ ·~-;-' l l <.. ~ - - __ . , . ....., , . ~ _ ... .. _. 

Sc£!!l.~ '?'~ti by z~~ Z! :-:!:"-~ ('(tS (;:t~~ 1~\.::~5- .C ~!~ ~l f i· ·.: : ~_ · fj .'l ,..·(; ~~· · .. ~:::: :_~·~ {·.: : :;_:. r c1:· !. ~:·; ·:.~ J ..:..~ :. -;_;-~~;:· ~c l ?;,~- 1 -3 
'i"! ... 11 0 



J~i~sen ( 19'i19) at t:~~kcd t~l>i~ p .. :o,J1ewo !'.i:Ol!l d.ir. l .:?11.JirJ~;:t~. C{)flS i.. C~<t::r -­

s.~i.Oiil 5 ~1e pos-;tL'\ lC'. ~~~~ 

I n BqJ 6 0 Fa i !i!dit,;~~~s r-. fm-:1,cHcn~~;~ ··~ 1 2-i ion:;j;i;; r:.:d l~s ! z t i:w i."'o..ier 
depl!;h itr~metH~~-::1'{ CQ.:J·lslid!!? o f H!e t:n .• inti . Har!s:::n ;. t~ si ;<:j r:;r a:Ut .b.lLc d :1ta. 
from ~t.\Qide l ~ \~ijdit.~!.S ._ ~~-~s tUljJ .. ~ to d.(:t~E"~::: ~ .e gt:~i:J i ~.s o f 1l!1is fu"'"!~1; i.c·:r1 for <3. 

lif~ited r~ttge ~f tt~ VC!Ci l~~~1. ·~ 3 ., Si~~ ·; 2i~J~: -~r~ l'!:: o ;:iG5. ia~1 iPi.!lb.ii re~~ l i. .O Y!p 2" .. ~ .: :.: .:---~ 
adrl .. 1ti·~~el1 j!tfor:m, ... '!ioJ~ I1n .~ d'1 :! 221 ~ :~O.e ~".\l' ;..i l e~J! ·~ ~ D -?. r ,: i.L--;?~lu. :.l;r fLc:r. :l" i1e 
s tt£dli.cs cf Y.~q'~ t<.liF;> S;j,.lv ;;;,5. ::; . .:nte ;r;;, l t:2 .:F;;s tt !..: :,_ n~; ~,,_~ ,;~e:d_ s2. 2. r:~ 8\';; :wds ~ am~ '" f 
Z-ee ,'} wh,QI a.~ ~ed t> (.o;:~.0ii:~j e1~i!;;·~rl·~:~J. s~rd t;:~ ~.:br- c.. :·_, .;: ~; i.;,lc&J:~ r:.CJuc .L. All .:.va :U= 
aOlt~ cl!?t'4:£\ ~~e ~C! u sed to p!r~· C~:~~ ~ Figr- 3o !f tt::~·:J G f t .. ! ",~ t !1t'·C2 ~; :::.~ ~;-~:·_ t.e zs .·f 
&..q 6 ~e lH HJ!"<'il'l o. cme mr.'J ~n-~e:,: Fig o 3 t~:. d~tel" ~;i r.::7 '-- he: ·:.:h:i. ':'d , C:..xl2 <:;::d 
Pc terdon ( 195 ~) consic·~ed th~ 1es~l~s a! c fie ld ce~~ au a w~ll cea~ Mosco 
C .l.o:;rndo,... t\) clet-~:::;!l,;,r:e th:! t.:n•ir.~~ t>G: .• ::.:;:d A c,n F:~:; , 3 ~ F,:;r. t1tL: f. c. ::, ;l- . -~ ·:, se .i: \.:~d 
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llih!~ia ~)gn:ees \';.e 11 \'Ji .. ~~ ~~1! ft';i; S~ 5.~.t~~c1 '"Y~}.t:~ of 17 ·) J. .-. 'Ih:i..s ~~ =!: ~~£ 1. ~·1~ .L.l t\1 '-\ ~i 
unilJ.~~~a1 i £ til~·* t~1e idr. 'ul !C ~~r:?.t1Y. (.::~Q:~s 'f"J f a t\ £~ifu.: :- ~ ~~-;·.~!fez f' .. i:~ :,. l.'? ':re! in!.t:=:.e. l 
wa~er: tO"J1 I e t<J-:.=re ·:u:T-y c; lote l)Y !'Z:tll.i.:z:·i!d, 

Zee utilized sev~ ~al sourGas of ddt~ to de:~lc) 52xs:nli~ed pro· 
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!11 ~· l'e£1 t'-i~ 1.1 ~ ~he z:cg ~.c- ·'1 A:.~!2X \:b.e "- :..· -:-~' .1 3. :: ~ 3 . nf1 t~ ::r t:. · :::~ c;, i;'l ·:; .:.; ~":. i JV -~Z\re 
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In BqJ '1 ri S i s \!:he s~orEY.~C ~oeifficf.eE~l· ~ t:::1e 'IJ·:.>1'..:t!:':! o~ i.IJ~'.te :: t·Jllu.:,1 ~·J iH dr:c:.i;·a 
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An m:~h!d.~ eulu.;~ iotj ~f E~q 6 i3 I~oQ; ~3G:J ..;;. .:..t::J~, ;:.z~ i3)H~iil. "'" ~L · ~ 
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&r..!~a'ti<P· 11 r.1a; 'be nmst Jr_ !ldily s ~. l~ ~d 'by p1o~H£jg s ·"grd.nst t on scm:> 
l a;garHhmic p ~ peb:' F . .<; sho;,m in Pig .. '1. f:, "l1 if s.;i = s:; e ~ o::.en f o.r en;: 
log~r .Hhmic tyc. l .... 9 l o g t ;:/fi:!.:;: 1 o BJ eA(';.e<'!c'!hli,': t he .-;m:wi! ~ILl ~h·~ :n~e rcept r 

t 0 ~ one rnc>.y cnl •~;cl3.\: S using 

( 12.) 

'!he f o-regd.ng i!V,~Cllq' e.~;p:!.f~!:.:; tCl z.I;i!,~;:;:!.c-~n ri.! llSo F l'll>f, C , E . c ,-cb 
h [l .. m1~~.":l': ~hrlil. ll:h.(! r.ae · s~~ rY.:!~: s~?;at ~.r,i~a ·Hc,;': a til?.' eJ:>o. b_ ~rpH ·~ct b~ ~·::: ~·2r 
table ~,e l lf_; lf !!: he .ob"jert•ed d.i";,~~·J.:lc:•.':1 5 i s c;,C'!!:;oe ~ ~:!d b • de(~~.: .:; :L;.n:; s ~/2ra 
Th-:! il:h idme;;.s m i.~ i"~"' e;1 ~:;; "r~~ urd. ~:ln :·.J. d:;!p~il' of the ·:..£~1c::o;., fiat;t~ .1 ~~iaa· :e ;.·" 

If rez>l~nf5·hm~nf:: i ::; t?.de .i;Ji2 ~!teg . or.u e \Y<'::.'nhml ::;~e.:'!..ci';r :>t.:..<:· .~ slwt.U l d · 
t hC:O:Cv! O: i;.t:l ll)' d•!Ve.la ,, fl.g~ .-::~i\':;,;S!. r:: ptc ri-'ot~S~S , .i oC. r ~ ;.e de s;! e11 t. f a ir"li~f 
d :,:nin~gr! \·rclJ. s:y~~.::e · ·1 , , -a .f'el'z,r;e r.;cm1 Hn1.-:.~s (.v:; ~:; a ~e· .k ~~is!·•·,;;~~ ~ c;t. l :e r.1ay b~ 
C\O'i1:5.id.~?: .. e<l ~s b:~n e.!iJ7llli'~'~-~z-!~~ s~.:-:·~d? ~,Z. ;~_,.~e~ C~P~~~f.l·~~! r: .... :b l :.:· j:t::d5=-.1~: "J e r.';tiS·~ b:'!' 
cppH,ed in ~he J1!r.'J.'!' O:pr;>~1;r,<!;io;1 ,aff .Q:flC l'ls .~v!liJ' n~ o:u1~5.n~ [&"O.:l .il.:;pH_cillt.H:,n ;::.[ c· <~ 
rep lenishc1·~nit ~~~uefr.ion-l~ p ho~ · t!-~!: r:, 

The \fJ1!ri:rtb1e;~ ai'~ r·~~ '(;ie ". l . D ~ m ' t>:nd ;:., t•:::.d i.~le CC.t~;jL.::.>:bity 

K I) cl,g~ n!l)t \:.ppe~n: ~u ffict-.(~~it t-:1 (le~:.e:.:t'lir: .... ti1e e ,7~~1t:~A~·1 l st f::~~·2y 5 t 2~.t c d.i3 ~·:: aJ~Z~ 

from a well in syM~~t ki~nl, is ~ ~r~~i~ ~~~if~r. ilo~ever . if o~c p03lal~tss 
cill . CtJi'i.~i . .::-:rll~l "1"a~2 .. £b1.e 9 '\;he l:'~~"> 1 crr.i.£!!i:l:~:1t l [ on~~ ~~::"t.Cl~~ . .:-~~~ ir-.:~:J ii~·~\.?el; 
(e.le~~ ~r · =: Cl.cl t.·~~"~~:~{;~, TI1 i5 l!.J ' i) ·~r::- ~~csis r.:.-.y de er~~·£.~ !L~t;d. y ~h'!, sisV:~m~ ::. ~ 

Q = r:d { D r l'J. ., 1) 

:If ! be e:~;_:J::e ~~~ec1 in V..he ll.S~~H::s 'O~.r.! .. ..: c f rq. ~.erl i sh•.:':"nt p2;: u1r~H 
p~~ ttni .. ~ of t ~t i!'Jti~t!,j(J' C! ~~~n ~ d:lr!~U5. ~.9:·J~ 1 :;C: :. s 5de \· .;.r.: ~~CI.'; ts Yf~ "?ld 
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.&nuati9"-i.1 16 ~;am:i;>e ..,e e:xp::.;; "'it ~ v s.::.<i.'"'ed for.· Q/?.0111r l1 'i1JJ;.: verp it s r. olr.~~:i"' ::} · 
is phJ.Hcd as Fl!;. e·, 

~£.Zt;~'~-~; it~g ?'!~~c[ ~~~~:.r! ~1·. ~ ~\) i "~ ~ir~r;~ ?;:he ~=1l ·-:.~ ·:2:;s of ~~2c C.~ t:'. :! s~ 
reit~ irtg s.,~a~~~!u ;r an:1~'~,i !~~1 ti.l!lG he !i: :~~itc r ·~h;.:~u iJ z .. nd. D I a~~'~ t1 tt.-~ be 

· consid~x-ed fo x t h!:;. li:.OlSC " D~·~h Ul r-.;;;.:1 0 r:llYj' 'b:;.: i.:. bi!.;:~c;~;;!:=i..:ed ;!;;-: t,~;·ms 
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Fig. 2 Typical flow pattern to water table well 



·Fig. 3 Relationship of seepage face and discharge parameters 
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