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, 1 . .  . . . .  

i S,IMILITUDE ' R E I . ~ , . T I  0 N S  I ' [ I ' P S  • ~,,: .. . . . . .  ,..~: . . . . .  . . . . .  

F O R  * , V A R I ~ , I B L E ' . ~ F L O V I  t T H R O U G H  ] E A . l l T H  'fD."~t,~ . , , .  l ~ . , .  ~ , .  i . ~ l , -  , . "  , " 

erosion as ~a :result 'of.~seep 

has an impor,~ant :effe6ti:on:~ 

d o~s tream S i ope s'. 

,In the absence :,of 

method for predeteznining...the, ibehaVior:,of ithe. ~s~turat~ien }l~he-,~i~f~emb~,j~i ,. ~: .:" 

proper~cies of t1~e -material,!obta:inable~:~thrcugh ffield ;and 

~ " ay E tests, the use Of ,~sc~le~models ~m ,pro~de a:-,valuab*le uide. C~ ''-~ii .... .... .i 

opinion is divided as *t ':':: 

relied upon, but ,since ~ .~ 'r 

the ~cwledge ~ef ~the :su ~ 
r[ ~ ......... i: ....... ~S":" ','i"'* r)" . . . . . .  

experiments, "it .is .probable i~hat itheif..~empl6yment:;Vri, i,T"~con~inue~it6Li~. ' .i: -~' - . ..;i: 

increase. - ~ L': -' ., "~"' ...... " - 

In applying .the ~resu~tS,0f. model :studies ~o ~ne ,analyses ,of.-* L''~ 
b- ~ - ..i,"~ L 

prototypes., it is ,des.i:rable -tO ~reduce the dimer.~ional-rel~ti-0ns*hri, p~ L~ i':"..i"' 

tO their simplast ,form.- :For the/case ..of .constant ~or .nerm~nent :flow," "-' 

these similitude equat~ons have .been.:presented ,by.severa.l-~,writers : .... 

(i) (2) (3) (4) but not, ~it""is ~believe~[, in ,a form ,.readi'ly ,applicable 

to problems associated with ~ryLing reservoir loveIs. .~ae ,following 



.b 

is a brief development .from,the ::poin'b;.iof, l.viOw:;:-.Of:.!nOn~pe~mmnont:-or i :: ~/!::' 

It as convenient :%0/prggicate !.thei~ ont~ro-~hn&iys~s:,~tipbn .!~ho£~ : 2:::~. i: :~ ". ", 

the instantaneous ~f~l~v:nots. ~shaIl::,l~i.kev~i6e !bo;Eoomotrici~;:lly:?s'ir~i:lar,:?~ 2~--i:,,,, 

that is to say thatw6.th}homdlogeus ~reservoir~and :,t~_il~ter ,1 

the saturation.eunves,~s' ' ~ :- " .... hall ,~also :be ;h~ 

find what rolationships ~us~t~-;raai~tdin; 

a n d  time "in  o r d e r  ~ t h a t - , t H i s : : ~ h ~ r g o t h e s ~  

Cons ider :thO:ic as o iof :!two ~si 

proto.~jpo) in which ~ho :roserv6i~ iio~ ::~'~ 

having been previous ly ~hold ~~'b ~homologous .i~lo.~t~idnsi'iUii~i].~£.:oqui~l'ibrium. ~ ,21 ..:()~iii~ " 

.g. 

b 

d 

d h 

d i 

= an. arbitrary -dimons~on-p~u'all61:~-~to ~ n~i~ ..... :" ~'~ 2 - -;~ 

= headwater '.depth at .bqgimling .~ 0f. :pori-od, .: 17. i~. --;-: :-,.;: ,,:: , i.:1% i~: ' " '.i-"i. 

= ~ortioal distance between point.::of~ intor, sec~i:r/~iofi~is:~tu-=~ion :, .. ' 

llne .with :dovrnstreaan.:face ~uud .tallwator ,;9'le.vagion a~ ,;~h o !beg,,i,.: : 

inning of a ~period. " : " :::. i-: :.-- 

= ,tailwator depth at beginning of.a period, :I" ' ....... - " " ~ .... 
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n 

g ,,= acceleration <0f :~r~'~Vity., 

H h = vertical;drop ~0f,~;:reserlvc 

after <co 

H s =.vertical 

of,saturation-line 

~ " "':" ' '" " ~ " ~" " ~.L( '7 ~ ~ " 

Z~H = potentia, l',drop:,or 

,.ud3acent ~,~equxpotentx 1-,1 

j = percent ~aiu~:0f'i~'~ter ~on 

the ~volume -.0ccupied iby :" . ~ r 

constant 

l ~ . 

,% • ., ~ " ' ~ ~ '." *" " ~ ~.~ • • ~ /-~ ~ ....... :'V • ~ ~ ." q ~ H ~, ..: 

k coezflclent ,of ,porm~ab~llty ,or {the ~ol~me ~of,~.flow ~througa a~, 

unit-cr0ss-sectionalr:area.:~und~r:ia:~unit i:potenti~i.i~ • . 

a <de k s': toi~ined s = coefficient ,of permeabi~l'i ".. 

an .accepted Standard ~teml .: 

K, KI, , K 2 = ~experimental constants - i ~ 

) = length of a-sldc of-a-..,quaro <of .,tho•,:Instantaneous .f, lo~-::,no~.:-,: ~:,:: r'" " '."" " 
i_ 

at the toe ..of/an adv~mc~_ng LI~;: net • " . . . .  , . .}.:.:... ...... .. -,. 

m = percent ~Ioss of water ~on draii~in~'"expzess0d~aS~ a f;raction.~,of.. 

:the volume occuPied?by the so.turated soi~l-; :a:"'!dra'i~-~'age":x:/::-:J '''~: 

constant ...... • : " 

= scale ratio 

= absolute .viscosi'~y (d~mensions,, lb. ~s0c../f, t2~) - . .' 



.L. 

4 q 

qa 

{- 
t 

T 

V 

= volt~.n.e of ~vmter di:sehar 

= flo~v through 'an,area ~ha , 

= density of ~w~ter ~(dimon 

-= time lapse from - 

the reservoir ]l 

= Temperature., :~deg 

= ~velocity ~with~VK 

t tanslares 

v h = v@Iocity with~vH: 

v = vbloCi ~-- 
0 

v r '= veloci- 

..-.. 

v s = .velocil 

-descel 

"?) = kinemal 

If ~' 

exist, then, a 

can-flow thro~ 

of flow and h0 

But if m 60 

volume L 2 
0 

:water.%vhi, ch ,imus~ ~.'low ~out ,:of.:~the" ~: :-": 

x I ,at::the ..crest as-,the.~soi~l :passes .:fr.om the :saturated : ..' 
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"-..L 

'l 

to the drained i's%6to -~thon:',..-~'~ .",_ ,,. ~::/,. :~ " (i,!.;- I .//~.... ,/i .... )~,: 
' , :; .... -::"~ .. ~ . , ~ :-zS~.:.~o~.~mo.:r.oqui,~od:~or ' " ..... 

• :.i~ , : , ,,~,¢ q ,~ ~ i ~/:"',~,i.'i'.~ ' ;. ::/,~,: ::~i!i,: i~ . ;. ~:,~:: :~,,, ;~ 
tho sa%ura~ion b " " '" ' ..... " .... ;" ~ " ..... -"~ ........... 9 "~: ' :/:" ~ 

ry. ~ scond,%hrou h tho.di ~ ... ~ . . . .  ........ ~ ~.  stance . .~ .. 
• . ' ' :,'"<":.i':~.,. :.'~/',.:). >~.i: :: .,-',. :',!,~'~~"/:~.<<:i~'i~. ~":-,.,!/:. :,(0. ,:;::/;.:, , :~:.':~ -:-~ ;:: 

the veloc'i~ ,ty ,vrfth wHi ch i~ho ,or~.~:~'~ ~!2-~':~~ ' !~i ~ >:!:: ' i~.:7~!'~/"i'<:i~ "~' ,~'~ ',. : ~,/i~.':.~. :<'..~ ~i~i:,,': : ': :-.~" 

. ... : .....,, ,.,..../~.. ½~..?j....;.:.. _: :,2y..j.~,:.:::,;~..T..,.[- ... .., : ,  ~,::, ,.... ~..,..: ..r~ ' ,. 

[¢o 

~q 

;k 

S 

From our hypothoSis ~thht ::.ira 

be similar ...... 

from which 

Butsince 

From (4) and:(6 ) 

. fj ,- 

,: 

¢2~ ~_ ' ' , " < ', ~:i,% " " " 

if{ s := 

L ,,'. /! 

L ~ ~ 

'= '~v s cdt~ i " -: " ~-; 

( .~. - 

:S S L- 

i: :i!i! 
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+f 

,% 

Also, 

a n d  

,, . . . . 

considori: 

so that 

R e f e r r i n g  t o  equ 

v 
:.S 

substituting "(~r):in "(~7,. 

.:k : 
': Jm" 

~'dlich upon iintegraZion?in' 

at . =  :.t~:!# .:C-:."- 

B u t  i f  :t  = o ' :when :%T .= . q ,  ~the- . c  

'I' " ' ' ~'' "~ ~'"' ' c .... 

:it, .i.k ' : • -" ' 

ra 

.... ;/..4,/~/, 

• . } . 

'--6-- 



I. 

• ; • . , j  

This .~__ a _ _ ~.._.eun~amo~1<i - -"-"~ - - ' ' '"-':- '"~":":~"~";';:":"" .... " " " ' : "? 

tv¢o . g eomet rio a~l, ly: :simi,] 

instantaneous flow~net~ 

@ 

potontic~l gr~d.lo t ~.(se~ 

index" of that matori~] 

the m~tor.iais to ibo us'¢ 

ratio., the ratio ~botv:ec 

ditions v,~ll Obta'in :in :modol and ~pi~o:~o%ypO :~iS::fi~o~.i!i:.:;!Conv, ei~selyi:/~'~T.:.~:.:i_:::~...,. ,~. 

it is dosired to :r.eproduco ~in :a .imodo:l :,w~tEzn~a~.spoc~f:~cd- ~Imo _.~hoi-' ". :.. • :- 

. ,, i ..i.. ~ " i::~ >~? ?~ ~i?~:~%,.i<,.i..!i:: ,.~j,?:i~,i,~ ?.~::,,.:,~.:,~ ,.:,,.:-i.~:,:.~i"i::.:.? ' '.. -. 

t ime, the model .m~:toni 

indices satisfy,,o~u~ti 

directly. Since 

But 

fromwhich_ 

d~ h .--~n::~" ~<: ..... .~.:,.~ _ :,:~:,r~:.~,; .: • ~i ~,) _: 

i"il ̧  iii!i  ii!i .... : "  

!~?:~-~.r, L ̧i: • ....... • ..... "":' ii!<-? ~:I̧I̧ 

~ .:h. ,-, :: -~.~:~ .i~< .i ~IZ ~ 
. ".,~:: 7" ~'~ 



and 

{ 

" rom,' 

, - . .  ,. . !~ . . . . .  ;,.// . 

9 : "' " . . '  . ,~ ' ' , ; ;  . . . . . .  ." i "  : "  " " 

• > v h  " . , .  

Cd~ 
" " ~ ' ~ ~--" ; " ' : - ' : ' L r '  - - ' -  . . . .  . ".!'L~" • " .  " , '  " : LS" '  L ' : ' ~ ' " ' ' Y  "./ '~, !7 L,.~! 

C, 0 . ' ~  ~ 

' ~,., . . . . . .  • . . . . . .  , " ;~.  i '~ . ) ! : ' i  ~! 

so that :.combining ~ i'( 

,, t : Z ! ' .  - - _ _  

v h ~i . . . . . . .  ;.~IC 

:L.?... "̧ L 

or, in.words, ":the i,:draw4'down ve] 

the drainage .indices. 

.The, d i s  cha r g e  i ~q~:, ~ ' ~ r .  

dire ction of Tiow~ and~ i:~avi'~g , ~ .  

O) ":rll 

L 

• . <  

' t  

i 

:'i ) - " ' " " ' - :  ' .  - .  " i ' ~i~, . / • '. " . . . . . .  :'~ 



• " "  . 

• and as shown ',for ~equd~d~ 
-- 

j -  • . 

so that obviously, 

,.@ 

.If b iis "cono~ 

the 'f low net ' s_~d ~.~H 

to the full~length ~of ~% 
.... i 

t~ ou:~h,a -.unit :I ength Jc 

reservoir .;level. i~;,Thus 

d~ns are :',in ;,proportion-" 

r a t i o  Of t h e i : r  coef f : lc i 'ents  ,:6f : p e r m e ~ l ; i . . ~ ,  :; ; 

Consider: ~the :case 

v~, cing saturation ' boundar.~ 

the saturation ,.bounda~.3,v~i] 

J 

that the, s ~me argument ':use'~ 

applied: --Tiz., the ~quanti% 

area perpendicular to '.the :d 

H: ~:;,: :: ,:.. - .• ~:-~. ,:~ .. 

If :J,L - '" :o x I :is::the voltume of .water ,wi~ioh:must i~.Io~, ,~intoktho ' 

'volume -~ x ~i ~a~ z~le toe of-the .advancing-saturation "lib-~"~iin order " 

for that volume To :pass from its initial :to-the ,saturated ,state, then, 

-8, 



........ I 

,Q 

. . .?...., 

follov:in~.%he 'Samo ~,roiso'r~inG'.~-~5:%h ,,. 

.... ~ . , . . .-'~'v r 

• .... ..,-.::~ ~ ;! ..... - . .~..~ 

Similarly dl'l of' " . . . .  '' "~ ''" "" ~%h~ .equ~mons ,.~e± er~nmned::,foz..::% 

. ,. .~"',./...:,..;. : ', ~:.'. : .~. ,., , .... ~,.~" ,, 

r o s e rvo ir *,i eve I . c ~nib e ~duplic ~te'd :!l'fo r~..-.~ he:~;fis~in 
-. ..... ;r :i~. :.:.~!~ 

,~:~. .. . . . . . . . .  . ,  v ~ , 

. "j.: 

:, % . . / " *  " ~ : ' . "  ' i , * ,  : ",' ',: ' : ~- ' 

i !~ .~:;'~ 

"' :"i;; r'/ 

b ~ ,; " 

. ' i  , ¢  

for rising ,~reservoin; 

& - , . . . . .  , ,, 

.V 

;S  

~'"': ~i..-.-*"..:~<.i: ,': ' ;.' • " ~~.,' ~'~'~?::~? ~;;~ . "' ..~::'~ ,?,')[~o" 

: i  , a:~ 

. ' / , , , '  ; . .  : - " *  . . . .  : " ,. ~ ' U~, : ,~'', ',;~ ; "  : ' ~ . - ? -  *' , :~;  , " ,  : ' , ,  ~ , ' ; "  " < ,  ~ ' 

~k " " -- %. .- 

-['~ ! .... 

-lO- 



~r 

arid T o r ,  c e n s ' t a n t  ~re 

m ~ 

m 

E 

No.tufa fly 

;I: 

mpera ; 

equations apply ~o~ly ~t, 

in  model and ~protot3rpo 

do not agree as to the 

e.qua~on i(;I) ;is~based 

Dar..og's may :be .sai~ ;ii;o 

If Darcy' s i'.la~'~, 
j- 

I 
i L 

is to .be accopte~, .the ,coefficient :of ~ermeab:i~li~CV .co=responds-~o ;"/;:~ 



t 

2 .~2~:. : ~ '-'&,i 
*k ~ '-'- 

but accor~in~ %o :Lin~quist .'.'(I 

± n d i c a ~ i n g  r a t E i h e r - % h r a t ~  " " 

• A 

'!k--- " .... 

It,may :novo'r.theless ~be~"~dOS:.~Eble :,%o ::~'intr 

. • ~ . ~.~:~...~. , :,~'~: : ": - 

h . . ,, • for t o .effect ~of.~temperature-" 

a s /v ~. ~a .i~ o'is ou'~iao, .(( a 9 

,%.. 

iii~ :~::;ii!i;":/:: - -./; .! i~: ' i.-;;,::ii~:',:.i -~" 

.:/,::.'L. ; :": i' ' ' 'ii::..:i':': ..: -';.':' '. 

..~,..~..:., ,...,_.:, 

........... .:,;~' .... :/ - ~ . . . . . . . . .  . ..... . ...... .....~>_ 

• . ....:.. • , .. ..!.,.~ : ...../..:.~ 

#or w~tor,, ,wo .may .write : ' ; :; };iii!~ii":"i~ :; :!i! 
.. . . ....... . :.. :i '~. 

'4~:) 'o ..... .;.:/: .,'.::.c. .... ~ ~2"~+.;~0-':°°° R~ ::~2i~ 1 = .~71~ :,÷0~9!~_s5 :~ o~ :~.,, 

where - ~ - -is" th~ r~'~~o b~e'en~:'~hei.~nem~tic-<viscosi't~ 
~:2 " ' . . .: :~ ' ..-:..-:;""-~ii~:': ~:~?~. ;-.:-.:i;:;~; .. ,...~. ;".~'~,~:~:! !: .' :".;:~;..~: 

. • . ' ~ ~I-' . ":'..~.:~ ..'. ~ , ,, " 

. 
dens ~y .-~.~th t emperatu=o b o ~-=g oonsido~:e~ ,neg~.ig~bZo. :~ ~F6"}. 

idon~i-oal .s oiis, .tho, the ra~iO of %ho~-r. ~poNneabi~i~ies ,.-~i~ 

tom~er~uros is.., ;£rom ((:34.) .... ~"> : " ' ~ : 

kl = .~'~ 

k2 

- I 2  - 

. ' " 5 ,  
" . )  

:,, .,,?.,,., .,,.,. ........ :.i: i ~~. 

I 

: •, "Ll*~-' ' 

/ :  ' i:($8 ._ 
. . . . . .  - - . . .  . ; 3 ! '  

t 
. ~  " 7 :  

"~1" : - ~ ,  . . 

i 



and tho ra~io ,of :~ho:kinoma'tic ~Vls, 

in which the su 

and "tho subscri 

Tho ~r 

at any temporat 

Tho previously summax 

could ~thus bo :rowrit~on 

po rmoabi:li~ ,as *:: ,: f o I 1 ows: 

r'[~.? ; ~i' ~ .  i~ 'L7  " : '~1  

- ~ . .  

. ~ -  ~ : i  " i  : ~  . 

v h , t ' : • . i . .:~, 

~' -1,'.%- 



V s 

W 
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.t 

~h ,- 

" , T ~ !  

t r  

L 

J ' i .  

. . . .  ~'(,2Ba) 
o , .  

~qa 

" , , '  " " : "  , ' , ' " ! ' ~ :  • "" "~;; ,~ ' !~ '~ " ;~ !~ ; . ' .~7 ,~  '~ :  : ~ f t - ,  % , ~ J ~ L ~ ' , , 4 :  ~ '  . ~ . ~ ' ~ , T  "'~ ' 4 / ~  ' " : ~ ' , , : 7  . % ~ : :  ' "'~* ~ . . . .  . : ~ ,  L " 

S ti I'i la C~ n~ ..~ s : any/jc o zro c,t'ion ~ o r:i~HO ii:influonc 0 ~:of ~ ~ ::;':i~il ~'/;!~,~ 

tompor,.turo ,on th( ~,"!m~iaad;i~=,Ljl .:It: is.-,i..L 
• ~ :  i , L 

roas onab io -t o SUpl ty,,::iaf~e"8~od :~by:!.JChanNeS : ,.. 

in the viscosity., -,: 

tho capilla~j .hoight.. 'A*ddit'iona'l:~ e.. :~-~ 

to fun~hor ,clar~f,~ . ..... :.. : .... 
• ~ - L  - 

Thro,Jghout :.tho :pro corllng":dis CUsPsion,: :itho:)iprd once ~)and ~. ;""~ :*'~ ":' 

o f f  oct of the  caP i l la r~ j .z  ono abo~c .!;tho ,sEturagion:;!ine.::,ha~O boon-;:;:~:~ ii"!~:&,:! 
nogloctod. That ~th~-s :zono".cxor~si:a;significant,influonco.;on .'.the ~! " 

f l o w  w h i c h c = m O t  :nraot- iCal ly bo n~o . . t o  conf.orm to;:.the dthor"~s~a~tuao 

rolat$on~:-is oioarly domonstratoa ~,by ;B. ~l(ornor (2).: Tho smno ~ritor 

*.-14- 
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