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Plate I. Above: V’lew looking east into the Yucaipa Rid&an ISIlls a&d
western slopes of San Bernardino Mountains. ... e

X Below: From west slde of Yucaipa basin,
@ east into banks and terrasces of Wildwood
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ABSTRACT

A ground water inventory made for a basin area of about
51 square mile; and situated 6 miles southeast from Redlands, California,
disclosed that & msan annual recharge of 4322.5 ascre-feet from raine
fall on foothill and mountain areas pius a mean snnual deep penetration
volume of 1693 more-feet from water artificially applied (irrigation
and domestic uses) are exceeded by local consumptive uses plus exportation
losses, Detailed studies showed that no appreciable contribution from
reinfall in irrigated and non-irrigated velley lands occurs to the
sub=surface ground water body.

Elimination of the net basin drawdown loss caused by
exportation will still put the overdraft within the order of 3000 acre-
feet per year, An inevitable incresse of land cultivation brings about
no chance to mitigate that figurs in the near futurs,

Increasing volumes of water extraction are shown by a mean
annual drop in weter level of wells, from 1,67 feet for the period
1927=1942 to 7.5 feet for the period 1942=1954.

An estimated apecific yield of 0,1085 for the ground water
reservoir places the time-life of Yucaipa basin within 35 years,
assuming the exlastence of a 250 feet thick aguifer under the 400 feet
deepest wells,

A depth of 650=750 feet in water wells ig arbitrarily
established as a 1imit for the economic and profitable exploitation
of the basin,

A conservative figure of 5000 acre-feet plus minus 1000 acre-

feet anmial safe yleld is based on the mean annusl recharge to valle§
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lands from foothill and mountain aress, This quantity is likely to be
increased by additional yields from the aguifer, upon rebounding and
expansion. v

The low porosity value and its close specific yield (0,12 and
0,1085 respectively) associated with a rather low specific retention
value, geem to indicate that the hydrological properties of -tbe
Yueaipa aquifers refleot the oxistence of & type of rock near to a
sandy gravel, with locally sbundant interstitial matarials; Piio=-
Pleistocene(?) San Timoteo beds can wali appear in Yucaipa basin
at agquifer depths, Younger CQuaternary funglomerates, stream gravels,
weathered soils and modern alluvium occur widely distributed in the
surface area of Yucaipa, These sediments are bordered to the north,
east, and southeast by hille and mountains of basement complex rocks
vhich are probably pre«fambrian, but most certainly pre-Cretaceocus in

ages



INTRODUCT ION .

The Yusaipa Baein area is 6 miles airline distance southeast
of Redlands, Ualifornis. It occupies a large part of the southern half
of the Oraften Hills Quadrangle, San Bernardinc and Riverside Counties,
California. |

The valley floor and foothill sreas of the basin cover approxe
imately 40 square miles, and have mdi@in altitudes of 2400 and 3000 Peet
above sea level, respectively. About 1l square miles of hilly country
with altitudes over 3000 fest above sea level border the basin Yo the
sast, north and northeast.

The Crafton Hills cceupy the northaern par‘*z'. of the avea; the
maximzz altitude thers is 3517 feet above sea level, They are sepsrated
from the San Bernardino Hountains to the northeast by Hill Creek. A
vell paved road follows this canyon, and conneets to the west with
UoSe Highway 99, 7o the mrthgaﬁt, areas with an altitude of more whan
6000 feet above sea ievel are located on the San Bernardino Mountaing,
the frontal slopes of which face towarde the Yuoaipa Basin to the
southwest. |

To the east, the Yuscaipe Ridge Hills record a mgximm alﬁitude
of 4000 feet and are divided to the south by the White C1iff fault bills,
Wildwood scanyom cuts in between them, and it forms the main drainage
line of the besin in a general direction castewest. (See, for example,

Figﬂr@ 2.)
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The southera part of the Yucaipa area ie bordersd by lew
rolling hills; the town of Calimesa is situated along the northern fromt
of these hills,

The area is widely accessible. From the weset well paved roads
rtart frem U5, Highway 99 and roach sasily the thas of Yucaipa and
Calimesa. 4 paved road runs along Wildwoed Canyon, and connects, farther
east, with Usk Glen Road, to t}w» north, and with a South trending road,
which orosses Little Ssn Gorgonio Ureek and reaches the %0WR of Beawsont,
Riverside County, Californiam, 7.5 miles seutheast of Yucaipas town. (Ses
Index Map, Flgure l.)

A shert distance west of the toun of Beawsont, Little .Szm
Gorgonle Gresk glves way to a northuwest trending more impértaﬁt
drainage s}wm, San ¥imoteo Creek, which runs for several miles in a
general northwestward directiom. Live Cak Canyon, which iz born in the
intersection of tim systan formed by Wildwood Canyon, on the east, and
Oak (len and Wilson Crecks discharging from the northeast, is a Wrle
butary to San Timotee Cresks The Southern Pacific Raillroad sud a well
paved U8, Highway run along Sen Timoteo Creek most of ite way, 4
varof? UeS.0.5. Gaging Station is locsted 2 miles scuthweet of Redlands,
being accessible through Fern Street from Redlands to San Timoteo Creek,

Iéar%h and gravel roads bullt by farmers on the valley and
foothill areas, and firebreaks openod in the hills by the U.l. Forest

Service are conmon In the Yueaips Basin area,

Seone snd lature of the Study.
The purpose of this study is to exanins in great detsll the

direct and indirect methods through which an estimation of water losses



@ e

and 'mplmissment conditions can be made for the Yuceipe Basin area.

& Ground w@m;g Inventory ixap&.i@@ the gathering, summary and interpretation
of factual and indirect data im order to obtain, as accurately as possible,
a Pigure representing the esoncmic yleld of water in a sertain basine

A econbination of {leld geology methoeds and hydrologiseal engineering haes

been used to secomplish the Yucaipa Dasin Ground Heter Inventorys

Eield and Dilice York.

Geologieal mapping of the basin and ite survoundings took
about two weeks, The mapping wes made on 1324000 seale airephotegraphs,
delivered by the U.S.G.5. Topographic Division from Washington, UeCe
dy the time this paper was being wrilten the U.8.0.5. Topographic Division
of facramento, Californis, provided the wrilter with eusellent 1324000
seale topeographic blueprints of the Crafton Hills Quadrangle, which
ineluvde most of the area studled,

& total of approximately five woeks was spent in building up
bhe hydrolegical information collected from different sources, such as
well logs, water level in wells and méan ammual punpage, cabthered fras
water companies in Tucaipa, Calimesa, San Bernardine and Hedlands, and
individual farmers in the area of Yusaipa. |

The prcspamti@n of ililustrations, writing, and revision of

the Mermsoript toock 6 weeks.

Each one of the ground water basing of Southern California

presents problems which are not coumon to other basins, and a complete



.

understanding of their ground water behavior is schieved largél&? by &
previously gained broad Inouledge a-,rxd’ emperience. Dr. J.Fe Duwaida,
of California Institute of Techmology, dirseted and advised the writer
on the genersl nature of the problem, and carefully sonsidered the
methods chosen for the attask of the Yuecaips Basin later Iaventory.
Horeover, consistent and methodic discussions were sustained while the
work was progressing. Invaluable asslstancs was given by him through
the reading, revision, and criticlem of the paper. 7The writer wishes
to express to Dr. Buwalda his limitless gratitude.
Due thanks ave given to Mr, Hereld C. Iromell, of the U.fsl.8s
Hater Rescurces Branch, L.d. Californis, and to Mr., Harey I, llansy of
the Ue.de Department of Agriculture, Califorria, for thelr valuable
infornation provided in, emé the permission glven, W consult unpubl ished
reports connected with the Geology and Hydrclopy of the Yusalpa Basine
Several other persons, from Los ingeles, Redlands, Sen Bernardinms,
Calimesa and Yuecaipa area, too numercus to cite in this paper, favile
itated the progress and completion of both £ipld and offise work in

several. wayse
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GENERAL GECLOGY,

- Stratigraphye

The Yucaipa Dagin srea includes igneous and metamorphic roeks
of possible pre-Canbrian and pre-Ursltaceous age; counbinental émﬂi‘w
of Plic=Pleistosene age {the San Timeteo beds); recent stres:m Lerrages,

and alluviume

Crafton Hills, vhich border the northern part of the basin,
cover approzimately 4.2 square miles, OSeveral samples ccllected at
vandon ohov & rather typical gnelssic structure, locally well developed:
elliptical lenticles of quariz and feldeper are gurroundsd by light,
fine grained, secondarily recrystallised material of feldspathis and
aiueiﬁ somposition. The ferromsgnesian minerals sve present iu varlable
amount at different paris.

To the northeast of Crafton Hille, Vaughaa {1922) described
& series of rocks made of fine to coerse grained, well cemented sanude
stones and conglomerates, lecally intercalated with limestone and shale.
This group of tertiary rocke was called K?a‘bam sundstones, The hills
in which these rocks oscur are separsbed from Crafton Hille by & span
of alluviws which is discected by Mill Ureck farther north. The aves
coversd by these hille ls several square miles,

1o the east and northeastorn parts of the basin, the Yusaipa
Ridpe Hille consist of a conplex assemblage of rocks, the lithology of

whish is very hetaroggeneéuaz it includes ecoarse igneous rooks,; potae
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sedimentary, as well, complexly interrelated, In scme paris, the
netasedinentary character is shown by a distinct banding and gneissic
structure, with easy perting along individusl planes; a color alternation
is present and the intercslation ol metasvoloanies suppeste original
layered strusturs; e dip of 36 S was recorded to the north of Wildwood
Canyone Pognatite dykes aress the general boly in several places,

In the White CLiff fault hills metamgranites sve largely
abundant; intense kaolinization of feldspars preduces whits weathering
surfaces. layers of shiny, powdery mylenite are common in fracture
gones, linersls such as chlorite, epidete and E:y&mieas gocur rather
abundantly throughout the heterogeneous and comples body,

East of Barton ransh (see Figure 2) the White C11ff fault hills
consist largely of white quarts-diorits, gray horablende-bictite
diorite, banded metamerphies and secondary veinlets of quartz. The
approximate area of Tucaipas Ridge and White CLIff fault hills whish
sontribute runoff water to the basin is 4 xquare miles,

adn isolated, smaller body of basement canplex rocke sticke oub
fron sedimentary formations in the westermeost part of the Tusaips eres.
Ue3e Highvay 99 goes through it for about a half mile, It contains
iznocus rooks ranging in composition from quartzediorite to grancdiorite.
Nunmercus dykes, bearing very coarse consbtituents of quartz and feldspar,
crods oub th_e plutonic body here and there, In ens place porphyritic
s:gmm@»éacite«-lati% dykes showing flov structurs are cbserved; other
minor dykes up % one inch in thickness, weathering dark green are

locally present, CSanples deseribed from this body disclose a gnsiseie
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structures micaceous folis embody grains of Peldspar and querds; mineral
lenticles are very conspicucus, and segregation of ninerals has

ooourred o a largs degros.

Age. | |

& pro«Cambrisn age is postulated fovr the basenent somplex
rocks, It is reasonable, however, 10 comnpare the dyke and other minor
-intrusions Qitkrrmm of simflar history in Southern California, where

a Hesonolo age ie aseigned Yo bathollith intrusions and Blerran Plutoas.

Sedinentary 1ocks.
San Timotes bodse
Friok {(1921) has named contimental deposits of probably Pliow
mfeiztogem age, cutcrapning south and west of Tucaips avea, the San
Timotovo beds, Vhere the exposurss avre good, o the north of Southern
Paeifis Rallroad, the San Timo%teo Lede consist lavgely of rudsly
stratifiod, poorly serted, ravely well bedded, subeanzvlar gwavels,
coarse sand end silty clay. The pmﬁmmanﬁ tpe of vock m@ng the
major constituents is a qmr*bw&iarﬁe 1light brown to 1ight grays. &
magimum thickness of 4600 fest has been assigned to thone beds by Shuler
(3,953}. o the sast they are separa'be& from b@ammt caaplest rocks i-:y‘
| the White CLILT fault which is pre-lecont-PostePliccens in B0, begauss
the evidence sesns to indlonte that it v not disturbed retent sediments.
San Timoteo beds form an indiseriminate contact with younger
godimeonts that have hm partially derived fran them snd that apparvenily
have beon lald dovn under similar conditions. 4 sharp contact ls theres
fore difficult or impoesible to find,
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The general attitude of San Timoteo beds is to dip towards
the northenortheast; their areal extent and increase in thicknes: is
‘ﬁo the southy and, finally, an increase in the content of ipnecus cone
stituents aleo to the south suggest that the scurce area lay to the
soubh and southwest of Yusaipa area.

The general lithology and etratipraphy of the sediments that
make up the San Timobeo heds are indicative of dopesition under cone
ditions of rapid transportation; a comtinuous supply of materials
suggests conbinuous uplift on a land mase to the south, A seni-grid
climate is postulated, The fossil content as c¢ited by Fricks dndicates
a tervestrial environmment,

Three groups of sedinents younger Shan San Timotee beds may
be distinguished in the Yusalipa Bgaia ares s

1) & mantle of red-brown detrital materisle esscelated with
Han Timoteo beds, but difficult to distinguish from than on acocount of
e transitional litholegical gradation and besause they overlie San Timoteo
bede almost parallel to thems. Those sediments fom censplouous colored
patohes on the edges of the basin and on the high parts of the low
hilly country that mekes up the foothill avvas of the Yueaipa Basine
Apparently, they were washed off franm higher parte to the south and
southeast after the formation of San Timotec bedey it seaws probable
that the red materials present to the scutheast of Redlands are correlated
in 1ithology and age with then, The erange to red maroon color cbserved
is due o the presence of a largs smound of minerals such ag linonite
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anihamatite, It ls very likely that the soluble minersls have been
lpached oub by weathering agencies; en enriclment of residual olays with
& high proportion of inscluble cxides such as Fey0q, AloGsy and 8404 has
talen place to a considerable degres. 7o the west and south of Calimesa
highly colored patches are very coaspioucusy fleld evidence indicates
that at least the 1U uppermest feeb of fan Timoteo beds have undergons
the same type of swrflacs weathering to the scuth of Calimesa,

| 2) Cealeseing fonglomerates Tormed at the foob of Crafton
and Yusaipa Ridge hills ccoupy & aunll erea. They grade rapidly basine
vard inte finor, better sortad sedimenis,

3) Strean terrases and slluvium,

The bottom vallsy floor of Yucalpa basin is covered with
revent aliuvium and strean terraces, nade out of a heterogenccus nixture
of igneous and metamorphic constituents, ranging in sige fran finer
sand prades up to cobbles and boulders more than 2«3 feot across, In
soveral places, the strean terraces adjacent to the alluvial deposite
exsesd 30-40 foet in height, and 1t sppeurs improbable that they would
be washed awéy by the noxt floods 7his consideration leads to the
dosignation of the semieconsolidated, cocarse clastle sediments as
terraces, rather than looze very porous alluvium,

The thickness of the alluvial materials is unknown, Yater
wells have been drilled te several hundreds of fest in depth at different
places in the center of the basin, without having reachsd bedrocke

Several woll logs examined by the writer disclosed the ssme
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lithologiocal desoription for members of clay, sand and gravel. 4B
projected from the gouth, the San Timoteo beds would have been reached
at a depth of 300400 foet, but the absence of a marked litholegical
break would have made them practically indistinguishable,

Structural Geology.

The most Important structural feature is the White ClLILF
Pault, reeently roferved to by 4lien{*) as the Bumning fault. This
favlt is dip slip in nature and has a gsmml. pbrike of ¥ 63° Wy it
shows the abmupt temination of San Timoteo bads against the basement
ecnplex in the southernmost part of the area studied (sse Figure 2),.
Ag previcualy stated, it does not offset recont sediments, and the
northoast displacenent of San Timoteo beds took plaes after the Pliocens,
taking inte account that the age of those bede ls probably Pliccenes
P;a:!.stocm. The fault apparently goos benenth the alluvium in Yucaipa
basln ond dfes oub neat Redlande, besatse southusat of the basin &
thick section of San Timoteo beds dipsstrongly towsrds the northeast,
and do not show any depositional sontact relationship whatscever with
the isolsted pateh of basement cuamplex that cuterops in that part of
the avea. |

The strustural history of the nearby mountain areas to the
north and to the east of Yusaipe basin demomsirates that intense
teotonle activity hae cccurrad during szmr&l geclogionl perlods., 4n
inheritance of such episcdes of structural deformation is the degree
to which rocks of the basement complex have been Jointed and moderately
fractured, In the southwestermmost pateh of basanent complex tio main

¥ Porsonal talke '
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sete of joinlte ave recogniseds they follovw B-8H and =56 dirvegeions
respoeobively, and may bo observed at depthe of soveral tens of faet
where artificial eule far UeSe Highway 99 wore made., Hlsevhere in

the other bodiss of basenont complex a randes distribution of fractures
ocours and, very probably, they prewsil doum %o ecoe depth, Frobebly,
the foreible injection of dykes snd other miner intrusives reopened
gones previously weakenad,

L proverties of ihe reske in the Tusalvs kmuin.
The open spaces of the basement rocks afferd gones of high

loeal porosity and permeability; therefore, they constitute a good
psourss of local infiltration. Tuken as & whole, however, porosity
of rooks of the basevent ecupler is greatly reduced bessuse of ths
predeninance of tight, highly nonwvolded aresg.

Strean gravels of resent alluviwn sre the best porous medie
for percolation of water in the Tueaipa busin,

In between thepe two extrenes, the San Timoteo beds, coalescing
Panglemeratos and the vedwbrovn detrital meterisls have lov to moderate
povesity and permeability,

An eoptimation of areas and valuss of porosity for 8ifferent

kinds of rocks io given in the following tables



TABIE I

DISTRIBUTION OF PCROSITY IN YUCAIPA BASIN

Area Porosity
Bagement 7
Complex rocks 6,200 seres Verylow (< 5 per cent)
San Timoteo
Beds Lov
Fanglomerates Medium (15-20 per cent)
26,000 aeres
0ld Alluvium Low = Medium

and Terrzeces

Stream gravels

(< 15 per cent)

Medium - High
(> 25 per cent)




Figure 5 Lliustrates the altitudes of the Yusaips Dasin arven
ae 8 functlon of the arens It may be moted that three main physice
graphic elements are present in the basin: 19 por cent of the tobal
area corvesponds to nountaln cleopes, with eititudes @éﬁ" mers than 4000
fest, About 24 per oent includes foothill aveas uith altitoudes
ranging from 3000 to 4000 feet gbove sen levely and 57 per cent corresponds
$o valley floor with altitudes of less than 3000 feeb, Geslogieal
eross %éetiam along northesouth and castewest directions (FPiswres 4,5)
disclose the main tcmgm?h&a profiles of the ares; they show that
the Tusalips basin forms a unique ground vater veservelr: mountaln
aress that capbure most of the preolpitation are lomted te the movih,
nerthegst, east and soubh parts ¢f the basin alfording the wost ilopertant
sentribution of swpﬁg& 0 the ground water; ag will be deupnstrated
farther on., From the center of the basin, end toverds the west, the
topograply becomes more level, The most lmportand cutlet of both
gurfeace end ground watey heade towerds San Timoteo Oreek ond ia
logated at the vesternmost end of the basin. 4 general oross seobicn
there shows a narrewer avea through which Dew ocours (Figure 6),

The olimate is typloslly oenlarid, Tho landseape end
eplgenetio profils have evolved by the mass wasting of the nountalin
‘ﬁlmﬂ which recede parallel to thenselves. Had it not bsen for the
renowal of testonic sotivity frem time %o time, the gs
would be nearly edupleted by the filling of the intermontans basirs

suorphic oyele
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with aliuvium, as would heppen in Yucaipa and many others in the cemle
arid fouthern Californise
oring swmer average tusparetures range frem 709F to 90OF,

- Im winter walues as low as 300T have bLesn reccrded.

Touotation. .

- +Part of the foothill areas and meost of the walley flooy ave
used for crops ralsed Ly waler ertifisially applied. Orchavds, oitrus
fruits, grapes, hay and alfelfe are soue of the products oblalned,

The native vegebtation iv scanty. Spare gresses and nmediunm
sige bush (ahaparmi} are rather ehundant in the low pards of foethill
aveas, With inoreasing altitude the native vegetation turns cut %o be
nove vigorous: Uak, Sycamore, Cottomicod, Greasewsod, Willow, Saubonk,
Sagebush, Elderberry, and blasckeuhits sage, are some of the representatives
vory ccmon in higher areas,

Rdinf211 is consentyrated lax"galjg' during winter mmsha,. feom
Cetuber to Felwuary, Statistiocal records show a great desl of variation
in the meun anmusl procipitation figures, For the last 26 years (1925«

1952 inolusive) the average valus of mesn anmual preoipiistion is,

 Yuoaipa avea {2650 fest altitude) 1846 inches
Hedlands (1352 feeb eltitude) 1640 inches
Beaumont (2358 feet altitude) 20.7 inches
Raywood Flate(7200 fect aliitude) 4060 inchos

Oak Glen (4700 foel aliitude) . 27,6 inches



a1l the strewus ave of the intermittent type and remain dry
duwring a large part of the year, Suwrfagce vunoff laste only s shord
btime after sach stom rainfell, Several years ago, perennial stremns
wore sustained by artesian water produced en the western edge of the
basin,

At the present, seversl springs fiov after the wet season
ie over; 't.my ocour in feacture gsones (see map, Figuwre 2) and at points
where the water tabls intersects the ground surface. Their diseharge
{8 snall, never reaching more than a few gallons per minube, '

Evaporation from soils and transpiration frem plants reash
a high order of magnitude in a seni-desert climste, These items,
tweated in detall farther o, ave Lffioult to svluste preoisely,
because the methode involved in their estimetion are Inacewrelse,

During the rainy season the relative midity may reach
valuos a8 high as 7030 per cent, tub in swmer the aridity is such
that figures as low a8 5 per cent for meoisture content in the air bave
been recorded, | |

At times of low temperatures, ususlly in winter tine, 2 cone
siderable smount of evaporation may be facilitated by the wind, The
following table is a swmary of wvaluss or figures estimated for m
of the important fastors that characterize a olimats, with emphasis in
the Yueaipa basing ‘ |
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TABLE IX

Temperature Wind = Humidity Precipilation

\ 30100%
Mean{1) & 500F miles - 18,6
Piswrnal - - - see Table V

| ' 25860 mie |

> 1943 1950251
61or doso A% éi | (1950w51) (193637)

qutiemiw(ﬁ o - e see graphs in

: Pigure 9
{1) Hean peasonal averape of amnual values,
{2} Hawine and ninime values resorded,
@ For Bemumont, a nearby station.
#t Hean annual value for the pericd 1928-1952.

follge |

They ave generally considered %.m be the mantle cover of bed
rock and well consolidated @édimmﬁa. Their study, in comection with
a water Inventory is of ulmost importance, inaswuch as percclation and
movenend of vater sre initiated in the general body of scil.
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In the Tueaipa basin soil profiles have not been developede
The contimious accrstion of materiels to the basin from higher parts
and the conbtinuous vash=off of sedimenis frem foothills and mountain
areas during times of mtom precipiiation have précluded the delisate
adjustment between soils and their envircmment(®) so necessary to

develop profile gones,

(#) A By soil envivomwnent $5 meant the climate, surface drainage,
vegotal covering and parent material,

dotually, groups of resent detritel materials covering the
Yucaipa basin may be distinguished in terns of texture, renging in
sige frem clay leans to stemy sandy solls. Blaney (1952) has adepted
6 classification of solla in the upper Santa Ana Valley area, For
the Yuscaipa aves his studies ﬂiselém five main typess

TABLE IIX
TYPES OF SOIIS IN YOCAIPA BASIN,
Texture ' Soil Group , .

1L light 1 ~ Loam, Unifornly permeable top
soll, subesoil, and substrata,
withlittle or no prgfile developw
nents

2L light 2 Loam, Hoderately reduced pere
meability in sub-soil -

3L 1ight 3 Loam, Greatly reduced permesbility
in smibegoll, with strong clay

- pan development.

5g=~8 Unclassified 5 Uniformly permeable top soil and
‘ subsspil, formed on impervious bed-
rock{g) or pervious bedrock(s)s»

(#»#) suffix s Aindicates sedimentary rocks
Suffix g indicates granitic rocks,
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Décmpomd granite is s tern commonly used for weathorsd
matericl of basement complex rocks enscuntered at different depths
in different places.

If a somparison is made botween the foregoing considerations
and Table I it will be observed that solls of Growp 3 comaﬁond to
what has been considered in this paper as the wper parts of old alluvius

and berraces.

Bralnage.

The normal streas patiern of mountain aress 1o radial (see
Figure 2}, Jhe high resistance afferded to stresn erosion by
igneous cemplex rocks and the predeminanily high albtitude of such bodies
of rock sre responsible for the radial patiern,

The foothill aveas in the Tucalps bausin dicolose a pattern
of étresnms trending basinvard, but in several places they dle out
before reashing the center of the basin, The insrease in precipitation
 and run=eff with altitude in meuntein areas and, to & certain extent,
the recent southwest tilting of the fault bloecks invelving basensend
complex roske have caused a méwe intense carving by streams debouching
frcu the eastern Yucaipa Ridge hills,

An frregular sirean pat_t.ern prevails ian the flatier areas
and on the valley floor, In general, the stresms tren! sastewest and
have not reached s stage of maturity; vertical cutbing and lateral
sorrasion attain considevable fmportance during stoms,

The approximate area coversd by strean courses is less than
5 per cent of the total.
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The channel sharscteristics on the wiole basin have basen
 formed as the result of topography, litholozy and ralufall distribution
& guantitative lknewledge of run=uff in very diffiodlt o gt during
rainfall season, mainly besuuse the poresity and pemesbility varies
from plece to place within the areay much of Lhe water that runs over
the surfooe rapidly sinks down in *Hm upperuost fow foeb of w0il, on
acoount of lis &héaem:%m@ and retentive properties. Astually, a runeoft
gagimgstation plaoed at the nouth of any etream weuld enly give an

fidea of surface run-off for a rethor omall ares, lmediately suwrrouwnde

ing, and in the vieinity of, the gaging station.
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ﬂyﬁr&iagye
flenoral Statenend,

The distribubion of precipiltation in the forn of rune-off,
desp penetration and evaporation, iz s function of several factors such
a8 climate and topography; ebsorptive, retentive amd textural properties
of surface sollag evaporation rate, eveporabion opporitunity, vepstation,
tanperatures, etg. Oue of Lthe features of thie work i to atiteupt to
know what the cembributien to underground vater of Yusaipe basin is from

rainfall on the valley floor, the foothill and the nountain areas,

Eresipitotion.
An attenpt to subdivide a certain area into climatolopical

gones has been nade in southern Califernia by Trexell (1943).

Using Koppen (Haurwits and Austin, Climatology, 1944) and
Thormvedtte (Yhe Climates of Horth America according to a New Clsssifie
cation, Geoge Reve Vol, 21, 1931) approsshes, the writer tried to
establish & subdivision of olimater on o belt extending fron fan
Bernardine Hountaing to the Paeilic Gvesn, insluding tlw Tusaips aves
{see Figure 7). Keppens sets o boundary betwesn dry and ralny elimates

socording to the folloving tables

Annual mesn bemporature, deg F, 56 60 0 80 w2 00

Anmual Pf@@i@&%&i@ﬁg mb- 13,8 149 2373 gﬁu? 31&1 3565

For the Yusalps ares bthe aversze anmual precipitation fov

27 yoars {(1926-1953 inclusive) iz 12,7 inches, Awnusl temperaburs date
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could be obialned only for a nesrby station {Seauwment) and the averasge
Por oix years {(1939=-1945 inclusive) is 50F {see Evaporation from Water
Surfeces in California, Basle data Dive of Water Hesources, Bull Siwd).
Therefore o "rainy® type of clinale would be indloated sccerding to the
avove gritaria.

On the other hand, Thormmibte (op.cit,) uses the presipitation
effestivenoys i:‘mﬂ@ﬁ (Peli indox) o8 & basizs of climatic distrilubion,

¥ith "famotunl data? the Ped index 1o %ten tduws Lhs sun of the twelve

monthly Pl vatios®,

I 2 P=f index

12 .
182 9 h%] , or
ol - |

12 T g
I a" 2 11‘5 fiumlﬁ % &
nl L "1 n

The computation of the P=B Index Is facilitated iy the use of & nouopram
(Page 641, opecite}s Using the ceublned set of valuss of monthly
procipitetion for Yuesips, and monbthly teuperaturs for Heawmont (the

nearest station with temperature data) thw following tuble is obtalneds
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TABIE 1¥
PRECIPITATION EFFECTIVENESS RATIO FOR THE YEAR 194546,

1945-1946
Month : Precipitation Tempsrature P= Ratio
(1fmhes) (7)
Janueary 0.21 48 020
Pebruary 1.02 . &7 0,60
March 3s54 46 1.60
April - 0.99 5d, 0650
May 0.17 59 0,80
June 0,00 66 0,00
July 0,00 ai 0,00
August - 2,82 76 1.40
Septmeber 0.04 72 0,01
October 0.78 ' 63 020
November 0e31 52 010
Deceuber 4080 47 2400
7461

I = 7.61 X 10 = 76o1

This climate would be *humid® with & vegetation of "forest
type® (Po 641y ops cit)e |

The general type of predominant vegetation and the uotably
high ratio '

mean ammal pmcipitaticn 3

-5k <5
for areas with altitudes in the vieinity of 3000 feet above

sea level (Yucaips 2650, Reaumont 2589),
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demonstrate that the climate is not humidror rainy, It has bsen cone
sidered typically semiearid and the writer advocates this gensral
consideration,

The longitudinal profile San Hernardine HountainsePacific
Ooean (Figure 7) shows that the winds from the Pacific Ocean ave inters
ecepted by the Santa Ans Mounbtains before they resch the frontal slopes
of the San Hernardine Mountains, provided the moisture=bearing winds
ars scuthwasterdly., Thess faats faMt in other statlions with same
altitude than Yusaipa bul cleser to the coean registering a larger
annual precipitation.

Thermodynanlc studies of a static atmosphere heve led
motecrcloglsts to establish & fundamental eguation:

%% s =08 3
where

P & pressure

& height

T w

1]

& gravivy
€ = dansitye

Under ideal conditions (dry atemasphsré} the density is expressed as:
2 b
CERT
vhere

P € precssure

>3

= temperature

R 8 gas thormodynmmic oconstant,
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Combining both equations it is obtained:

2
PP a »35-
ﬁxp(ﬁ 0%&)

where Pa 8 pressure at sea level,
Bocause all the gquantities involved in the above equation ars positive
it may be conocludeds

The pressure decresses exponentially with height,
The density deoronses ewxponentially with height,

Horeover, it is esteblished (Sution, 1953) timt, for sdlabatie

processes thers is a Ydry adiabailc lapse rate"

_ ﬁ = «10C per 100 &

The above considerations ars not fumdamentally changed 4f the water
vapor phase is introduced.

Thus condensation opoortunity increases with height, .04,
the precipitation increases with altitude for & certain area. This
lagt statement is not sbsclute: from a certaln altitude uy the pree
cipitation becomes legs than at lower levols; this {8 due to s depletien
of moisture from upper layers cnoe the dew point{®) has boeu reached in
lower levels. Horeover, an inversion layer abt 3000 feet impedes the

uprising of moisture hearing strata abt higher altitudes,

{(#) Dew point is the temperature at which condensation in fomm of
droplets begins te ocour in the atmosphera.
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Daily precipitation information for the Tucaipa avea is
available only since 1949. It shows the following maxima and the

corresponding datess

TABLE ¥
MAXIMUM DaILY PRECIPITATION, TUCAIPA BASINH,

Yoar Honth Day Proaipitation

{inches)
1949 Hove 18 1,69
Doc, 18 1.23
1950 Feb, -6 1027
gf‘iﬁr. 2!) 1.@@
1951 Jane 29 1,34
Doce 29 2e21
Har, 7 1.63
Hare 15 2:19
Dats 1@ 10»23
Hov, 15 : 1.57
B@ﬂ [ 3-9 1 ] 33'
1953 Apre a7 1.37

Host of the duily precipitation recorded ranges from hundreds
to tenthe of an inche These data will be used farther on when run-off
and gvaporation are treated.

Honthly, snnusl, and mean ammwal precipitation are indicated
on Table VI, On page 20 & comparison wmay be made bstween Yuocsipa
and other statione in the smie general area, but with differemt

albitudes,



* Figure 8 chows & residual mass curve of per cent normal of
rainfall for ?mipa area, Cals I%e construction may be briefly indisated
as follows,. Table VII shows the per cent of nomml rainfall; the last
eolun to the right veprssents iﬁtiw of anmaal precipitation to mean
amnusl precipitation (18,7 inches for the period 1920-21, 195253,
inclusive) multiplied by 100, In Figure 8, the gero line reprosents
the locus for points with 100 per cent normal precipitation., Aueumbs
lese than or in exeese of 100 per gent normal presipitation, are sube
tracted ov added, as the case may bs, for eaéh one of the years in
ardei to obtain the residial mass curve, It may be oboerved that in g
period of 33 yeare no oyslic variation oceurs. Actually, two main
gones chavaoterize the graphs a highly lrregular one, with a maximum
amplitude of 83.5 above nommaly and a very regular one with & maximm
.amputude of 216 above 100 normal. Both zones have about the same
pericd of 13-14 years, Consecutive 7 years with annual precipitation
below nermal cause the stesp éwmfaré swing of the residual mees curvey
values below nommal sre attained for the year 1950-51, 1952-53, and,
in all probabilities, 1953=54e A oyolic variation of rainfall pre-
cipitation would be a highly desirable factor, A kmowledge of dry and
wet phases displaying & periodic behavier of maxima and minima auplie
tudes would pr@ic’ie a géod means for ubtilizing the water to a better
advantagde

FPor a large number of Southern Califeornia gaging stations,

Troxell (1938) bes worked out and averaged frequency distributions of
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TABIE VIX
COMPOSITE ANNUAL PRECIPITATION AND PER CENT NORMAL FOR YUCAIPL ARES,
CALIFORNIA,
Anroal Per cent of

Yoar Precipitation Hormal,
1920-21 , 19,91 107
192122 32.82 176.5
192223 16,38 88,0
1923=24, 14021 6ok
1924=25 - 13,98 T5e2
1928126 22028 1200
192627 2.5 121.2
192728 _ 14.9% 8004
1928-29 13.28 Tled
1929-30 19,53 105,0
.1930-31 1547 83.1
193132 7623 14665
1932-33 13,81 Tho
1933=34 10,79 58,0
1934=35 - 22,18 1200
1935-36 18,60 10060
1936'“37 ) 353?7 3-93» g
193738 2994 13460
1938=39 15:55 83,6
1939=40 23,07 1240
1940=41 30011 162,90
194)=42 14,93 8043
194243 2650 131.6
1943=44 : 20,04, 1096
1944t 5 16052 88,7
194,846 14.68 78.9
1946=47 15,30 8263
194748 10,38 558
194849 11,00 53,2
1949-50 10,67 §702
1950=-51 8,22 bhse
1951=52 22,75 ‘ 122,0

1952=53 16,16 87.0
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seasonal precipitation for many vears. His stendaré curve is drawn on
Figure 9. Taking advantage of data furnished by Teble VII the ratios

of seasonal precipiitation o mean sessonal precipitation and thelr
frequency distribution are plotted on log.aprobaéiiity paper {?1gure 9.
It is observed that extrame veluss (high and lov for the ratiec) are
considerably offzet from the standard curve. A4 concentration of pointe
occurs in the standard o little above and a little below the medien
value (1.0 ratie)., According with sush a curve and the series of values
plot for Tussipa basin, it way be learned the following recurrence

interval in ysars:

TABLE VIIX

TUCATPA BATIN,

Ratio of seasonmal precipitatien

Recurrence intervel in years - to mean seasonal precipitation.

30 1.92

25 ' 1,30

0 _ 1.20

5 1,10

Meodian 1.02

5 089

0 0.80

25 072

30 Oell2

Por example, cnce every 30 years either a 1.92 or s 0.442 ratio of

geagonal precipitation to normal precipitetion may cccur.

p beiMeen altitude and precioitation.
In previcus pazes it wes mentioned that precipitation is a

function of altitude, In the following paragraphs a study of such a

relationship is made for the Yucaipa basin area.
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For a good number of stations and for s reasonable number of
years, the average storm presipitation for statlons of equal altitude
in the frontal San Bernardino Mountains is shoun in Figure 10 (Troxell)e
It was Lound thét~¥ucaipas Beaumont and Bamning are offset from the
Basic Frental Relationship liae. A parallsl traced through those polnts
intersects the sea level line at 3.0 _o This value is a negative adjuste
ment, and represents the theoretical presipitation that those points
would have, should they lis at sea lovel. Lines vhich are the lecus
of equal precipitation (ischyetals) may be conteoured om a topographic
map by plotting values of mean annual precipitation and making the
necessary adjustment to the frontal arese relationship for each one
of the polnts,

In selected stations for areas adjacent to, and in the vicinity
of, Tucaipa basin, valuss for average semsonal precipitation during e
period of lS.yaara versus sltitudes in senilogaritimic scale ars indlcated
in Figure 11, The dotted line is an approximation for the conditions
existing in the Yucaipa basing it i offeset frem the main line, and its
constructien was arbitrarily made by simply uniting e point i), that
represents the average seasonal precipitation for 33 years, with the
extremes of the broken lime, {altitude of station at Tusaipa is 2650
fost above sea level,) Arbitrary as o the proceduwre, the main
purpose is to get the Influence of nsarby arease into the plcture, as
far ss the relationship precipitation-altitude iz coacerned, It is
believed that the dotted line serves with encugh accuracy £for the
construction of the isohyetels represented on Figure 2, These lines

follow the contours,
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The main application of all foregoing considerations will

be made in the evaluation of water recoverable and natural water loBses.

Buneofl.
Froa the total seasonal precipitation a surprisingly seall

anound is discharged as run-off in the Yucaipa basin. This fact is
due to the absorptive and retentive propertles of the soils; to the
soil moisture deficlency {*); to the irregular distribution of seasenal
praecipitation, mainly as ¢ result of belng a function of altitude,

| There is no peremnial stream in the Yucalpa basine Runeoff
is of flashy type. Rarely doss water falling on ‘*i"’cscaipa Ridge hills
cross the vhole basin as swrface rua-off in order to be discharged in
Live Dak Canyon. A4 gaging stabtion placed in eny siream would give an
ides of run-off for a relatively small area couprising only the immediate
vieinity of the station, This is the case of the U.0.0.8% gagling station
placed at San Timoteo Canyone However, it is believed that if a genersle
ized, continueus and heavy storm would oscur, then the gaging station
would give a figure representing run-olf for a drainage system formed
by the basing 0§' Tuealps, Beaumont and San Timoteo Creslk, |

Situated 2 miles to the scuthwest of hedlands the gaging

station records exclusively the free water surface, The stream channel
is constricted there. Tight, non»—u#ter bearing San Yimoteo bede make
up the floor of the stream, and a good base of concrete sliminates the

poseibility of having undsrflew of water at that point.

{®) Soil moisture deficiency is defined as the smount of water which
is nesessary to add to the soil before douwmward movement by
gravity begine o take plase,



TABLE IX

RiN=OFF, UoloGeSe GAGING STATION, SAN TIHMOTED CREEK, CALIPORNIA.

by
Hean Ysasonal
Sl=seg Rune=off

Year fay foro=fagt
1926-27 10.2 T580,0
1927=25 03 312.0
192820 +25 183,00
192930 «36 262.0
1930«31 oddy T7e5
1@31#3@ 10 2& ?1‘? ei}
1932=33 +30 21640
1933=34 13 D3eds
1@%“35 nr‘;ff? 6@60(}
1935-36 «20 57940
193637 6,36 4600,0
1937=38 726 52500
193839 033 243,50
193940 093 674,0
194041 2474 19800
pRTA LA = 180
1942=43 - 32700
1%—{53"@2% - m +U
194445 - 8310
1945=45 - 63340
194647 @ 4TLD
194745 = 155,0
194843 @ a2
1’9&%9‘”5‘@ -y ‘63 @ @
1950=5% = 10.0

39581,6

AVERAGE FOR 25 TBARS: 11800 4R

for water passing through that faging Btation.
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The average amnnual run-off for 25 vesrs is indicated in Table
IX¥ and hao a value of 1190.0 sore-feet., It is estimeted that the
drainane area of San Timoteo Creek (ineluding Tusalpan and Beaumond
basine) ie around 123 square miles, Prom considerations above mentioned,
mest of the wvater recorded as run-off at the gaging é‘mtim comes fron
8 rathermduced ares in, and in the immedlate .viciziity of, the valershed,
A& hypothetisal bubl consaervative run=off figurse Tor such an ares woum‘
be 50 per cent of the averags value for 25 yoars., This would lesve for

Yucaipe aran a mean sessonal run-off of

Dad x 590 = 242, "
50 ® 590 42e0 nove=lost

i
% 0,091 inches,
This value i2 % 2 049 por cont of mean seascnal presipitation.
Thue the old practice of distributiag presipitation in equel paris of
svaporation, run-off and desp penotration 12 not applicable. Baah area
repregants a problem, with a partimlar pet of conditions to consider,
Por example, o September 29, 1945 (Muckel and Blaney, 1952) an excep=
tionally heavy thunderstorm struck the western pertion of San Bernardine
County near the scuthern slope of the San G‘rabriél Mountains. Rainfall
intensities reached a maximm of 3.2 inches in 80 minules, A careful
shudy of tho Zed ¥ill Reservoir watershed for the purposs of estimating
the total rainfall retained by the seil, disclossd that the soll stored
1,0 inches, Thus, it could be estimated that 2,2 inches (= 68 per cent
of total presipitation) were discharged as run-off in a relatively ghord
period of time. [This exsnple is represantabdive of local, amx»sual

conditione in semi-arid reglone,)
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Trowell (1942) has shown that during the éry season of 1933«34
there was vater in the stvesu (Sen Timoteo Creek) only eix daye during
the entire soason, <..."undoubtedly typieal of those severe dry sessons
that cscur from time to time®,

Daily discharge in a siresm sssumes the most varieble behavier
in semiearid sones. Records for several years disclose that, in Sen
Timeteo Creek, a daily discharge of aboul 1800 m»faet or more, is
obtained for 0,04 por cent of time and about 1 secmfmt, or less, for
91e7 per cent of time.

For Hountain areas, in the western part of San Bernardine
County, Troxell {1948) developsd curves showing a relationship between
geasonal .prmipitatim and mesn seascnal Mimeoff, For valley luands
of all land classification, except munfoipal areas, the U.Ss Department
of Agrieulture (1952) developed a curve (Figure 12) showing precipitation
run-off relationships having taken intc consideration many statibns
in the Upper Senta Ana River ares. That ocurve, thersforo, i8 applicable
te the valley lands of Yusaips basin, A48 may be observed, seasmal
run-off is not an impertant figurs (0,05 inches) for a seasonal pro=
cipitation of 20 inches, This last velus is slightly larger than th@
mean average for Yucaipa aren (18.6 inches).

0f g very great lmpordance ilan a ground walter mventory 131 to
know what is the amount of runoff which emsesds infiltration, soil
moisture retention and abserption, evapo-transpiration, and interesption,
for a given storm precipitution in either meuntain, foothill and velley
lands. In mountain areas of complex derology, such as fan Bernardino

and San Gabriel mountains, it is s necessity Yo inow, as accurately
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as poscible the optimum natural water losses (*}, and the water re-
coverable, from the pregipliation conditions. Storm run-sff of "A" Lype
i8 a recoverables iten. It is dofined as the smount of water that exceeds
the norual regession curves (1) in o hydvograph, .

¥ia illustration, It is known that three main types of hydrographs
may be obtained in csountry of semiearid to arld characteristics,

There is first (Flgure 13 ) a Yype of hydrograph representing
the sustained seepage from the najor growmd water bodiesy this run-off
is knowm as perennisl groumdwabter run-offs The recession curve has
a gentle elops, Even during dry ysars thie sustained sespage ccours.
However, thers is indioatien'that, for a certain ysar, the perennisl
ground water rune-off may be exceoded during winter monthsg during the

drought peried of such a year a move rapid decline in seepage occursp

(#) %reated in detail later,

{1) A normal recession curve represents that pertion of run-off fra
the perennial ground water storage. In a semileg. projootion this
rogession line is near a stralgbt line; the fermulas

Q® QKb
R = Qfat)

where )
Qo =initial dlscharge

{8 discharge after t monthe

K = deplotion factor for the slement
of flow being analyzned

R & volune of run-off,

are wellwknown in the literaturae.

It is evident that, from these formulas the accunulated
daily dischargs uasder the recession surve can be converbed inte
storage volumes.
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the recession curves ave therefore stesper. "his stesper recessional
slope suggests se page through a more p&maébl@ discharge area than
that conbaining the perennial ground water sterage, That pordion of
the run-off in éxcem of the tpm'émial ground vater run-off and having
the charscteristics of this more rapid érai:ia'ga ‘haa been designated
seascnal ground water run-oi‘f’“. {(Troxell, 1953).

For the Tucaipa basin ares it 1¢ necessary to coneider &the
tatorm™ type cfgrmmd water run~off. The hydrograph in this cuse shows
that the recession slope is very much stesper than for either the ssasonsl
and perennial types of ground water run-offs 4 more permeable discharge
area and & mors temporary type of storage than both typss previcusly
considered has been suggested.

Storm rune~off of A" type was recerded In Stravberry Creek for
geveral altitﬁdw in foothill and Mountain areas. The soattered points
in Figure 14 msy well be reprasented by the curve trased. For & good
manber of years Trexell {1942%) develeped such a curve a‘ straieght line is
tentat.ively plotted for the San Timoteo Uresk, with the aid of a few
points., From the observgtion of am in Figure 14 1t may be vemarked
- that no run~off 45 likely to ossur for seasonal precipitation values
of less than 25 inches, This iz in close agresment with the observations
| carried on in ths i’aothill and valley laﬁd areag of Tucsipa basin, Here,
a little run-off of A" typs is avallable frem foothill areas; most of
it is obtuined from mountain areas. _ |

In Tueaips basementecomplex rocks run-off dees not alialn a
large value. 7The frastured stage of these rocks and the abéerptiw

nature of a thin cap of soil do not commonly permit the formation of a
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she~t of water thick onough to flow dowm slope. Under conditions of
heavy ateﬁ; precipitation, however, run-off does vecur; even then, at
the foot of .mcuntain: areas, the reteniive properties of soils and high
porosity of coarse fanglemsrates and alluvial deposits preclude further
runwoff waste toward the valley lands; as a matier of fact, it is in
this balt abt the foot of mountaln aveas that the most important cone

tribution to ground waler occurs,

ation, Lranspirabion, and Conswiptive use.
Under thie general heading are included in this report the

water losses in the form of water vaper, ‘i‘he combination of evaporation
from so0il surfaces plus water vapor elininated from leavez of plants
{nvolved in the building up of tissus (transpirvation) is called
censumptive use, {(or evapowtranspiration).

It ie a natter of observation that evaporation fram the surfase
of 2 saturated scil is roughly the same than that of a free surface .of
a liguid, Several tizes a year the ag:"icultuml’ soile of valley lands
in Yucaipa basin are saturated, either due to water artificlally
aoplied, or to precipitation duriag winter months.

Cther minor losses, sucsh as inierception of rainfall by
losves of follage, are conaldsred émeng the general group of evaporation,
booause chertly after waler drops are intercepted by plants, the relatively
large wet exposed surface of the leaves facilitates rapld evaperation.

In Table X, evaporation fron pen purfaces of a number of years
is indicated for the %ovh of Besument, a nearby station. These evapore

ation values may be considered gpplicable for Yucaipa basin, It is
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TABLE X

EVAPORATION AT BEAUMONT, RIVERSIDE COUNTY, CALIFORNIA.

Stations :
Location ecosceosesancsesssossne WO mMiles ssgt of Beaumont in Sen GerQnio
Pass, Lat. 33 569 Ny Long. 116 56 W,
F1avatlon cssseecsasasssnnssase 2589 feat,

Evaporation pans ‘
TYP® occsvsccccacssssvesssescsss Usde Woather Burean pan,
Dascription scoveesssssossscese Dianster A fﬁ@t’ d&pth 10 inCheBQ g6t
on 2 x 4 inch timber grill.
Anthority for dat@esesssssnseseece Dive OF Ir?igog Eﬁsp U.Ss neptw of Agro
Publication referenc@eccceccesccca Ueds Weather Bureau Climstological data(4)

Meteorcloglcal dat@ccsosssscscseso Temperature, wind,

Evaporation in inches

Morith 1939 1940 1941 1942 1943 1944 1945 Mean
Jan, - < 2,62 4082 bo54 4e75 3:20 3.99
Feb, - - 2:21 3,90 5.9 2,19 3.82  3.52
Mar, - - 4650 683 4o 04 6,61 3.60 5.12
April - - Lel0 4473 5055 5,95 6okl 5435
May - - 8,57 9,72 9.89 8,71 8o 9,03
June - 12,47 8,53 12,10 1091 8,68 943 10,35
July 13.45 15,00 13,65 16,25 13,04 12,97 12.8, 13.88
Aug. 13,96 13,70 10,23 12,90 12,43  14.02 10,26 12,50
Sept, 8,84 J.38 9,23 10,90 10,70 10,39 8,87  9.69
Octo 10,07 8,01  5.69 7662 7.18 7091 7,05 7,65
NoVe 6ok, 6.85 6.2 6.52 Py 3,31 5,66 64,11
Dec, 4693 Lel0 2,94 5,06 3.33 499 4e33  he2d
Annual - - 78,51 100,85  94.87 90,48  83.73 91.43

Exposure of station good except for & small building 25 feet south,
Information obtained from State of Celifornias, Dept. of Public Vorks,

Division of Water Rescurces

Bull, No, 54=A (1948)

Evaporation from Water Surfaces in California,
Basic Dada,
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nobticed that the ratio of mean anmwal evaporation to mean anmisl proe
aipitation {%%f%} iz almost 5, This figure, characteristie of senie
arid reglons, ie & good index of the evaporabive pewer(®), luring the
summer months high rates of evaporation ccour on ascount of high teme
peratures; and during ithe winter months hizher wind velesities aid
evaporation, compensating for lover mean sonthly temporatures.
it haa been sstinsted that daily storm precipitation with wvalues
of less than 0,50 imches ie Integrally lost as svaporation nlus intege
cepblong end that daily storm progipitation of more than 0,50 inchey
contribute at least 9,50 inchez to vhe silmosphere as evaporalion losse
If for e pood number of years the annugl evaporation is computed fras |
shorn vainfall data {follewing the abeove empirical procedure) and the
plot i3 made on semilogarithmic paper it is observed that, in general,
ovaporation increases with aliitude uwp to 4=5000 feeby and that above
this 1imit there is little variation and perhaps decrsase with altitude
(Bae Figure 15 .
Although 1t is not poseible to ascertain the behsvior of

evaporation as related te altitude éfi the fore~told emplricel basis L%
"is believed, however, that scme approxinaticn iz cblained, It ip true
that evaporation insreases with tewpevature, b@é&maﬁ the difference

in vapor prescure belwesn wet surface and almosphere increages with
tenperaiure. It was previecusly seen that when altitude ie gelined,
temperature decrestes, On the other hand, evapovation decreases with

inoreaging pressure snd a reduction in pressurs with increase in elewaiicn

(#) Defined as o meassure of the degree to which a region is faverable
to eviporation as determined by evaporometers, olo.
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would ast %o imecresss evsporaiion ab hizher slovations. Feuce the
relaticnships between altitude snd evaneoratiosn are offssb.

Vhen surface goils asrs p&?b lally saturated with water the
evaporablon lo correspondingly roduced. The evaperation eppartuni&y
gives an iéﬁg»af how much water is avallabls. 7The rate of water transfer
Prom belew would dotermine the amount of surface evaporabion when the
goils ars not complotely sslursted. In the Tucaipa valley Lands(®)
experiments practiced with differendt orchards disclosed thal evaporation
from irrigation lands amounbted to ono inch por irrigetion for a net
wvobted area, Correspondsnt adjusiments are wade vhen furrow syelen 1s
used, in which case only a purt of land ls welted,

On the other hand, evaperatlon afier rainstorms on valley lands
gives a little diffaraﬁt picturs, I after s valnstors a soil 1s drained
to field ocapacily{®) thon the surface evaperation lo:s can be readily
dotermined by soil smepling. It has besn found {Blansy, 1952) that %the
average evaporadion loss fram top soll is aboub one bhalf scre-inch
par sore sfter each ralnstoru,

The transpiration provess is usually sonsidersd to be washbeful.
Althouagh atmoaph@éic molsture may be absoorbed by plants, howveover, vater
delivered by soils constitutes the main sourcs of grovths In certain
arsaz tranepiration is reduced by dov, shawéra and increase of molst aiv,

In the Yacaipa area Lhe root systems of most amnuals develop within the

{#) Huckel and 3laney, 1952,

{#%) Term uved to indicate the soil moisture content after gravity
water has besn dralned oute
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upper =3 feet of soil; but closs growing perennials (for exemple, alfalfa)
may reach 30 fect, Shrubs and trees that form tap-reots not wnccmenly
send their roote to depths of 15 feet (pine cak), whereas it is reported
that eottomvood and spruce rarely gé ‘down more than 5 feet, The transe
piratim of plants has o meximum linit, which is not emseedod regardless
the amount of water put inte the seoll.

In connection with the last statement is tho sowoalled
"efficioncy in irrigstion®; farmers that gol water at scme expense
from their own wells or that buy water for irrigabion purposes from |
water companles expect to have an optimum crop thru a minimum fmpub
of water; infiltration and rzm-aoi‘f must be redused to a minimuwm, Hence
it is of vital Imporiance to study what the valuss of tx'anspimtian for
different kinds of planits are,

Far this purpose different experiments in the Yucalipe basin
and in nearby areas have been carried on and published pericdically
(sfuskel, Blaney, eto.). By soil sampling methods(®) the transpiration
may be esbimated, Taeble XI gives an videa of such estimation in a
mature peach ovrchard, | |

It has been observed that transpiration shows no 'agpmeiabla
change with time, It is possible to rely on estimated resulis of transe
piretion for different types of vegetation in a eartain area.

For other irrigated orops transpiration depths are indicated
in Table LII,

{#) For detailed information en estimation of tms?imtion the reader
1o 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 EXTRACTICN FROM THE SOIL FOR DEPIHS SHOWN, YUCAIPA,
CALIFCORNIA, APRIL 26 TO SEPTEMBER 24, 1948,

Root distribution based

Transpiration ' on water extraction

Depth 4=26 to 9=24 Per foot Cumlative with depth
Feet Ac. ine./Ac. Per cent Per cent

0=1 5.29 oy 3oy

12 2484 18,5 529

23 - Lek5 .94 62.3

kA 1,28 8,3 70.6

4=5 1.07 7.0 T7.6

) 095 6e2 83,8

67 .80 5.2 . 89,0

T8 065 4e2 93,2

89 «50 3.2 9644

9=10 035 2.3 98,7
10-11 «20 1.3 100,0
1l=12 «00 0.0

TOTAL 15.39 100.0
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Availability of uwster during the winter rainy season usually
provides & soil mdsture content for spring menths, The mumber of
frrigations per season are less dwring the winter months; the fall
moisture deficiency(®) is usually an indication & the amsunt of water
that the uppermost feet of soll are able to scoumulate in spite of
evaporation and transpiration losses. The wilting point is comonly
defined as the anmount of moisture content of a scil at which plants
Mrilt" and do not recover unless water is added. It is expressed asz
percentage of moisture based on the ovenedry welght of the soil,

The tranepiration in noneirrigeted lande, ineluding nabive
vegetation areas, is a direct funotion of the soll melsture as result
of the winter months, It is 5 matter of ohservation that during part
of spring, sw@zer and fall the native vegetation remaine in a dormant
stago.

In order to have an idea of an average mean valus, of the losses
that inelude svaporation and transpiration In ths Yueaips baoin the
fallom procedure has bsen conpldered relisble, according to the ine
formation obtained,

HMean seasonal evapo=transpiration (consumptive use) may be
computed, if

I, In irrigated lands (imluﬁ@ mootly valley lands)

a) Transpiration figures, accurstely determined under field
conditions, for all end ssch one on the individusl crops,

are available.

{#*) A term usually defined also as the difference between fleld
capacity and soil meisture contenb.
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b) The acreages for each one of the crope are accurately
known g
¢) Evaporation frem soil surfaces is kmown under different
conditions of saturation and shadowness,
II, In» noneirrigated lands acreages and transpiration of
crops for dryefarn country and native vegetation are knowne
I17, Estimation of auaﬁlessaa has been determined in municipal

&ETe68y

The main ivems contained in points I, II, and III have been
included in taebles XIII and XV,
| Several (arbitrary) assumptions are made in the construstion
of such tableas

a) For noneirrigated lands the transpiration in cummer is of
1ittle value and does not consbitute an appreciable loss
(no evaporation opportunity, ne water available).

b) During winter menths the transpiration hag been determined -
experinmentally, by sampling soll in the root szone of plaats,
before and after seasonal rainfaell, having had good control
on the other losses.

¢) Consumptive use in municipal aress is computed in scoOTe

dance with figures oblained from Table XIV,

A11 the soreages indicated ere the result of a survey performed
by the Soil Conservation Service, Department of Agriculture, in 1948,
Since, then, an obvious expansion has ocowrred, both in agrisuliural
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CONSUMPPIVE USE IN MUNICIPAL AREAS

Residential - high type
Transpiration = 1,0 inch psr month over 61 per cent of avea for
é=month rainy season or 3,66 inches,
Evaporation = 0,5 inch per month over 100 per cent of area for
6=month rainy season or 3,00 inches,
Pun=off{ = Precipitation over 9 per cent of area,

Residentisl - poor type (Bunker HAll and Yucaipa)
Trenspiration = 1,0 inch per month over 353 per cent of area for
b-month rainy sesson or 3,18 inches.
Bvaporaetion = (.5 inch per month over 100 per cent of area for
G-month rainy season or 3,00 inches,
Run~off = Progipitation over 2 per cent of arsa,

Compereisl and Industrial

Transpiration = 1,0 inch per month over 34 per cent of area for
o=month rainy sessun or 2,04 inches,

Bvaporation = 0.5 inech per month over 100 per cent of arsa for
6-month rainy geason or 3.00 inches,

Run=of'f =2 Preocipitation over 22 per cent of ares.

Parks

Transpiration = 1,0 inch per month over 74 per cent of ares for
b-month rainy season or 4.44 inchea,

Eveporation = 0,5 inch per month over 100 per cent of area for
b-month rainy season or 3,00 inches,

Run=off = Precipltation over 1 per cent of area,

Sshools
Transpiration = 1,0 inch per month over 30 per cent of area for
b-month rainy sesson or 1.80 inches.
Evaporation = 0,5 inch per month over 100 per cent of area for
6-month rainy season or 3.00 inches,
Run=off = Precipitation over 24 per cent of ares,
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- and municipal areas. The writer estimates that an increase of 10 per cent

in the sesscnal consumptive use as a result of an expansion of cultivated

lands 1s & conservalive figures A total seasonal conmuptive use of

non=irrig. + nat. vege + iLrrigs + arbitrary 10 per cent
14,167,440  + 6817,20  + 631,72

= .23.,6’?6.32 (acre~fost),

is estimated for the Yucalipa bsain area, This flgure is uncertain in
the order of 600,00 acre-feet, It represents, however, a good epproximation
for prastical purposes,

The availability of data for the Yucaipa basin has permitted
an estimation of consumptive use as above described, Blaney and (riddie
{1950) howewer, oxpress bhe consumptive use as a function of temperaturs,
daytime hours, and availaeble moisture (precipitation, irrigatiom wdter

or matural ground wster) mathematically,

USEKExFokzx{,
where
U & gonsunptive use of orop in inches for any period,
¥ 8 gum of the menthly consumptivesuse factors for the peried
(sum of the products of mean monthly temperature and monthly
per cent of daybime hours of the year),

X ® empirical consumptive use ccefficient (irrig. eeason or
growing periecd),.

t = mesn monthly temperature, °F,

p 2 monthly per cent daytime hours of the year.
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=‘.§.}ﬁ 2 monthly consumptive use fastor.

k ® monthly consunmptive use fachor acoording to this nethod,

It i» possible to know ¥ for sreas in whish monthly temperatures
records sre available. If X (consumptive use coeffiaient) is known
for a particular crop in some locality, then, an esiimate of consumptive
use by the same orop in sone other area may be made by epnlication of
g=SEkxF,

I% has beson sven, sc¢ far, that the consumptive use is a Hmetion
of precipitation, towperature, humidity, wind movement, growing season,
and latitude (southern facing slepes of northern latitudes receive more
heat than nerthern faoing ones, thevefore the evaporation is larger)s
Another factor, howsver, should be mentioned., This is the human factor,
As stated by Blaney and Criddle (1950):

®In the arid and semi-arid west vhere the mnlor source of

water is irrigation, both the quantity and seasonal distribution
of the available supply will usually affect the consumptive
use. Whars water is plentiful there 18 a tendency for farmers
to over«irrigate in both frequency and depth of appliocation.

If the soil surface is froguently wet and the resulling evepors-
tion ie high the consumptive use will likewlse increasel,
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Ground Water Inventory.

A Ground kéa%ﬁr Inventory represents the results of an accurate
analysis made for gains and losses of water im & certein ground tzgatar
bodys from the comparison of the magnitude of both general variables
arises the coﬁqept of pafe yleld, which iés defined as the annual amount
of waler that a basin is capable of pfoducing scononically, without having
a dravdown of the water table surface from a certaln reference planee

If & stable baléh08 exists between seasonsl intake and sege
sonal output the chances gre that the basin will .ha' mﬁx.inmined within
econonlc levels Indefinitely. It is the puwrposs of the prosent. chapter
te find out what the relation between cutpul and intske iz for the
Yucaipa basine

In short, the following frame may be mades

GATNS : LDEEES

Average annual ground water Experted
recharge from mountain and
foothill areas,

Daept penetration from rainfell Pumped, tc be used in irrigatien,
on walley floor meinly {in demestic and munieipal grounds.
frrigated and noneirripated

lanﬁa).

Deep penetration from water {Consumptive use, noneirrig.lands)
artificlally applied (Demestic (Consumptive use in dmestic and

and Iryig. areas). municipal areass)

The Table XVII has beeon constyucted with the purposs of

estimating the recharge from mountalin and focthill areass Information
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YUCATIPA BASIN
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TABLE XVIX

Recharge from Mountain and Poothill Areas,

Mountain Aree (more than 4000 feet sbove sea level)

 Adjusted Rupwoff
Precipitation type "A" Natural water
Year {inches) {(inches) losses Recharge

19401941 42460 3.00 25,00 14,60
19411942 2090 0.00 18,80 2:10
1942+1943 35,60 1,70 25,00 9,90
1943-1944 30,10 0.83 24,670 4e57
1944=1945 24,,00 0,00 21,00 3,00
194519456 19435 0,00 . 17,00 2e35
19461947 23,67 0,00 19,92 3.75
19471948 14,55 0,00 13,00 1,55
19481949 2040 0,00 18,30 2,10
1949+1950 17.30 0,00 15,50 1,30
1950-1951 11,65 0.00 10,00 1465
19511952 35640 1,80 25,00 8,60

24460 466

Average

horeage of Mountain Area = 6200 Acres

&, Mountain Resharge ® &i.gé x 62300

8 2410 Acre~feet
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TABLE XVII {oont,)

YUCAIPA BASIN

Recharge from Mountaln and Foothill Areas,

 Foothill Area (3500 feet above sea level)

Adjusted Run=off Tot, compe
Precipitation type "A"™ Natural water Ground
Year { inches) (inches) losses Recharge  Vater
Rechargg
19401941 35,70 1.82 25,00 8,88
1941-1942 17.50 0,00 15,60 1,90
1942«1943 29,60 0,80 24,600 4080
1943-1944 25,05 0.01 21,92 3,12
19441945 19,85 0.00 18,10 1,75
19451946 16415 0,00 14,20 1,90
1946-1947 19,80 0,00 18,10 1,70
19471948 12,10 0,00 10,00 210
1948-1949 17,00 0,00 15,20 1,80
1949«1950 14041 0,00 - 134,00 1.41
19501951 9663 0,00 9,00 0663
19511952 29460 0.82 24,00 5460
Average 20,61 1,32 5,98(4n,)

Acreage of Foothill Area ® 8500 Acres,

os Foothill Recharge ® ;izza x 8500

1940=41

L

°e@
1951=52

192627
1951=52

® 935 Acre-feet,

Annual Recharge = 2410 + 935 = 3345 Acre=feet,

Annual Resharge ® 3345..%_51@ = -%ﬁ;ﬁﬁaw&.i Aore=feet,
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for a ninimum of 10 years has been available, and therefore, & good
Yaverage” value may be oblained. Because the valuss for annual pro=
cipitation wars redorded at an eltitude of less than 4000 feet (Yusceips
station ® 25650 feet) an adjustment is necessary to make in order to have
more rapresentative conditions of mountain aress. This adjustment is
made with the help of Figure 1l.: Table XVI indicates the procedure
followed. For ewampls, for the year 1940-4l, two abscisas were measured;
one from the station of Redlands to the peint corresponding with an
altitude of 4000 in the dashed line (Yucsips }ine). This length is
1.78 (logaritimic ssale). Ths presiplation recorded in Redlands during
that vear is 24.55. Th&mf«;ﬁe the extrapolation to mountaln altitude
in Yuesipa ares from Redlands data i6 1,78 x 2455 8 43.5 inches,
" The other abscise is from the Heaumont station. Following the same pro=
gedure the adjustment givaé 41,7 inches, and the average 42,60, It is
elear that the move stations of nearby aress are brought into the pleture
the more representative the adjustment will bes In an analogous vay
the computation is indicated for foothill arsas, The writer belleves
that there 1ls mere acourgey invelved in this elaborate estimation of
moua‘taixz &z_n?‘; foothill area preeipilstion than by simply recwrring to
the isohystal maps.

For o previous pericd (1926-1941), Troxell (1945) worked
out, following dilfferent methode, the average precipliation in mountain
and foothill areas. [is average flgures were everaged with those
obtained by the writer. The final results of 26,60 inches for mountain
areas and 21,65 for foothill areas ave obtained. Tho next step in

Table XVII is to subtract fram the adjusted precipitation columm the



respective values for Runw-oflf of type "A® obtsined from graph in
Figure 14, agd‘whieh yveprasent, ap it may be resalled, surface run-off
socurring ag a raéult of rates of rainfsll in excess of inffliration
rates,

In the same Tghle XVII under the head of natural weter lopses
in included

transpiration from plant 1ifes

eveporation from soil and enows

interception and subseguent ovaperation of pregipitation
rebained by the foliaze of plant life during rainfall,

A procedure to sapéfata natural water losses frmm water
recoverable hes been devised by Troxell (1949). The writer takes
advantage of the data piattéd for Zan Antonio drainage area, idealized
in the graph of Figure 16 . This greph was built gemereliming the trend
of scattered polnbs, whieh required the knowledge of

(a) saverage sesconal precipitation

run=-ofs

{b) Reeoverable water

change in grooud water gtorage
(Panction of excess values
over recesslion curves, as
discussed before ).

It may be immediately shown that natwral water losses (e)y

() = (a) « (b
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For the present intentlen, the gravh is used in & rather inverse manners
with adjusted precipitation data the natural water losses are found,
Then, the recharge is justly adjusted precipitationenatural water losses-
run-off typs #a%, The‘methcd ssame to work with:reasonahlyJaccuracy
for Yucaipa bagin, The recharge from mountain and foothill areas is
a legitimate contribution té the reserves of underground water in the
bagin. This valus of deep penetration from rainfall is the most
slgnificant gain recorded in the inventory. Steps given for its caleouw
lation are accurate enough to raly on them within 85«30 per cent of
appréximation. |
| The value of annual recharge obtained is, for the peried
1926=1952, ceva

4322,5 acro-foet.

The deep penetration from rainfall on valley floor (including
irrigated and nonelrrigated lands) reaches an extremely low value, If
the graph of Figure 16 i8 used it is found that for a seasonal pre~
eipitation of 18,6 inches (the average of yeare for Yucaipe valley
lands) the natural water losses amount to 16.4 inches. Assuming that
no appreciable run-off oscurs for this precipiiation value (see, for
example Figures 12,14) then the recoverable water in valley lands would
be 18,6=16.4 or 2.2 inches, .

It is questionable whether 2,2 inches will reach the vater
table, for the folleowing ressons:

a) The soils in the Yucaipa basin are just moderately absorptive
and retentive,
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b) It seems unlikely that 2,2 inches will go beyond the root
gone, supply the soll molsture deficliency up to field capacity, and
reach the uater tablae,.

Intensive investigations (Muckel, Blaney, 1952) showed that
moet crops in irrigated lands and noneirrigated lande, and native
vegetation, have initial fall soil moisture deficiencies above 2,2
inches, Via=illustration 1s the dstailed result presented in Table XVIII,

Therse is deep penetration in ilrrigated lands, due to water |
artificiaslly applied, and it iz of small valus, Careful measurements
relied upon soil saapling(*) have been carried on for différent types
of orchards. It was found that in several crops, aboub 0.5=1.5 lnches
out of 20 inches applied during the irrigation season reachsd a zons
belov the root horizon.

By considering in detail all the possible variables, the
writer made an estimation of deep penetration from water artificially .
applied in irrigated lands., Table XIX shows pumpages (estimated average
values, for different psriods of years, according to the particulsr ine
formation recorded by each one of the users) as kindly informed by Water
Companies and individusl farmers.

In Table XX an estimation is mads of water returned to the
water table combining the data provided by Tables XIII, X¥ and XIX,

It is observed that fyrom 9435.7 acre-feet applied in irrigation only
1693.9 acre-feet return to the water ﬁabla.

Moot of the irrigations in the Yusaipa basin take place during

sunmer months, Not rarely, however, irrigations are carried through

during the winter months, A delay in rainy season, or insufficiency

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

FALL SOIL MOISTURE DEFICIENGES, UPPER SANTA A¥A HIVER VALLEY, GALIFORNIA,
¥ THCHES OF DEPTH POR ROOT ZONE,

Lifornia Otate Bullgtd Values
‘ Fleld studies used in
Crop Noe 19 Koe 33 1946w1948 computations
Zxrizated
Truck 300 412 o
Boans 3.0 4.53 -
Double crop 3.0 -
Reets 3.0 -
: . 360 3e7L -
ﬂm’ avoeadns 360 060364 300
Halnuts 70 1109‘15-1 f*)oo
Deciduons 70 BeRello3 7,02 70
Pasture 360 2080 265
H&Y and grain 3.0 ; 6.0
Alfalla 3.0 45
_ Undrrizated crops
Fallow @ 5639 500
(irapos 740 Tol Ded7 e 5
Deciduous trees 7.0 1463 D0
Hay and grain 540 Le3 8e28=9,31 840
Pasture 560 840
Bative vezetabion
Grass and wveads 540 LeB=T746 8475 845
Pasture 560 335
Sparse brush 560 900 Fe
Hediuwm brush 7.0 893‘1205 1000
Brush and trees,
dense 1.0 2.0

Riverwash{bare) 1.0
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- TABLE XXI
MINIMUM PRECIPITATION REQUIRED O PRODUCE DEEP PENETRATION 1N
| HOB~IRRIGATED LANDS

Fell =oll
moisture deficiency

Consumptive use
Evapo=transp,

Unirrigeted crops
Fallow

Granes

Deciduous treee
Hey and grain
Pasture

Grass and weeds
Pasture

Sparse brush

Med lum brush

Brush end trees, dense
" Riverwash (bare;

5.0
3.5
. ‘}”10
8.0
8,0

845
845
9.0
10.0
2.0
1.0

10

12,2
12.5
12,7
12,7

12,7
12,7
12,7
15.9
229

9.0

15,0
2.7
215
20,7
2067

21.2
2102
21.7
2549
2409
10.0
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of rain are not uncommon factors. It is therefore understood that most
of the rainf‘ail in {rrigated valley lsmés iz used up during the winter
; wayﬁaﬁ:mnspimﬁi@n v'pmcmas and that no apprecisble conbribution is made
to the uater table

48 for rain falling in non-irrigated and native vegetation
valley lands, whers there is not control of ground water bebavier, it
results very diffieult to asceriain how much water excesds field capacity
and draine down to thewster table mgi@.

With the information available by meuns of Tables XV III‘.a.nd
- XV it ie poseible to know what value of mean-seasonal precipitation weuld
be nseded to produce deep penetration in non=irrigated lands, For that
purpose the previous table was conét:metad (Table XXI),

' h The average mesn seasonal precipitation for Yucaipa basin
area is 18,7 inches, and most of the values obtainsd for minimum pree .
eipitation in the above table are over 18,7 inches., It is recogniszed
that the figures representing initial fall soll moisture deficlency and
consumptive use are not sbsclute; they are the product of intensive
field vork and euperience, However, an idea is gotten for comparison
basis, It may be concluded that very little, 1f any, desp penetration
cceurs in valley lands, noneirrigated areas.

- Up to this point the ground water lnventory would have the
following characteristicss



Intake (acre-feet)

Qutput (acre-feet

Average annual ground water
recharge from mountain and
foobthill areadescscsvsvssse
PROCBEBIDOIOOOEOGOPIEO &322‘59
Deep penetration {return) of
water artifically applled in
irrigation and domestic use

Exportedeeessocosssssensnsos

GOQPOBLROCBHUORBERGO Y 3;?61”0

Total amount of water exe

" tracted (pumped) %o be used

for irrigation and donestic

0000000 EROROORD O 1693090 PULPOBBEocss000orencsscasenso
asnscencescccssevene IhISLTO
607640 14,199,770

overdraft 2 8183.30 a.oré-fae‘e

an indivect check of such a large overdraft may be made in

the following manners

a m&mﬂ well, almost on the center of the basin (136b ar

136¢ = Yus #5) shoue the following water table level historys

late

Spring 1927
Spring 1942
Spring 1952

2250600
2225600
2151.89

Asmming this information ae reliable (measuremsnt of wells
by UeS.GeS., Water Resources HBranch, and Tucaips Water Cos # 1) it is
found that an average anmwsl dravdown of the water table of 1,67 feet
existe for the perlod 1927-1942; and that for the peried 1942-1952
the drawdeown has stltainsd an averags annual value of 7.3 feeb,

I¢ voth flgures are averaged, a very conservsiive result will
be Qbiaine&,, in that it will represent an annusl average drawdowm below

the one produced under actual conditions of pumpage and exploltation.
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If a medium poroeily as low as 0,12 is assumed for the waterwbearing beds,
then the average annual overdraft of the Tucaipa baaizi; on this basis

would bes

lﬁ?-%lal- % 0412 x 17,500,

0440.0 asre-Toat,
It s then found that the overdrafl caloulated under a more detuiled

analysis in previous pages is not inaccuvate.

Spgoific vield, Safe yleld, Ilme-life, Econgulc depth of wells in ithe
Zucalipg basin.

The sﬁeoiﬁe yield; by definition, measures the amcunt of
vater that s able to move by gravity in a certain volume of material,
It represents waler in the susponded zone that exceeds the field capacity
(also kmown as specific retention) and may be estimated accurately if
both total porosity and field capacity are lmoun. |

Some idea of the epecific yield of the Yusaipa basin may be
obtained as follows. In 1952 water level in wells was measured prier
and after the irrigation season (f.e. in April and November, respectively).
The average difference in elevation of the water lsvel in most wells
was about 15 feet, The averayge mean asnnual pumpage (Table XIX, p.78)
has been found to be (exclusively irrigation) 9435.7=R577.41 ® 6857,29
acre~fect, Assuming that the abstracted water ig drawn from an aquifer
the dimensions of whlch ares

area 4212 acres{acreage of irrigated land)
vertical dimension, 15 feet, then
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the specific yield is 8257229 . = 0,1025
. ¥ . 7218 x 18 S

or 10,85 per cent®,
By doi‘inition,
tqfal perogsity = effective porosity +specific retention.

Therefore, the spscific retention or field capaciiy of the aquifer is
0,1200 = 0,1085 # 0,0115, or 1,15 per cent, Thie last figure indlcates
that 1,15 per cent of total volume of aguifer is osoupled by water ime
possible 'to. recover thru ordinery pumping methods. A sedimentary rock
with the above hydrological properties, i.e.,

total porosity 12 per cent

effeotive porosity 10,845 per cent, and a small,

specific retention 1,15 per aent,
would correspond to s type of sandy gravel, the porosity of whioh is
greatly reduced by finer interstitial materisl,

The continuous development of uncultivated land in the Yucaips
basin area well demonstrates an incrsasing demand of water year after
year, The cultivated area of 4218 acres, as surveyed in 1948, might have
inoreased by 10 per cent or more, since then. The question arises ;.horutore,
a8 to how much water can the Yueaipa basin yield to the increasing
demand, economically. |

An optimistic Mgure would be estimated as follows: Consider
the 100 uppermost feet of the aquifer; and consider a specific yleld of
01085 as praviously estimated., If it is further acsumed thnt the hydroe
logical properﬁiea of the aguifer remain conctant throughout, 8o ne bo
maintain the specifie yleld ccnstant, then the recoverable water would be

(*) This sssmumes no contribution to basin frem stream gravels or frem
kedrock jolnts during pumping season,
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17,500 % 0,1085 x 100 » 190,000 acre~{set.

But the area of the aquifer is less than 17,500 acre feet, because the
sloper of mountaiﬁ areans dip towards the basin thereby reducing the
surface ares oi‘v 1.u'alll.va;:r landsy on the other hand it 1s very unlikely that
the spesific yield would be 0,1085 throughout, taking inte eonsideration
the rapid textural ehangés, both laterally and vertically, of the sedie
mentary formation which makes up the water~bearing reck. An arbitrary,
but more conservative {igure would be

15,000 x 0,09000 x 100 ® 135,000 acre=~feet,
Assuming an average annual drawdown of 7.5 feet in the water table the
time~life of an aquifer 100 ft, thick would be % =13 years, On the
basis of estimated water recoverable and actual annuml overdraft the time-

1ife for an aguifer also 10C feet thick would be

W s 16 years,

year

If exportation losses are cut then t.iaa time~life is increased
to % # 35 ysars, This would give an ammual drawdown on water
table of l% 2 3 foob,

If an aquif‘er 250 fent thick is assumed under the approxinate
annual dravdowm of water table 7.5 feet, the timeslife of the Tucalpa

bagin would be %ﬁg % 33 years{*), Several wells, for example
Ly ‘

{#) The annual drawdewn 7.5 feet resulis from 10 years (1942-1952) 7 or 8
of whieh were so dry that total precipitation was 60«70 per cent
below normal. It i8 estimeted that about 15 per cent of 7.5 feet
average anmual drawdown is dus to that camuse, For normal conditions,
therefore, the time-life weuld be

éi‘% ® 39 years.
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139 = Crafbon Hesa #2, or Crafton Mesa #3, (see water table map), would
then reach abeut_‘ 600 feet of depthe Becauss the degree of consolidatlon
and compaction iﬁoreasa with depth 1% seems reamsonable to assume that the
spesific yield #i.”i.l be less und less with increasing depth, The problem
of having Yo consider the economic depth may then arise. |

The optimus safe yield of Yucaipa basin is, practically, the
nean annual resharge from foothill and mountain areaé; leeo, 4322,5 acre=
feote Scme of the water artificially applied returns to the aquifer,

It has been previously estimated (see inventory) that for supplies of

the order of 10,000 asre=faet, approximately 17 per cént of this

anount is newly recovered in the form of desp ponetration. This emount
nay bs considerably reduced with more efficient irrigation and distribution
methods, If exportation were stopped and deep penetration returned

to normal for a mumber of years there sbill would be an overdraft of

about 3000 acree~fcebt.

It seems unlikely that water needs will remain constant. A
continuous increase is more probable and as a result, it is reasonable
to assume, a conbinucus reduction of the estimated 1ifetime of the
Yueaipa basin,

A sumary of the main results obtained is indicated in Table
XXIZX,
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TABLE XXII

SUMMARY OF RESULTS OF GROURD WATER IRVENTORY OF YUCAIPA BASIN, CALIFORNIA

Iten Mzgnitudes Remsrks: Accuracy
Acreage, Irrig., Valley (1%48) 4218 Acres Accurate
Acreage, non-irrig. walley
lands and minicipal areas 13475 Acres Accurate
Acreage, Foothlll Areas 8500 Acres Medium
Aereage, Mountain Aresas 6200 Acres Med fum
Rainfall, Valley lands 18,6 inches Accurate
Rainfall, Foothill arecs A.65 inches Hedimm=Accurate
Rainfall, Mountain areas 26,60 inches Medfum-Accurate
Consumptive use, irrig. velley
land areas 6817,.2 acre-fcet Mediun
Consumptive use, non-irrig.
valley land snd municipal lend 14167.4 acre-feet  Inaccurate
Surface and ground water
run=of'f Inappreciable Medium
Vater pumped out, exported L1640 asere=feet Medium
Water pumped out, used for ' '
irrig. and domestic purposes 9435.7 acre=feet Medium
Water pumped out, usedexclue
sively in irrigation 6857.29 acre=feet Accurate
Water pumped out, used in .
municipel and domestie 2577 .41 acre«feet  Accurate
Ground water recharged from _
foothill and mountein areas 432205 acre=feet Accurate
Deep penetration from water 1693.9 acre-feet
artificially applied from 9435.7 AeFe

1 inch per each 20

inches appl. Medium
Deep penetration,
rainfall in irrig. end non- less than one
i!‘rig. lands. inch Modium
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TABLE XXIX (cont.)

Tten Magnitudes Remarkss Accuracy
Overdraft, f?om GWe Inv, 8623,3 acre~feet Medium
Overdraft, from declination
history of wells T400,0 sere~feet Inaccurate
Specific Retention of the '
aquifer 1.15 per cent Inaccurate
Total Porosity of aguifer 12 per cent Inaccurate
Speeific yield 10,85 per cent Medium
Safe yield 1322,5 sere=feed Accurate

Time-life basin

33 years

Assumptions: Aquifer
= 250 feet thick, No
cut of exportation

- losses, Average anpual

drawdown = 7.5 feet
Medium

Economic depth wells

600~700 feet

Insccurate
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