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TIill FLOW OF UNDERGROUND WATER.

Vlhile the laws :;0vc;rninJ t.;le flow o f yratF;r thrr-ugh pipes,

channe 1 s
, rivers, e t. c. are qu i t e t ho rou 3';�ly unde r s t ccd , veY"J Li HIe

has been Lear-ned or is understood abC'11�, +he flow of ,�y:derG:r(YLlnd water,

or wa+er +.hY'O'll2'h a porous media. T�cre have been several Fr8Dch and

Gernan Lnv e s+ t ga t o r-s of +h i s subj e o t : in +."!"'ds count ry Professrrs F. H.

King- ann. C. S. Slicht.er and Hr. F. II. 1'Jewell have been +,�-le principal

investiGators, t�e latter with the ulti�ate view of firding out S0Me­

thing o f +.he s+ruc tur-e arirl capao i ty of r-c ck s to furnish petroleum.

Pr-o f'e s so r s Slichter and Zing have wr rked in or-nj unc t I on , Pr0fessrr

Slj ch t.er ir.vestL;at,in::r t he subj e o t i'rcD a pur-e Iy mathematical s t e.. :'}rl-

point arid Pr o f'e s so r KinG experimentally, each us tng t.he results of the

ether in his work.

Ho"..,el.1en +, s 0 f under jr-ou nd wa t. ers Tray be c la<: s ed ur.dcr three

h ead s , viz.; �ravi t,2.tioJ:al, H:crm2..1 and f"!api llC'..ry.

U�der t.�e heart 0f �r�Titatir�al m0veDe�t the mrs+, important

is se eparje ,
wh i ch term is used to express the movement. 0 f vita t er

t.hr(YlJ-S'h +he fine po r e s of rock 01.' soil under the tnf Iuerice of s-ra-vi-

talion. I t, inc 11' r E:: s t, he f1(W1 0 f vra t. e r in cap i llary sized 0:1an:1e Is

only. TI'li S f10VJ is f'curv' +,0 var-y w'i th the t empe ra ture , a Lowe r ing

of �he �ar0�eter �ausi�g an increase of flow. This variati0D of flow

due to thc tem_?f;rc,t,1..1re, if. exp La i r.e-; in t h i s way; that, t::-le expansion
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of the air in the soil above the ZODe o f se.tura.t i cn causes a pressure

vrhi ch tncr-ca se s t�le hyrlror;tatic pr e ssur-e due +,0 the d i Ff'e rence ir�

level. Tte se�tlinG of the �r(un� wrulrt also CWlse � co�sjderable

�ravj t a t i or.a I f'Low ,

Po i s eu t Lle fr-und tha+ wa+er at a temperature of 45 degree s

fLowed 2. � t,j ne s as fa s+ as wa t er at 5 de :_;rees Cen t i ::;r2ude, the con-

d:' t i oris o the rwi se being alike.

The:rmal raovemerit s may be classed as those due to the direct

exparis i ori ann con+rac t t cn caused by c�2;n;-;es of t.emperature; and those

vrh i ch are r-epr e sent ed by the phenomena o f dif:�usion, o smo s i s e.nd

solution.
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Capillary mov emen t takes p La c e away f'r-r-m p(1re spaces which

are wholly or partly filled with water and toward thrse which are

empty or less nearly filled w i th water than t ho s e f'r-om vrh i ch they

ID(We. It may proceed in any (�-irect,i(ln. Conrtitions such as

the pore space an:' the d i s f.an ce cause a variation in t he cap i llary

movemen t, • It has been f(111Dc1 +ha+ cap t Ll.a.ry mOVCIL1e:nt is so rap Ld at

f01Jr feet t ha t , if t,:-le cap i Ll.a'ry mcvemen t was ccn t i nued t,hrou::rhout t::e

year, it YT('lJlc1 pr-event any part of the r'a i n in the Uni t ed states from

s i nk i.ng far beneath the sur fa cc , Ccarse material with lar;e spaces

between has the least cap i llary f'Low ,

\\Then the cent.our lines of the G'rru-r;d water surface are p lo t-

ted they show that. f.h i s sn r f'ac e confc r-ras largely to the surface con-

t01.1r of the -;rruDC:, showi ng hills arid va l Ley s s tmi Ja.r +.0 the earth's

surface. This water moves outward from hi:h places in directions

nearly the same as superficial water does under like conditions. The

water movement would t�JS be co�ce�trated alonff the valley lines be-

�eath the surface of the ground.

In investigating the flow of underground wattrs one of th8

t t �'�r' l+'ec �et 'li71'th is that of deterrni�ir� the space thr0U�S'r ea .J e s, (.1.1 J J. 1 n1.1 , 1 .1 J' 1 •
I

.J �

whi ch t.hi s unde rrrcund water f lows ,

l zh t
.

t s ome de f i rri t e me thod ,
but, fisstlres in the

eou s we m]_ g arr 1v e a J I.: J
i , • \ '

earth, soils of different sized Daterials a�d compactness, etc. tend

to make thi s a very var i ab l e quanti ty. Exper irnen t s are conducted w i +h
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r+cks and soils of known , urrl f'orrn texture and sands of nearly uniform

Grains.

Several methods have been devised for dcteroininff the voids

in these rlifferent materials. One method is that of dire�t measur-ement

by mt cr-one t e r and microscope or other means. Another is that 0f

coun t tng arid we i gh i ng a known number o f ;:rains arvl t.hen cooput,ir.J t.he

d i ame t er of the mean s-rain from the nunber , wej.G'ht and spe c i fi o JraviW.

'I'he thirn and most accurate rne tho d is by means of +he aspirator.

As so i 1, sand, rock, e t o . have very small spaces Le ft 1')e-

twe en U:e particles, it was supposed that a law closely related to t he

Pod s eufL'l tan-Jfey e r law for +he f'Low of j8Jses and Lf qu t d s thr'ough

capjllary tubes,
Kp

f=----
8 ii c 1

in whi ch A e qua Ls +he area of cros s s e c t i o n ,

c II coefficient of viscosity,

p
II II difference in pressure at ends expressed in

dynes per square cen t i rne t e r ,

1 II lenr.-th....) ,

f II disl'"!harge in cubic centimeters per second,

would be f'ounri +,0 ho Ld for the f'Lovr of liquids thr-ough the ground.

The mean ve lo c l t.y of flow +.hr01.J.3'h oap l Ll.a.ry tubes is ''3'iven

by +he f'o rrnu La ,

p A
V=---

8 ii c 1
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This last mcth0d, by the use of the aspirator, considers Poiseuille's

law o f cap i Llar i ty to apply, and t he amount o f voids that must: exist

for 8.. measu r-e d flow of wat er o r air nay be oomput ed , Better results

have been obt a i ne d by the 1JSe of ai� than by +he use of Li qu i d s ,

It is no t en(1)�h to know the pcr-centaje of vo Iune of empty

s pa e e in a -:-iven medium in order to de t errnine the flow but also the

extent, of the subd iv i s i cn ann the fr.rri of the pore. Profe:;sor Slich-

ter has r.erived t.�8 f011r.r�TinG' f'c rmu Ia for compu t ing t,:--�e percer+a.te of

pore space;

V d - W
---:. p
100 V d

in which V e�Jals the vrlune of �he vessel in eu' ic eel timeters,

" " specific �ravity of the sa�n,

w II II wei�ht of sand in Grams;

anct for computing the effective diamet,er for 1rains the �0110wing:

d�;: -� (8.9434 - 10)
S p t

h d 1 tt. �. t -!',....,..in wh i c eq,1)8.1_ s .rie o rarne ,er O.L .sraIn,

h II length of aspirator, or sand column,

s II II area 0 f t, he aspi ra t, or, or sand co Lumn ,

p
. II II pr+ s sur e in cub i c cert ime t er-s of water at 20 C.,

t ti�c in seconds for 5000 cubic ce�ti�eters,

(8.9434 - 10) e qua l s the Logar i t hm 0 f a cons t:�,nt •

He also c0ncludes tha� the mean effective area of the section 0f the

pore for snheri8al �r2j�s 0f t�e �ane rtiameter when t�ey have the
-

.
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closest packing possible, is about 0.1475 times the s�lare of t�e

rad iu s 0 f Pie :;ra.i n ,

It ha s be en f'ound to be -:e�erally +rue t'1at. weJ.l-r01l?:ded

,,:,r,d71S of near-Iy un i f'o rrn ci.iameter t e r-d +.0 '�ive a pore space which lies

between 32 and 40 per cent. Sir.lple sand s wi t h angu l.ar- �rai!"!s ?;ive

a much lar':;er pore s pac e t han r'ounde d ·-;-rains. It would, however,
seem from experiDents that the pore ��ace increases inversely as the

di ame t er, ann not. to increase' in angularity of the zrains. This

wou l d tend t o show +,hat, the sane laws of flow v-ou Ld hold through a

wider ran;e of 80il dia�eters tha� could be expected if an increasing

angulari t,y of the grain occur-r-ed wi th decrease of d i ame t er ,

Experi�ents show i.ha t sa+ura t ed sane-Is ar:ci. sards t one s w i 11

hrld frr.m 15 to 38 per ce:1 t, • of their voll.lne of water, and sotls and

clay from 40 to 50 per cent, . Five feet of soil ca� store two feet of

wa t er , Even compact, Ltme s t orie s (1;-.("1 gr:.?n.i te will hold rneasu rab l e

�laDtities of water.

As W("\11ld be ex-ie c+ ed , it, is a general rule +ha t the rate ('I f

f'Low of water t,hrru:;h :rC"lc17S is -:-;reater a lorrj t'!18 bedd+rg planes than

aero s s +hern,

t' !. th h 11'� ex t.er.d d o ..rm as f'ar' as p(l�. s ib l e ,_'_nto +he wa t er=bcar trrrna I, .' ley s r .l..li J"!''.l " • ..., _w V _ _ •
�

strata S0 that t�ey will present a �reater surface normal to the

bedd i ng planes frrr the wa t e r to flow +hr-oujh and not. r-e qu i r-e it to

nrve across the bedding. The increase in �epth will also ]ive a

zrea f,er head.
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It has been .......)enerally· be l ; evert tha+ t' l' t .(' t' .PIt � • .. , • neve (' c: 1 ,Y ('.L • �l e J. ow

of a liquic in G ·::;iven d i r'e c t Lon t hr'ou=h � 1 f'l
..

�
2, AL..umn o: sen 1 r-: propor-

tiOT!8.1 t,o �he �ifferen�e in �ressure a.t, t' e d � th �

d_
.,� e�_ S OJ. e oo�umn a�

invers e ly propor+ i 0r:al +o +, 'he length o f t,:rlC co lumn. 7his law is

r f t en ca...Tl ed "Dar'oy '
s Law" ann T112Y be expressed by t h e formula,

P
V = k-­

h

in W"-Jl; oh V e cual s, � "'J.U .� t,he ve 10 c:i ty ,

P II difference i� pressure a� the ends of the
soil co lU"11n

,

h II II length of �he column,

k a COTIst,2,n t. de t er-mined experimentally, depending
on t�e size of sril 1rain�, the p0rosity ('f the
so i 1 an n. the vi. s cos i ty 0 f f-, heli qi: i d •

Th i s Law is s trit La.r t o t he Poiseuille law ann Lt k e it, is no t true for

hj::rh pres sure c;-radi en t s •

The resu l '.s of Newell's exper tment s showed t. he" t, the flow of

water t,hr('1.'3'h sand s t orie do e s nr t co:--,f0rw to the law o f Poiseuille be-

tween the pre s sure -;-r2,dients of 2.3 and 1, and 85 and 1; but, tnor-ease s

T�e flow ('If water throuzh sa�rts was also

f'ound not. to be pr-o por t i or-a.I t o the pr-e s su re .

Lhrou�h S2,,'!Jrl also ir..�reases fa,st.er +han the pressure. T�ere is 2.

1 .,..., n+ �,rl' t h the Iaw bu t, �.ht:'l ni. sarrrcement is all in one di-
c. ('S8 agree'uel J -

\. '-' �

rention.

!.tfr. E. wo l l.ny de c t d ed f'r-om his exper1Dent,s that, t!�e flow o f
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water t.hrough soils diEl not, fr Llow exactly the capillary law; that, the

flow increased more rapidly than the i��rease of pressure.

Using U1e fr rtm La ,

P t Pa P - Il
103". (-----. ----j

p - p� P t Pa
C : -------------

pz t.

in vrh i ch C e cua Ls a cors tant ,

p the pr-e s su re in +he reservnir at close of experi=en t,

P,
II cons t ant p re s s-rre at. the free end,

t n II time,
as employed 1;y Beyer, Po f'frnan and others, the compu t e d re sn l t s are too

low as compar-ed wi th U1e ac+ua I riea.sured flow for hL;h pressures.

Hr. Kin:; in ,;('inG over Poiseuille's co=pu t.a t i ons fir:ds t.hat

in t.wenty-three cu t r-f t'�rent,Y-:li:1E tube s u s ed , hav inj lerJ;ths --:recllter

exper i r-en t s (if Cohen, Ront;-en, Warburg and Sachs all -;ive s imiLar' re-

su Lt s ; a l s c t.�.at t he v i sco s i ty decreases fa.s t er under h i gh tempera-

t.ure s than it. rto es under Low temperatures.

with ten samples of sand the flow was ten per cent. faster

in srne cases anrt forty-nine per ce�t. �lower in others than a com-

pliance with the Poiseuille-Lieyer law wou Ld call for. This series

of experiments indicated that with the smaller sizes, where the ;rains

p;-ive a mi.nimum pore havj:1g diameters 0.0117 mm, 0.0361 II1r.1, 0.0162 mm

and 0.181 m:I1 and under, the press11res no+ exceeding a ';raoient of + hr-ee

to five, the flow increases faster than t.he pressure; but where the
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diameters of t.he p0res are 0.0276 nun, 0.248 rom, 0.0325 rom, 0.0409 mm

and 0.0582 rom the flow does not increase so rapidly as the pressure,

even when the :radient is no steeper than one to five. This means

+ha.t wi +h Ifthe larger spaces intervening so many counter currents are

set up that the flow is retarded. Taking all these matters into con-

sideration it. is found that, the Po i seu i Ll e-Meye r law as relates to the

flew of liquids in capillary tubes is true only within nar-r-ow limits,

3,:::'(� vd +hf.n sti 11 narrower limi ts for flew Ua"o\Jgh porous med i a such as

soils, rocks, etc.

One point. is brought. out erapha t ' ,'::J:ly by all the o bs erva-

tions of these differer..+, exper-Jmener s ; that wi th e i the r low or high

pressures and with long or shnrt col���s or tubes the departure from

t he Po t seu i Lle-Mey er- law has be en (111 in one d i r-e c t i cn ; that is, all

Th i s j0eS +o s hr-vr +ha+ it, was not errrrs of 0":)-

s erva t, i 0!! tha t, can sed thi s depar+ur-e , bu t t ha t t he law is no+ s t r i c t Iy

VTe know that if a vessel of vra t er' is emptied arid set, dcwn ,

after staj.!.d.ing for a l ime ou r t,e a quan t i ty of water co Ll e o t s in the

bo t tori, 01.1e to a. film of vra+er th211�' stuck to the sides anr: d i d nr+

f'Low so r'ap i d ly as t:1(; bu Lk of t h e wa t er . On +'18 suppnsitio!! that

under high pr-e s su re s +h i s film wou Ld move f'as t e r ,
+hi s de par-t.ur-e rai gh t

be exp La i r-ert ,

r fe�c�� �l]_·chter's frrwl1a, deduced frr� ����e�at.icalr0 ".1, .. �
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in which q e qua l s the q1Ja,nU t.y in enb'l c cen t ime t e r-s ,

P is the d i f f'e r'cnne in prers'llre at t he er.c s o f the oy Li nder
inc en t, in E: t, er S 0 f 1TTa terat 4- d ( Jr eesC • ,

d e qna l s the mean d i ame t e r- o f sr,j 1 ..,.
.

s
.

J.'.L1'. J J.
. ...... .:.raJ.r.� ln C8�"lfT1el,ers,

s area
,..

or o1'(";s:-: section of thE cylinder in s�'are
cenUmet.ers,

h hei.S·ht, of t hc co Iunn of sand in cen+ine+e r-s ,

m a constant,

(1.0094) is the lo;;arithm o f [t, fa?tor,
aSSUI:}e� that, the f'Lows are prnpC'rUo;�d.l to ,the s quar-e s of the d i arn-

eters. Experiments show t.hat thi s f'o rrau La :;ives very nearly the

observed flow.

The obse-rved vo Iume r of wa+e r de Li ve r-ed to cana ls from t he

s11rrC'ur:dirg soil i s S0 much :;reater than the compu+e d flow, oo ns i de r-

in3 �he sril and rock hODo�eneous an� l1sing �he data obtained from the

exper irnent s made , t."1at we have to cons i dcr- that +he re are un.ler rr-ound

chan�els (alonG fi�sures, etc.). This is borne out by observatirn8

in our mi ne s , The wr i t e r has noted in mines that w:li IE' t.he re seemed

to be a t�eneral s e cpa je frr-rn th e r-c cl;s , yet, aLong fa1Jlt,j�S" p Iarie s or

f i s sur-e s the water ran in streams.

One interestin3 feature of this prnblem i2 t.he effect on

wells jn a certain area of lowering the water in an adjacen� rne. The

ac+ual Lower i ng of +he '3T01md water snr f'e.ce is more inpr,rt,ar:.t, +han t.h o

ar; tua I in t er f'cr-e-ioe (') f ry}€ we 11 wi t.h ano t.her . '1h; s a l so app Li es t o
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7wo 'wells 1133 feet

�part were experimented with ��f nl r t�J.1 .• vLie .. vIa er was beir; pu�ped out of

c ne we l I t he +a t er t n +.:1e ether well was Lr-we r-ed ,

in the well not bei;; pumoed , wou Id seem to br: acccun t e d for by an

pumpi n:; s t f'·ppcd •

The passa :e r f red lroad +ra+n:: :LCar t he se wells was o lis er-ved

wells, whi ch may have been due t o }.:�e f'a.o t r.ha t Ple j ar-r inj of t.!18

snil, »th i ch weu I r:. des t rry t. he cap i 11arJ e <J\li libr1'um ,
c :"�J1..1 sed s rme o f

the cap i Ll a+y wa+e r-. to become hyct:r(,J7.�"tic. Or t'le ac+ua l dcpr-e ss i on

of t,he 1T(YL1T"'jrl due +,0 +he Ir-ad i "":3' and subme rgano e Ln t o t.he 1rOllYl(1 wat e r

sur-f'ace , cau se d it. t o rise beyond the area of +h i s subrae r-janc e . The

f'a o t +ha.t a heavy freiS'�+, train can s ed a 1'Bater effect than a li3'ht

latt.er was the mnre probable reason.

It. is imp0rt�nt t.o n('t.e t.he effec� on t.he capacity (If a

.

t t
,.

f'f ,"' +hs ;rdl"\ t l.e wa t e r=bear-t rrt f'o rma-well of n i nk in.; 1, ,0 (11 Lercn'J aep "J": _�l. d' ,.-. �

tirn. The f Ir-vr do e s no '. increase pI'C'portionally to the depth but

'lhj sis no doubt (lm

t tJ1-�at in t.he sha l Lower wells t,:-�e water Las an opprr-to Jhe reaS0n
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hl;:i ty to rise upward to t l.e well f'r orn below, i�TJ:i Le in the well wh i ch

paraU e I planes prr·vided the s t ru c+r r-e of +he d i f'f'e r-en t layers is

Care nus t be tar eri net t.o p'1llcture t he impervious

layer a t the bo+ tom, e Ls e the wa t e r nay be Lo st.

layers of d i f'f'er-en+ dr;G'ref:s o f coar-ser-e ss pene t ra t cd by 2., well, more

water will enter the well fr('m the coarser layers, nC't on.ly btcause

o f t.he cnar s e r .?,'rai�s but a Ls o be cau s e t he r'educt t on of pre s sur-e will

it,s ';)('1 U,('m: the f'Low into a weTl would be Incr-ea s ed by 3"0inb' dr-vm i:-: t.o

a coarser layer f rs t ead o f ;;t,('ppincr fn 2., fine
. layer and crT:1pellir�S' t.hc

from
water to pas s , the ooa.r ser iayer t.�rru3'h f.h i s fi:l�r layer.

Pro fe s � ('T' S Li C:--1 t er ha.s neve Ir-pe d the f'o 11r"Vr�:13' f ('I rrru la fer

t!:e capac i t,y o f an ar+e s i an well wh i eh cornjie t e Iy penetrates the water-

bearinz strata, viz.;

f;
2 1i h (k a - k

log. (1 _
600

e r

a -
.

............ )

in =h t ch f e qual s +he f'Low in cubic feet per nrinu t e ,

h amount in feet +ha t t.he water is
.

lowered by
the pump,

r radius of t.he well in feet,

a

k

a

k

.... equal the thickness ir... feet, o f the var t ous s t rr.ta

cons tant s dcpc:�lin:j UPMi t he trc_Ils::nj_��ion

capacity of the v�rious strata.



( 13)

The capao i t,y of a well is not Larje ly tnf'Luer-ced by the size c f the

brae exce p t as the f'Low is cont r o Lled by ?:i.pe friction.

befrery Ij t, t Le ·-:;-ajneo_ in flow by 3'r,�_n� t o t he add i t i onal expense of

putting down a six I nch well when a four inch well would car-ry avvay

a l L the =a+er supplied by +he s ource ,

The f'Low f'r rrn a we Lt whi ch do e s no t cornp l e t e Iy pass t,�l:r('uGh

the wa+e r=bear tng st.rata is f'cnnd t o be zive!l by a f'r rmu La similar to

the above, bu t C0� t a i rrl ng +,he a.dd i t Lcr.a I term 112.5 ii kn h rUin which len

is the transnission constant for the bott0m stratuo.
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The writer has been car�jinrr on some experiments to See

wha+ cou Ld be Lear-ned about. the under-gr-ound wat e r here f'r-ori an investi-

�ation of f.he wat er in ou r wells.

In detcr!TIi'rdn:� the dcp t h t o the sur-face of +he water in

each well, a po int was taien en +he curbing or w indnri Ll f'rame and the

(Ii s t anc e 0 f the surface of the wat e r below thi s mark was obt.a i r..ed by

means of a o i rcu Iar-, worden float O!1e inch thick and one f'o o t in

djameter, 80 fastened to a oloth tape that the disc u0uld remain

h0rizo�tal when lowered into the well. This was lowered into the

well. un t i I the float, r e s t ed upon t,"rle ?1�rface of t he water. The ktpe

was then -;radl.l.ally rai.sed arid tl.e difference in t cns i on c ou Ld be

r-ead i Iy no t ed when t.he float broke Lor se from the surface. A spring

balance attached to the enrl of the tape sh0wed a sudden change in

+ ens i on wlier; the floa-f:. brn).:e 100se. ,..." .

1 i11 S lat.ter method was used to

verify re su l t s ob t a i ned w i thou t t he use of the s pri ng balance when

they were in any way doubt fu l , Taki�g the avera;e of three or four

read i!13's and by expe r inen bn3' wi t.h thi s float, in a eli sh , I found the

error in this me�hGd woulrt net exceed .02 of a font.

After these �arks had been placed a line of levels anrl a

s t ad i a sl1rvey'V,1Cre run arid +h e no t c s p Ldt e d , OJS shown on map' he rewi t h ,

From +h i s map it, wou Ld appear tha+ t,�1e s lr-pe was about one foot in

thr-e e }111l!(1reed feet anrl to +he northeast. T�is �rul� i!1dicate t�at

·the s10pe was in t�e �eneral direction of the drai�a3e of the valley

a:1r: D0 t, 0 � r-e c t ly +owar'd s +he bed 0 f the sant a Cruz. The well� extend
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These experiments cODrtucted l� t�e writer show that our

t 01.1 r 0 f P'..e gI'0und, as shown by t, he pr0 fi l� curv e s OT"! annexed she e t, •

These expe r tmen+ s a l so show that. our -:rnm;_d water surface is cons i der-

ably Le s s +han one hundr-ed feet be l ovr the sur-face of +l.e gr(',uYld.

It, w0111d seem as j f f.h i s cn+i re dr-a i na re system, drained

by +he San ta Cruz Oil or:e s irie and the �i IIi to, Par.t ano Wash and

Cfer.ega on +he o t.her , is a :;reat, s low ly-rnovfn'j river f'Low i ng' +'��rou3'h

bo t, toms. If +h i s is so, j_ +, vT01..l1d ap+ear' to be be t, t er for san i t2,17

a�d ecnnrmiDal reasons to seek nur city �ater supply nut n� the mesa,

say up t.he railr0ad track.

If +,his va.Tl ey i;, filled wi th detrit.al ma t e r i a L to a rlc p th

of 1500 to ?500 feet, as the :;eo1011' of t,}--�e coun t ry 'H(''l'ld t nd i cat.e ,

a!,n we finc1 t.h e 7 ("t1TI r1 wa t er less +han one hundred feEt, we wou Ld

of +�e dep t.h won Ld 21,15.(, be f'i 11e(1 wi t, "l water.

�rcat suP?ly of �a�er fnr lower levels.
-

,

If �hese secti�ent3 are bej��

1 :i_n e � d 1 i ca
,

e t, C ., as i s n 0 d ('U b t, ta\ i n � p 12" ce, t.hewa t, er i s (.l!:-; i T! 3'

Th8 0('._�rlidati0� bein3

t t t +.' h 1 +
•

f'o r c i ;'1("'.'1':), t he wa t er up�-�2Jrds and if rur InNl:-1-

-:r E: a .e s, a, , i e _ (" r, ,nm ,
1:- � \ ' � .

-

-
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a t, ab (" 1 t t,h P, same he i Gh t, +. h i � upward mov emen t w i 11 :te 1p to d () so.

There 0.(1 e s no +, seem t 0 be any fcn nrlat i 0TI f'r-orn t,1)e na +,'1 re 0 f

the :rNJTH� fnr t.he s t e.t ement s 01 r-e s i den t s ar-ound here t ha t +.heir

We W0111n expe o t f.ha t t h i s -;rC'u!ld wa+er wou Ld have a :e:1eral

d j rf;C� U, on t. owarrl s (Ill r r:i ver Dn H. orns • These experiment.s do nC't. show

this +'0 be a fact; but that the water �as a General Jradient t0wards

t.he r:0rtrwrest, t.:ha,t i�) +.()wards the ro t Le t. o f thE: va l l ey , These ex-

per i nent.s ex t enrled of CO'l.1rSe ov e r a 31":13:11 area.

firmer: over 2� lar:;E;)'" area, it, Yr('ulrl S\O-r'T t r.a t cur r i.ver s aye not r iv ers

I +h i nk , t he popu Lar' o p i n i on ; bu t t ha+ t hey ar-e s Lt jht Iy below t he

S 1,' r f0.. C e (' f this 3TO11:1 rl. vra t.erandarere c e iv in3' C 0 r s tan + arid i t. i 0ns a 11

?resents such (�;,ff::(mlt.ies to C'V8rC0I:1e t�at, liHle success l.as a t t endet

t�e efforts of investi3at0rs as yet.

o en+Iy (lev; s ed a me tho d , 11sing +he e Lc c t r i c current, by ;.:r\i_ch t.he

unrter�r0und flow can te watched a�1 �easured.

th 1 �

P r... ·"t·'·lS wtll 'be d� s cov er'ed arid t.hrs€ who
rr00Aed new me Jl 0C.S a:'r'J 2"P a ,,'J L. - 'i

t'\... +t will co' t i nue 11nt:i,l they are s'tJ0cessfnl
are in t. ere d. e (1 j 'n . J 1 e r.la, J er

,. 'h +
.. ',·-lC'- Gli_ffimlltiE;s :lOW exist.i�l:j will be

i n d; senv c:r i ::. 'J ViaY s by v:� 1 <; JL V
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Name Distance from Distance from Depth o f '-7a t· Elev. of Elev. of
of mark to sur- mark to sur- er S11rfi.·J�e mark sur-f'a.ce
Par+y face of water face of :-j_"oUTld from II of of

:;rcmnd :r0und

Guild 88.56 3.00 81.75 112.93 110

Dlake 84.75 3.00 81. 75 106.90 104-

77.71 0.00 77.71 D8.82 99

Rogers 78.90 0.50 78.4-0 97.88 97

Hill 80.85 0.85 80.00 98.68 98

74.08 1.85 73.13 91.0� 89

Hoore 69.60 0.00 69.60 91.34- 91

Felclrmn 70.44 0.00 70.44 90.07 90

58.60 0.50 58.10 84.41 84

I3arolay 55.67 3.20 5?17 80.99 78

Drew G4.33 0.25 G4.00 80.51 C9





 


