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Plate I . Above : View looking east into the Yucaipa Ridge hills and 
western slopes of San Bernardino Mountains . 
Below: From west side of Yucaipa basin , view looking south­
east into banks and terraces of Wildwood Canyon . 
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ABSTltACT 

A ground water inventory made for a basin area or about 

51 square milea and situated 6 miles southeast f'ro..'il Redlandar1 California, 

disclosed that a mean annual recharge of 4322•5 a.ere-feet from rain-

fall on foothill and mountain areas plus a mean annual deep penetration 

volume of 1693 acre-feet from water artificially applied (irrigation 

and domestic usee) are exceeded hy local consumptive uses plus exportation 

losses. Detailed studies shoved that no appraoiable contribution from 

rainfall in irrigated and non-irrigated valley lands occurs to the 

sub-surface ground. water bodye 

Elimination of the net basin drawdown loss caused by 

exportation will still put the overdraft within the order of 3000 acre~ 

feet per ;reare An inevita.b~e increase of land cultivation brings aboo.t 

no chance to mitigate that figure in the near f'utureQ 

Increasing volumes of water extraction are shown by a mean 

annual drop in water level of wells 11 from 1.67 feet for the period 

1927-1942 to 7.5 feet for the period 1942-1954. 

An estimated specific yield of Ool085 for the ground water 

reservoir places the time-life of Yucaipa basin within 35 yeursg 

assuming the existence of a 250 feet thick aquifer under the 400 feet 

deepest wellso 

A depth of 650-'750 feet in water wells is arbitrarily 

established as a limit for the economic and profitable exploitation 

of the basin. 

A conservative figure of 5000 acre~feet plus minus 1000 acre-
. 1 

f'eet annual safe yield is based on the mean annual recharge to valley 



lands from foothill and 11.0Untain area.a . Thie quantity ia likely to be 

increased by additional yields from the aquifer, upon rebounding and 

expansion. 

The low porosity value and its close specific yield {Ool2 and 

o.1085 respectively) associated with a rather low specific retention 

value, seem to indicate that the hiY'drological properties of the 

Yucaipa aquifers reflect the axistence of a type of rock near to e. 

sandy gravel, vith locally abundant interstitial materials. Plio­

Pleistooene(?) San Timoteo beds ean well appear in Yucaipa basin 

at aquifer depths. Younger Quaternary fanglomeratea 0 stream gravels~ 

weathered soils and modern alluvium. occur widely distributed in the 

surface area or Yucaipa& These sediments are bordered to the north,, 

east, and southeast by hills and mountains of baselllBnt complex rocks 

which are probably prS-Cambrie.n, but most certs.inly pre-Cretaceous in 

age. 



l NTlii.ODUCT ION• 

Too '!ooaipa El.'a\~in a:re& is 6 miles airline diatanoe aoutlwaet 

of Redlands 11 California~ It occupies a ll'ilrge part or th~ southsrn half' 

ot the Crafton Hillra Quad:rangle9 San 8ern11rdino and Riverside Counties. 11 

CaU.fornb.. 

The valley floor and foothill aree,!S of th® basin oov~:t· epprt:m ... 

imatm;r 40 square r:li.lasg and hav® msdian i:altitmi@!El of 2400 and 3000 f!l)et 

above sea lsv~l 9 respectiwely. About 11 square miles of hilly eountry 

with altitudes over 3000 feat above sea leval bo:rder the basin to the • 

south"'est. 

of IJXY.) fs~t and are divided to tha south by the WM.te Cliff fault hills~ 

Figure 2.) 
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'!'he aouthern part of the Ytwaipa-area is bordera{1 by low 

rolling hills~ the toYn of Cali.mesa ie situated along t.he ~thex-n f!>ont 

1i;1f these hlllse 

".l:he area is wi®ly al!3ce&;siihl~. Fx-001 the west well paved :road6 

l':lta:t~ from u.s. 1Ughwiay 99 ar1d reach aasiJ.y the tow-ns of Yuooipa ru1d 

Ctilimee;ia,. A pavoo 8."0ad runs along l:Jildwo00 Cl!1!cyon, and oon110ctt;J~ t•a.rthsr 

\iil$St~ uith Oak Glen R~d9 to the no1oth, and -with a South tl'ending road~ 

whioh erost:ileti:! Little San Gorgoni("} Cr@ak and r~a{~hemi the ~wn of• Beaumont 11 

Rive:rsida Cotmtj)'p Cali.forniap 7.,5 miles iecutheast of Yucaipa tO\fn. (See 

Index tll.\apg Fi~ 1.) 

A aghm't dist~.u1~ vest of the town or Be&umont~ L11ftle San 

Gorgoniio Creak gives way to s. northwest trending more important 

~!Mge ~ystflm, San ~· imoteo Creek, \Jbiieh irunG for eev~:rml miles i:n a 

g~nea:>nl !'Wrtht.;;1u1ltward direction. !.ive Oak Ouyem0 which ia born in too 

i~1ters0ctior1 cf the systam formed by l'llildwood Canyon, Gn th® ea.€Jt$> ancl 

Oak Glen and Wilson Creek:a tU .. scha~ging ~th© north•stil is e tril!" 

but®.ey to San 'l'iuwte© Cr@@ke The Southex•n Pacific f'\.Gtllr00,d and 9- well 

pavib"'(} U .s,. Highway ·run uong San T imotoo CrMk most of' its way• A 

:&4ln"t>.f'f u.s.,G.,S,, Gaging Ststion is located 2 mil®a aouthwerrt. of R0dlaooiil1 

bein.g acc@Std.bl® through Fern Street fr® Rsdlandfl to San ~·im11;rt.eo Cre0k. 

Earth and &,>Ta"lftti. r~~s built by i~rmexoo on the valley end 

foothill <U'@~?H'~, and f'irebreeka openoo it!l. the hl.J.ls by the u.s. Forest 

~~ie® ~u:e co."l&'f!.lo~ in the Yooaipa Imsin area • 

~~~ru:~~ .. 
'.!~he p!lX'pOS~ of th.is i:Jtudy li;:: to exe,,."ttln.e in gl"i?Jfj;t dertail th@ 

di~oot aurl indirect metho@s t.ft.rough which an esti<aa.tion of wak.r loss@%1 



of r~~ i:md int'lir~ct ci&t.n :l~ orider to d~in 11 QS accm-atGly a® possibl@9 

~ figura representing tm eoo~omic yiisl~'.i of lJe:t®r in a \!3@irt.eu~, has:!n. 

A eatllbilll3tion of fi®ld geol@g;r~thode and hydx-@l@gical enginel!Yll"ing ~ 

Goowgical mspp!ilg of th® 'b!asin a.lild '·tis e:ii1rirwndings took 

abo'l11t t'lj@ ~0eks. The mapping we.a maitle em 1~24000 @oale ah'oPh@togx>aphs" 

of S-amoatr.ien'liosi Cnlif1t1mia 9 provid@d th® itl1l!"iter with @:iweUoot 1s24000 

seal® top@~e.phlc blu~prints of' tha Craft.otl Hilla ~~lfangle 9 which 

incloo~ most of' the ru:><!lla li;ltooi©d:. 

A total o.f approximately five wook~ ~~ spent !11 hull.ding ~? 

the nydrol@gioal ir1fo:rm~t!on collected t\"om different sotll"~s 8 such B$ 

"Wtaill logs 11 water level in 'Mells a~1d t.1c&a.n annual pm);M~ge0 gathered fl"'OUt 

'lrroter aompan:tl!la in 1l"u.oaipe9 Calimia~a~ San Bernardinl!l> eioo R®dltmds 0 <'tl'i!i!d 

irui.i'flidual tSLH!0rw 1.n too ar€)a, of I'uoai}?!lle 

:&?eh one ©f the ground w2tGI' b!.sins of Southern CalifO!'nia 

p:&"'esoots ~oblme -whieill an not om.im@n to other basins~ and a oomr;ilet@ 



understanding of their g:round l<;iat_. oohav:i.oa? is e.chievoo largely by a 

previously gained broad knai:¥led~ arid experienCt'1o- fu~0 J cP o l3m-1alda 0 

·@f Cal1fo1ntl~ Institute of 'f:ecbnoloaD dh-ooted and advieied the v:d:~'!X' 

on the ganmoal natw'@ of the problsa 9 and carefully ocnsidered tha 

m0t..'1ode chosen for the attack of the !uea~pa Basin Wstel:' !nver1'tciey1t 

Mcrooverll consi:etent tr1nd methodio discm.ssion$l\ i..iera sustained whil3 the 

work was prcgressingo Invaluable assistance uaE: gj.v~n b~;r him through 

'the :rM1.ding 11 revisionp and criticism of ·tb.s paP'flI',, 'rhe m·it@1, wisihe~ 

to exprass to Dt~. f3u.valda his li1dtless &tratitl~o 

J.m0 thank::: al?® given to Mi., !M!rold C. 'rro::.~ll9 of U~e U .. f.: oG .. S ,, 

Wat®r lm&ources Sranoh,, L.A. Ca_H.fomia 11 and to M1·., .Ha1Ty 1'·.. Dlan~.r of 

the u.s. Departlaant of Agl'iaul ture, California I' fo:w their ~Jalvab!.e 

information px>owi~oo .tn11 and the p@l"mi$~1oi!l giw~u:ap to cou!'Jult uinpublish~d 

repcrts conn~ted "Mith the Geology wid H3-W•ology of tb.i!ll Iooaipe Baaitlo 

Sewit>al other peraQntsp £'rom. !.Os '1ingeles8' f~eill. and~.o :=Jan 8®~'·dh~ 9 

Calimesa e.nd Yucaipa axwn, too nmerous to ~ite .1:1 this p£~~r0 fa~~U.= 

itatetl the progress and eom.plG'tion of both field and offiGe WO'K"k 1~ 

several -ways. 



of pos~dble pr...Cambl"ian ant\ p1·acoCretact-~us age~ ~oi1tir~ntal d~dtis 

of Pli~leistocene age (the San 'l'imotoo hf'xla) t recent f!it:reem te:r:re0919~ 

and alluvium. 

amoun·i. at diffex•ent parts. 

'l'o tha m::i.:rtheiast of C:rl!lfton Hills~ 'llaugha."A (19;.:2) daoo:ti~d 

stones and conglmiarates ~ locally interoalated with limsatona and shal.'9e 

'l'W.s group of t~rtiary rooks vas called Potat.-0 suuds'tone:so The hills 

in which these roeke oooill' are sepa.n.A t.-ad t.'!eoo (,'?'~tton Nill e by a span 

of alluviun which is diss0oted bf Mill CTL~$alr.: f'uther n01>tt1.. The ~at 
' 



~sdimentery" ss well9 canplexly interrelated. In sane pm."tSp the 

raetased!mantaey character is ahmm by a distinct oonding and gneis:dc 

st..'\l:'Uc.turs~ with $ai3Y parting along ind:briclual pl.mee; a colO!' eltsrna·t.ion 

is present and the interce.latiorl or meta•volonn1"s sucee~ta original 

~oo stNcture; a dip of '36° S uea reG01>dad to the nor""h of WilCl~ooii 

Cal:l)i\l)D• P&t]Ulat1te dyk<.>e ~et:1 th© gen~iil oody in sevax•&l plaaoo. 

in th~ Whit.a Cliff' fault hills meta-granitea an> largely 

abundant; intcmstl kaolini0ation of f'eldsp.:1.rS prod'J.e~s 111hite -weathering 

surtaooe. La,yel"s of shiny, povdoT;Y' myloni ~ ani aoriAwn in i'raew~ 

zones,. Minerals such t1$! ohlorite~ api<.lot® and h'iJtb:'e;.:icat:i occur rath~ 

abundantly throu.ghout the betsrogsn~oua aril c~ple::L boey. 

East of Barton ra.mh (s0e Figu:re 2) the White Cliff fault hills 

consist largely of Yhite quart~iot>i~~ gr>l!.y hombl@r!de.-biot.1t® 

dio:ri:ii$11 ~d mflta!n©I•phicm &nd aooond.'U'y v~inletel of (1uartz. 'l'h0 

appro~te ~res of Yt.-acaipa Ridge and l..1M.oo Clift fault hills whiah 

oontrib-.ite X"'!mOff ~ate&" to the basin is 4 'JqUSl'r~ miles. 

An .1solatedp Bllf.lller body of basamoot canpl!!'!X rookfi sticks out 

flrm sediment4U7 f'Ol"mations in the weste~at pti't ¢>f the YOO&ipa a1°eai .. 

u.s. Highway 99 goes th.rough it for about a half mile,, It ecnt-sins 

igxiGOWl rooks rruuglZ'.1(4 in composi t1o21 ~om quartz-tliori te to gi!"~.u:iodiori t9 o 

Ntlmtlllt'll:.'iW dtJc-~Sp bGa:ring vary ~~rse conatitttents of• quartz and f$l.depar~ 

ei'OiJ}l! out the plutoru.c body here and Umi>Cll o L"i oos plac~ porphy.r1tit:: 

r.r1.~lr't,f8"8f3acite-latite <llykes eh0t-1ing fl!l.;J ~tnwtur-0 ru:-e obs~r'UOO;; othGl!." 

mi.;..io:r dykf~l:f utii to o~~ inch j..n th.icknoss;i t~'0{~thering dr~k green m•e 

looa.111 plr't!ftll~nt e Sampl\93 described ~ this body disolose a. gneis sic 



st>.~tureJ mioaccsou.s fol!& Emabodr/ grainls or feldspar and qttm"tz ~ miMral 

lent.ieles are very conapiouou.;!;9 and segregation of minel"tlls haa 

C>QC~ to a lug~ dagroo. 

A ~amwian age ia postulated fl!}!" th~ has&Jl:a:nt o=plex 

roaksq It is reascmabl@~ however~ to eampsr~ 1?h$ dylte and oth~r miooz> 

· intrusions with rookfi:l cf e:bnU&r histor;ir · w Soutb.zr.n Oali.forui.a" wl~ere 

l$ Meooaoio age is assigned to batl.-oU:th il1W'usiom11 l!l.OO Si!gl"X'an Plv.tona. 

~~~mtll% tQQis~· 

San \':im.oteo l::eds. 

Friclt (1921) mu~ mimed continent.al d$p0sits of probebly Pl~ 

Pleistocene agasi outcr<ipping south and west of Yuoaipa. ar.sa; th<t> San 

~·imQt,eQ boos. 'k!}1ere tb.JS G\Xl,X)m'l.Jl'$W SI'S good, to Tu~~ nolrth Of SQu.thern 

Pacifi() &tilr¢>adp tlw S.11rn 'J:imot.ao beds oomi:ist, la?gely o'.~~ ru&il;1• 

st:r&tif:tad1' poorly s~d1 s.~~l'el:? Hall bei.ildoo~ su~gu111ur \~s.veJ.3 11 

~:rs~ sand and si:-lty olay. The p~ed-Omillant tY',Pe of rook ~.cong ·th® 

major co11etituenta is a quart~.11o:Pite light brown t.o lit~ht gray. &. 

ma:~d.mum th!~kness of l/:J)O f'eet ha~ boon aaGignoo to tho~ bads b.V Sbiaar 

(1953). T.o the east ·they are ecpa.Y'&ted fr:aa bll~«nan·t. c011plm: rooks t;y 

the li l't..ite Clift fBul t whiell ie p1~ftecanWost...Plio~ in s,ge t> b&Qausa 

the avidenae s~~ to :tndicat& th?1-t it haa not d1r?tu:rbed x-e<:Jont s11i,idlirt(ji}ntB., 

San 'l"imoteo beds fom an indhoriminat,e oonta~t wi~'1 yoW'JgS!' 

S®diru0nta thta.t have ~ part.tally deir•ivad fi'arJ -~hem and t~t a1'1pat•ently 

baV$ bli!len laid dmrn u.ndm• Sit'tlilal"' conditions. ,i\ sh1!n"p oontact is the~ 

tore difficult or im{X>aaible to fin{l., 
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Thia general attitude of' San Timoteo beds is to dip tet<1uds 

the north-northooat; their areal extent and 1nereaSG in thiokna13fl iill 

to the south~ and 11 finallyp an increase in the contmt of igneous con• 

stituentGJ a.loo to the aou·th suggest that t,h0 siouroe lllrea hy to the 

south and. southwest of' ?ooaipa al•ea • 

The genaral lithology and stratig'll'aphy of t.he sediments that 

make Up the San Timoteo beds are indicative of deposition ~mder eon• 

ditioos of rapid transpOFtation~ it\ ''°ntinuoue supply of' matw!als 

suggests eontiinuoiis uplift on a l~.nd mass to the south. A sani«Grid 

cl~t® is postulated. The fossil content atJ elted by l'rickS :indicates 

s te:rresvial envi.roment. 

mail S§!U.tneotsa. 
'1'hree groups of sedii."l!<mta younger than San Timoteo beds r:uq 

b® cH.stingtdnhet! in the Yucaipa Basin a:rea~ 

l) A mantle of ~brown d~trital matarial® associated tdth 

San Timoteo beds9 but dif'fleult to distinguish ~an the:1 oo ~coount ot 

ta transitioMl li~bologioal (~adat.102! and booausa they ovarlie San Timot~ 

beds almost parallel to them. Those B9dimmts form oonspicuoue oolor~l 

pat@h9si on ths ®clges of the beeiBi ~md oo the high part$ of the lcisq 

hilly country that makes up the foothill mrnsa of' the Yooa~ Basin. 

Apparentl.y~ they WSN washed off !'rem higher paTts to too south Md 

son.theasii after the formation or San Timoteo beds~ it soona probe.bl© 

that the red materials p:N1am'lt to the southeast of RGdlands are co:r-g-elated 

in li tholcgy and age with ths:no The oo. .. euige to red mr<J@n color obs~n"Cd 

is due to the presence or a large ~ount of minerals such as ltnonite 



en:ih.ematits• It, is very lll"E'fly that the soluble m~als hav€l . b!.iien 

leaehad out by 'lrJSathar.S.ng ageneio.s~ en enricbMnt ot residual clays with 

a high proportion of insoluble mddee ti!uch. afil Fe2o30 Ju~3 Md Si.02 bae 

takoo plaee to a considerab.le degree. To tha wes·G and south of Calimesa 

highly colored patches a.re vtr:J'f:'J' eonspio't!OUSJ t~®ld evidence indica.tes­

that at leru"Jt the 10 upfJe'.r'lli.OSt Teet <>! San 'l'imotoo berus have undergone 

the sam\!} 'tJi'P& of. sm ... K'ac@ ueathoJring to the eooth of ~lmeru.i. 

2) Coalescing fangl~ra~w f0i'm0d. ~t the foe>t of Crafton 

and Yucaipa Ri,dge hills ocoup;r a mnnll aroo. ~rhe;y grade rapidly basin­

ward into f~:f', better sorted sediments. 

3) Stream teX"'i'da$ and alluv1.wra. 

'l'he bottom valley .floor of Iucai~ basin is oove1•ed with 

recent illuv:!W:il and s·t.x·eam tsnaces 11 made out of a heterogeneous mixtur0 

ot igneous Md m0tamorpb.io oon~ti;tuanta9 ranging in aiza fran finer 

santl &.?rsdes up to cobbles and boulde1•t:i more than 2-3 feet ~cmss. In 

several piaoesi> the stream terraces &djacent to the alluvial deposits 

e:t111ead 3()-40 feet in hei&Pht, and ~.t appoo.:rs :Improbable that. they would 

be tire.abed !Way by thE> nan flood. This consideration leads to the 

designation of' the semi-consolidated, coars'9 ol&stic sediment.~ as 

tenuoes, rather than loos$ veriry Porous e.lluwlm. 

'!'he thickness of the lflllu.vial materials is unknown. Wiater 

walls have been drilled to fJIMYeral hundreds of feet in depth at different 

places in ·the center of the basing without bav!ng reaob9d bedrook. 

Several voll l~ mramined hy t~ wr1ter.iliaclosed th~ same 
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lithclogioal description f'or m001bel'e of clay" uand @lnd gi'"aval~ lU'5 

projected fi-Clll the south" the San Timoteo 'beds would have been reachad 

at a depth of~ feet, but the abe-ance of a aarkad lithological 

break vould have made tbUll practically indistinguiehable. 

Structural G-eoloa. 

The moot important struet-ural taatur<© is th#Zl ~ihit~ c:u.rr 
fault, recently referred to b°'J Allen(*) as this Banning fuulto This 

f'ault is dip slip 1n natUT'G and M3 a ~ral strike of N 630 wi it 

shows the a~t t01Tdnation of Sari Timoteo beds aga;lnat thP.iJ basement. 

ccmpl13x 1n the sotith~nmost pa.t-t of the ax·ea studied ( se® F:lgQff 2) • 

.tUl prev:t.ouel;v stated, it does no't. offset ?"@ICO.O.t sedimsnts, e:md t.he 

northaan diapJ.acGnont of San T:J.rno'OOo OOds took place a ~r the l~liocel't~, 

ta1l:1n(, intc account that tbs age of those bed~ is probably .Plioc$ne~ 

Plaistooene. 'X'iw fault apparantlf goos benenth th@ alluvium in Yucaipa 

basin and dies out near ltedlends,. because aouthw@at of .the basin a 

thiok section ot &m Timoteo beds rlipsstrOO?lY towards the 1'Wl"the.'\at, 

and do not shew aey depositional contact relationship whatsoever vith 

the 1solat1!Jd patch or baseent ccmplex that outeropa in that part of 

the area. 

The structural history of th~ nearby m00ntain ariaae to the 

nol"th mm to the en.st of Yueaip& bae1n dan10nst1-ate& that intense 

tectonic aottwtty baa oecw:Ted durina :;,evem:J. geological psriotlo. An 

~1tance of ouch spisodee of struct.ursl def'oi=mntion :ls the degree 

to vhieh rocks of th& basement 0001plr.A haw been jointed and moderately 

fraotured. In the sou:tbweeternmost patch or bas&ent compl~ ti.10 me.in 

~ Personal talk. 



r&SpGotively11 at'ld may be ohserv~d at dept.ho or am.reral tens of fs~tt. 

where art.1£1cial outs tor U .s<il 1H.ghYay 99 t~ •de. filse>.1hat>9 in 

GCCW'S and, very ~bablytt th0,r pzrawll dO'W'n t.o EJ('l'M1 depth41 .Prol:m.bl;r, 

the forcible injection oi" dykes and other miner intrusives r®Opened 

zones prwioiwly wea~d. 

local pomsit;;r and po:r.maabi:U.ty; tharerore, t h©:y oon.stituts a good 

eouroe at local infiltration. Taken nm a wholesi hotJavm."', porosity 

predomimnc-E) of' tight:> lrl.ghly n(mtr;ovoidoo area~. 

stl'tla.m gr"m.v~la Qf r00011t a.lluv:tw~ arG the bE'.lflt pox·ous m~U.ei 

foi' poreolation of we.tie~ in tb0 Yu~!r..a ba®ino 

Xn between t.heBe two e~rmes1 the SM Tin.10%~) be®J si CCl'l'A.lasoing 
., 

tanglef.lol."at.es anrl the red-vb~ d!!i!tl'rital mat.arie,lei bavti low to mod01"'$.t@l 

porosity and pe1111aability. 

An estimation of a:r~ and values or porosi:t.y for d1 fferent 
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TABI.E I 

DISTRIBUTION OF PCBOSITY IN YUCAIPA BASIN 

Area. Porosity 

Basement 
Complex rooks 6 0200 e.cres Veiylow {< 5 per cent) 

San Timoteo \ 

Beds Low 

Fanglomeratee Medium (15-20 per cent) 

26,000 a.eras 
Old Alluvium Low - Medium 

and Terraces ( < 15 per cent) 

Stream gravels Medium - High 

' 
(> 25 per cent) 



11'~ 3 ilJ.t]Elt!>atn ih10 2lt:l't.ooae of the Yucaipa f~a~in 111.Z"~:\i\ 

as a ftu.rlcti01l of the ar~. It ~Y ha r.lG'~ti that th.roo m!dn pl~i(.'F 

~phic eJ!.~l!l ~e pr•esent ~ the bas.d.ru 19 p!W!" <Mnlt of tJ:u~ t.etel 

area OO:n"eS~ds ti@ motmtain alop~t:l£> with t!M.t1tuoos of' m@l .. ~ tfilim 400l'1 

feett.i. About 24· ~ ~nt i..~loo0e foothill a1\'100f:l \Jft,fi al:t.itud<.MS 

mnging t.rcm 3f)tl0 to 4000 f'E'~st abenr~ ®ekl level~ mvl 1:17 pat" ~ent oon>eGpe;ooai 

to ~l!ily fl~ with altitu~ of le~~~ 3000 f$$t;~ ~lQg!,gal 

cross ~00tions a.long llo~uth and eas~ot ilil"ef3ti!)ni1! (Wigv.s¥JJ&J ~~9 5) 

disolOile the main ·to~pbJ.o protlloo of thial are~~ th~• ahe;ti1 that 

the Yucaipa basin f'Ol'l!!ls a unique groU!!ad water ~ef'~igo~ m~m~in 

eraas toot capture moot of thta tiireo:lpU..at.it!m ar0 aootoo to the r.0~~£1 

northeast, ef.et IM-~ aouth p~ .. tal ~f the ~is~ ~ffo:rt.U,n,g th~ m£)st, imp@I'tent 

oontri.lmtion of ~00page to the g1"0W1d 'lt.<ata.?& ~ will ba d~~mrtmtaid 

tarthtw 0011 tI'ifom. the center of th0 b6sin» auid to't1al"t!s the w1est,, th.a 

topograp~ becooie; monl level. 'l'h~ mos·t' Sltlportant ontlet @f both 

~urfe@<a and ~u.nd ~t• ·heoos t~Ja'!.."&.l !°'ll!in T ~too ~t ~nd 13 

lQO&~ at the wawte:t~at end ®f the bas.Uh A tt®n®l'.'&l ciro.'lls ~~o·M.ort 

t~ S~li\ a n&WO'W'ei' Q~.,~ through ~hiob fl~ CO!'s1l.l't!.l (figwt~ 6). 

'rhe @l~te is typie&lly ~~id. '!he lms4stllall$ a.00 

$',Pigei'i&ti@ prof'lle ha~ ewol:~0tl by the ma$tJ uamting of the ~ta.in 

0lope~ vbi® :recede parallel to thms0lv~a. Rad it oot OOl?Jl!i f~!' th$ 

r~ of te.ot@nie aet1v1ty flrcm t.tmo to timet tl'W g~:l"phio ~yel$ 

t-11\)W.d b® ~l;r eCmpl.at0f! by th@ f:ill.Ulg ll)f the !ntermout@.G oo@irls 
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f'OOTHILLS OF SAN BERNARDINO MOU.NTAINS 

f>Az- <f uafsrnarf !Jj'j',,,,r,~/ S'ea.im~xfs 

?/. S:T PJ',;, - P/e/sTPcePr? S!CYn ;-;.,,,,.,,,-fe,,, J,ej.s 

SECTION N··s YUCAIPA BASIN, CALIF 

SCALE 1: 24000 

FIG 4 . 
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SECTION E-W, YUCAIPA BASIN, CAL. 

SCALE: 24000 

FIG 5 

YUCAIPA RIDGE HILLS 
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with allmriw, as "V1ould oowen 1n Yuoeipn aui manir o~.!':.~"l"'B ~?. the s~ 

arid Douthe:rn Califo:rni.t\11 

During s~, avoili'age te!.1pel."'e tm•ea i•a.n3e fntn ?tPF to 90(JF., 

:.U:i wintf.&r value~ as lmr as ,;QOF hi~va l>0$n l>&eQ.i'doo. 

v ra4'1Q)atima 

·Part of ·th® f.oothiJ.l areas aucl mor::it of' the valley f'loow a:s.•e 

uiied for crops raJLs0d by ~ats~ tll'tif'ie:tall.y ~pplioo. Oreh~~u -01.:tt'US 

fruits, gra};)0$, ha~ a?lid &fe.U'a 11re sonte of tl~ procloota obtained. 

*!'he nat!u va@eta·t:..ion is Scrulty~ Spwe g,rasses mid met'dum 

si0e bush (ebapar.ral} art:ll rather twu .. '1dnnt in t.he low ~ta of fo(';thill 

areas. \fith in~sing altit®ei tho native ~~·t.ion ttll"ns a-ut. to be 

11aOrG vi~t Oak 11 Syolil.mO:re, Cottfu"lV~XHl9 Gret;u~m1oot~1> Willow~ Sattbeek0 

fkitg&bW"Shc· EldarOOn')", a.00 black..wh:U:.~ eage, sra some of thlSI x-spree~n'tati'VEI 

vary c~n in hi.15hw ro.o~# 

m\Wall is ooneGnt.rated lar«&ly during Yinte~ months. tMl 

October to February. Statistical ?-$Coi•ds shou a great deal of Vlll"~t1on 

in th.e mesn aimual precipitation f:tguraa. ri'or th~ laat 26 y>$ttS (192<'.ll-

1952 inol.v..eive) the tW'~):r&ga value 1t1f moan ~ p!•eoip:tta;tion is, 

. tuoaioo area (2650 f&et altitude) 

Redla.r1da (1)5.2 feci·t ru.titude) 

Bti)llntnont (25$a f~et altitude) 

Rayvtiod Flsta(7200 fset ali'1tudct>) 

13.6 inoheij 

16.o inches 

20o7 ioohes 

l/J.O inehe:: 

v.6 i.Mhes 



= 22 -

ill the riru~~ are of the ir:rtemittmt typo and remain c'Wy 

d\U"ing a large part of the ~. Surfa~e runoff lasts only a ahorl 

time af'tew ~b stom t"ainfall. ~al years ago, perennial strell1AS 

Weffl sustained by artesian water produ.oad on the west.srn &dge of thG 

ba11in. 

At the preser.rt~ several springs flow atter the '4et season 

ie over~ they oqcur in fracture sones (see map, Figur@ 2) ud at points 

where t.h@ water table inwsects the ~ound eurfa.oe,. Their discbarg$ 

1s smal.11 never rt1aching mm•e than a. few gallons per minute. 

Evaporation t.rooi soils and transpiration ~ vlants roo.oh 

a high order of magnitude in a em-desert elimats. These 1tanst 

tnated in detail farthel" on, are difficult to ewl.uat® precisel;r11 

becauee the methods inv-clved in their eatime.tion ara ina®Ua."'"ate,. · 

During the t-Qiny seaaon the relative ln:ID11dit;y may reaah 

values o high as 10-SO per coot~ but in ~er th#J aridity is such 

that figures as law as S per etmt to:r moisturG content in the air have 

been reoorded. 

At timoo of J.m.1 tSJ1perattl.r~s, umlllo\ll;y l.n winter time$ a co~ 

siderable amount of evaporation ma.7 be facilitated by the wind. Too 

follovtng table ie a ~of va.lues or figuree efilt:bnat.ed for some 

ot the ~nt factors that char"dCWiH a olmata9 l1ith emphasis in 

tM Yt10a$.pa basta~: 



.,., 2.3 -

'a Ji 1"*±±SPi'. r r : =:: ;;;;;;:ti tf#t ntm · w , r' :e 1:1 :=:;; t e 1 

Meru"!(l) 

• '"::lil Pl 

Extremas(2) ;gQF 

61°F 
I U; " . 1 

d 

Frequenoao(.3) 

1944 
' 
1940 -
.... 

30100-1 

mUsa 

258C...O mi 0 

p933) 
1945) 

_31m.m3,, 

-
5-75% 

i::s u J "' 

S • .22ei ..;, 35. 97n 

(1950-51)(1936-37) 
bl m ru a 

see gi~aphs in 
Flgm>e 9 

+ :iii i ait.IAD.illl' II Z i l - R F ,.,.. l !ii: d l P ·: Wll• 

(1) ?~ a00;~ a.-r1erage ot annual values. 

(2) (~~ and minim4l values X-OOOl"ood,. 

~t Faa1' Beaumont11 a nooi'by' station. 

ft~ ?-lean N!niwl value tor the pe~ 1928-1952. 

-
The'.r 6!11'10 genarally considered to be th~ mantle covat" ot bed 

roolt Wld vill eonsolidate.d ia0diments"' 'fhair stu.dif t in oonnection with 

a t·:!Qtcr !rtirentory b (!If uU!lost htport.~r10ia, imanuch as ~elation and 

mo'V~t ot WaW &rG initiaUaid ln the genor@J. body of fJ!Oilo 



In the Yuoaipa basin soil profiles have not been developsd. 

Tha continuous accretion of materials to the be.a.in fl.ran higher p&rt.$ 

a.nd too aa,···rM . .nuous iJash-off or sei©1DA:21nts .f.irom foothills and mountain 

areas ~ing time8 of otor.m preoix}itation h.av9 precluded tho delioo'WI 

a.djustment between soils and their enviro~nt(*) so nooOIJ~ to 

develop profile 0ones. 

(a-) By soil; e1'l'ri~onm.0nt u m$ant the el:llnate, w.rfaee dn.dn.age, 
vegetnl cove.ring e.nd.pal"ent ll'l.iitel."1~ .. 

~otually, .groups of rooent detr1tal material.fl ooveiririg tl1$ 

Yucaipa basin~ be ·distingui.uhed in t$l"'..-Y!D or textw-st :ranging in 

siae ·rtcm· cla1 loamfi.l to s't<mJ• sandy soils. Bl.r.mey (1952) has adopted 

~ classification of soils :1.n the upper Santa Arl!ll. Valley er~·- For 

too Yucaipa arErJa. his studi(Je disclose f1v@ main types: 

lL .light 

2L light 

3L light 

5g-s Unolassified 

TABLE III 
TIPF.S or sons IN YUCAIPA .BASnl • . 

Soil Group 

l 

3 

LoaJll. Uniformly permeable top · 
soUJI sub-soil, and Sllbetrata, 
with.tittle or no pr4ft!.e develop... 
ment. · 

t.i0am. Moderately reduced per• 
meabili ty in sub-soil -

Loam. Greatly :reducetl permeability 
1n 61.if).soil, with ~trong clay 
pan development. 

Unitorml7 permeable top soil and 
sub-soilp formed on impervioua bed­
rock(g) or pervious bedrook(e)*• 

(••) Suffix a indicates sedimentary rooks 
Suffix g indicates granitic rocks. 



Dec~ipoood ·~mite ia a tarr11 cODlmonly used tor -wsstmrea 

mater:lW.. of' basement canplex rooks encciuntered at d:tf.t"e.i~~mt depths 

in ditf~ent places. 

If a ciomparison is maile bot\f4Sen the foregoir&g ooneideret.ions 

sm:ii '! able I it will be obs~i"'i!ad tbat soils of Group 3 correspond to 

~hat has been considex-od in this paper ae ti.ie lJi.1~ parts of' old alluvitn. 

end t&IT8C'lGIS 0 

'l'be nonw.1 strewu pattem of mountain araas is radial (s~ 

li'igwrs 2), 'lh~ high Jr(1)td .. atanaia afforded to st.~~.J\'.I ero.:.d.on by 

igneous Ct:f!lplex rocks and the p1°edemina."'!tJ.y high altitude of such bl!xites 

of :rook ~tre reisponsible f•or the iradial pattern. 

'U.te foothill areas in the lucaipa 00.sin diGclese a pat't,(l.1!11 

of streams trending baainvard si but i.'<'1 severe!l places they die out 

before !"®aching the center of. the bas~o T~ iooretM'Je in precipitation 

and r~ff t>fith altitude in molmtain a.rE9ae andp to a oGrtain er~nt, . 

the x•ee®rat southw®mt tilting or t.he fmtlt bloaka involving bm!!eroont 

cc:mplax :iroake MV® oau&ad a t.'lore intense Oiill'Ving by strGa.!'Jls deboucM.ng 

f'rcm the ®Sste1·n ~uc~:il.pa IU.dga hills. 

An irr©giil.!Sl' strei!a patt~:f'n prevails in the netter eroos 

and ori the valley floo?'. In genera.1 11 the tJtr®Sms t:reni.1 e~s~vest tmd 

have oot reached e stage of mtm4ity~ Wi"Ucal cutting and J.1:4·1ie1"'al 

cor.:-asion attein conr;iidial:'a\ble importance dm•ing stomso 

'!'he approrl:rgatG 6'.N>G aov~d by atree.m courses is less than 

5 per cent of the total. 



'rha absrm.e..1. OlltaZ'isctall."1tiiltfos 012 the ut.iole btl\sin mvei bGen 

f~d as the rewult of WPt'/g:r"aphy0 litholo;)Y t\nd rainfall dii><tributiati. 

A qumn.titative lme.J1.1l~dg~ of E'~tr i® V®l"'JT ¢U.ff.i<Sult to ge·t ®•iing 

x-ainfall sesuso£l9 m'1Ainly b®C~.rutii® the poX"Oatity .eJ.nd ptlm~hilit-y val"ieti 

fi'om pl&c® to placljll lai.i',Mn the areet much of -th~iJ w~t..e:i:• tht!!.t 1•ur...s ovar 

the surtac~ ~?apidly Ginln.~ dor.m ;tl;'l t,hs upp®l"latH?it tsw f'.'.'lat or El';}il9 an 

~~OO-u»i'tt of its &hs@rptivia emd retent,ive1 propGr'M,es~ A~tua!lyw .m ?1.1'£1.""'°ff' 

P1Eirgst.$tlor1 pla~ed at th.a moutJi or any gt£"e~i Youl!l'.'1 only give an 

idea Qf t3urf'~c~ wu~ff fo:r e. t<>atlwr ~ll ~re;~9 imm.edi:.i.t®ly surrow~ 

1~1tD ardd in th$ v:tciinity of 1> the g~gi11g s~ti@no 



Th~ diertl"lbxtion of 1Jl"'®o1pitatior.i in the .fcmn of '.rlh"'Poff 9 

dsap psnet,ration and ~vapo~..i!ticm0 is Ea ftmeti€lln ©t• sev$ra1 factors uooh 

ae climate and topog:raphy~ sbsi:..'1l:'ptiwe~ I'®t.Gn.ti:lr'® and te~al propertiGs 

oft." ~.rurt"ace eo1le~ evaporation &'$t'8 11 ~1a~ra'~ion oppor't.urdtyp v~®t~\tioni> 

tam~tu1~esi> e~o One of thl~ f'@t'it'Wlee of' thi«:J tiork ~ t.o iatt~pt to 

An attempt to eiubt.U.wide a. ce1•tain area :into cl:iJYLf.'itcl.ogiosl 

~onettJ hae bean made 1n etY.ltOO:i"n CalH'omua by 'l'!'OJ{af.l (194~). 

Usil'lg K@ppen (Ha'lll"Wit21 li!.11d AWJtin0 C:U.matology" 17 1944) mic1 

Thoi"l'Maitte ('.the Climates of l\~h A'l'llel"ioa aooordiEag to ~1 Neu Caso!fi­

caticnp Geog. Rew. Vol.. 2l.D 19.31) appro~Ghes~ the w~it~)I' tried to 

Bermrdino Mo·r.mtaino to thm PacH'!(!l Ocean.~ hLGluding too Yua~:tpa srea 

(see Figure ?) ~ Kolfl"~n:s mst3 fl bound~y betilY&OO d1•y 11:.n1d t•a.iey e!Umidr.~0 
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TABLE Ill 

ffiECIPITA'l'ION EFF.F.CTIVENESS RATIO FOR THE YEAR 1945-46. 

1945-1946 

Month Precipitation Tempera. ture P-E Ratio 
(inches) (F) 

January 0 .. 21 48 . 0.20 
February l.02 47 0.60 
March 3o54 46 l.60 
April 0 .. 99 54 . o.jo 
May Ool7 59 o.ao 
June 0.,00 66 o.oo 
Jul7 OoOO 77 o.oo 
August 2.82 76 111140 
Septmeber 0 .. 04 72 0.01 

October . Oe78 63 0.20 

November Oo.31 52 0.10 
December 4.80 47 2.00 

'1.6J. 

Im 7 061X10 = 76ol 

This olimate would be "humid" with a vegetation of "forest 

type" (P. 641~ op. cit). 

The genera.l. type of predominant vegetati on e!ld the notably 

high ratio 

mean a.nnuM e~porst!on from a ±):ec surf'e.c~ of ,a liguid 
mean annual precipitation , 

for areas ~1th altitudes in the vicinity of 3000 feet above 

sea le'vel (Yucaipa 2650t Beaumont 2589) g 
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demonstrate that th0 climate is not humid mr rainy'!> It ms 1»en co&P 

s:idared tJ,lpiOally eemiaaru.~id and the wit.er advoet\tes this gexwral 

ocmsidera ti.on. 

The longitudinal profile San Bernardino Mountain~ac1f1o 

Ocerul (Fig'Ure 7) shows that the winda hem the Pacific ocean e.r@ inter• 

eepted by the Santa Ana Mom'ltains before they reach t~ front.al slop.es 

al"& south7>mSt$rd1 .. y. 'fheee :r.acts result in othoo.· i:rtatio:ru~ W'i:th. same 

altituds th:-an Yucaipa but closer to the ocean registm-ing a larger 

anrau.al p:r®cipitation. 

'!'h~X"modynamio studies or a static atmosphere have lod 

meteorologists to aetablish a fundamental aquation3 

z = height 

e : dsnsityo 



Combining both equations it is obtained: 

P g P axp ( - .fl s z ~ ) 
o n o 'l' 

where P0 ~ presaura ~t sea level. 

Because ill the qtu.u1tities involvad .in tha abmre equation &re positiw 

it may be oonoluded: 

The pressure decreases e:i~ponentia.lly uit.h height. 
The density deoreawas exp0nent~l~ with height. 

proce1Sses there is a ~6dry adiabatic lap~ . rate1~ 

UL : <?1°c dz · 

cipitation becomes lese than at lower l.mr6ls~ this is due to a depl0t!on 

(ff) Dew point is the temperature at which oo.udau6at:1oo ifi i"om of' 
droplete begins to ooGur in the atmoapherei. 



MGJ;C:iit:;:~ 

1949 

1950 

1951 

1952 

1953 
f!X'**-« 

altitudes. 

Preclpj. tatio..\l 
(:!.nch~Js) 

~~~~~ IMl#l!A *7 'I !:1 

!l!ov. 10 1.69 
D~o. 18 1.23 

fl'ab. 6 1027 
¥tar. 24 1.09 

J1ini. 29 1.14 
Dea. 29 2.21 

.Jian. 12 1.eu~ 
Mar. 7 1.63 
Mm.r. 15 2,,,19 
Oct., 19 lo2J 
t~ov;. 15 l.,Stl 
Dea. 19 loJl 

Ap!". Z7 1.3'1 
l'llW . ' ,. ... ~~~~ 



i&lfii,St l~§S C~• 

• Fii;,'W:"e S shows a residual nnss Ourv0 of per oent normal cf 

!!'ainfnll for Yucaipa area, Cal. Its construction rAay be briefly indicated 

a.s f oll ows., Table VII sb~a t he per cent of no!Ulal raintall; the la.st 

eoll.Wl to the right represents r.ati~ of ammal precipitation to riman 

annual precipitation (lS.7 inches £01• the period l92Qc..21 11 1952-539 

inclusiv~) multiplied by 100,. In Figure S9 t,he ae1~0 line reprooents 

the locua for· points 'With 100 per oent oomal prooip:!:ta:t.ton. Am.cmn.ts 

l&ss than or in exoose ot 100 par cent tl£)l'm..'\l preoipit.ation, az-e sub­

tracted or add&d9 as the case my be~ for aaoh one of the ~rs in 

order to obtain the residual mass ou:rve. It IW~Y be obser'17$d that in a 

period of 33 yeare no cyclic variation oocursci Actually, two main 

zones eharu,otax>i:w tm graplu a highly irregular on$11 w:lth $ maximum 

amplitude of' S'.3e.5 above no1941; and a V'.!if~Y' reg"1.ar one wj,th a maximum 

wnplitude of 216 a.bova 100 normal. Botb zoneie mve about tb.a same 

period of l.3-14 yearso Consecutive 7 years with annual precipitation 

belov normal caw.ie the eteap d0t1mriu"d S\d,ng of the residual mass CU?"tl'ei 

values below normal a.re attained f'or tha year 1950-51• 1952-531> and, 

bi all pro~bilities, 195:3-51+• A oycl1o varitatiou of :rainfall pre­

cipitation vould be a hLzhly desirable faotor~ A knoo.4ledge of dry aru.1 

wt>t phases displaying a periodic beh!lvtor of wiaxi!na. and minima ampl1• 

tu.des uould provide a 15600 means for utilimng the water to a . better 

advantag~. 

For a large numb@r of South@rn Galitornia £a8in.g stations~ 

Tro~ell (193g) has worked out and averaged frequency diatrib1tiona of 
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T~ VII 
' 

COMPOOim ANNUAL PRECIPlTATIO!ir A~ID PER CEWI' :NOOMA.L FOR YUCAIPA AREAG1 
CAL!FORNI...\o 

- ~:<ii!! ertc · ......,. ZtM., , !f;-.:d z ~a ---Armntl Per cent. ot 
Year Prscipitation N'O'l"t!l.al 

C"&"T'ttT =" c:::I" =~ c:•'TC":':l. ~= e= ~~ .... .....CCOkd"""" «= c- ....,. ::cu: ==::» e:::m Mit 

1«}20.-21 19&91 lOl 
1921 ... 2:? .32eS2 176,,5 
1922""23 16o)3 OOeO 
192344 l4oZi. 76o4 
1924 .... 25 13o9!3 75.,2 
1925-26 22..,2~ 120~0 
19~27 220~ 121.,2 
l927'*2S Uo9~ SOo4 
1928-29 13023 '71,,,l~ 
192,.JO 19.53 10500 

.1930.-31 15047 SJol 
19)1..,)2 Z'lo23 14605 
1932«>33 131161 74o2 
19.33=34 10,/'19 5SoO 
1934 .... 35 Z!tilS 1201110 
1g.~;-c.36 1Sc60 l OOeO 
19)6.::..17 35,.91 193.0 
1937 ... .;g 29094 1341,)0 
i93g,.,..39 l5o5S 8)06 
1939co40 2'Jo07 l24w0 
19~ JOoll 16200 
194.l...t,2 l4c.93 80o3 
1942""43 24.50 13106 
194~ 20004 109116 
1944-4.S 16052 8So7 
194~ 14o6Et 7So9 
1946-47 15030 a2.3 
1947~8 10@)8 5508 
194~9 lloOO 59o2 
1*149-tlO 10o67 '1102 
195()...51 So22 44.2 
1951 ... 52 22 ,/?5 l22o0 
i9;2 .... ;3 16016 S-7 o0 



Figure 9o Taking advantage of data furnisru>?d by '!'able VII the l'latios 

of seasonal prooipitat,ion to xuean se:maonal precipitation a.ud their 

f're··iuenc;}>· d:htir!button e.1"~ plotted on log .... probablli ty paper (Figure 9) o 

It is ob~arv®<l that ~xtr~na v~lues (high and lo~ f.oT the ratio) ere 

oonaide1"~bly offset from the standard curveo A ooooenti~m.tion of pointe 

oc;cu:t's b! thlll! 1:rtandax·d a little a.oov~ !ilnd a littl@ below the median 

30 
25 
10 

5 
~edisw 

5 
10 
25 
30 

Ra.tic of sea~onal pireeipi:ta.tion 
t@ ni0an soo.sonal p1t"ecipitation. 

1.92 
l.JO 
1.20 
1.10 
l.02 
0 .. 89 
OoSO 
0.72 
0.442 

In previous pa.gee it was mi;mtionad th.at precipitation is a 

funct:tcm of altitude., In tha following par~graphs a. study of such a 

relationship is made for the Yucaipa basin area. 
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For a good nu.moor of' stationa and for a reasonable number of 

yee-i.:irsD the average atom prooipit.~tion f'or stations of 0<tool altitude 

in the frontal San Bernardino Mountaine is shown in Vigur~ 10 (Tre:>.xell) o 

It was found that Yuoeipa 9 .l3q,i~u...Y10nt. and Ba.W-$_!/lg are oiff'sot from t:tw 

Basic Flrontal Relationship 11..~eo A parallel traood through those points 

intere®ct~ the sea leval line at 300 _. '!'his value is a nGgative adjust­

m~mt9 and repire~ents the t.heol'etiool pretlipit.r.ation t~t those points 

i11ould have~ ehould they lie et sea. level., Lines uhfoh are th.a leeus 

of ·~ual pl!'ecipitation (iaehyetals) may b$ conto~a on a topo,grapbiG 

map bf plotting wlu~e of mean an.rit1....U p:racip:ltstio~ and maldn&~ tha 

necessary adjustment to the frontal tu•eas relat:tonehip for each onqi 

or too points. 

In selected ~~tions ro~ ~rems adj~eant to9 ~nd in the vicinity 

of!) Yucaipa 'b~sinl) valooe fox- a~eS""ag~ B@atson.al pi.,ecipitation during .Q 

period of 15 yaa:ro versus 11!.ltitudea in SOOJilogarithnic soale 1n'e ind.ice.ted 

in Figur~ llo The dotted lin~ is an appY.'!t>x:b:r•ation fo~ the conditions 

exieting in the Yucaipa basin~ it ia offwet rrcm the main lino 9 and it~ 

oonet:ruotion was &rbit.radly made by a:hnply uniting a point ( cl. ) s that 

repr·esents the avar!lge seasonal precipitation. for 3:3 years$) '1¥i:th the 

GJxtrames; of the broken luw<) (Altitude of station at Yucaipm. l~ 2650 

feet abov® see levsle) Arbi tr·ary as is the b-'tZ'ooe<'hEe~ the ma.ln 

purpose is to get the influonc® of noo.rby areas into ·f;.he pict'W."e j) e.~ 

fer a~ the rel~tionwhip preoipitatio!'lt=>~titu1$ im ~onc@rned. It is 

believed that the dotted lioo serves with enough ecem"'aoy for th@ 

construction of the isoh;retals represented on Figure 2. '!'hase lines 

follou the eontours. 
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The main !lApplicetioo of all f'o:t"'e.going oon~idera.tions will 

be made in tha evaluation of ~ater reoov0rable and natural w&t$r lo$ees. 

Frara thG total seasonal precipitation a salrpr:bingly t:mall 

amount is discharged as rim-off in the Yucaipa oosino This fact imi 

due to the e.b6!orptiv0 and x•etentivo properties of the soils~ to tho 

soil .. moi~rt.ure deficiency ( ;t) ; to ths irregular distribirtion of a~g,a~ 

precipitationil mainly as a ?'eault. of being a function of altitude. 

There is no perennial llStrerun in tl:w Yucaipa basin~ RU1'.P©ff' 

Live Oak Canyon.. A @ilging station placed in a.ny stream vould give an 

by ther basins of Yucaipa ~ Baaunont and San 'l'moteo Cr~k. 

Situated 2 miles to the oouthw<.~st of Hedlanda the gaging 

station records exclusively the free t.ratar surface. 'l'he strewn channel 

is cionatrict.00 tl:iere. 'fightll non ... Yater l:~ing f.~n 'l' irooteo beds mak0 

..... 

( ~) Seil moisture defioi~y ia dcd'.'i...'"led aa the amount of~ water which 
is necessary to add to the soil before dmmuard movei'tlemt by 
gravlty begin6§ to take place. 
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The average annuel run-off for 25 yea.rs is i?1diaated in Table 

U and has !!1 val'!.MS of 1100.,0 a cre ... f<tlet. It is est.:tmEitad that the 

t1l"aina~e area of San Timot~o Cr~ek (including Yucaipa and Beaumont 

b~f!li:ns) ie a:roun.d 123 square miles., Frcs.i oons·lderatione abo"l1© meationedSi 

mest of the l>Jate:r reoo:rded aa '.ftm-off 3t the ga.ging station comes fran 

A hypothetical but @orm1~rvat.:iVG I'tt!'.1.-of'f f'igu.1•® for m.a~l!h an ~rea would 

be 50 per ~eint of the !lVe:i:oaga valu® for 25 ~ars., 'i'his u1:iuld · leavei for 

This wlua is 21224 :i!!1 Q..,49 oer oant of Ir~~ seasotlk«il nv>eoipitationo ia .. 60 · - -
Tm~ the old practice of distributing preoipitatfon in equal pa.rte of 

eva.poratioi11> ~off and deep pmw'tl>ation is not appliooble. &ah ar~e. 

rep'?'esents a problooi61 't;flth a partimtla.r set o.f ccmcU.tion.s to eoooidero 

For em.11ple9 oo SeptembaE• 2911 1946 {Muckel and Bl.'tna;v,, 1952) an exaeP­

tionally heawy ti:ru.nderstom. stl"!Wk the Uellitern portion of Ssn BSH1ardioo 

County near the erouthem sloJl)e of the San Gabriel Mountainso 11.a:infall 

the total x>ainfall :Ntainsd by the soil !) diselo~d that. the soil 6tored 

l.O inche~e ThW!l~ it cciul.d be estimated that. 2.,2 inohee (: 68 per cent. 

ot total prlOOipitation) wsre dirnohawgad as :t"tl.n-10ff in a rela:t;ive3ly short 

period <)f tifae., ('!'his exa.mple is i~epresentntive of local" tmusual. 
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Troxell (1942) baa shown thfllt dlwing the dry season or 1933-34 

there was water in the stream (San Tmoteo Creek) only eix days during 

the entir~ saae€>n0 o.,., o 1j·u.ndoubt~y t;n.>ical of those sw~re dry se!\sonrs 

that occui .. frcm time to t'im0",, 

&laUy diooharg0 in a stream aes~s the tru:>et varable behavior 

in e~.t-e.l~id e1.•,·mes. RecOI"dp for several years disclose that, in San 

Timoteo Creek9 a daily discha!l .. ge or about lSOO aea ... feat, or more• is 

obt&it'lled for 0.04 per cent of t!w.e emd about l ooc ... faot, or less, for 

91.7 per cent of time. 

I•~or Mountain areas I) in the western part of San Sernardin.o 

County, ':l'r.oxell {1948) developad curves showing a relationship bet~ 

eeasonal precipitation and mean seasonal ~ff. For valley lam:ls 

of all and olae:d.f!oation, except munioipal areas11 the u.s. Deparim$tt't 

of Agriculture (1952) developed a oUM'e (Figure 12 ) showing precipitation 

~ff relationships having t~Jren int~ cons1derst~n w.in.y stations 

in the Upper Santa Ana River area. T1'..at curvej) the~efora, is applicable 

to 'tha valley lands ot: Yucaipa baoino All may be obsai"lloo, eeasonu 

J>U.n-@ff is not~ an imp0rtant figure (0.,05 inches) for a seasonal prs­

cipiiation of 20 lncheeo This laat value is: ellghtl;r hlrger than thtll 

mean averag$ for Yucaipa ax·ea (13.6 inche8). 

Of a veey grest imp~nce in a ground 1<1ater inventory is to 

know what is th~ ruuount of r"tm.co0f'f' Yhich el~eeds infiltration9 soil 

moisture :i:~et0ntion ~mil. ahsorptio:n9 evnpo-·tran~pb'at.ionsi und interception~ 

for a givian stom precipitation il'A either mountain 9 foothill .and valley 

laneso In moWJ.tain areas of cm;plex bydrologyi>. such as San Bernardino 

and San Gabriel mowitains 11 it is a necmll'.ls.:it.y to kno>.11) ea accurately 
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as pos ::'.'ible the optimum natural : 't:la ter losae~ ( *) P ancl the va ter rs ... 

covarable, :!:rem the precipitation condition.a.. Storm. rU'fl<ooOf'f of nA~ typs 

i s ~ recover~ble 1~. It le definad aa the smount of water that exceeds 

thtai norfilal x-~cemsion ourves (l) in a Ir.tdrograph. , 

Vio illuatratietn~ it i® lmc;m'! that tru.•ea main type® of hyclrograph~ 

(1) A normal recession curve t"'sprssants that portion of run-off i"rcm 
the pere:rmiel ground w.at~!lr :.::rt.ora~0 .. In a S~llllog. pirojootion this 
r (...i\lessio...11 l.inc:1 is near a straight line9 the f'orm-ulaa 

R ~ Q(dt) 

K g dep1<9tion faot.or for th® ®l~e!lt. 
cf flow be:trig analy'l!ed 

.ar~ wall- lmoun in ths lita!'e;t~. 
It ia 9Vid~t tha.t 9 f.x>oo these formulas the aacumW.ated 

daily diso~.arga mae1~ th~ :re~elilsion cw."Ve can be convertAd into 
gtorege vol~~Se 
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the recession ourves are therefore steeper. "This r.rteepe:t recessional 

slope suggaata se~page through a more p~1-meable discharge area than 

that containing the pe:renni&l.. ground wa.tar ert0l't:H.l!0• That portion or 
the l"Wl-off in excess of the peirennial ground water run-ort and braving 

the Characteristics of this ID.Ol'e rapid drainage hsa been deslgnatad 

seasonal ground water !"'Ul'l-offff . (T1 .. oxell 11 1953). 

For the Yucaipa bmsin ares it is necessary to con~ider the 

"storm" type of ground watar rw.1-0rr. The n;vd?.o~ph in "GW.s case shows 

that the reaee-S11on elope is veey mu.oh steeper than for eitha:r the aeasorull 

and perennial types of' ground -water run-oft\ A more per.me.sble discharge 

area and a more tamporary typo or storage the.n both tY:->GS previously 

considered has been suggested. 

Storm ru:t'!l-ott of' ttA" t;rpe was r~co1"'de0!. in Str~vb0rr;} .. r.reek for 

sia•eral altitUdes in foothill. and Mountain areaa. The ~oattered po.i,nta 

in Figure 14 msy well ~ repr1.!ls~.mted by the curve tra~. l"(r!~ a good 

number oi' yeara Troxell (1944?"1) develepod su~h a curve; a straight line is 

tentatively plotted for the San 'i'imoteo Creek, with the aid of a f11111 

points. hem the observation of' eUl"Vs .i.n Figure 14 1 t. may be remarked 

that no r-un-off is likely to occur for seasonal precipitation values 

of less than 25 inohea. ·rw.s :is . in closo agresm0nt with the observations 

carried on in the foothill a11d vallay land are.."'!S of Ywhipa basin,. Here, 

a little run*'()ff of "A" type ia _avaiL'ltble .f'rorAi foothill ar~ms~ most of 

1t ie obtained f'\J.•cm mountain ru•eauh 

In Yucaipa bas001e11t-complex roeks ru.n-off do$S not attain Q 

large value. The t:reotured st.age of too:se .t•ocka ~md t.he absorptiw 

na;t.ure of a thin oap of eoil do not commonly permit th.a toma·ti-on of a 
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shed·, of wter t.hiek enough to now clown. slope. Under conditions ot 

heavy sto~ precipi tat.ion, however 11 run.-.oft does o~cur; even then, at 

tho foot of' mou.nt~dn· areaf:l 9 the :."'ertentivl.'?l propert!ea of solls and high 

poromit.y of coars~ fanglooierates p-,,nd alluvial depoait.9 preolude fu:rther 

rwi-off waste to1.iard the valley lands; as a matter of fact, it :ts in 

this bal t at the .foot of mountain a.TOO.S th.at the ·most important con­

tributicu t-0 ground water occurs. 

ID!~ll-W.1 Itm11snk~, ~ £¢.me~iv2 ~· 

Under this ganex•al beading are included in this report the 

'i'.late1· losaea in the fom of' watel'' vapor.- The ca:ibinsticn o.f evaporation 

from ooil $ill"faces plus \l'a't.er vapor eliminatea frora leaves of plants 

involved in the building up or tissue (transpir~tion) ia called 

ce:msumptim) use 11 (or evapo-traneipiratwn). 

It ie a metier or observation ·that 3Vaporation from the SUl"faoe 

of a s1:4turated soil is roughly the sat'la than that of a fre~ surface of 

a llquid. Several t.L'llee a year tha a.~yi.-iau.1 tu.ral soils of V'c?.lley lt:mds 

in Yucaipa ba.sln are saturatedp either due to -water artif'icrlally 

a?Plied9 Qr to pracip!tation during wint$r montM. 

Other minor losaes, su~h aa intereaption of rainf~ by 

l@avea of foliageg are <Jonaickirad among the generlil g!'OU:p of 0wpomtion, 

btncause shortly after water tlrops are interceptef.'1 by plants, the relatively 

larg® wGt el..r.poaad t3urfa.os of the leaves facilitates rapid evaporation. 

!n 'l'ahle X9 eweporat1on frcm pam surfam~e or a nwriber of Y'!18?'G 

is imUcatoo for the town of BeaumontSI a n®JU"by sttAtion. These evapor­

ation value£ may be considarad applicable for Yucaipa basin. It is 



TABLE X 

EVAPORATION AT BE1lUMONT !I RIVERSIIE COUNTY$? CALIFORN.IA 0 

Station: 
Location oooo•o•••ooooooeecoooo '?\iO miles east of Beaumont in San Gorgonio 

PasB. Lat0 33 569 N, I,ong., 116 56 W,. 
Elevation ooooocoocooooooooooo& 2589 f.eeto . 

E?aporation pwu 
Type ooeooo.,ooaeooooeoo< .. •ooooe UcSo \~eatheT Bureau pani> 
Description o e o .. u oo o ... co.,., o .. u Diruna"ter 4 ff.let, depth 10 inches, set 

on 2 x 4 inch timber grill. 0 

Authority for dataocccooooooooooi>o Divo of lt'l·ig.~ SSS, Uf)S~ Dept 0 of Agro 

Publication referenoeocoooooi>oooea UoSo Weather Bureau Climatological data(4) 

Met$OTQlogieal dat&ooooo•ooooooooo Temperatureg wind . 

ll;aEO[f!t!O?} ill, inc.B,(f,.! 
Mcmth 1939 1940 1941 1942 1943 1944 194:5 

Jan .. - - 2o62 4.82 4o54 4o75 3,,.20 

Feb. - 2o2l 3o90 5c49 2ol9 3.82 

Maro - 4o50 6.83 4.,04 6.,61 .3060 

April - - l;olO 4.,73 5.55 5.9; 6.41 
May ... "" · 8057 9.'72 9 .. 89 8071 8024 
June 12047 8.,53 l2ol0 10091 So68 9o43 
July 13045 15e00 13.,65 16025 13004 12.Cf'/ 12.84 
Augo 13.96 13070 10023 l2o90 12 .. 43 14.02 10.;26 

Septo 81184. 0 .. 38 9o23 10.90 10.,70 lOoJ9 8087 

Oct. 10.07 8.,01 ;.,69 7~.62 7.,18 7 .. 91 7o05 

tloV& 6044 6.,85 6c21i- 6"52 7 .. 77 . 3o31 5066 
Deco 4o93 4ol.0 2e94 5.06 3.,33 4.,99 4o3.3 
Annual - 78 .. 51 1001)05 94otr/ 90o4S SJ.,73 

F..xposure of• station good except for a small building 25 feet south" 

Information obtained f'ram State or Californisp Dapto of Public Works , 

Division of Water Resources 
Bullo Noo S4-A (1948) 

Mean 

3 .. 99 

3a52 

5 .. 12 

5.35 
9o0.3 

lOo.35 

13.88 

12.50 
9069 
7 .. 65 

6.11 
4 .,24 

9lo43 

Evaporation from Uater surfaces in California~ 
Basic Datac 



noticed t.imt the ratio of meai1 am1ual evaporation to mean anmial pr~ 

oin:ttation (~) is almo:st ~o This f:i.ffi!Y', e .. eharectl1)rS.st. io of' semi• 
l;" ig.7 ..(.. ~ ., 

arid ret$ionsh :f.e a good ind@".c of the ev1-1porativa powe:ir(*),. u ... tt'ing the 

If for a good numbel' of yeaX'$J tha ermual. evapo:ratS.on is o~npu:ted h'm 

e:it,@rlii :raitAfall e.iat~ (following th~ above smpiriaal procoom·e) and the 

( ~) Def'in01ti as a roooaure of the dll!}g~·ee to uhioh e region is favorable 
to ev·;1 po:i:·a tion ae de~1'11li.11led by i:nr~.tp@l~OI!'.l~rt@rs ;i ate o 
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giV(!!lff a littl® dif.f'e:i:"ant picture. Ii' ai'tez- ia r~ili:sto;t'm a soil is d:rained 

to fisld oapa>Jity{n) then th<iJJ su:rf'aae ®V&P'C'ratior1 lo i::e 00.!1 bes :.. .. eadU~ 

d0t~)l"filined by Goll ~ampllt'i!g .. It has P@e:r1 four1d {Blru1ey, 195:2) ·that the 

(~{41) Term used to indioe:te the soil moisture content, a.t"ter gravity 
wat.®:K> r.ias been U:i1"'.;.1i11ed t;Ut. 
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upper 1-.3 feet of soil; but cloea growing perarmials (for e:xemple~ alfalfa) 

may reach 30 feeto Shrubs and treea that form taP-roots not uncamionly 

send their roots to depths of 15 foot (pine oak), whereas it is reported 

that cottonwood and sp1-uee rarely go ·aown morei than 5 feat. The trans-

piration of plants haa: a maximum limit~ which is not wroeedod regardless 

the amount of wa~r put into the so1lo 

nerfioiency in irrigation": farmers that get water at some e:apen.se 

from their Olin wella or that buy water for irrigation purpo$e$ .f:raa 

w1ater companies expect to have an optimum crop thru a ~U!ll input 

or water; infiltration and run-off' must be r0duced to a minimum. Henee 

it is of vital importance to study wha.t the values of transpiration ror 
different kinda of' plants are. 

For this purpose dif fereut experiments in too Yucaipa bazin 

and in nearby areas have been carried on and published periodically 

(l1uokel$ Blaney0 ertc.) o By soil sampling methods(•) the transpiration 

may be estimated. Table XI gives an idea of such E11$ltlliation in a 

It has ·been observed that transpi?•ation shows oo appreciabl• 

change with timeo It is possible to l~aly _ en estimated results of trans ... 

pi.ration for. different types of veg~tation in a certain area.. 

For other irrigated crops transpiration depths are indiaated 

in Table XII. 

# -. rw;: =t 

( *) For detailed inf oi"'11ation on estimation cf transpiration the reader 
ie referred to Muckel (1952), and Linsley (1949). 
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TABLE XI 

TRANSPIRATION AND ROOT DISTRIBUTION IN A MATURE PEACH ORCHARD AS 

MEASURED BY WATER EXTRACTION FR<l4 THE SOIL FOR DEPTHS SHGIN, YUCAIPA, 

CALIFCltNIA, APRIL 26 TO SEPTEMBER 24, 1948~ 

Root distribution based 
Transoiration on water extraction 

Depth 4-26 to 9•24 Per root Cumulative with depth 
Feet Ac. inc./Ac. Bar cent Per cent 

0-1 ;,.29 34o4 34.4 
l-2 2.84 18 .. 5 s2.9 

2-3 . 1 .. 4, 9.4 62.3 
'3-4 1.28 8.3 70.6 

4-5 1.rn 7 .. o 7?.6 
5-6 ,.95 6.2 83,.8 

6-7 .so 5.2 89oO 
7...g .65 4.2 93.2 
8-9 .50 J.2 96.4 . 

9-10 o.35 2.3 98.? 

10-11 .. 20 1.3 100,.0 

11-12 .oo o.o 

TOTAL 15.39 100.0 
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Availability ot water during the wi.~tar :rainy aeaeon usually 

provides a soil ~d.sturia content for spring lnonths,. The number of 

irrigations par sea.sen are ~ass during the winter months~ the fall 

moisture detioienoy{*) is usually an indi.oati® or the _&l'l.10Wlt or water 

that the uppermost f'eet or soil a!"E1 able to sccumulate in spi ta of 

evaporation and tl"awupiration losses. 'l'he wilting point is ccumionly 

defined as the wnotmt of moisture content of a soil at which plants 

percentage of moisture based on the oven-dry weight of tha soil. 

The tn.nspiration in non-irrigated lands 11 including nativ• 

vegetation ar~stt is .a. direct function of the soil moi&ture &:!! r0rut · 

of the winter months,, :rt is a matter of' @bservation that dwring part 

or spring, auznmer and .fall the native vegetation ramainfii in a dormant 

In ort!t.tr to have an idea of an average mean value, of tbs .losses 

that include evaporation a.rid transpiration m.,.·th.0 Yucaipa basin the 

following procedure ha~ been considered r~liable~ acoording to the in­

fo?"II'Jltion obtained. 

Mean seasonal evapo-transpiration (co:mi!umptive use) may ha 

oomputed, if 

I& In irrigated lands (include mostly valley lands) 

a) '.l'ranspiration figur.eus~ aeoure.taly determined under field 

conditions, f'or a.11 and each one on the individual crops, 

F :- I: ~~- I Ill 444~~·-------..._, ___________ _ 
( *) A tem usually defined also as the dif ferenoe b9tween field 

capacity and soil m@istu.re content. 
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b} The acreages for ea.oh ona of the orops are accUl•a:t.el1 

kl.10\Tt), 

c) Evaporation fr<Ail soil surf'aces is known under different 

conditi.One or saturation and slmdownese. 

II~ In non-ir!•igst~cl lands aoreeges and transpiration ot 

crop!lll for dry•farm count.ry and native vegetation are known. 

areas. 

The main itame contained in points I , II; 151n<l III ~ve bean 

i11oluded in tables XIII and XV. 

Several (arbitrary) assumptions are made in the construction 

a) For non.irrigated lands the transpiration in srmner is of 

little value and does not constitute at?- appreciable loss 

(no evaporation opportunity, ne water available). 

b) During uinter months the transpiration has boon deterinined 

experimentally, by sampling soil in the root zone of plants, 

before and aftsr seasonal rainfall, having had good control 

on tha other los~as. 

o) Consumptive use in munioipal areas is oamputed in acoor­

o.ance with figm•es obtained fran Table XlV • 

All the aorGages indicated are the reeul t or a survey performed 

by the Soll Conservation Service, Department ot Agriculture, in 1948. 

Since, thens an obvious expansion hae ocourred9 both 1n agt:icu.1 tural .. 
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TABLE XIV 

lfi_a.!,i§.,ential - 1U£!1 ~ 
Tranapirat.iom a:1 loO inch per month over 61 per cent of' area tor 

6-month raiiw ssason or 3.66 incheso 
Evaporation ~ o.5 inch per month over 100 per oent of area tor 

6-month raiey season or ,; .. oo inches. 
Run""'°ff ~ Preci.pitation over 9 per cent of' areaa 

E_esi,liential ... ~ ~ (Bunkex; Jil2J.. .amt Xuo!!aa) 
Transpiration~ loO inch per month over 53 ·psr cent of area for 

~..nonth rail\Y season or 3.18 inches. 
Evaporation = Oo5 inch per month over 100 per cent ot area for 

6=month rain, season or J.oo inches. 
Run-off = Pre~ipitation over 2 per cent or area. 

Q~ci@l ~ 1119uptri§l 
Transpiration ~ l.O inch per month over .34 per cent of' area for 

6-month ra!n1 sea.~1wn or 2,. 04 inches. 
Evaporati©n ~ o.5 :1.neh per month over 100 per cent ot area for 

6-month rainy season or 3.oo inches. 
Run-off' = Precipitation over 22 per cent of area.. 

'farke 

Trru:i.spirat!on = leO inch per month over 74 per cent of area tor 
6-m.onth rainy season or 4e44 inchese 

Evaporation m Oo5 inch per month over 100 per oent of area for 
~month rainy season or 3.00 incheso 

R\lll~ff ~ Precipitation ever 1 per cent of areao 

Schools 
Transpiration ~ l.O inch per month over 30 per eent 0£ area tor 

6-month rain;y season or 1080 incheso 
Evaporation e Oo5 inch per month over 100 per cent ot area for 

6mm.onth rainy season or 3.00 inches. 
Rtm-otf • Pr~cipitation over 24 per cent of area. 
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. and municipal areas. The writer estimates that an increase of 10 per oent 

in the aeasonaloonsumptive use as a result of a.n expansion of cultivated 

lands is a 0011servative figure. A total seasonal consumptive use ot 

non--il"rig. + na.t. veg. +. irrig. + arbitrary 10 per cent 

+ + 6Sl.72 

is esti.ir..ated fo:r the Yucaipa basin area. This figur$ is uncertain in 

the order of 600.oo acre-feet. It represent.a, however, a good approximation 

for praotioal purposes. 

The availability or data ror the Yucaipa 'basi."l has permitted 

an estimation of oonemptive use as above described. Blaney and Criddle 

(1950) howev0rll express the consWtpt.ive use as a fuootion of' t.emperature, 

ds.;yti.me hours, and available moisttn"e (precipitation., irrigaticc water 

or natural ground vater) matb.emat.1cally1 

where 

lJ = consumptive use of 6rop in 1.nches for any period. 

F a sum of' the monthly oonGt11npti veo.use factors ror the period 
(sun or the products or mean monthly tenperature and monthly' 
per cent cf daytime hours of tha year). 

K • enpirioal consumptiv~ use coef"fieient (irrig. s:eaaon or 
growing period). · 

t :: m~an month.1.y tamperature, °F. 
p :monthly per eorlt daytime hours of the year. 
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f : li 1.1? : monthly oonsumpti va use factor• 
100 

k • monthly consumptive uee factor acoordi~ to this m~thod. 

It is possible to knoY F f.01.. areas in which montr.J.7 temperatures 

reoorda are available. !f' K (consumptive use ooefffoient) is known 

for a partioular crop in SQM looality9 then~ an estbna.te of consunptive 

use by the same oi•op in f:ltl~e otlwr area l'iltliJ' be m.ad® by application of 

U =.K x F. 

or preeipit~~tio11, ton.1pere:turo,. humidity, wind movem<mt9 gr<r...ring season,, 

and latitude (seyuthern f~oing slopos of northa1'n latitudes receive more 

heat 'f,hsn northern f'aoine ones~ therefore tho evaporation :ta larger). 

Ant;rthe1• f{;ictor~ however, should be mentionad. This is the htlman f!'i\ctor. 

As stated by Blaney sud Criddle (1950); 

eszn the arid and sem1-ar!d \.rest where the r.l1~jo:t• sQUr~e of 
water is irrigation, both the quantity and aeaaonal dist.ribution 
of the av!illable supply will usue.lly affect the oonaumptivEl 
use. Where water is plentiful there is a tendency for farm~ra 
to over-irrigate in both frequency and depth of applioation. 
If' ·the Doil surface is frequently wet and the J!'(Sw.lting ~:>v•oi'a...;, 
tion is high the consumptive use will likewise increase". 
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Ground Water Inventory. 

A Ground ki.s.ter Inventory represents the result.a of an accurate 

analysis made for gains and loss19s of water in a certain gi•ound water 

body; from the c:cmp&rison of the magnitude of both general variables 

al"isee the concept of eaf'e yield9 which is def1.ned ao ·the annual amount 

of 'Water that a basin is capable of r.roducing ooonomically, without having 

a drawdmm of the water table reurt'a.oe from a certain refttrenee plane. 

If a stable baltmQ~ exists betwe©n a;sasonsl intake and sea• 

• sonal. output the oh..rmces are thS\.t the basin will be maintained within 

eooncmio level.a indefinitely. It is the purpose of the pr0aent. . ohtipter 

to find out what the rel~tion between output and intake is for the 

Yucaipa basin. 

!n short, the following frame may be madei 

GAINS 
CdS I I at ! 

Avei•age annual ground water 
recharge from mountain and 
foothill areas-• 

Deept penetration from :rainfall 
on valley floor mainly (in 
ittigated and non-11-rigatoo 
lands). 

l>f)ep penetration frm water 
artificially applied (Daiiestic 
and Irrig. areas) o 

Pwnped~ ta be uaed ln 1r-rigation, 
domestic an.cl munic 1pal grounds. 

(Consmptive use~ non-irrig.lands) 
(Ccnaumptive US& in dcmeetic and 
municipal areas.) 

The 'l'able XVII has been oon1lltructad vi.th the purpose ot 
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TABLE XVII 

YUCAIPA BASIN 

Recharge from Mountain and FoothUl Areaa. 

Mountain Area (more- than 4000 teet above sea level) 

Adjusted Run-oft 
Heoipite.tion t.ype "A" 

Year (1nohes) (inohos) 

1940...1941 42.60 ) .. 00 
1941-1942 20.90 o.oo 
1942-194) 3.S.60 1.70 
1943-1944 30.10 o.s3 
1944-1945 24.00 o.oo 
1945-1946 19.35 o.oo 
1946--1947 23.67 o.oo. 
1947-1948 14.55 o.oo 
1948-1949 .20.40 o.oo 
1949-1950 17.30 o.oo 
1950-1951 ll.65 o.oo 
19)1-1952 .3Se40 l.80 
Average 24.60 

Acreage ot Mountain Area • 6200 Acres 
.•. Mountain Recharge • ~ x 6200 

l2 

• 2410 Aore-teet 

NatUJ.'al water 
losses Recharge 

2;.00 14.60 
18.SO 2.10 
2;.00 9.90 
24.70 4.e'J7 
21.00 3,00 
17.00 2.35 
19.92 3.75 
1).00 i.ss 
ia.30 2.10 
1;.50 i.so 
10.00 1.65 
25.00 8.6o 

4.66 
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TABLE XVII (cont.) 

YUCAIPA BASIN 

Recharge from Mountain and Foothill Areas. 

Foothill ·Al-ea 0500 feet above sea level) 

Adjusted Run-off 
Precipitation type "A" 

Year (inches) (inches) 

, lil"".I ' 1940-1941 35.70 1.82 
1941-1942 17.50 o.oo 
1942-1943 29.60 o.ao 
1943-19.44 2;.o; 0.01 
19t~l94S 19.85 o.oo 
1945-19/,f:, 16.15 o.oo 
191J>.1947 19.80 o.oo. 
1947-1948 12.10 o.oo 
1948-1949 17.00 o.oo 
1949-1950 U..41 o.oo ' 
1950..1951 9.63 o.oo 
1951-1952 29.6o 0.82 

Average 20.61 

Acreage ot Foothill Area • SSQO Acres, 

.•. Foothill Recharge • la.Ji x S500 . l2 

• 935 Acre-feet. 

1940-!J. 

Natural water 
losses Recharge 

- I 

25.00 s.sa 
15.60 1 .. 90 
24.00 4.so 
21.92 3.12 
18.10 l.7S 
14..20 1.90 
lS.10 1.70 
io.oo 2.10 
15.20 l.SO 
13.00 1.41 
9.00 0.63 

24.00 5..60 

1.32 

.\ Anntl4'1 Recharge = 2410 + 935 • 3345 Aore--feet. 
1951-52 

Tot. ccap. 
Ground 

We..ter 
Reoh~!e 

5.98(1n.) 
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for a r.d.nimt1'm of' 10 years hal'll been available, and therefore, a good 

"avera.ge 11 value may be obtained.. Beca.uee the valuea .f'or .annual pre­

cipitation were .recorded at an altitude of' lese than 4000 .t'eet (Iuoaips 

station • 2650 feet) ru:i. a.dJustmant is neoeaeary to make in order to baWJ 

more representative conditions of mountain areas. This adjuf.'l'tment is 

made with tha help of Figaro 11.'.J.! Tt?tble XVI i.ndicate11t the prooedure 

f'ollcrwed. For example:;i for the .Y~U" 19.t.O-LJ.~ two QOSC1rdas ware meas-J.red; 

one from the S""'o;;ation of Redlands to t..he point oorresponding with an 

altitude of 4000 in the dashed lloo (Yucaipa line). This l~ngth is 

l o7B (logarit.mio a~a.le) • The preoipiation rooorded in Redlands during 

that yeex is 24,.;5. 'l'h0l"ef'ore the ext:rapelation to mountain altiibnde 

in Yucaipa area from H.edJ.e.nds data ita 1.78 x 24,.55 • 1.i>:;.; inohea. 

'rha othe; abscise is from ·the Beaumont station. li"ollowing the same pro­

cedure the adju.stment giv*a t)...F1 inohea, ru1d tha ave..~age 42.60. It is 

clear that the more stations of l"leaTby areas are brought into the pic·t;url'!) 

the more rapr0s0nta.tiva tha adjustment wiJ..1 be., In an analogous Ye:f 

the computation is indicated for foothill areas~ The writer believes 

that 'ihere is m¢>re accurac;r involved in this elaborate estimation of 

mountain and foothill area precipi tat.ion t!Uhn ~ amply recurring to 

the ieiohyetal mape .. 

For a previous pe:d.od (1926-1941) & 'I'rolc0ll (1945) worked 

ou·t:. 9 toll.owing different m11riihoil$, tl'H~ average p;t .. e~ipitation in mountain 

and foothill, aroose His average f'iguraa were averaged with those 

obtained by the Wi"'it®r., The t'ln!tl. reav.lts cf 26,60 inches for mountain 

areiee and 21.,65 for foothill a:raas ere obtain&do 'l'ho next step in 

'i'sble XVII ita t.o subtract f'rcm the adjusted precipitation column the 
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Figi.Jre 14, $tnd vh5.oh t:'epresentll as it m.~y b$ recalled, st:irf'ace run-off 

occurring as a rasult. of rates of rai.nfBtll in e'mes$ or infil tratioo 

in includ~d 

tni.n~:trntiou frat.n plant. lifo~ 
~poration from soil and snow~ 
intsroeption and subsequent ovaporatio:n of prec1.tiit~1t:to~ 

:retained by the foliage of ple.nt life during rainfall. 

of soatteTed pointa0 which required the knowledge of 

(b) Recoverable water 

change in g:r«'.:!r:~.id 14a.t1tn' storage 
(Function o~ excess valuas 
over r;aceasion cw..,vea 19 as 
discrussed bef'ore)<1> 
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F/~ure 16 
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F'or the present 1.ntentioJl, the graph is used in a rather inverse manner: 

with adjusted precipitation data the natural water losses are found. 

Th~n~ the rechai.rge is justl7 sdJuatGd prGaipit.ation-natural water losase• 

run-off type "A"., The method aeame to work with reasonabl.7 ac<mre.Qy 

for Yucaipa baaino The recharge frcm mountain and foot.hill areas is 

a legitimate contribution to the reserves of underground water in the 

basin., This value of deep penetration f:rom rainfall fa the ll!Ost 

signi.f:lcant gain recorded in the i.nventorJ;"o Steps givf!ln for ita calcu-

lation ere accurate enough to rely on them uithin S5 ... 90 per cent of 

a.pp:roximat.tone 

1926-19529 0 .... Q 

Th1t deep penetrstion fl"om I>ainfall on vsll$y floor (including 

irr:i.gated and non-irri~ted landa) reaches an e1rt.rerAely low value. If 

the graph of Figure 16 is used it is found that for a seasonal pre ... 

cipitetion of 10.6 inclws (the avaragG of -years for Yucaipa V'.!lllay-

lands) the na:tural wa.t.sr loaHie!B amount to 16.4 inches., Aam.ning that 

no appreciable rUJlcoOff occur~ for this prf))Cipitation value (see, for 

example Figw~es l2g l4) than. the :reoov<Glrable 1.>.."Y.ter in valley lands would 

b$ 1$.,6-16$4 or 2.2 inches~ 

It is questionable WhtltheT 2o2 inches vill reaoh the water 

table, for the foll~wing r®asonsg 

a) The soils in the Yucaipa basin are just moderatel1 absorptiva 
and ret1!1mtiveo 
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b) It oeame unlikely that 2.2 inches will go beyond the root 
zone, supply the ao11 mo1st\ll~~ deficiency up to field capacity, and 
reach the ~ater table. 

Intensive investigations (Muckel, Blaney, 1952) eh.owed that 

most crops in irrigated lands and non-irrigated lands, and native 

vegetation, have initial fall soil moisture defiaiencies above 2.2 

inches. Via-illustration is. the detailed result presented in Table XVIII. 

'l'hers . ~s d$ap penetration in irrigated lands• due tG water 

artificially spplieid, and 1 t is of' small value. Carai"vl measurements 

relied upon soil sa.:!lpling(*) have b3en carried on for di.ff'erant types 

of orchards. It was found that in several crop:sp about 0.5-1.5 inches 

,out of 20 inohtts applied during the irrigation season reached a zone 

below th~~ root horizon. 

By considering in detail all the possible variables, the 

writer made an estimation of deep penetration from watar artificially 

applied in irrigated lanclso Tabls XIX shows pumpages (estimated average 

valueeg for dift'arent periods of yea.rs~ a c:cording to the particular in­

form.ation recorded by each ona of the users) mG kindly iriformad by Water 

Companies and individual f'armarso 

In Table XX an estimation ia mads or water returned to the 

water table CCl!lbining tha dats provid$d by 'fables X!II 9 XV and XIX. 

It is observed that from 94J5. 7 acre-feat appl!ad in irrigation only 

1693.9 acre-feet :return to the t.Jeter table. 

Most of the irrigationa in the Yucaipa basin take place during 

summer months. Not rarely, houever 11 irrigations are carried through 

during the 'Winter months •. A d~lay in rainy season, er insufficiency 

(*) At various depths, before 0 during and after the growing season. 
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TABLE XVIII 

FALL SOIL MOif~URE DEFICIEHCES :? UPPER SA.\ITA AiiA .R IVEi."l VALLEY~ CALIFORNIA, 
IM INCHES OF DEPl'H FOR ROO!' ZON1~0 

&al1Rpr;ia ~tq §pJ,J.et.1.g 

Crot> No. 19 ?~o. 33 

--
ttrimatt5' 
Annual 

'J:ruok 
Beans 
Double crop 
Bee.ta 

d A 

·· 'Gttrus 0 avooadoe 
We.lm!ta 
Deo:li.doous 
Pasture 
Hay and grain 
Alfalta. 

~grgp; 

a 

).0 
;.o 
J.O 
.;.o 
.3e0 
:;.o 
7.0 
1.0 
.300 
.3.0 
3.0 

Fallow -
Grap0s 1.0 
~eidu.ous trees 7 .o 
tfay and g!'Bin s.o 
Pastv..re s.o 

liat ive vemr~ 
Grass and weeds s.o 
Pasture 5.0 
Spars~ br'lwh s.o 
Mediua brush 7.0 
Bx-ush and t.r~eie; D 

dense 1.0 
Riverwash(bare) 

0.0 .... 3.4 
11.o..J.;.1 
S.2"=llu3 

Field studies 
1946-19J~S 

Values 
used in 

compu.taticms 
QC :co~ ....... _ 

4.72 
4.58 

.;.n 

7.02 
2.00 

S.75 

9.00 

3.-0 
,: ' .· ,.. ---.. 
3.0 
9.0 
1.0 
2.; 
6.o 
4.5 

5.0 
9.5 
9.0 
a.o 
s.o 

2.0 
l.O 
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TABLE XII 
MINIMUM . PRECIPITATION REQUIRED fO PRODUCE DEEP PENETBATIOlf IM 

NON-IRRIGATED LAt~DS 

Fall soil Consumptive use 
moisture deficiency Evapo-tra.nsp• 

UIQrriga\!!S Qr9RS 
Fallow. SoO 10 15.0 
Gre.J)9EJ q.5 12.2 21.7 
Deciduous trees '?' •0 12.5 21.S 
11&7 and grain s.o 12.7 20.7 
Pasture s.o 12.7 20.7 

Nsttye Y!fl!\!tion 
Grass and weda S.5 12.7 21.2 
Pasture 8.5 12.7 21.2 
Sparse brush 9.0 12.7 21.'7 
Medium brush 10.0 15.9 25.9 
Brush and trees, dense 2.0 22.9 2.4.9 
Riverwa.sh (bare) i.o 9.0 10.0 
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of rain mre not uncommon fsatorse It is therefore understood t.hat most 

of the rainfall in irrigated vall~y lands is used up during the winter 

avapo-transpi:rat~on process ~no ·that no appreciable contribution is made 

to the uater tabla. 

As for rain falling in non-irrigated and native vegetation 

valley land~f '.ish@rs there is not control of gl"ound water behavior, it 

results vary di~fieul~ to ascertain ~ muah water exceeds field capacity 

and drains doYn to the-water table region. 

With the information available by m@ans of' Tables XVIII and 

XV it ie possible to lo.1ow Yhat value of mean-sea~onal precipitation would 

be n~eded to p?oduoe deep penetration in non-irrigated lands • . For that 

pu:rpose the previous table was const~ucted (Table l'XI). 

The average mean s~sonal precipi~filtion for Yucaipa basin 

area is H!. 7 inohee~ and roost of the values obtained fo:r minimum. pi"e- . . 

oipitation in the e.bove table are over lS.7 inohea. It ie recognized 

that the figur$$ representing initial. fall soil moisture deficienoy and 

consumptive use are not absolt!teJ they a.re the pt'oduct of intensive 

field work and experience. However, an idea is gotten for comparison 

basis. It may b© concluded that very little, it any~ deep penetration 

occurs in valley 1ands9 non-irrigated area~o 

Up to this point the ground water inventory would have the 

following cbaraot9ristics8 



Intake (acre-feet) 
A•.Je:rage annual ground water 
recharge :from mountain i.md 
foothill areas •••• ooo•o•o•• 
••o••&•O••OOOO•Ge• 4322.50 

Deep penetration (return) of 
water artifioally applied in 
irrigation and domestic uae 
0 0 0 0 ••• 41 • " 0 ~ ....... , 1693. 90 

6076.IJ) 

... 82 -

Output (a.ore-feet 

Ex.ported•••••••••••••••••••• 
••o••••o•o•oooooeooo• 476400 

Total amount or water ex• 
traoted (pumped) to be used 
for irrigation and danestic 
purposes ••• o •• ., • " • o .... " ..... o • • • 

•oo•o•••••o•••ooo•o• 94)5070 

An indirect cheek of suoh a large overdraft may be made in 

the following manner 8 

A typical ~ell~ almost on the center of the baa.Ua (l.36b Ol"' 

l36c : Yue #5) ~hows th~ following water tabl~ level historyi 

8prir1g 1927 
Spring i942 
Spring 1952 

22;0.oo 
2225.00 
215-l.-i59 

lurnuming this infomiation as reliable (measure.11an·t of -wells 

by U.S.GoSo~ Water Resources Branch~ and Yucaipa Water Co. # l) it is 

found that an average annru:U drawdown of the water tabl$ of 1.67 f0et 

exists for the period 1927-1942; and that for the period 1942•1952 

the dra.wdown has at.tained an averag-e annual value of' 7.3 faeto 

If both figures are averaged, a very oonsanretive result will 

be obtainedp in that it will l'epresent an wmual average drawdown bel~ 

the one produced under actual conditions of pumpage and exploitatiol'i.o 
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If a ntedium porosity ae low as 0 .. 12 is assumed for the vater-beal'ing beds, 
. .. . J 

then the average ann~l overdra.f't of the Yucaipa basin, on this basis 

would be: 

4167 +7.J ... 0"'"''"17 t:.QO 2 ..... a..i...i:. ...: ,._, • 

It ie then round. :that the overdraft calculated under a more detailed 

analysis in previous pages is not i.nacctl!'at.e. 

SReoifiQ nili, ~ .ll!lslt '.Um!-li!I, FJQQW!l~!i ~ ~ Wl! in Y\I 

IucA!lil ~. 

Th~ speo1f'ic yield, b;r definition• measures the amount of' 

water that 1s able to move by gravity in a certain volume of mater1el. 

It represents water in th0 susp•mded zone that exceeds the field capacity 

(also known as specif'io retent.ion) and me1 be estimated aoourately if 

both total porosity and field capacity are lmown. 

Some idea of the specific yield of the Yucaipa baoin may be 

obtained aa follows. In 1952 water level in wells was measured prior 

and after the irrigation season "ct.e. in April and November, respectively). 

The average difference in elevation of the water level in most wells 

was about 15 feet. The average mean annual punpage ('l'able XIX, P• 78) 

has been round to be (exclusively irrigation) 9435.7-2577.41 • 6857.29 

aore-teet. Assuming that the abstracted water is drawn from an aquifer 

the dimensiona of which are: 

area 4218 acree(acreage of irrigated l~nd ) 

vertical dimension, 15 teet, thsn 



the speoif'ic yield ia, _6g57.2«i - c o.1085 
4218 x 15 

By definition, 

total porosity = eff'eoti'lte poroei"t;;y +specific ret ention. 

The:refore, the specifia retention or field capacity of the aquifeI" is 

0.1200 • o.1085 = 0.0115, or 1.15 per oent. Thia last figure 1nd1aatea 

that l . 15 per cent of total volume of aquifer 1a oooupiad by water tin-

possible to. reoove1• thru 01•dinary pumping methods. A sedimentary rook 

with the above hydrological properties, 1.e. 9 

total porosity 12 per oent 
effective porosity 10.85 per cant, a.~d s Sl't'..all, 
upecif'io retention 1.15 per cent, 

would correspond to a type or sandy grave1 11 the porosity of which in 

greatly reduced by fi.ner interstitial material. 

The continuous developnent of' unoultivatGd land in the Yucaipa 

basin area well demonstrates an increasing demand of water year after 

year. The cultivated ar@8 of 4218 aeree, as survey.ad in 1948~ might have 

!noreased by 10 per oent or more, since then. The question ar!ae therefore, 

as to how much water can the ?ucaipa bae1n yield to the increasing 

demand, economically. 

A.n optimistic figure would be estimated as follooet Consider 

the 100 uppermost faet of the aquifer; and consider a spaoifio yield of 

. 1085 as previously estimated. If it is further eu1sumed that the hydro-

logical properties of' the aquifer r~iain oon!:•tant tl.n•oughout11 so as to 

maintain the specific field oonstantp. then the rocovarebla water would be 
* • ., -(*) This assumes no contribution to basin from stream gravela or from 

bedro·~k j oints during pumping s eason. 
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17,500 ~ 0.1085 x 100 • 190,000 acre-feet. 

But the area of t .he aqldfer ia lees than 1'7 !) 500 acre feetg because the 

slopes of mountain areas dip towards the basin thereby reducing the 

surface area of valley lands; on the other hand it is very unlikely that 

the specific yield would be o.1085 throughout, taking into consideration 

the rapid textural changes1' be.th laterally a.vid vertically, of the Hdi• 

menta:ry formation which makas up the water-bearing rook. An arbit.rar7, 

but more conservative figure would be 

15$000 x 0.09000 x 100 = 135~000 acre-t•eet. 

Assuming an average annual drawdown of 7.5 feet in thG water table the 

time-lite of an aquii'er 100 tt. t.hiok would be lQQ • ··13 years. On the 
1.; 

basis of' estimated water recoverable and aotual &nnual overdraft the time-

life for an aquif'er also 100 feet thick would be 

It exportation losses are cut then the tim6'o'lifQ is increased 

to iJ'J.qoQ • .35 years. This would give an annual drawdown on water 3859. 

table of' lQQ • ) t•eet. · 
.35 

If an e.quifel" 250 feFJt thick il!I aesumed under the eppro:dmate 

annual drawdown of water table 7e5 feet. 9 the time-life of tihe Yucaipa 

basin would be ~72 ~ = .33 years(*). Several wells, f'or eXSi-11ple · 
c::> 

t*j The annWtl 1

draudow '"7.5 feet ·~~suit;-f:r;;Tii l(r~rs"(l9J~;.1q5;!' 7 O'S: 8 
of 'Which were .. ao dry that to·i#Ql precipitation was 60-70 per cent 
below normal. :rt is astimated that about 15 per oent of 7.5 teet 
average annual dravdown is due to that ca.uee. For normal conditions9 
there.t"ore9 t.he tim&-life would be 



139 : Gralto11 Mesa 1#2, or Crafton Mesa #3, (see va.ter table map), ~10'Uld 

than Na<>h about, 600 .t'eet of depth. Because the degree ot consolidation 

and oompaotion Uicreas19 'ifiith depth it sesas reasonable to asBW11a tlat . the 

speciU.'ic yield will" 'be less and less with inc1·ee.sing dEpth. The proble 

or having to consider the economic depth may then a.rise. 

fho optimUill aaf'e yield of Yucaipa basin ia, practically', the 

mean annual recharge from foothill and mountain areas, i.e., 4322.5 aora. 

feet. Same of the water artificially applied returns to the aquifer. 

It bAe bson pr~viously estimated (sae inventory) tmt for supplies of 

the order ct 101000 aare-teet, approximately 17 per atnt oi' this 

.mount 1s !1Wl7 recovered in the fo:tm of deep penetration. Thie amount 

may ba considerably reduced with more efficient irri~tion and distribution 

methods. It exportation were st-oppoil and deep penetration returned 

to normal for a number ot• years tht'l!t'I!& still would be an overdraft ot 

about JOOO aore-t•eet. 

It SQSJlS unlikely that water needs will · remain constant. A 

oontirauoUIS incri:aase is fltore probable and as a rem!lt, it is reasonable 

to sas=e, a continuous reduction of the est:i.mat0d lifetime or the 

Yucaipa basin. 

A Blll1i1A&r1 of the main results obtained is indicated 1n Table 

llII. 
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TABLE XXII 

SUMMARY OF RESULTS .OF GROUND WATER DNENTORY OF YUCAIPA BASINt CALIFORNIA ___________ .,_ _________________________ _ 
Item. 

Acreage. Irrig. Valley (1948) 

Acreage. non-irrig. valley 
lands and BllUlicipal areas 

Acreage• Foothill .~eas 

Acreage, Mountain Areas 

Rainfall, Valley lands 

Rainfall, Foothill aree.s 

F...aintall, Mountain areas 

Consmnptive use, 1rrig. w.lley 
land areas 

Consumptive use, non•irrig. 
valley land and municipal lend 

Surface and ground water 
run-orr 
Water pumped out, exported 

Water pumped outp used for 
irrig. and domestic purposes 

Magnitudes Remarksa. Accuracy 

4218 Acres .Accurate 

l.3.!~75 Acres Accurate 

8500 Acres Medium 

6200 Acres Medim 

18.6 inches Aocura.to 

21.65 inches Medium-Accurate 

26,hO inches Medium-Accurate 

6817 o 2 a.ere-feet Medium 

1416'7 .4 acre-feet Inaccurate 

Inappreciable Medium 

4764.0 acre-feet Medium 

94;5.7 acre-feet Mediua 

------~~-------------------------------------\.1 ate r pumped out, usedexclu-
sively in irrigation 

Water pumped out, used in 
municipal and domestic 

Ground water recharged from 
foothill and mountain areas 

Deep penetration from water 
artificially applied 

Deep penetration, 
rain.fall in irrig. e.nd non­
irrig. lands. 

6857.29 acre-feet 

2577.41 ·acre-reet 

4322.5 acre-feet 

1693.9 acre-feet 
from 9435.7 A.F. 
l inch per each 20 
inches appl. 

less thM one 
inch 

Accurate 

Accurate 

Accurate 

Mediua 

Medium 
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TABLE XX!I (conto) 

Item Magnitudes Remarkst Accuracy 

Overdraft~ from G .. w. 1n'V" 862.3.3 acre-feet Medium 

---------------------------=---------------------~------~---------Overdraft, from declination 
history o~ wells 

Speeif ic Retention of the 
aquifer 

Tote! Porosity of aquifer 

7400.0 acre-feet Inaccurate 

1.15 per cent 

12 per cent Inaccurate 
'--------~-----------~------. ..-.--. --------.~-----· ----------------------
Specific yield 

Sate yield 

Time-life basin 

Economic depth ~ells 

l0.85 per cent Medium 

1.322.5 acre-feet Accurate 

33 years Assumptionsi Aquifer 
= 250 feet thick. No 
cut or exportation 

· losses. Average annual 
drawd'GW'.n = 7.5 feet 
Medium 

600-700 feet Inacourete 



Plate II. 

/ 

- g 8 a..-

Above: View looking to the northeast into Crafton Hills and 
western slopes of San Bernardino Mountains . 
Below:View to the north across the western part of Yucaipa 
basin into Grafton Hills and San ernardino Mountains . 

~ = 
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