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REPLENISHMENT OF 
• 'GROUND WATER 'SUPPLIES 

BY ARTIFICIAL MEANS 

By DEAN C. MUCKEL, irrisation engineer, Soil 
ancl Water 'Conservation Research Division, 

Agricultural Research Service 


• 

During the drought years of the 1930's, increased pumping for 
irrigation, domestic, and municipal purposes made great demands on 
ground water supplies. In many areas of the semh:.:id 'West, it has 
become necessary to replenish ground water supplies by artificial 
means. Artificial recharge is accomplished by diverting water from 
natural stream channels and spreading it over adjacent permeable 
soils; by releasing water stored in surface reservoirs to natural chan
nels during periods when the channels would otherwise be dry; or by 
injecting water into wells, shafts, or pits. Replenishing ground 
water supplies is now carried on in one form or another at places .in 
the "West, and interest is growing rapidly with the decline of ground 
water tables. 

This bulletin contains data on water spreading experiments and 
information collected on large-scale spreading systems since 1925. 
In 1937 United States Department of ~t\.griculture Teclmical Bulletin 
578, Spreading 'Water for Storage Underground, was issued, which 
contained data and information available at that time. Since then, 
many more data have become available, particularly through addi
tional experimental work. At the time Technical Bulletin 578 was 
issued, the spreading operations were confined largely to porous 
debris cones of alluvial material. High infiltration rates were gen
erally obtained. Since then, the need for conservation of water by 
spreading has become widespread and it is no longer confined to 
porous areas. As a result infiltration under prolonged wetting has 
become more difficult. Methods used to measure infiltration rates, 
factors influencing them, and experiments to increase such rates are 
described. This bulletin also includes the results of experimental 
work designed primarily to promote infiltration on soils of relatively 
low permeability. 

EARLVSYSTEMS 

• 
The practice of augmenting the natural processes of replenishment 

by artificial means is not new. The first recorded case in the United 
States was in 1889 when the Denver Union "Yatar Co. averted It 

threatened water famine at its pipeline inta,ke by spreading water 
oyet· the gravel cone at the mouth of South Platte C~Ll1yon in Colo
I.·ado (11).1 About HlOO, the practice was started on the debris conet; 

I Unlic numbers in parentheses refer to Literature Cited, p. flO. 
1 
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of Santiago Creek, San Antonio Creek, and the Santa Ana River in 
southern California. These early systems were designed primarily 
to spread water over a larger surface n,rea than had occurred nat
urally and thereby to illcrellse the amount of water entering the soil 
to percolate eventually to the water table. Hence, the term "water 
spreading," which became \yidely associated with ltll methods of 
al'tificill-l rechttrge. ,Vhen properly used, water spreading describes 
a method of recharge, and is not an all-inelusi"\'e tel'lll that is synony
mous with artificial recharge. 

PURPOSE OF ARTIFICIAL RECHARGE 
n.lost recharging activities are no,\" conducted for the purpose of 

increasing the amount of grotUld water anlilaHe for the common 
benefit of all users from the resen"oirs affected. In southern Cali
fornia, ",hete it is necessa,r,Y to line many strell-m channels in order 
to achieYe adequate flood protection, agencies such as the Los Angeles 
ltlld the Sa,n Bernarcliuo county flood control districts lHwe COll

structed cliversion works lmd spreading basins to maiutll-in ground 
water reclutrge; that is, to replace the natural infiltration lost 
through channel lining. 

Spreacling grounds and other methods of ltl'tificittl recharge alone 
tLre ineirectil'e as flood control devices. The clifliculties ttnd dn,ngers 
of diverting uncontrolled and debris-ladell flood waters, combined 
"7ith the fact that the capacity of an entire spreading system is 
usually insufficient to take care of pell-k flows, preclude wllter spread
ing for flood control. Al'tificia,l recharge is commonly canied out in 
conjunction with surface resel:\'oirs in which flood flows can be im
pOlUlded temporarily. Controlled releases of water from surfaep 
reservoirs can then be diyerted to spreading areas, Shllfts, wells, or 
pits for ground wn,ter recharge. 

Artificiall'eelmrge prinml'ily conselTes flood \mters and aids in the 
alle\'iaJion of o\'erc1mft" or threatened o\'ercll'llfts in gl'ound \Va,ter 
basins. In the ,Yest few undeYeloped, economical, sUI'face reservoir 
sites remttin, and agencies need to plan for full use of underground 
storage. Many undeqrround reselToi rs ha "e a cn.paeity far grell-tel' 
than the largest snrface resetToir; yet few groundwater reselToirs 
are used to store flood water for later distribution. To nmke full 
use of undergronnd storage, it may be neceSSlU'Y to lower water 1e\'els 
deliberately by the operation of appropriately spaced wells during 
dry periods, in order to create stol'ltge capacity to be filled during a 
later period of surplus. Ground water resen-oirs, like surface 
resen-oirs, should be depleted during dry periods to pro\'ide storage 
for wet periods. Refilling during periods of surplus may require 
recharge by ll-rtificial means. 

LOCATION OF GROUND WATER PROJECTS 
Since 1935, seYeral States 11a"\'e undertaken artificial recharge, hut 

in Cttlifornilt this method has been carried out Illost extensiwlr. 1n 

• 


southern California, where the work is ('o))('entmtecl, spl'eadil1i sy"· 
tems are adjacent to llen rly e\'el',\' stl'eltlll. 
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This blllletin deals primarily ,yith al-tificial recharge in Ctllifol'l1ia, 
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because there are more dahl rmd infornmtion on the subject in this 
Stnte than elsewhere. Resllits of experience a,nc1 reseH-rch in Califor
nia cn,n be applied throughout the ,Vest. 

In California, 223 gmuud water basins ha,-e been identified. 
Essentially, these are alluvium-.filled yalleys that ha"e usable gl"Ound 
water storage (9). In mlUlY cases Ilclj acen t· basins a re interconnected 
ltnd the di,-icling lines flre indistinct. O,oerdmfts exi.st in many 
basins. The fntlu'e economic consernltion o:f the State's water 
resources wj]1 require the full de"elopment and planned utilizaJion 
of ground ,Yater res81"\"oirs. Then, a ground 'rater reselToir might 
he depleted intentionally llnd reclmrgecl in order to make the best use 
of tmderground storage capacity. 

:More than 100 projects, the prilnary purpose of which is the 
rpcharge of ground \\"teter, are acti \"e throughout the State. In addi
tion, rechn,rge is incidental to waste clisposlLl at numerous locations. 
Rechargp aetiyities are con(,pntmted in Santa Clara Ya\ley and 
Gilroy-Hollister Basin, south of San Fmneiseo: in tlw southern pal't 
of SitIl .Toaqui n YaUey: IWc1 frol11 Sanhl :Maria eastward to Indio, in 
80nthern Cal i:forn ia. In these urPHS gl'olll1cl wHJel' supplies ha'oe 
been most extensively exploiteel and in IlllU1Y instances sl'wrely 
overdl'u, wn. 

AGENCIES OPERATING RECHARGE PROJECTS 
:JIost of the agl'neies con(,erned with tlrti(ieial recharge in Ctlli

fomill arl' public distrirts tlmt include (1) County \mter districts; 
(:2) watl'r ('onseIT;ttioll dish'iets; (:1) WItter clistri(,ts; (,I:) in'igtttiol1 
districts: (fi) Imter storage d istriets; (l) ('ounty flood ('ontrol clis
triets; (I) count\' floo(l control and WlIt:CI" ('onsPITation dish·iets: l1l1d 
(H) soil COnSelTlltion districls. 

Thl' work is carried on for the common lwnefit of all users o:f WItter 
from the> IlTOUIH\ w;tter rE'8('\'\'oirs in"olwd and i" supporterl {'hiefly 
b l ' taxation. In addition to the dish·iets. thE're are two cities that 
St)l'ellcl mlter -for tlwir own use, t\\'o land c(J1l1paniE's. (i,-E' \,oater com
pan ies, and two pri nete associtltions engaged ina rti(ieial reclmrge. 

•\Itifkinl rpclmrge is gE'llerally not 'feasiblp for an incli,-idual or 
snmll entPrprise, because wdel' lo<;es its identity when c1il"l~rtec1 anel 
sprE'H,d or injected into ,,"pHs, sha:fts, or pits, anel mingles with naturn.1 
seepnge. \\'eHs benefiting from lIrtifieial rcehal'ge may be ml1ny 
miles :fl'om thE' rE'charge site and widely r1istTihnted on'I' the gl'ouncl 
watE'I' (iplc1. 

SOURCES OF WATER 
.Most water used :for artificial I'echal'gp in ea Ii:fol"l1 ia origilUttes as 

inflow from nIl' mountains and hills tl'ibuhnT to the ground ,yitter 
basin or (IS l"llllOfl' froll! aclj:u'C'lIt ndle.'" areas. ,ratl'l' illlportNI 
from (hn'lIs \'al!L'\" and til(' ('olol'lulo {{in'I' is Iwin!r artificially 1'(1

cha.rgec1 to the ('oastnJ plain of g'rol;nd water l'e~(>n'oirs of'Los 
.\ngeles County and Ol'ange CountT. As yet, no reclaimed <;ewage 
waste wltf:ElrS arE' being used, n.ltllough this SOUI'CE' is n possibility in 
the future. 
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RECORDS 
In many artificial recharge projects records of the amount of .i

water recharged are not kept. This is true of those areas using 
natural stream channels. Cost figures are lacking in many instances. 
During the 1930's complete cost figures of much work done on spread
ing systems by Federal, State, county, and municipal emergency 
agencies are not obtainable. For those systems recently constructed 
and operated, records are more complete. 

GROUND WATER RESERVOIRS 
Description 

This discussion will be confined to those ground water reservoirs 
(called aquifers in some localities) that are geological formations 
where water is or can be stored by natural or artificial means and 
from which water can be artificially and economically withdrawn for 
beneficial use. Such reservoirs are found in stream valleys, interior 
,-alleys, and coastal plains. They provide storage for deep percola
tion from precipitation, strmunflow, water not consumed in its use in 
oyerlying areas, and water artificially placed in them. Ground water 
reservoirs serve as regulator conduits to convey water from areas of 
recharge to those of productioll lind use. 

The reservoirs vary from a hundred or more acres to several 
hundred square miles. The materials contained in them consist of 
clays, silts, sands, and gravels, frequently intermixed, which vary in 
porosity, specific yield, and permeability. The more porous materials 
often occur in stringers and lenses or m extensi,-e strata of yarying 
thicknesses and areal extent. ",Vhile porosity of the materials is 
relath-ely high when compared with that of consolidated rocks, values 
of specific yield and of permeability that are Rclequate to allow stor
age, transmission, and economical production of water occur chiefly 
in the sands and gravels. " 

A reservoir formation may be divided or subdivided into basins 
or subbasllls by faults, dikes, masses of less permeable materials, or 
other features that retard the velocity of water as it moves from one 
part of the reselToir to another. The water is usually III transit, 
mm-jng slowly from points of reclutrge to points of discharge. 

General Hydrologic E~uationof Ground Water Reservoirs 

The general hyclrolo~i(' pquntion of a ~Tol1lld \\-at"pr rp::lPIToir may 
be expressed as follows: 

Surface olltflow 

Surface inflow 
plus 

Pr('cipilrLtion Oll Hurfacl' 
plus 

SubsurfacE' inflow 
pili:; 

Artificial importalion uf 
water and sewage or of HPwagt' 

t'quld::; 

pluR 
SubHurfacf' outflow 

pl\IR 
ConHulIlpli\"(> WiP (p\"apol rall;;

pintUon IORHpgl 
pili!' 

Artifirial ('xporlalioll of 
wlll('r and R('wagr or of ~pWllgP 

plu~ 

! 

'. 

{'hangeli in stOrHgf> 
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Artificial recharge by spreading or use of injection wells mlty 
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increase the inflow side of this equation if the water that is recharged 
is imported, or artificial recharge may reduce the outflow side of the 
equation if watei" or sewage that ordina,rily leaves the area is cap
hU'ed and spread within the confines of the ground water reservoir. 
The ultimate eff;ect in either ease is the same; that is, there is nn 
increase in the a,mount of waJer going into tmderground storage. 
If the grotmd water bash'1 has a large capacity, so that the water 

table can be drawn down without danger of deficie}lcy, and if it will 
fill during 'wet pedods from natural percolation, there is little benefit 
to be obtained.from artificial recharging other than to keep the water 
table slightly higher during dry periods. A high water table will 
cause an increase in surface outflow later. ,Vhen altificial recharge is 
practiced, the net increase in water stored is 1;he difference between 
the amount recharged and that which otherwise would haveperco
lated into the undergrolmd basin if the runoff had been allowed to 
l'ema in:in the, stl'ea,m cluumel. ,\rater imported to an area for recharge 
purposes is almost entirely a net ga,in, although some minor 10sses by 
evapotranspiration are bound to occur. 

METHODS OF RECHARGE 
Ponding of Wltter in surface basins is the most common method of 

artificial recharge now used in Califo'l'llia. Furrows and clitches are 
used but not extensiyely. Aba,ndoned grarel pits are used. Spreading 
in nahlml channels is widely practiced; surface storage is large 
enough to regulate the erratic runoff to rates of flow tlmt do not 
exceed the absorption capacity of the downstream natural clumuels. 
Infiltmtion capacity of the channels is sometimes increased by con
structing le\'ees and dikes in the channels to form temporary basins. 
Injeetion of 'water into wells, shafts, or pits is used to some extent, 
but this form of storage is .limited to special conditions. This type of 
recharge puts under ground only compamti\'e]y small amounts of 
water, 

Recharge by Spreading 

Spreacling diverts water to lands not ordinarily wet and thereby 
increases the amount of water infiltrating into the soil by reason of 
greater wetted surface. Systems of spreading are similar to ntrious 
systems of irrigation. They can usually be classified under one of the 
following methods: (1) Basin; (2) furrow or ditch; and (3) flood
ing. It is not uncommon to find two or more such methods used in a 
single spreading system. The topography of the soil surface, general 
slope C?f the land, amount of land antilable for spreading purposes, 
conditIon of the water (silty or clear), and streamflow characteristics 
will govern which method is best suited to a particular site. 

The bcwin method.-In the basin method the witter is impounded in 
a series of small basins fOl'lned by dikes or levees. The basins are 
usually so lltTanged that the entire area between the clikes can be 
f-tubmergeLI during spreading. The dikes often follow contour lines, 
The general slope of the land go\'er.ns th2 size and shape of the basins. 
On flat lands the basins take on a long narrow shape and construction 
L'osts inel'ease because of inel'easecl height anc1nUlllber of dikes neces

http:go\'er.ns
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sary to form the basins. The basin method usually is adapted to 
slopes of 3 percent or less . 
.l AIs~rlies °bf basins.Iils llsuall}~ arralllgecl, SOt t}hat thbe e~cess,.r"l'ater ftflrom ., 

t 1e up: leI' a.,1l1 WI E'scapE' Into t 1e nex ower aS111. 1e OU ow 
nULy occur by 'nltE'l' o'-E'rtopping the dikes or passing through the 
dikes in pipes or othE' I' structures instal1ed for that purpose (fig. 1. 
A and B). TIlE' type of construction is depE'nclent upon the material 
a ,'anable. For thE' o\'ertopping l11E'thocl, the dike must he of nOll
E'1'fl(liblE' matE'rial. 

In southE't'n California thE' so-cal1E'd sausaQ'E' (lam (fig. 2. A andE) 
i" USE'd. This type of dam is pOI'OUS and is constnlctecl by huilding 
walls oJ rocks oJ nlriollO: sizE'S and binding thE' rocks together with 
hea"y WO\-E'll wirE'. This Jorm oJ clam is seldom ('ollstruc:ted higher 
than;;; feE't and i::: nSE'd only WhE'l'e rock is near at hand. Irhere rock 

• 


• 
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~f1'{1ntll ,.11all1l(>1 UPHI' Pa ..... aflpllil. ('aUf. n. wa{('r .... llrp~I{lil'l,:! Im-··ju.. 111 (.p(~ratiHh 
iu ~allta .. \UitH \ru ... b i Phttto ... rqtlrfp.....\' of 1.0-... ~\ll:!P!f ..·.. {On-nIt'> Fllllld ('olt 
tl'ol ili"trid., 
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"b'n III" I,:!,,;,! io.; I'll I I awl wa,';',!' 1- 1'..;('npill!!". t 1j1'\\:1!;'\' \\'ill Itarp 
1':lI'b·<I lip til tfll' till' III' tlf{' oIil;l' flll'lll:ll!!" fhl' 1"\\,,,), ll1l1l1l1l:lI'Y "r fh!' 
In· .... 1 ]'!l!h"I' l':1-ill, '!;i(- -lIl'IIlI'!'!!"ill!! 11,1' PIll il'l' !!1'''IlIill -llrf:\t'I'. 

TIll' 1';l~ill Itll'thlJll 111:1\' ],.. 11-l'd \\ IIPI'I' ,Ill' !!'I'fJ1il''\ -!ldal'\' i~ :ITP!!"l1 
hI' :tlit! ~p()ltl'd wilh PlJillt'J'tllI- ,1,:dl ,'\ !!llllil'~ :1I·d ]'d!!I'~, Tlli'l':I"i/l" 
1'1"'\"111 fill' \\:111'1' frotH ,,,jll'dill!! iii IL.. !!'l\llil'~ :IL,1 I'll I,ill!!" ",1' \\,illl 
01\1 :lH 1'1'1)('1'11111;1\ '" ["'1'1'11':!11' il!llI 11 ,. ~qil. II \:.1" 11,1' :\Jh.\ttl:l~P of 
flll'1:I~IIIH,!.!' IIII' !.!T..:tfl'~l " .. I \\pltp,j,n'", \\ if!, .".1\' Il!l' tl)l'~ .. I' tIll' 

t;7 1~ ... t I ~.'t ..: 
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dikes exposed and used for service roadways. This is important where 
high land values limit the area available for spreading. 

The claim is often made that the basin method should not be used 
if the water supply carries silt. It is true that impounded silty water 
will tend to seal the soil surface more rapidly than flowing water, but 
basins can be used for desilting purposes. In a series of basins in 
which one feeds the other, the basins highest in elevation can be 
arranged to impound the water, causing much of the silt to settle. 
These basins are cleaned periodically. Thus the lower ones are kept 
relatively clean and require only infrequent removal of silt. 

The Los Angeles County Flood Control District has successfully 
spread flood waters contaming as much as 10,000 p. p. m. of silt. 
Usually the flows contain 300 to 3,000 p. p. m. To handle such silt
laden flows, diversion is made first to basins designed to operate as 
desilting basins. At one spreading area the suspended load was re
duced n'om 3,000 p. p. m. in the first basin to 250 p. p. 111. in the next 
basin. 

In some instances the basin method has another advantage over 
other methods. If the water supply comes in flashes and is not in 
great amounts, the surface storage provided by the basins becomes 
Important. The basins will fill dur.ing short runoff periods and im
pound the water until it has ample time to infiltrate into the soil. For 
continuous supplies of prolonged duration, the surface storage is of 
small importance except for regulatory purposes. 

An arrangement of spreading- basins as used by the Los Angeles 
County Flood Oontrol Distl'.ict IS shown .in figure 3. In this case the 
spreading basins lie on both sides of the paved flood channel of the 
Rio Hondo Rh'el'. The Kern County Land Co. and the North J\:el'n 
,Vater Storage District, Bakersfield, Calif., also used the hasin 
method, as illustrated in figures 4 and 5. 

The f~t1'1'0W 01' ditch method.-In the furrow method the water is 
passed through a series of furrows or ditches somewhat resembling an 
irrigation system. The ditches are shallow, flat-bottomed, and close 
together so as to make available the greatest possible infiltrating- area. 
If the water is passed through the ditches at erosive velocitIes the 

capacity of the system decreases rapidly. The water erodes into nar
row channels meandering about the .fhlt-bottomed ditches, with the. 
result that the wetted area (or infiltrating area) is materially reduced. 
In some cases low check dams of loose rock are used to retard the 
.fIow of water and maintain the maximum wetted area (ng. 6). IV-here 
the material is composed of boulders and rocks intermingled with 
coarse sands. such as are found Oil lllan\' of the debri" cones of south
ern California, erosion is not ordinai'ily a. serious problem under 
water spreading conditions. 

The ditch system usuany follo;\'s one of three general plans: 
(1) Lateral spreading is at right angles to the main diversion canal. 

Open cuts through the bank of the main feeder canal provide entrance 
to the laterals. Gates are installed at each entrance to control the 
a1ll0lmt of water entering each furrow. The ditches range from 3 to 
12 feet in width (fig. 7). Theil' depth is determined by the roughness 

• 


• 


• 

of the ground SUl'fllCe and in generaJ .is not greater than necessary to 
earry water at a fairly uniform yelocity over the ridges and gullies. 

(2) L'1stead of diverting from the main canal to asedes of sma]] 
ditches, the main canal may be c1iric1ed into two separate ditches: 
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FIG1:'RE 3.---:.arrangernent of spreading basins and Rio Hondo flood channel near 
Montebello, Calif., in the Los Angeles County FlOOd Control Dil>tric-t. 
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• Ditch excovoted to 

• X Piezometer nest 

Scale i" =1,000' 

BN-6672X 

FIGURE 4.-Arrangement of spreading basins as constructed by ~orth Kern 
"rater Storage District near Baker:')field, Calif. 

• 

FIGURE (i.-Spreading basins as used by Kern County Land Co. Ilnd :'\orth Kern 

\Yater Storage District near Bakersfield, Calif. "'ater is about 1 foot ill 
depth. 
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f'W\'RE n.- -ROi'k dam in"tnllE'd in (lite'l! til \II'P\,PIH (,f""ion int" nnrrow I'hnnnrl. 
By maintllinitl)! a wi(l!' ditl'll. )!l"PlltPl' IIPJ'('olatill!! al"f'a b nrilizP(j :-:an .\n. 
tonio ('rppk IWllr ('larPlllolH, ('alif. 

• 

F'rrWRF. T I'a rall!'\ {lird!!'... lI""d fur "')lff>llIlillC:. Tic ..\,,, r .. 11 PI'l''''' lIlt;! ,,,(y li r.... l 
\\ hlp. I:.! to 1~ iUt·}lf, ..... t1ppp~ \\ itlt Hat I".ttnIH.... :\ot., f'harilw-tpt' Hf ll:afl·rial alld 

alhottut of huui iii :l1t dil'"b. "',r ... rPtL'" not t'lI\p,·pd \,-, :I"[i ,\alpr T~·tip (~rppk 


.) .. hl·h 1'''lll' IlI'a I" F"ht:lllH. (',"if 

flip ...!, IIYO tJII'Jj "ubdl\ iell' into ["lilli' "lllldlpl" ditt·;I ...... Thi... "'llIHli\'j"jOH 
i.. "OlltillllPd Illitil rl ... dill·IIp", dll 'lid!., to llWf'(' 1I'i..lJ!'~ awllinall\" ,lis, • 
:iPI'!'H1'.•\1 1':\1"11 til" j ... jOll plJillt. drill' gl\tl'''' :llv pnlIJ,Jp'] til "(~lltrol 
til!' watpl' I'J!tPI'ill!! ":l'-!! "'PI'jp..: Ill' ,rtf·!I1· ... I Ii!!. "I. 

t:;) '''alp)"!" ~1)I·p~l.t l!rI'Ol]!!l. " .... .jil.-il ib:!I f,.llll\\'" :l}J(II'II-.;illllltPjy 
till' ('IJ!HIJIlI' or I Ill' !!!'otwd ";!ll"f:I"" ,\ ... tlH' dil.'], n!lw'~ to l:jI' \illlil'" 
"f IiiI' at'p:! pl'ln idp,( 1'..1' "pl'!·a,ji!:!!•. ! ':,:Il'P '\\ it.-lll.:It'i; , ... l!tl<!l'. T!m.... 
r I.!' rlitt·h ;..: lllndl' til Hj'''If,'f,,1' j,tld:p,d 1'011 I! a"l'..'~ tIll' I:ll!d. !!l'arlllnlly 
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FIGCRE 8.-Dh·ision of ditch into two ditches. These two ditches are ·.further 
(livided downscream into four ditches. whil:h are further subdivided. San 
Antonio Creek near Claremont, Calif. 

• 
[~pproaching the lower portion of the spreading area. This is com
monly called the contour ditch system. 

For each series of ditches or furrows of the system, a reception 
ditch is usually provided, circling the lower portion of the specific 
spreading area to collect and divel~t the excess water from the spread
ing furrows into one main canal. It may then be redistributed in a 
new series of furrows, or if the limits of the spreading area have been 
reached, the water may then be (liverted back into the main stream 
channel. If sufficient water is available, this is recommended as good 
practice for streams carrying considerable silt, since a large portion 
of the silt may be carried through the spreading system and back into 
the main stream channel where periodical floods may carry it to the 
sea. 

Generally speaking, no one of these methods has any outstanding 
advantage over the other. The choice of method is dependent on 
topography and certain other characteristics of the land. 

The furrow or ditch method is used extensively in streambeds, par
ticularly where no permanent works can be insbdled because of flood 
hazard. Sandbars or islands aboye the normal flow line of the stream 
are fUlTowed by Il,leans of tractor-dmwn plows. ""Tater is then 
clh-erted into the furrows by temporary dikes or cl:uns (figs. 9 fmd 11)). 

• 
The flooding method.-The flooding method consists of passing 

water o,'e1' the lanel surface in a thi11 sheet. Good results haye been 
obtained in areas of gentle slopes where the topop.Taphy is not cut by 
large gullies fWel ridges. Few such areas exist nattu:nJlv, howeyei·, 
fUld often certain prep:u:ations must be made to pre,'ent the water 
from collecting in small str·eams lWcl running- ofr inst('ad of spreading 
over the required Ittnd sur·face. Small clikhes or ('mbltnkments may 
be constructed to eli ,'ert the water from the shallo\\' gullies to the 
higher eidges where. it may spread in all clir·ediolls, thereby wettiu rr 

the slopes of the ridges as it again l'uns to tll(' lowm· le,'els_ B,\' th~ 
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}'[{a'R~: \),-FI1I'I'''\\'~ Illndp in ~an<1lJa l'~ 01' island;: ttl inc'l'f'a"p ,,'pned Ill'pa of 
..;tl'l'HlllitP(l and pt'lIlllo(P intllll';llion, l{j(l Hondo ItPHI' 1-:1 :'Ilorttf', ('nlif, 

• 

PIGT'RF. 10.- . Fl1rrow>, itt sand and gra \'1'1 hpd" adjnc,pt)t to IItli in ~trp[t til ('hatlIH'I, 
i-ian (~ahl'i('1 lUrpr 11I'HI' 1~;1 ~I"lttl', ('nlif. ! I'h"[11 l'ol1rrp~~' "r Lo,; .\n):"('lr,; 
('Olltlty FI"or] ('outl'lI] lli:<rl'i,'(' J 

generous nsp of the:.:e ditcht'o' 01' pmlmnknwnto' a largl' portion or all 
of till' HI'PH rna\' hE' \\'pttN1. 

'YlttE'r may ~lltE'l' tllp UPPPl'lllost point of tl\(' spI'E'arling arpH ;n It 

main canal and tllPll hI' ['(-h-u!"p!l to follow thp g'nJ1ips :ll\tl ('ontrolling • 
-,II'lW/IU'PS. ('..;uall.\'. h{)\\'l·\'pl'. tIll' ll:-P or (JIll' tlmill <lit,·ll 01' lH'r!IllP" 
;;p\'pral that IYH'anclpl' D\'PI' tIll' hil.dIPs!" I'irlgps 01' that <'in·lp thp \I]>I1PI' 
hontlclnl'Y al'P clpsil·ahle. FI'OIH thp~p c1itehps till' watP!' llH\\'!1P c1i\'Pl'tpd 
at intf;'l'\:als. This nwthorl gin·s \)f;'rtpl' ('on/TO] ()\'PI' tIl(' \~'lttPI' :ll1c1. ill 
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the event of the failure of a dit:e or ditch, only a part of the spread- ; 

• 
ing oper~tion will be interrupted ~hile repairs a.re bei~g mad~. ~ 

Experllllents and field observabons show that tIle Inghest infiltra
tion rates are obtained on areas where the nath-e vegetation and soil 
covering have been least disturbed. Therefore, Tor maximum effec
tiveness of spreading grotmds, it is desirable to design the system so 
as to minimize the disturbance of the natural materials. 

It is not possible to spread water by the flooding method on lands 
where there' are irregularities in the g-rotmd surface. Then basins or 
furrows mllst be used in order to confine the water in a definite area. 
However, even though a basin or furrow system is the only feasible 
method for the general area, the flooding method is recommended for 
an parcels of land in the area adapted to its use. The cost of prepar
ing the land for flood spreading .is much less than for any other 
method and tIle rates of infiltration are higher. 

..:\.. disadvantage of the flooding method is tlmt the meter is not so 
easily confined as in other methods. Suitable structures, such as em
bankments or ditches at the boundaries of the spreading area, are 
often necessary to prevent damage to adjacent lands by escaping 
water. As in any other system, the water should be under control at 
all diversion points and at the entrance to the spreading grounds. 
The net amount of land actually wetted is usually much less than by 
the basin method. This mayor may not be important, depending on 
the cost and availability of suitable lands. 

• It is difficult to design a complete flooding system prior to the 
application of water. The m~lin elit(·hes. the eliYel'sion wClrks, and the 
control device should first be installed. Then, with the application of 
water the smaller training walls and ditches can be located and con
structed to the best advantage. It is ad,·isable to have at least one 
m!\.n on the grounds during spreading. The ditches and embankments 
should be patrolled and inspected, and often such simple adjustments 
as the placing of a few shovelfuls of dirt in tlre proper place will 
divert sufficient water to wet several additional acres. In this manner 
a well developed spreading system may be made highly efficient at 
very low operating cost. 

A method often used to spread water in stream channels is also 
classified as flooding. 'Vhere the stream has a very wide bottom, 
caused. by the meandering of the channel, a. low dam or weir may be 
extended across the bed. The water in passing over the weir spreads 
out in a thin sheet over the entire streambed and thereby increases the 
wetted area. Due precaution should be taken not to create a hazard 
in time of flood by backing up the water or diverting it out of its 
normal streamb~d. Practically the only operation cost in this type of 
spreading is for periodi.cal inspection of the dam or weir. 

Rechargeb, Pits, Shafts, or Wells 

• Recharge by the use of pits, shafts, or wells is also practiced, al
though not so extensi ,·ely as stu'face spreading. Abandoned gmvel 
pits, old wells, 01' other existing holes are genemlly used, a.lthough 
shafts, pits, and inverted wells lUlye been constructed pl'imariJy for 
recharge purposes. In some cases, wells thnJ normally are pumped 
during the growing season are used for recharge during other seasons. 

r sually this method of recharge is confined to specialized condi
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tions. It may be used -where impermen.ble strata or layers occur be
tween the surface [mel the wa.ter table, a condition that renders surface 
spreading unfeasible: Al~o ):ech~rge by ~vells may ha\'e merit where 
land values are too lugh to set aSlde. suffiment are!1 for s"~lrf\l.Ce ?prea~
ing. The adyantage of head or water pressure IS obtamed wIth thIS 
method. 

The records on the use of inve.rted wells for recharge are conflict
jno'. Successes as well as complete failures haye been reported. Gen
erilly, best results haye been obtained by the use of chloi'inated water 
free from silt and by maintaining the well casing constantly full to 
prevent unclue fluctuation and turbulence of the injected water. Chlo
rination pre,'ents the growth of soil-clogging micro-organisms. The 
amounts of chlorine required and the best method of application, 
whether continuous or by perioclic slugs, IUl"Ye not been determined. 

Silt introduced into a "well is detrimental to the intake rate. It 
lodges in the grayel pack around the well or at the interface between 
the gravel pack and the aquifer and materially retards the movemeJ).t 
of water. Silt may even penetrate the aqllifer material itself and 
reduce permeability of the material surrounding the ,,'ell. Pllllping 
of recharge "wells for 15 to 30 minutes per day to preyent the accumu
lation of silt in the well has been beneficial in maintaining intake 
rates in several installations. 

Incrustations by chemical action may occur in metal-cased wells. 
This has been reported as serious, particularly where the perforations 
are above the normal "water table and exposed to the air. Keeping the 
perforations below the 'Yater at all times is a pa.rtial remedy. The 
amount of incrustation win "Vary with the type of water. 

'Vhere 'Yater has been injected under pressure into confined aquifers 
through wells, special construction has been found necessary to pre
vent the up"ward movement of water around the outside of the well 
casing. This has been accompl ished by placing a concrete collar 
tLrOlmd the casing at the upper surface of the confined aquifer (4). 

Pits or shafts 111ay or may rwt extend to the water table. Howe\'er, 
they usually are dug to depths that will penetmte the aquifer mate
riaL and as a result relatiwlv high initial infiltnttion mtes are 
obtained. Silting is a problem 'here as with cased wells except that 
pits are more easily cleaned. 

SELECTION OF RECHARGE SITES 
The following factors must be considered in selectincr the propel' 


10Clttion of sites for Rl'tifieial recharge: 
 t'" 

(1) Geologie structure of the ground wat('1' l'('sen'oir: 
(2) Pattern of pumping dmft; 
(3) i"ron~ment of wttter underground; 

(4:) Surface soils;" " 

(5) 'Yater supply (source, turbidity, and quality) : 
(6) Other considenltions. . . " 

Geologic Structure of Ground Water Reservoirs • 
Ground water resenoirs may be diyided into two classes; namely, 

free "water reservoirs andltrtesian reselToirs. The intake area of t1ie 
place where na?ural replenishment occurs is generally wheL'e al-tificial 
recharge pracbces must be located (fig. 11) .. 

http:s"~lrf\l.Ce


REPLENISHMEN1' OF GROUND WATER SUPPLIES 15 

Intake 

Intake area to 
water table aquifer 

• 
BX-6670X 

!"!Gl-RE ll.--Intnkp ll1:elH; to artesian and f!"pp II-atp!" tahlp Ilquifprs. 

In locating spreadi1lg sites, well logs should be examined to deter
mine if stmtll or lenses of low permeability occur that would pre\-eIlt 
or retllrcl the dowllWllrd mo,-ement of wH,ter applied to the overlying 
lanel slLdace. In the case of IlrtesilLll resen-oirs, the natural intake 
area is usually remote from areas where discharge occurs. The fact 
thn,t the water is uncleI' pressure immediately inelicn,tes an o\-el'lying 
stratum of low permettbility. and IUlY watel' spread on the lanel sur
face at this point woulel be of little or no benefit to wells penetmting 
the confined aquifer. Surface spreading would be beneficial if prac
ticed where the aquifer outcropped af the npper end or extended 
beyond the limits of the o\-eI'lying impermeable stra.ta. Injection wells 
penetrating the confining strata iutYe been tried in certain areas.!! 
Jlere WItter is forced into the pressure zone by the head cle\'elopecl in 
t he in j edion well. . 

Pattern of Draft 

The ptLttern of pumping draft on the reservoir will in mltny cases 
dicbLte the location of spreading sites. Concentrated pumping ea.uses 

• depressions in the water table and arti ficiall'eclulrge may be designed 

"BAXKS, H. D. 1'lmBU;~I~ IX\'OI,n;1l IX TU~; l'TILl:r.A'I'J()S OF GllOl'XIl WNn:1t 
ItASl"S AS STOItAm; IIESEII\'{HHS. ('aliE. Dil', \\'n t(·1' HNlI)ur('p:;, 2-1 P]J.. iBu:,;. 
(;\TiIlH'o. ('(lp~' of pnpPl' pr(,SE'nted II t IllPptin!!:. ,,"esU'rJI ~tlltp IDnl'inE'l'r::; ARHO('., 
HellO, XC\'., Aug, 38.) 11)03. 

-I771:!80-;;o---:.I 
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to alleviate these depressions or at least to supply a,dditional water. 
The trrOlUld water slope, determined frol11 WItter-table ('ontolll' I iues, 
will ~stablish the general area in which artificial recharge should be., 
made. 

Ground water flo-ws in the direction of the steepest slope that is 
normal to the 'water-leyel contour lines. In order that the recharge 
,,-ater reaches the pmnping wells during the 'Jel'ioclic maximum draft, 
llOt only the directiC>1 of grolUld water moyement but also its yelocity 
is imporbmt. The time and the location at which the water enters 
the soil are also important. 

Movement of Ground Water 

The rate of mo,-ement of grOlmd water is usually yery slow com
pared to that of surface water moyement. Fnder natural conditions 
hydraulic gradients of more tlUUl 10 to 20 feet per mile are seldom 
encountered. Through soil formations in which wells of gooel yield 
may be de\-eloped, How yelocities of 5 feet per day are usual. In well 
assorted grayel, yelocities of 30 to 60 feet per day haye been observed 
in the laboratory 'with hydraulic gra.dients of 5 to 10 feet per mile. 
Field tests to determine underflow lUlYe sho\\"11 yelocities as high as 
400 feet per day. Tolman (17) gi\'es the following amrage yelocities 
for watE'r lnO\'ement in granulRr materia.is: 

Av~rage celocitv. 
I-per""t gradient

Type of material: Grairl "ilf! (mm. 1 (J«t per davl 
Silt, saud, and loess __________________ _ .;0_ 005 to 0_ 2.'; 0.06;)
Sandstone and medium sand_ _ _ _ _ _ _ _ _ _ _ _ _ _2.1 to . [) 1. t6 
('oarse sand and sanely grayel _________ . _ . ;")0 to 2.0 6.3aGraY!"l_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ ___.________ _ 2. [) to 10. 0 ;~O. 00 

Surface Soils 

The geology pattel'll of pumping draft and rate of movement of 
water lUldergrolUld ,yill generally outline an area of considerably 
greater extent than would be required for concentmted artificial re
charge purposes, ..A.. soil-stratum SutTey that gi\'es the 10C'tttion, extE'nt, 
andl)hysical characteristics of the surface and the \"Ill'ious underlying 
soil layers "'iii be required for the purpose of selecting the site most 
adaeted to artificial recharge "'ithin tlmt area, Soil SUl'nys made by 
the Soil ConserYatioll Sen'ice 01' other agencies gi \'e surface infol'lna
tion tlmt can be of value in selecting a reclHll'ge site. These soil 
surveys are usually limited t.o the top 6 feet of soil. Before final 
selection of R site is made, test holes should he chilled or Stink by other 
means to greater depths to determine if impel'meable or rel;lti\-ely 
impermeable layers exist. A. S('\"(,I'(' condition is illw-ltmted in fi~ll'e 
12. The surfacE' soil h('I'e indicates tlll exc('ll(,llt arell for surface 
spreading, but the underlying illlltel'iul is Ulumitllble and rechargp to 
the ground water supply would ]JP extr'etnely small. 

\'~here Little 01' lIO soil dahl are ltntil:tble 01' \\"11('n ('xisting data indi
cilte the need for more detail. borings should be made Oil a pattpl'll • 
(fig, 13) designed to furnish the needed soil ill'fol'l1HLtion by the use ' 
of a minimum number of h()l~s. ~inee it is not nl\\,u\'s po:-;sihlp to 
detel'rnine I.wfoJ'pliand the eXll('t "lHu'ing of ltolp;; neer1e(1 :fot' t'oillplde 
d~lUl, supplel1J.Pllhtl, j nternwcl i1t( e bori ngs ll1ay be Jl(,('pssal'.v, Fol' ex
ample, a contmuous clit,Y st mtutl1 that has been found regularly ftt It 

http:materia.is


REPLENISF,L.\lfENT OF GROUND WATER SUPPLIES ] i 

• 


• 


Fwnl~: I:!, "R('N'llT nLluYiulI1 o\'!'rwa"h 011 an old t!'rra!'p ""U, Infiltrution 
ratp:; of :;pn'ral rpp[ pl'r day might h!' PX!Il'('t\,(1 on t"hl' ""lIl'far'\, nllu\'i\llll, 
"'hil!' Ih\' llIHlpd,\'in!! "nil will ITIIIl>{tIIH watpr at' onlr It C\'\\" ill('hp~ p('r dll~', 
~lH'h ('UIHlitiol1:4 IU'P rp\'palp(\ h,\' l'xp\oratorr hOI'ill!!", IIIHI t1W:4(' III'P!t,; arp lIot" 
";\Iita hi!' 1'01' \\,H tl"l' ,.;pr!'ad i ng, :\,1'111' ~I PlltOllt', ('ali r. 

• depth of :; to ,I· fl'et in a serieR of borings mn.y be absent ill the Il('xl 
adj HC'('nt OJW:::, Intl'l'IlH'diate borings "'ill rHeal the t I'll(' extent of the 
clay stratulll, ~\n expHiE'llC'cd soil scientist ('an usually judge il'om 
nbsPI'\'a! ion of 1I1atpr,ial I'Plll()rpd fr'olll tlIP holt'S its ('pial i n' eH [)Helty to 
tl':l!lsllIit Walel'. If .material of I()\\" (lE'I.'llleability is fount[ ill sP\'er'al 
tE'st holes, it is \\,pl1 to clnl\\' pl'of1lp ['epI'P;:;('ntations (lS illllRtL'atpd ill 
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FlGVRE 13.-Strntum-surYE'Y diagram, sbo\dug stratullH::ur\'pr J.:rid. pro.tilE' rE'jl
rE'sentatioll. lo~. and jll;'l')\H'n~rnJlh . 

.fi.gure l3 and determille if posRible whether the material of JOI\' per
meabil ity exists in a continuous stratum or in stringers or lenses.. 

Fnder cOllcUtions shown in figure 13, !'llldaee sp"e:tding should be 
('onfined to the area on the profile represented by B through Bfl. The 
clay lens shown on the section B6 through 1311 ,'"Quid cause extl'enwly 
slm, percoltltion. Similar dahl ShOl.l'c1 be obtained for other pl'ofileR, 
Al to .:\,.11, ('1 to ('11. DI to D11. aJ1(l E1 tu Ell. to IIlHp ('olllpletp]y 
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the area and determine where artificiall'echarge by surface spreading 
is feasible. Continuous stratum or strata of relatiYe1y impervious 
material will eliminate surface spreading as a means of artificial 
recharge, but the possibility of recharge through "ells, shafts, or pits 
that penetrate the impelTious strata should be considered. 

On those soils that appear to be suitable for spreading, additional 
tests should be made to determine infiltration rates and hydraulic 
conductivity, particularly where infiltration lllay be of questionable 
magnitude for satisfactory results. 

Water Suppl, 

Relation to physical conditions.-The source, availability, location, 
quantity, and quality of water, as ,,-ell as the nature of its occurrence, 
will influence not only the location of recharge sites but the method of 
recharge to be used. In southern California where many of the early 
spreadmg systems were built, the systems were originally intended to 
capture and sah-age uncontrolled water as it entered the valleys from 
higher ele,-ations. At the mouths of canyons, cone- or fan-shaped 
accumulations of boulders, cobbles, grayels, and sands occur over 
,,-hich the streams flow only at times of flood. At ordinary stages the 
Aow may be completely absorbed in these debris beds or confined to 
narrow channels (figs. 14: and 15). This is particularly true of the 
smaller streams when the canyons from which th~y debouch are steep. 
SuriRce flow appears on the larger streams dm'mg and after floods 
and sometimes throughout the year in the lower sections. Water 
seeping into these del)ris cones feeds the underground 'yater supplies 
of the lower mIley lands where irrigated agricultural areas and, con
sequently, pumping wells are concentrated. 

Although these debris cones are in many cases too rough or unsuit
able for other uses, they are ideal as spreading areas. They are por

F'H,nt~; J~. -('hllrlldl'l' IIf matPrinl ('arriptl hy flood How." a" thp~' Ip>l.\·p till' 
1IlOurh" of I'a n~'OIl:-; II ml "'Ill'pad O\'PI" nIP r1pilri:< ('uIlP" flf "Ollt hPI'1I ,( 'n IifOl"1I ia. 
'I'llI' llilltprial j" ]lPl"lllPuhlp I1wl i(\Plll Jor Wllrp!" "lll'padill,C" PUI"PIJ"P"_ ('"III 
"-att-I" ('all~'lJll 111'111' ('orona, ('/tlif. 
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FIGl".RE li'5.-A gully cut through the debris cone on the Santa Ana River near 
:'IentOJle. Calif. Spreading g-rOl1ndi; are ioeated np,lrby. 

ous: they are properly located with respect to the ground water 
supply and represent land that is not excesslyely high in value as 
compared t0 aclj~cent :'al1ey hbllllcLS: they are ~onl\'fer~ielltl to the snlrfla~e. 
water supp1.y. ...-" maJor pro em presents Itse 11) t lat the ce.JrlS 
cones are fairly unstable. Flood flows tend to o\"erflo\Y the existing 
poorly defined channels and meander oyer the cones. Also. larger 
flood flo,YS carry considerable quantities of debris, such as gnn"elf.!, 
boulders,anel sands, that make eli \'e1'sion of water from the channels a 
hazardous and often an expensiye yenture (figs. 16 anel17). In fact, 

• 

F'IGl"RE: If:i.-Yie\Y of r1h"pr~ion II'ork!'; near IIpper portion of dehris P'lllP. \ratpr 

i~ db"erted til spre(ulinl! arPll": on PUl'l1 ·,.:ifjp (If ruHlll'lli (·hallllPI. i'an .\ntoni .. 
('rpek nenr ('\arpJI\onr. ('nlif. 

http:FIGl".RE
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FIG{-RE li.-;:;alllE' \-iE'IY m; in fi!!"urE' lfJ hut aftE'r thE' majorfiooc1 of Hl3S. San 
Antollio ('l'E'f'k HE'ar [,lal'E'lllont. ('alif. A clam hal' l'iu{'e bE'E'1l {'olll'truC'tE'c1 at 
apPl'oxilllatply this ,.:itE' to (·()tJtrol fI()od;;. ('outrolle(l relE'a""" of water frolll 
the l'e"E'l'Yoil' will he (lh'Pl'te<l to "pl'ea(\ing gl'OlllHj;'. 

• tlw cones are still in a state of de,-elopment by nature and conse
quently HI'£:' changing ,,-ith £:'ncll flood flo,\". Th£:' major flood of l!)!3Fi 
dic1 considerable damage to many of tlw 'nlter spr£:'ading systems 
located on debris con£:'s and in some eases the damage has not y£:'t be£:'n 
fully repaired. In spite of this handicap. ho\y£:'\-£:'l'. !'lpl'eading grounds 
11l1ilt many years ago are still functioning. 

-,UteI' cliYersion from the main streatn channels. nlrions designs 
haYe heen used to sprf'ad the 'Yater oYer the surface. Tlw cones aI'£:' 
relatiye1y unenll in topography and numerous old or secondary chan
nels cut their surface. The spreading system used therefore is one 
that best fits the local conditions. Basins that impound the \yater and 
pl'eYent it from collecting in the channels and running off haYe been 
constructed in many places. In other places. shal10w ditches ha nc> 
been used to direct the "a tel' OYer the porous lands, with the ditch 
bottoms pl'o'dding the only percolating area. In some cases, only 
main ditches are ns£:'d to direct the \yater to certftin points on the 
('ones ,,-here by use of small turnouts the 'Yater is permitted to fiow 
out onto the land and infiltrate into the unc1isturb£:'d grarels and 
natiw hrnshlancls. 

• 
In 1'ec£:'nt years c1£:'\-elopment of rural snbcIi,-isions in sout1.ern Cali

fornia has encroaehE'Cl upon the dehris cones. making it ewn mol'£:' 
hazarrlons to attempt tIlE' spJ'£:,flrling of nl1controllerl flood ,nHers. In 
the most. settle~l areas and on many of the enn)-ons. Hood control proj
pctsare 111 yarlOllS stages of clew]o}lll1ent'. Thesp projects usually aI'£:' 
Inrge impollncli1J.!! J'P:;elTOil':; intellrlpd for tempol'fu'y storage. ~luch 
of the watel' fl'Ol11 complet£:'d ]>l'Ojer·ts is no\\- spl'par1 OJ' rp1£:'llsecl at 
:;nch n rnte that thE' nutlll'al channels will nh:;oJ'lJ th£:' water briar£:' it 
l'£:,lH'hes th£:' OC£:'fln. rncIel' this sy:;tem 1110]'e pPJ'nHlllE'lIt-t)-pe spreading 
arpas can be designrd aJ1(1 COllstl'llf'ter1 ,,-jthont r1n11.!!PI' of 1)f:'riodic 
damn.rtr fl'Olll nl1('011tI'011er1 floods. 
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SiZt.-Silt-laden waters are detrimental to spreading grounds. On 
the spreading system located at the mouth of the canyon of the Santa 
Ana River, Calif., the water is spread through a series of basins. The • 
practice here is to divert water into the area only when the silt content '. 
is low. Silty water usually occurs during and for a few days imme
diately following a storm. vYhether 01' not the water is suitable for 
spreading is left to the judgment of the attendant. At the Piru and 
Saticoy spreading grotmds in Ventura County, Calif., no water is 
diverted to the spreading basins until the amount of silt is 25 cubic 
feet or less per acre-foot (575 p. p. m.). vYater with a silt content in 
excess of this is detrimental to the percolating beds of the spreading 
basins. At the Piru spreading area, the upper basins are arranged to 
act to some extent as desilting basins. The Los Angeles Cotmty Flood 
Control District, Calif., diverts water to the sprel\ding systems when 
the silt content drops to 10,000 p. p. m. However, this heavily silt
laden water is passed through desilting basins or traps before it 
reaches the spreading basins proper. 

bnpOt'ted 1vater.-vYater imported to an area is usually under con
trol and the handling of it presents no great problem. For instance, 
the Kern County Land Co. and the North Kern 'Water Storage Dis
trict in California use existing irrigation canals to carry water to 
spreading grounds located about 20 miles from the river that supplies 
the water. The canals are completely equipped with gates and turn
out structures. They deliver water during the summer for irrigation 
purposes and convey water for tecl,mrge purposes to the vicinity of '. 
heayy pumping during the "off-irrigation" season. Location of the . 
spreading sites in this case is govenied by the location of the canals 
and areas needing replenishment. In Orange County, Calif., water 
imported to the area through pipelines of the Metropolitan 'Vater 
District is purchased for recharge purposes. Here again, the water 
is under complete control anel problems of flows in excess of the 
spreading gro11l1d capacities do not occur. 

Quality of water.-Quality of water to be used for recharge pur
poses should be considered. '\Yaters that contain a high proportion 
of sodium salts cause infiltration problems. 'Vaters that contain in
dustrial "'astes or that naturall}' carry quantities of undesirable 
minerals must be used with caution, so as not to contaminate the 
ground water. 

The danger that public water supplies may become polluted as It 
result of the movement of bacteria and chemicals ,,·ith underground 
witters has long been a matter of concern to authorities responsible 
Tor protecting tIle public health or the quality of ground witter re
sources. Recent laboratory Itnd field illvestigations on the tra,el of 
pollution from direct rechltrge into underground formations (.4) and 
waste water reclamation in relation to ground 'yater pollution (5) 
show It definite hazard exists when polluted watet· is injected directJy 
into the underground Itquifer hy meltns of wells. A lesser hazarcl 
exists \\'hel~ sudace spl'eadil~g rne.thodr:; :u'e emplo'yed. Sewage eflluellt:-; 
were useclm the study. MlgratlOl1 of chemical pollutants was fonnd • 
to be greater than bacterial pollutltnts. . 

The State of California has a Jaw (6. sec. 4458) that speeiHcnl1\' 
prohibits ~he introduction of sewage into Itn underground stratum or 
st.rata, whICh states: 
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Xo person shall construct, maintain or use any sewer well extending to or into 
a subterranean water-bearing stratum that is used or intended to he used Il~, 
or is suitable for, 11 sourc{' of water supply for domestic purpose;;. 

• 	 Although this law applies to "sewage," the policy of the California. 
State Board of Public Health regarding disposal of surface water and 
the use of wells for recharge is contained in the following resolution 
adopted May 6,1939, and readopted with modifications, January 17, 
1942: 
By reason of the fact that the use of drain wells into water strata for getting 
rid of road drainage or land drainag{' may also h{' til{' means of carrying 
dangerous cesspool overflow, or at lea;;t dirty water, into water strata which 
arlo' suitahl{' ilIld valuable for domestie witter sUPIlly, and Illay thereby pollute 
it, and it is found that there are various other ways in whieh land and road 
drainage can be {'liminated without the milo' of such drain wells. the State :Boanl 
of Pnblie Health hereby disllpprow>; of th{' practice of disposing of road or land 
rlrainag{' into wells, reaehing the water strata ns{'d or suitabl{' domestic well 
water, and the board hereby requ{'>;ts the various public offidalR ('oneE'rned to 
leml their support to th{' fulfillrllent of this resolution. 

The above restrictions do not apply to artificial recharge by surface 
sprp.ading. Howeyer, there is a possibility of nuisance and health 
hazard from production of mosquitoes in surface spreading ponds. 

In the Los Angeles area, investigations hil,-e been macle (.j) 3 to 
cletermine the feasibility of utilizing sewage water for recharge pur
poses: particularly with reference to creating a "fresh'~ water barrier 
[dong a certain portion of the coast. Here sewage water is intended 
to be used primarily for protection of ground water reservoirs from 

• 	 sea\vuter intrusion rather than for reclamation purposes. 

Other Considerations 

Social and economi.c factors enter into the selection of a spreading 
site. The acquisition of sufficient land and rights-of-way as well as 
water supply lS involved. Urban development of land overlying 
basins could wen prove to be a mRjor obstacle to spreading. In the. 
operation of It spreading system nuisances to developed areas arise, 
sllch as mosquitoes, rodents, and growth OT weeds, which must be 
eliminated or controlled. 

Rights to water for recharge purposes and rights to water that has 
been spread and made available to wells within a ground water reser· 
voir are at pres~nt not clearly defined in most States. As a result, 
legal contro,-erSles may be expected to arise. 

INFIL TRATtON AND PERCOLATION 
Definitions 

Infiltration and percolation are of prime importance i.n artificial 
recharge and continuing high rates are desired in any artificial re
clHLl·ge development.

• Agricllituml Handbook No. 60 (18) defines infiltration and pel'CO
lation as follows: 

IXFlr.TRATIQx.-The downward entry of water into ~[)il. 
IXPILTHATIQX RATE: Ixnr:rHATIQX ('APAC'l1'Y.-'l'he maximum ratio' at whieh 

II soil, in a given eonclition at a given time, can nbsorb rain. Also, the rate 

L See also footnote 2, p. l:i. 
-liil2S 0-5D-'-·1 
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at which a soil will absorh water ponded on the surface at a. shallow (]epth 
when the ponded area is infinitel~" large or when adet/uate I)r~autions are taken 
to minimize tbe effect of din~rgent flow at the horders. It i:;: the \'ol11l11e of 
water passing into the soil per unit of area per unit of time, ... 

PERCOLATIOX.-A qualitative term applying to the downward lIIo\'ement of 
water through soil. Especially, the downward flow of water in i!aturated or 
nell rly saturated soil at hydraulic gradients of one or less. 

In surface spreading both infiltration and percolation must occur 

and whichever has the lesser rate controls the rate of rechargE.'. 


F.actors Affectin, Rates 

Infiltration is a complex phenomenon and, because of the many 
ntriables involved, no general law for computing rate has been devel
oped. Experience indicates that the infiltration rate of a gi\'en soil 
depends on its physical status and management history. Infiltration 
is often critically influenced by the change in surface soil conditions 
brought about by the prolonged application of water. Thus, infiltra
tion rate has been found to change with time; after 1 to 3 weeks of 
continuous water application, a decline to a fraction of the initial rate 
may occur. This is a perplexing problem to those practicing artificial 
recharge. ~ruch experimental work has been done to determine the 
cause of the decline and to find ways to alledate it. 

Typical infiltration rate curves (not influenced by a high water 
table) as found on test ponds in Kern Oounty, Calif., are shown in • 
figure 18. The curve representing undisturbed soils indicates that 
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after a short shutdown, the cun"e repeats itself but at lower infiltra •tion nLlues. On the basis of m)rk done in the laboratory with soil 
cores (7), the S-shaped infiltration ['fiJE.' ClUTe was explained as 
follows: 



REPLENISHMENT OF GROUND WATER SUPPLIES 25 

a. The initinl decrense in permenbility or illfiltrntion rate is believed to be 

• 
cuused by du.persion and swelling of the Hoil IJllrticies. This is much more pro
nounced fU some soils thun oth(~rs. 

• b. The increase in permellbility following the initial decrease accompanies the 
elimination of entrupped air from the soil. This air is slowlJ' dissolved in the 
water pllssing through the soil. 

c. The gmdual (lecrease in permeability HlIIt ,follows is due prllUnril~- to 
biologicnlncth-ity in the soil. 

The explanation of the S-shaped curve was substantiated later by 
permea.bility tests with sterile soil and wa.ter(1). In figure 19, the 
permeability of sterile soil was maintained .·at approximately the 

16 r-------.--------r-------.------~~ 
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FI<H-RE In.-Permeability-time curves for Exeter sandy loam under prolonged 
submergence (1). 

maximum rate, although the control that was operated under ordi
nary unsterile conditions followed the typical curve of figure 19. The 
conclusions from this experiment were: 

Sterile permeability tests cQnducted to determine the cause of decreased 
permeability under prolonged submergence gave no evidence of soli aggregatp 
breakdown due to purel~- physical causes. The reduced permellbility appear!' 
to be due entirely to microbial sealing. The soil pore!> prol)llhly he(:Ome clogge(1 
with the IJroducts of growth, cells. slime!'i. or polysncchnrides. If IlIlY of tht' 
absen'ed reduction in permeability wus due ill I/ltrt to dh;illtegrntion of soil 
aggregates, the di!lpersion is helieved to he dne t~) hiological Clln!les. that is, the 
Ilttack of microorganisll1s on the organie materials which hind soil into 
aggregates.· . 

• 
These products of microbial activity not only appear to seal the soil 

during wetting, hut also tend to impl'ove the aggregation of the soU 
upon drying. This aggregation may in turn cause percolation rates 
higher than the initial tate. In other words, if energy material is 
added to It soil so as to promote microbiaJ acth'ity, the percolation 
rate could be expected to decrease rapidly. But when the soil dries 
and water is reapplied, the percolation rate could be expected to be 
higher than the initial run. 
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Methods of. Measurins Rates 

1:\.lthough mi\,ny measnrements have been made of infiltration, as 
evidenced by the extensive bibliogmphy of Dilxidson (8), no gener-' 
ally accepte~l procedure seems ltpplicl\,ble to a.ll,concli,tions, lV~os~ of 
the infiltmbon measurements made hnye dealt ,nth mlllfall or IrrIga
tion conditions where the water was applied for relatiyp.ly short inter
vals and in relatively s111all amounts, For wnJer spreading purposes, 
it is usually desirable to determine the lilfiltmtion rate over a period 
of weeks 01' even months of continuous water ttpplication, The time 
element brings into consideration factors not ulYoh'ed ill rainfall and 
lrrigl\'tion pt'oblems, In wn,ter spreading the water mnsturst pass 
from tl1e suriace into the soil and then through the soil n:ncl substrata 
to the grOlmcl water, which may be 100 feet or more below the surface, 
If the mte is controlled at the soil surface, then the soil and underly
ing materitlls do not become satumted: but if there are relttti rely im
pervious stmta in the profile t1Utt retard the moremellt of water below 
the mte u,t which it CRn enter the soil, then water tnu'els through the 
soil or subsoil abO\'e the restricting stmta: in saturated flow, 

rnder prolonged spreading opemtions the capacity of a spreading 
tn'en. decreases, which means either the mte llt which the wRter will 
pass through the soil or subsoil has decreased, Feasibly then, the rate 
obselTed in spreading during a long run might be controllec1for a 
portion of the run at the soil surface (inIDtl'Rtion) and at another 
portion of the same run by the penneability of the soil or underlying 
material. 

:For ,Vater spreacling purposes the most satisfactory method of 
measuring infiltration rate is by determining the intake rate of 
spreading basins, ponds, ditches, or other 'vetted areas that exist in 
the sprea.cling system, This methocl is nsna.l1y not feasible for explor
atory 01' diagnostic measurements in new areas, beCtUlSe costs are 
prohibiti,-e in de\'eloping large enough test ponds and adequate quan
tities of water are not uxailable. . 

The following procedures haw been used to estimate'infiltmtioll 
l'at~s tllll~ might be obtained under large-scttle spreading opemtiolls in 
C'nhforma, 

."'oil S/l."l'e// injol'lIIl1tion,-l';xisting ~oii tilllTe)'s Illade by the ~oil 
Consen-ation Seryice or other.' agencies pI'o,-ide information on profile 
deyelopment~ texture, substratum of low permeability if such exists, 
and other factors that would influence the mo\'ement of water through 
the soils, Much of tlle soil sllney cla,ta are obtRined by experienced 
soil technicitlllS who can, with a fair amount of accuracy, predict the 
infiltrtttion rlttes within the limits of rftpic1, modemte, 'slow, or very 
slow l'n,uges, 
, Infiltl'omete1'8,-Manyin ,'estigatoL's and research workeL's ba"0 used 
lI1filtrOll1etel's in one form or Rnothm' to determine infiltration mtes 
under ra-in'.fal1ltud flood conditions a.ncl for in'iglttion purposE'S, They 
Ilave ltlSO lIsed thellJ to dt·tE' I'll I ille seppagt' lossPti fl'Olil ('HlIals ( /.1, /4), 
The American Society of ('iTi] Engineer's (2) has classified infiltr'ol1l
eters as either "flooding:' ?l' "sprinkler~~ type, The Hooding type more 
neal'ly Rppr~aches condltwllS en('ounte,recl in water spreacling~ 

.' , : 
, 1 

• 

Although LIlfiltl'ometcl's of the floodlllg type IHn-e been lIsed rathE-I' 

('xtensiYely fOl' h'l'igation and l'llinfall stu(lies, only recently has ltll 

attempt been nmde to sta,l1lhl'clir.e the size or method of operlttioll 

http:relatiyp.ly
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(10). This lack of standardization stems from the fact that each 
investigator has adapted the infi1trometer to the specific conditions 
with which he is concerned. If the soil contains a plowpall or lmrd
pan, he may need to chi,'e the infiltrometer to a depth reaching or 
penetrating the hardpan in order to serve his particu.ltu purpose. If 
no shnl10w, impermeable layer exists, the depth of setting may m· may 
not be of prime impol"tance. BU.ffer rings han been used by some 
ilwestigators, while single rings are used by others. The size of in.6.1
trometer used has a,ppttrelltly been selected on the basis of what pipe 
or material is available ltnd cheapest, although some infiltrometers 
ha ,"e been speciallY fabricated. Dimneters of !) and 12 inches seem to 
be the most cominon. If thp infiltrometer pipe is manufactured 
Rpecially for this purpose, the size may be one that will ease computa
tions, snch as one covering an even square foot of soil surface. Some 
experimenters use tl series of sizes, which nest together for ease in 
transporting (10), a clistinct adnmtage where settings of several 
infiltrometers are made. However, nesting is no longer possible if the 
infiltrometers become damaged in use. 

In exploratory work to enl1uate unknown areas for water spread
ing possibilities, many tests were made in Tehachapi Valley, Kern 
Connty, Calif., and Yentura County, eaJif. Because of the absence of 
1\ local wllter supply, sma1l infiltrometel'S of \)-inch and 12-inch eliam
pters we1"e found to hE' the most cOl1\'enient. Sutlieient water could be 
hauled by truck to replenish periodically 50-gallon drums used for 
:mpply tanks. The supply tanks 'were connected to the infiltrometers 
by means of hose. ,Vater entering the infiltrometer was controlled by 
a float ,'alve, The amount of water passing through the infiltrometer 
\:'as e(t1eu1ated from the losses in the supply bll1k between obsena
hans (fig. 20). 

,Vhere a continuous water supply was available, infiltrometers 
coyering 0.001 acre (6.6 feet square) were tried (fig. 21). These con
sisted of galYanized iron S0 fabricnJed tlmt they could be dismantled 
!md moyed. ,Vater was held at a constant depth by a float ,'alve [mel 
metered into the infiltrometer. Although this type of infiltrometer 
has the ael\'antage of covering more !Lrell timn the smaller pipes of 9
!lud 12-inch diameter, increased cost, the difficulty of moving and 
setting, and the large quantities of WtLter required usually preclude its 
use over that of snmller types. At best, infiltrometers proyide only a 
has is for estimating infiltrn,tiol1 mtes for spreading areas, (tllel a 
change iu size it'om \) to 12 inches in diameter to 6.6 feet square does 
not !lppetLr justified in most cases. 

Except for detennining canal seepage losses, infiltrometers have 
generally been used to determine mtes when there has been !L rela
ti,"ely short period of water application. For water spreading pur
poses the infiltration rllte under prolonged wetting is desired. RlLtes 
obtained clming the initial wetting l\,re not important. RtLther, those 
"[ttl'S obtained for a week to several months of continuous run a,re 
sought. By eliminating the initi:ll mtes or those obtained during the 
~at:ly Plu't of n, run, s~,'el'lll con~plex problems relating to the use of 
lllflltrometers are llYOlded. It IS well known that <lry soil exerts It 

tension on water mO"ing into it. Thl' magnitude of this tension de
pends upon the soil moisture content-the ch·ier the soil. the {Treater is 
tho tl'llsiol1. ThpI'efore. ill short-tillH' tt':Js or a !'pw llOllt"Se OJ' 1l101\' 

J'l'quired Tor irrigation 01" minhll studies, the nntececlent moisture 
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FIGt:"R- 20.-~ine-inch infiltrometers lIsed to determine infiltration rate. Float 

,ah'es control water at ronstant 1E'\·€'1. Fifty-gallon drum!' \1s€'(1 for sllPpl~-
11 re connected to infiltromet€'r by rubber ho;;€'. 

content of the soil has a material influence on the infiltration rate. 
For water fipreading purposes, the concern is with infiltratioll rates 
after the initial wetting and during the period ,,"hen the soil moisture 
is at t111 times abo,"e field capacity. 

Subsurface conditions may lun"e it marked effect on the infiltration 
rates tUlcler prolonged runs, and these conditions must be considered 
in the use of infiltroll1eter data for \\"Rter spreading purposes (15). 
In order to use infiltrometer dRta prope1"ly, an understanding of the 
conditions under \\'hich infiltrometers are used must be clear. The 
depth of setting, size, \Thether buffered or unbuffered. Rud depth of 
\\"ater all may influence the infiltration rates obtained In' infiltrom
ptel'S as ('omp!ll'ed to infiltmtion rates fl'0111 laL'ge ,neILS, ' 

J;hfie luse ?f in filtrometP11;'S is ('(0lnfined lr~r.illltll'i1y to the mlea:-nll'~l.menl .' 
of 1IlltmtlOIl rates as at e<"tee n" c'olle Illons tlt 01' nett!' t I.e SOl SUI', 
face, ~ubstl'flta conditions Illtly 'Clistolt the pictlll'e I;'ntil'elr if ~tl'nta 
of less penneRble nltLtpl'ial lip bplo\\' the soil slll'faee, Tlli;; is illll~-
tmtecl in figlU'e :.).~, repl'esenting a ('ondition found on Exetl'1' soih; 
neal' lhkel'sfield, Calif, The sudlH'e i) teet of soil was l'elath·e.I)' 
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FIGeR~: :!1.-1ntiltromNrr 6.6 feet square rO.OOllll'rr) u:-;ed to detPrlllinr intiltra
tion ratr,.:. Warrr il' l'uilPLird continuou:;l,I' and llIrtpl'rcl. ,,'atpl' Irn~1 i,.: 
nUl.;uwinp(] at. ('(\nstant Irl'rl b,l' float nlll'r. Intiltl'olllPtpr ,.:idps an' llIadp (If 
.!!nlnUlizp(i Hhpl't iwn boltrd at the ('omrr,,: (lppth of !,pttin)! about () in('hp,.: 
Thr infiltt'OlI1ptPI''': ('an hp eli llllntied and mOI'pc!. 

• Average infi Itration rates Deep 
for four days I'infiltro

meterSoil surface 8ft./day a.6ft./day 

I 
~.. 

jI 
5ft. 

Ground water ./ 
........ _mound ./ 

LRelativelY less pervious soil horizon -----' 

RX--fi671X 

• 
 ~'IG(-RF. :!2.•··Influrnrr of larprnl tin\\' on infiltratilJ!l ratr 


pen-iolt;;, with llll inf1ltl'lltion mte of 1-\ fpet pH day bping measurpc! 
",jth ,tn ill [iltl'olllPiPt' ;;et 0 in('he~ into th(~ soil. Howe\'PI', soil (,Sllllli· 

nat ion hy II ugPt'i ng incliellted a l('ss per\' iOlls stmtul1l iLl the f)·foot 
depth. An infiltl'olllPter driven to this stmtulll indicated lln infiltra
tion rate of only n.n feet per day, tll(' infiltration rate being controlled 
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by the percolation~'ate through the substratum. Lnc1e.r the cot,lc1itions 
shown, the imperVIOus strattun would not affect the lllfiltmhon ra~e 
of the shallow infiltrometer. ",Vater would percola.te dowrn\"tlrdlmtil '., 
it encountered the stmtum at the 5-foot level, where it would move . 
laterally in all directions uutil the satumted RreR beclune suffi.cient to 
pass thrOllO'h the less pervious mllteriRI the quantity of wleter suppliec1 
through t1~ infiltrometer. This eRn be stated simply by the eqllRtion 

Q=..1l rl=A~r: 
where (l is equal tlt the sudnt'(' and at th~\ ii-foot 1p,·e1. r-) is H fpet
per dRy at the surface, and V 2 is 0.6 feet per day at the 5-foot leyel, 
with the same el[ectiYe head. J:f Al at the suda('e in the infiltrolH
eter is 1 square foot, then ...12 , the 1'"etted area on the subsudRce 
stratulll, must be 8.0/0.6 or 13.3 square iBet. 

Buffering of the s1utllow infiltrometer sho\\'n in figure ~:2 ',oulcl not 
necessarily haye the desired effect of prerentillg lateral percolation. 
If a buffer ring of the lIslUll size, that is, ltbout thre(! diameters of the 
infi.ltrollleter, is used, then little if any eff'ect can be expected on the 
infiltration rate for the conditions illustrated. The ground ,Yater 
mound would be somewlmt greater both httemlly and "ertically, but 
unless the mounel rose to the Buriace, the infiltration rate would not 
be materially influenced by the buffer ring. 

For spreading areas where large areas are co,-ered, lRteral mo,'e
ment can take place only at the perimeter. Consequently, the 5-foot 
zone between the subsurface strnJulll and the surface would soon be
('ome siltw'at('(l nnt! t-hE' infiltnltioll mil' would e<jLHtI thp mt€' o:f the. 
less l)f'rmeable :itrarullI plus whute"er p('r'('olatl'll Intendly at the 
perimeter' o-t' the spreadillg area. The lUi-foot mip eOll1lHlreS elm;('ly 
with that ohtained on an ndja('(>nt large spread.ing bnsin. CndH such 
('onditions the diRt:UH'e of inljlPITiollR stmtlll1l hplo\\' thp surfal'P and 
the sizp of the Sl)!'('~\(lillg arpa will ('olltl'Ol to SOlllP (;'xt('lIt tllp infilll'a
lion mil' obtailll'd ltlldp1' lnrg(' seale sJ)!·pading. 

The foregoing discussion indicates the ad"isability of exp10l'atory 
holes in 1m)' [treH, to be tested with infiltrollletel's. For conditions 
where the impervious stmtum is deeper, well logs ltl'e hplpful, bllt 
these seldom indicltte tIl£' soil condition in the upper zones. 

In using infiltrometel's at nll'ious loeations in Cal ifonlia to e\'a IlWJP 

smface conditions for water sprpacling, it ":as found tlmt the infiltra
tion rate lIsmtl ly folIowecl the typical S-slmpec1 ('UITe Uig. 18). '1'l1£'re
fore, !Llly tests made should be continued without i,ntet'l'uption until 
the infiltmtion rate has passed through the initial phases indicated by 
the CUlTe. 

EXPERIMENTS IN SAN JOAQUIN VALLEY/CALIF. 
Circumstances Uncler Which Initiatecl 

Recent COOpel'lLtiYe water spreading experiments 1Ut,'e bep,Il COl1cpn
t.mtec1 in the San .Joaquin '~allev, Calif., particularl" ill K€'r'n County, .• 
Soils in this area, while highl}' desirable for' ltgricultuml purposes, 
axe not ideally adapted to Wlltpl.' spreading fol.' replen islunent of the 
ground water.snpply. The soils range from loams to fine sanely loams, 
some unc1erlam 'nth hardpan. The need for gro\mcl water l'('plenish
ment is great, however, as eyic1enced by Simpson (J 6) : 

http:percola.te
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rtilizatiou of grouncl ,,'ater for irrigatiou in the Central Yalley did not 

• 
hecolllP signifieant unti! Ilftpr 1900, )lo1'p or IpS5 complptp dire('t diversion of 
Rurfn('1;' Wlltpr l'ujlplips during the sUllImer seu;.;on in ;.;outh Sun JmHluin Yalley 
pl'ior to 11)10 gn,'e impE'tm; to den:'[upment of ground \\'uter. The ('omhined 
(,llplleity of wells in thl;' ~nll .fOllquln "ulley south of C'ho\\'C'hilln was Ilbout 
7.300 ('ubi(' fel't pE'r sPC'ond by 10H) and about 20,(;00 ('ubi(' feet [ll'r second b~' 
192(). Oyel'drafts on ground wllter o('('urrecl in l\lu('h of the arl'n prior tQ l():W 
and hn "P prl;'Yailecl ~ill(,E' that tillll'. Estimltted usablE' unclerj,(rouud "torage 
capacity of approxinuttE'ly' 20,000.000 Il('re,feet has madE' the long,('ontinued 
overdraft possible, .. 

The combined gross pumpage of ground water from abQut 35,000 wells iu the 
San Joaquin Yalley (south of )Ier('ed Rh'er) during the seasQual year ending 
April 1, HHf; is estimated us being close to 6,000,000 a('re-feet or about 60'i'c of 
the total in the state ... 

In the years following 1948, a yery rapid increase in well drilling 
has taken place, as a result of the deyelopment of large acreages of 
new land. The ground water problem resoh'es itself not only in 
alleriatil1g overdrafts but also in pl'o\-iding some relief from the high 
pumping costs caused by higher and higher pmnping lifts, 

• 

Groll11d water replenishment by spreading was considered in the 
San Joaquin YaJley, but tests by Haeh1 4 as early as 1936 reyealed a 
distinct problem existed in that the infiltration rates of most soils of 
the yalley were relati,'ely 1o"w and also that the rates decreased with 
continuecl appli.cation of 'Yater. Late in 1943 a joint inyestigation 
was started to study the infiltration problem with the N"orth Kern 
'Yater Storage District. the Kern COlmty Land Co" the California 
Sblte Diyision of ,Yater ResoUl'ces, the Fnited States Bureau of 
Reclamation, the "Cnited States Salinity Laboratory, the AITin-Edi
son ,Yater Storage District, and the l."Tnited States Soil Consen'ation 
SetTice,5 participating, 

The expressed purpose of this joint effort was "To determine the 
cause or causes of the decrease of infiltration rate under prolonged 
submergence and to determine, if possible, practical methods of estab
lishing and maintaining satisfactory infiltration rates o"er extended 
periods of time." 

rnc1er this joint effort a series of field experiments was started in 
1044, A group of 9 test ponds odginally operated by the North Kern 
"Tater Storage DistriC't was put into operation, and 46 other test 
ponds were constructed, Fifteen were .in isohtted locations, repre
senting c1itl'erent soil types and sen'eel with different water supplies. 
The remainillg ponds were located in two groups on the predomi
nating soil types of the Kern ttl'ea. One group containing the original 

• 

o ponds was loctttecl near Minter Field, Calif., Oil soils classified as 
Exeter fine sandy loam (fig. 23), and the other group was locllted near 
'Yas('o, Calif" on Hesperia fine sandy 10tUl1 (fig. 24). Both soils are 
highly mlued fol' agricultural purposes. In addition, there were 
records mRcle andlable by the :xorth Kern 'Yater Storage District of 
test speen,cling on 17 areas l'!ll1ging in size from It few aCl'es to more 
than 50 acres, 

I HaE'hl. Hn,l'rr. ('()Il:4l1lring pugin('PI" '"npuh1i::;lwcl ffllio,: lind <lata, KI'I'Il 
('ountr Land ('0.. Hnkprf'fjpld. ('alif. 

• :\(~W Roil nnc! ",atE,r ('oll';!'rnltioll H(,:lelll'!'h ,l)j,-j;;ioll. Agril'ultllrul Re;;pnrl'h 
~PI·\·iep. l'8.J)A. . 
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FIGl7RE 23.-Layout of test ponds and water supply system at Minter FIeld, 

Kern County, Calif. 
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FIGl7RE 24.-Layout of test ponds and water supply system near "~asco. Calif. 

TestPonch 

Description.-The test ponds mentioned aboye were either 0.01 or 
0.005 acre in size and origmally formed by boarding up the sides with 
1- by 12-inch lumber. The side waJls consisted of three 1 by l:2's set 
6 inches in the earth and rising 21j2 feet above the ground surface. • 
Battens and earth embankments were placed around the outside of the '. 
walls. 'Water was supplied to the ponds by means of underground 
pipes, each equipped with a domestic-type water meter. The water 
level in the ponds' was controlled by float valves (fig. 25). Galvanized 
sheet iron was later used instead of 1- by 12-inch lumber. 
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FlGl:RE 25.-Test ponds installed on Exeter ftnesandy loam, Kern County, Call1'. 
Sides are of galYanized sheet iron set about 6 inches into the soil. Water is 
ronn~yed to the pond by pipeline equipped with a meter. ~Water leyei iu 
the pond is maintained at a constant depth by a 1l0at yaiye. 

• Daily observations consisted of reading the wi:;\ter meter and staff 
gage and inspecting the ponds for leaks through th~ side walls. Daily 
evaporation was read at a floating tank in one of the ponds. Infiltra
tion rates were computed on a 24-hour basis, correctIons being made 
for chan~es in ·surface storage as determined by staff gage readings, 
e~-aporatlOn, and rainfall, if any. Lsually the readings were taken at 
the same time each day, but if not. corrections were made for t~me. 
The rates were recorded as feet per day and, with all correctlOns 
made, indicated the amolUlt of water actually entering the soH in a 
24-hourleriod. 

Use 0 test pond data on la'rge areas.-It was recognized in setting 
up the experiments that infiltration rates obtained on the small test 
pond might not be directly applicable to a large area. However, it 
was reasoned that if a certain treatment given a small pond produced 
beneficial effects on infiltration rates, the same treatment on a large 
area should be similarly beneficial, although not necessarily in the 
same magnitude. This reasoning could be correct only if the infiltra
tion rate was controlled at or near the surface. Tests had produced 
evidence that the decline in infiltration rate over a long period of time 
was caused by changes at or near the surface. This being true, then 
surface treatments might be expected to bene.fit large areas as well as 
small ponds. 

• 
If a restricting layer underlies an area, data obtained from small 

ponds may not apply to large areas. Results of infiltration tests made 
under such a condition are illustrated in figure 26. The topsoil con
sisted of sandy material with a relati\'ely high infiltration rate. At 
about a 3-foot depth there was a dense restricting layer. In operating 
the inner pond only, high rates were obtained-as the water moved 
downward and struck the restricting layer, it mm-ed laterally, with 
the result that there was little effect on the infiltration rate. 'Vhen 
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FIGCRE 26.-Eft'ect of buffer strip on test ·pond TP 3, Tulare County, Calif.. 

the buffer strip was put into operation the lateral ~rcolation was 
reduced, causing an almost immediate effect on the infiltration rate. 
If the restricting layer had been at greater depth, say 20 feet, the 
buffer strip probably would have had little effect and the whole unit, 
buffer plus center pond, would have operated as a single pond. How
eyer, if several acres of spreading grounds were operated over this 
area, the infiltration rate would have been reduced because aU of the 
water moving into the soil could not have moved laterally. 

The use of surface treatments then can be beneficial only when the 
control is at or near the surface. There is no benefit derived if the 
surface infiltration Tate is increased over the percolation rate of the 
material immediately underlying the surface soil. 

T?'eatments to promote infiltration.-The Minter Field and 'Vasco 
test ponds were given a. variety of treatments. The effects of all treat
ments were checked against the rate obtained from lUldisturbedcheck 
ponds and also against preyious rates obtained on the individual 
ponds before treatment was given. Some of the experiments were not 
considered practical on a large scale; rather, they were intended to 
provide fundamental data that would be useful in deyeloping a prac
tical solution to the infiltration problem. . 

Treatments are classed under one of five general categories: (1) • 
Ohemical, (2) mechanical, (3) operational procedures, (4 ) addition 
of organic matter, and (5) vegetative. In some instances there was 
not a clear distinction as to which classification a treatment might 
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properly be given. For example, the application of gypsum would be 

• 


• 


• 


chemical and the spading of the surface soil would properly be classed 
as mechanical, but if gypsum were spaded under, it is not certain from 
this experiment alone whether the addition of gypsum, the spading, 
or a combination of the two would affect the infiltration rate. Fur
thermore, the effect of a treatment might be delayed or be lasting. 
Then, if it were followed too soon by another treatment, it might be 
difficult if not impossible to interpret with any degree of certainty 
the true effect OT the second treatment. 

Tables 1 to 5, inclusive, contain a list of all treatments and their 
effects on infiltration rates as compared with untreated control ponds 
or in some instances with previous records on the same pond obtained 
prior to treatment. In these interpretations little weight could be 
given to small differences in infiltration rate~ before or after a specific 
treatment: (1) Because the experimental setup did not provide suffi
cient control or replication for eval uating t.hese small differences; and 
(2) because it was believed that any treatment must necessarily show 
substantial beneficial effect on infiltration rate before it could be justi
fied for trial under large-scale spreading operations. Many small 
fluctuations in the daily infiltration rate curves could not be ex
plained. However, over the long period during which most of the 
tests were run, these small fluctuations were inconsequential in the 
interpretl'otion of whether or not a specific treatment benefited the 
infiltration rate. 
CHE~rrcAL.-The first consideration in connection with chemical· 

effects on the infiltration rates is with the characteristics of the water 
supply. Ordinarily, in water spreading there is no choice of water. 
Suitability for spreading should be looked into ·with regard to the 
available supply. Considerable information exists as to the effects of 
certain types of water on infiltration rates :in relation to irrigation, 
and these results in general apply to spreading (18). 

SodilUn is the principa1 element that affects the movement of water 
into or through a soil. Its importance ]les not so much in the quantity 
present as in its relation to the elements calcium and magnesium. The 
sodium percentage calculated by dividing quantity of sodium by the 
sum of the quantities of calcium, magnesium, sodium, and potassium, 
all in milliequivalents per liter, is the usual way to express the quality 
of a water for irrigation with Tespect to the effect of sodium on the 
soil. . 

,Vater having a high sodium percentage tends to deflocculate the 
colloidal soil particles, which then hindet· the moyement of water 
through soil. ~o jnflexible distinction can be drawn between a good 
and R poor qualIty water. Generally, water in which the sodium per
centa!5e is aboye 65 is considered pOOl: quality; between 50 and 65, 
questIOnable; and below 50, satisfactory for both jl'l'igation and 
~preading. . 
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'l'ABLliJ 1.--0hemical treatments on test ponds and the-i1' effect on irifiltration rate, Wasco and Minter fields, Kem Oounty, 
Oalif· 

Treatment SoU Et!ect on infiltration 
~ 

GypSUlII (CaSO.) broadcast in pond while operating (4 tons per Exeter sandy loam_________ 1 Beneficial; slight and temporary. 
acre) . ~ _____do_________ _GY1JSum (CaSO.) applied to soil surface after removal of top 2 __ I No effect. Zinches of soil lind spading ]2 inches deep (2 tons per acre) .....before water spreading. .... _____do__GYPSUIll (CaSO.) broadcast over wllter surface every a to 5 days Beneficial, but only during periods of <D 

(17~ tonH per acre). application. 1;1. 

_____do___________________ 1 Beneficial; temporary.Gypsum (CaSO.) spaded under (7 tons per acre) before water 
sprending. ~ 

_____do___________ _
Gypsum (CaSOl) broadcast on ulldisturbed soil surface (10 tOilS No effect except during initial appli cp

pe\' acre) before water spreading. cation of water; effect lost after 5 
days' run. t:I 

Calcium chloride (CaCh) added to water during spreading to _____ do__________________ _ Beneficial during application of cal
maintain hnrdncss of 200 p. I>. m. cium chloride only. ~ 

l .. ime (impure) broadcast on water during spreading (5 tons per _____ do__________ _ __I No effect. 
acre) . ~ 

Lime (impurl') spaded under 12 inches deep (10 tons per acre) _____do__ _ Do. 
before water sprending.

Copper sulfate (CuSO.) added thro\lghont water spreading rUIl_______ do ________ _ ._1 No effect on rate; by visual inspection, ~ 
algae appeared controlled. g 

~ 
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'l'AllLl'i 2.-1\1echanical treatments on test ponds and theil' e.tfect on infiltmtion mte, Wasco and Mintel'fields, Kern Oounty, 

Cali}. 

Trelltment Soli 
-,------,-------,' 

Sod rell10vrd to a dcpth of 2 inches, then spaded 12 inches dCCIL Hespcria sandy loum______
Sod rCll10ved to a dcpth of 2 inchcs _______________________________do__________________ 
Sod removed to 1\ depth of (.i inches __________________________ ]~xeter sandy 10all1________
Spadcd ________________________________________________________do__________________ 
SpndNI after n 2-month dry period followinr,; water sprcading _________ do__________________ 
Spad(~d 2 weeks aftl'r a lon~ continued water spreading run at _____ do__________________ 

low infiltration rate. 
Spadl'd, thl'n irrigated periodically for 1 month, thcn dricd ___________ do__________________ 
Spaded 2 weeks after spr('ading ended, then dricd scvcral months_ Exctcr sandy 'loall1 and 

Hespcria sandy loam. 
Gypsum applied to soil and spaded undcr_____________________ Hespcria sandy loam______ 
Spnd('d, alfalfa plantcd and givcn fr(·qucnt irrir,;ations to estab- _____do_-- _______________ 

!ish crop, :il)fl'ading started during second year after treatmcnt.
Spadl'eI, then rice hulls added ____________________________________ do__________________ 
Lime !tpplied to soil and spadcd under ____________________________do__________________ 
naked lightly during off period ______ " _______________________ Exctcr sandy loam________ 
Scraped t,o remove top %-inch crust formed eluring previous Hespcria sandy loam______ 

spreading.
Raked lip;htly each day while op!'\'at,inr,; to brenk air bubhl('s on _____do__________________ 

ground iHlrfacl'. 
Fo .. r hoi!':; drilled 20 fl'et with ,I-inch auger, t,hen blick-filled with .Hespcria stllldy loam (slInd 

gr:\\'('l :Illel lllound('d to top with gravel. aquifer pcnctratcd by 
augcr holes). 

One hole drilled 20 feet (Ierp with 4-inch uuger, thcn bnck-fillcd EXl'tcr sandy loam (no
wit;h gr:tyt'l and moundc(1 at top with gravel. aquifcr matcritd encoun

t(!rcd in auger hole). 
CoverNI with tnr pnper roofing so as to operatc in durkene(1 con lIesperia sandy 10am______ 

dition to pn'\'ent nl/!;:\(' growth. 

_ 
_ 
_ 
_ 
_ 
_ 

_ 

_ 
_ 

_ 
_ 
_ 
_ 

_ 

_ 

Effect on inllltriltion 
1---

Detrimental. 
Do. 
Do, 

Beneficial. 
No effect. 
Beneficial. 

Do. 
No effect. 

Bcneficial. 
Detrimentlll. 

No effcct. 
Beneficial. 
No effect. 

Do. 

Do. 

Beneficial. 

No effect. 

Do. 
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TABLE :LOI'('ratiol/ 7)roc('(hu'('s on test ponds a:ndtheir effect on infiltration '!'ate, Wasco and j\1inter fields, Kern 

Oourity, Calif. 

'rrt'tltml\ut Soil 

('.hanging dl'pth of \\'!\\,pr durir\g B.prOlldin.g (two SO.ilS t.csted) •• --1 Hesperia sandy 101\111 and 
Exeter sandy loam. 

;\laintnining ,.hal1o\\, dopth of w/lt,('r (O.~ to o.a ft.) on \lmlis- ____ ,do__________________ _ 
turllt'd ;;(}il (tll'O ;;oils \.Ol't('(\). 

Tn terrupting Wilt ,'r :iprPllding for :l w('('k or les;; (two soils tested) __ 1_____ do__________________ _ 

Interrupting watl'r ;,;pr('l\ding \lntil t.opsoil dried (two soils 1____ do___ • __ .,. _____ ••• __ 
tl';';tl'd ). 

f;pn'nding RtOPPNI I)!'for(' infiltration mtt' r('aclwd minimu!il, Exet('r sanely loam________ _ 
tlll'n ;,;oil dril'c1. 

•
., 


!Effcct on lntlltrution rute 

~ 
Increase in infiltrntioll rat,e with in '.... 

crease in depth of water. ..... 
No direct effect; shallow water pro <0 

<:.I.
vides opportunity for plant growth 
in ponds, which benefits infiltration ~ rate. 

Tempornry effect; infiltration rate r'l 
reduced after interruption but soon t::Irecovered to original rate. t".l 

Increase over final rates on previous "t! 

runs usually to initial rate. t'3 
No effect. o 

~ 

g; 

I 
el 

t".l 

• 
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TABLE 4. Or!lanic maitf'r addil1:0ns at te!>t ponds a:nd iheip e.tfect on infiltration rate,Wasco and A1inter field!>, [(ern 

(}ounty, Cali}. 

SoH 	 Effect on Intlltration '1'n~t\tment 
::d------,-~-----I--------- l?'.l 

Alf:\lf:1 hllY (10 tOil;; per acre) spII<.il'd under IIlIcI kept lIIoist for gxeter Sllndy 1011111_. __ • Beneficil\\; peak rIlte higher than on ~ 
au day;; toillc1Ibntp, tlH'1I dried. undisturbed soil IIlId rate decline l?'.l 

slower. ~ 
Alfalfa hllY (10 tOll;; pl'r nere) splldl'(\ unc\t'r :tnd kept moist for I Hespl'ria :landy loam. __ - Not beneficial on short rUII, 

:30 day;; to inl:ubatc, then dried. 
Alfalf:1 hay (5 tOllS per acre) spadl'd under nnd kept moist by _____do_______ . _. _. _______ I Slightly beneficia\. 

frequcntirrigations for 30 dnys, then dried. I
Barley crop grown in pond, then spaded under _____________ ~ __ Exeter sandy loalll______ -.- No effect. "3 
Bnrley erop grown ill pond, then cut aM\ let lie on groumL __________do___ - - __ - - - - -- - -- --- Do. oSudnn gra!is growlI on pond, then spaded under and kept moist _____do ___ . _________ --.--- Do. .., 

for ao days by frequent irrigntiolls, then dried. oParngrass grown in pond, lIll.'n spadcd under nnd kept moist for _____do___ . ____ .. _,, _____ _ Beneficial both liS to peak ntte lind ::d ao days by fn'qlll'llt irrigntiollf;, tlll'n dried. ~ustained rille. 
()!llIis grtls;; grown ill pond, !lIature tops permitted to lie in pond _______ do;- _______________ .-- No effect. 

Ihl'e hulls added after spndlllg .. _. ______ . ___________________ HeSperlll sandy loam ______ _ Do. ~ 

Corllstnlks (field rUII) spaded under alld kept moist by frequ!!nt lTIxeter sandy loam______ -.- Do. 


irrigations for 30 dnys, then dried. . __ do___ . ______________ _
CornRtalks plus ammonium sulfnte spnded ullder und kept moist High peak rIlte, but rnpid decline to ~ II low rIlte. 
Bnrnyard mnnur(' (8 tOilS Ill'r Iler(') spre:ld 011 undisturbed SOiL __I____do __ -_. ---- .... -- •. - No effect. ::tt 
Cotton gin trash (U-illl'h I:lypr) spread 011 ulldi;;turb('d soil .......deL._ ----- .... ,,---- No immediate effect. After long rUII 

for ao dllYs, tlll'lI dril·d. . 	 l?'.l 

lind subseqllent. spadings, treat
ment was highly beneficial both liS ~ 
to pellk rates and sllstained rates. ~ 
Beneficilll effect still IIPPllrent 8 ~ years lifter appliclltion. rIJ 

Cotton p;ill trilsh (·I-inl'il IIIYl'r) sprl'lId on soil !Inti :;p:\dl·d ullder _.clo ___ • _." No immedillte effect. After drying 
prior to Wllt('r :;prl'udillg. 	 lind spllding, treatment WIIS bene


ficial. 


w 
~ 
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TAB!.!·; 5.-·' "(l.l'iO'/(8 kindli oj '11(!geta.tion 1trulel' waUl' spreading conditio'nli and their effect on injiltratio'fl, '!'ate at Wasco ~ 

a:net j\linta ji('ldli, [(ern Oounty, Oatij. 

'I'rct\tment I Soil._- _____. ______· ____1 ________1 

H.hodl'S gruss (Cltloris gayana) seed plnnted nfter spading under I Exeter snndy lonll\________ _ 
nlfnlfn hllY. 

DnBis grass <.I'a15]J(/11I1II Ii·ilatatu.m) seed brondenst after spading__ I_____do__________________ _ 

Dallis grass tPII.~p(jhUII dilailltum) seed grown in pond us \'olun- I_____ do _____ _ 
leer crop from pre\' 'IS yenr, old grnss permitted to lie on soil 
slIrfnet·. 

l'uragrnss (Pardc1I'1II ]JlIr]JlIraNc'·n.~) cuttings plnni.e(L __________ -' _____ do_______ •__________ _ 

(,llInt growth rosults 11IIiI utfccton inflltrnt!on ~ 
t':I 
~ 

Seed slow to start. Good stalld Z 
obtained but did not survive .... 
winter. No effect on infiltration .... 

rDrate. <:>. 
Seed failed to germinate. After 

several repeated attempts a good ~ 
growth Was obtained by plallting 
rows 1 in. deep. Grass showed [Jl 
signs of dying after 21 days of 1:1
continuous water spreading-water t':I 
12 in. deep. No effect on infiltra "II 

~tion rate. 
Good growth obtained that survived o 

prolonged water spreading at shal ~ 

low (2-inch) depth. No effect on >
Qinfiltration rate. 

Good growth obtained that survived 
prolonged water sprcading and dry 
periods lasting several Inonths. 
Second and succeeding years, luxur
iant volunteer stands were obtained. ~ 
No effect on infiltration rate,first t':I 
year; rate increased materially, 
second year. 

• 




• • • 
Buttonwillow (BI/(;clllIri.~ aluNl/OM/) cuttings plantcd ,24-inch I Hesperia sandy loam ______ _ 	 Good growths obtained that survived 

centers) . 	 water spreading at shallow depth 
and long drought periods. No 
effect on infiltration rate. 

SaH.grass (Di.~lidl/i.~ stricto) sod laid on original surface __________ I_____ do__________________ _ Saltgra,ss crowded out by Berrlluda 
grass. No effect on infiltration ~ 
rate. 	 t.'.1 

Bcrllludn grllSii (Cynodon dactylon) sod, 3 to 4 in. thick, laid on I____ .do__________________ _ Grass died where totally submerged. 
originul surface an.er raking t.o forlll bond. No effect. Oil infiltration rate, first ~ 

year; bCiieficial, second year. ~Berllluc\ll!!;rUSS (CYllor!on dactylon) sod lllid on original surfnce ____ I_____ rlo__________________ _ Grass grew luxurianUy with tops above 
water; much litter from dry grass 
tops and roots remained in pond ~ during entire run. No effect on 
infiltration rate, first year; then ~ 
increllsingly beneficial effects for 
following years until pond was ~ destroyed after !l years of opera
tion. 

Alfalfa growll io IlInturity by irriglltion; then wllter npplied con- I_____ do__________ _ Alfalfa failed to survive first (to-day fJ 
tinllonsly for 10 rlnys lit shallow depth; t,hen ponr! nl10wed to spreading interval) i test was run 
dry 10 duys. during times when maximum tem ~ peratures Were in high 90's. No 

effect on infiltration rate. 

~ 
, Ot,lwr plllnts tried tim!, fniled to grow on wnter spreading nreas were (1) BluestI'm (Andropoaon lurealus), (2) ryegrass (Elll7n7ts t.'.1 

t:!llipp.), (~~) Tt!llit\1l ryegrnss (I~oliH7n 1mtltijloTU1II) , (4) birdsfoot trefoil (I,olus corniculatu.~). 
rn 

.~ 

.~ 
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illustrative of the effect of different waters on infiltration are the 
results obtained during tests in Kern County. Canal water (origi
nating from Kerll River) was used in some t~ts when it was avail
aNe, and water drawll ITom a well was used in other tests. Infiltration 
rates as a result of using well water were found to be about double 
t.he rates obtained with canal water on the same ponds on numerous 
occasions (fig. 27). ,Both waters are considered satisfactory for irri 
gation purposes. The analyses are as follows: 

Waler 
Chemical data: Canal Well 

ConductiviLy-Kx106 __________ --- __ -- ----- --- ________ -- 239 646p,H _________________________________________________ _ 
8.0 i.9

Calcium carbonate ____________________________ p. p. m __ 49.0 14i.5Carbonate_____________________ ' _______________ po p. m __ 4.8 0Bicarbonates________________________ • _________ po p. m __ 91. 5 120. 8Sulfates____________ • ___________ po p. m __0 _____________ i.2 91. 4Chlorides_____________________________________ po p. m __ l6.3 29.8
Sodium percentage. _______ • __ • ________________ po p. m __ 56.8 3i.6 
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,FIGURE 2.i.-Accumula.ted inflow to "linter ponds, using water of different qual
ity. (From Kirkham 'IV. Campbell, AS!loeillte Bngineer, Kern COllnty Lantl 
Co.) 

In view of the known effects of water quality on infiltration rates, 
several experiments were made at the nlinter Field and the 'Vasco 
group of test ponds to determine the effect and practicability of add
mg soil or water amellclments to lower the sodium pel·centages. Appli
cation of gypsum (CaS04 ) and calcium chloride (CaC12 ) were both 
beneficial and increased infiltration, but only temporarily (fig. 28). 

.' 
I"~ 1 

•. 
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2r------------------------, 
Gypsum oddod 
9 applicafions 2 -J-\ ~~~S:;;:',i::~~n

4 tons per ocre TotoI 10.25 tons per ocre 

I~-• .' - ~-~ 
"C 

~OL-----------------------~ oL-----------------------~ 
May June July August May June July August 

1945 1945 

c 

.:=--;;-c' Calcium chloride added continuously 
,- 10 ""oter so 05 '0 maintain hardness 

'11§tt
o Moy June July August 

1945 

BN-6f180X 

FIGURE 28.-:EJtI'ect of gypsum and calcium chloride on in.fiJtration rate on 
Exeter fine sandy loam near Minter Field. Calif. 

• 
The effect of a gypsum application at the rate of 10 tOllS per acre had 
a beneficial effect only while the first 16 feet of water (depth) infil
trated. Apparently the gypsum had been leached out with this amount 
of water. Gypsum was added both by broadcasting on the water and 
by spading under prior to a spreading run. Other tests to lower 
sodium percentages were applications of lime to im:rease the water 
calcium content and copper sulfate for algae control. Table 1 contains 
a summary of the chemical treatments and the results obtained. No 
tests were made to determine whether or not the soil or water was 
aifected by the addition of the chemicals. Results were interpreted 
from the effect on infiltration rates. 

MECHANICAL.-The treatments classified as "mechanical" are those 
involving spading of the soil, removal of topsoil, raking or scraping 
the soil surface, driving auger holes that are backfilled with gravel, 
and covering a pond with tar paper in order to exclude sunlight. 
The results of the pond treatments are given in table 2. 

In general, any mechanical disturbance of a soil that contains fine 
material will have a detrimental eifect on the infiltration rate, as 
indicated by the operation of the test ponds and from results on large
scale spreading- areas. Plowing- or disking lands deyoted to large-scale 
spreading in Kern Oounty, Oalif., caused detrimental e_ffer;ts in coJp
pari sons made with undisturbed soils. Figure 18 illustmtesthe general
result of t.his practice. 

• 
Other mechanical disturbances of the soil· that cause compaction 

have had a marked effect on the infilt.ration rate. During the process 
of constructing large spreading areas, the North Kern 'Yilter Storage 
District, Kern OOlmty, Calif., leveled the soil sUI'face by helLVY 
machinery at a time when the soil moisture was relatively high be
cause of recent rains. In tests made with soil cores, the le\"eling 
operations resulted in an increase of rolume ,,"eight to a depth of 19 
inches (total depth of samplinp:) with a 13·to-l reduction in infiltra
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tion rate for the top 3 inches of soil. For the soil cores taken from a 
16- to 19-inch depth, there was a reduction of about .2 to 1 in the 
infiltration rate (table 6). '. 

Reduction of the infiltration rate by disturbance is much more pro
nounced on soils containing fine material than on well-graded sands. 
In fact, on the river bottom sands of Santa Clara River in southern 
California, the Santa Clara Water Conservation District found that 
increased infiltration was obtained by scarifying during spreading 
operations. Here, the water flows over lUliformly graded sands con
taining little fine material. Mechanical disturbance of the sands was 
found to be beneficial, even though the disturbance was made during 
a time when the sands were saturated or nearly so. 

T."-BLE 6.-C'omparisoTi, of infiltration -rates and volume weights of a 
fine sandy loa;m in undisturbed areas and areas disturbed and com
pacted by leveling operations, Kern County, Calif. 

Soil in leveled area I Undisturbed soil 

Intlltration rate Intlltration rate depth of s3mplin~ Volume "oluml' 
weight welgh~ 

! Initial After 24 Initlul i After 24 
hours hours 

Ce./hr. I Cc./hr. Gm./ce. 1 , Ce./hr. Ce./hr. Gm.tcc. 

o to 3 inches ______ .. _. 30 22 L 84. 940 640 L 22 
3 to 6 inches _____ 130 30 , l. 82 550 580 L 38 •i9 to 12 inches ____ • ___ 150 44. L 78 200 250 L 45 
16to 19 inches _____ ._ 192 78 1.76 236 260 1. 40 

Samples taken approximately 1 month after leveling. 

Table 7 shows the increased infiltration obtained by scarifying in a 
21h-mile section of the riYer channel extending from Saticoy Bridge 
to Montalvo Bridge. It was calculated that a total of 1,270 acre-feet 
infiltrated as a result of scarifying during the first test running from 
~farch 7 to April 11, 1933, and a total of 1,500 acre-feet infiltrated 
during the second test, which ran from December 19, 1933, to Feb
ruary 21, 1934. 

OPERATIONAL PROGEDUREs.-Under this classification are included 
trials with different depths of water, different lengths of drying 
periods between runs, cessation of water application before infiltration 
!'ate reaches a minimum, and desilting of the water supply. 
It was found that infiltrationfiuctun.ted in phases wlth changes in 

depth of water, or "helld," during a spreading .run (fig. 29). How
{"'er, if a spreading run was stllrted and ll1aintained at a shallow 
depth (0.201' 0.3 foot) thl'oughout a run, the infiltmtion mtes tended 
to be higher Ilnd maintain themsel,-es bette.!' tlUtn when the witter 
was applied at depths of 1 01' :2 fect. This may ha \'e been caused by. 
differences in sunlight reaching the soil, temperllture, or other un
measured factol's. These tests showed that ('el'tain plants will lhl'ino 
with the shallow depths of waterl whereas they will not SUlTi\'{' under 
the gt'eater depths. 
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FIGURE .29.-Etfect of changes .in depth of water on infiltration rate .in test pond 
No. 10 ·near Wasco, Oalif., on Hesperia ;fine S8:00Y loam. 

TABLE 7.-Eifect 0'/1 infiltration by scarijying ina 2¥Z-mue section oj the 
Santa Clara River Channel, Ventura County, Calij., 1933-341• I 

I Inflow to 
Item section 

Average water flow before scarifying, c./.•. 
measured Mar. 1, 1933_______________ 

(Scarified Mar. 7, 1988) 

A verage water flow after scarifYing,!
measured Mar. 8 to Apr. H, 1933______ , 

A verage water .flow before scarifying, I
measured Dec. 19, 1933 _______________ , 

(8carified J\Jar. 21, 1983) \ 

A verage water flow after scarif :ring, 
Measured Dec. 22, 19a3 to Feb. 21, 1934_f 

75.2 

t 
1 

50. i j 32. 4 74. i I 24.0 I 
a9.51 29.5j 10.0 I 25.3 

1, 

32. 4 J8.2 56.. 2 

Infiltration 
0r.~~w 1----;---
section Quantity Proportion

oflnllow 

c./.•. c./. •. Percent 
66. 7 8. 5 l,1. 3 

I 

1 Tl'st:< and mt'asurements by Santlt Clara Water Conservation District. 

• 
The effect of intel'l'uptions of spreaclillg apparently depend largely 

on the degree of drying that takes place in the topsoil. Short inter
ruptions of II few days or less cause only a temporary detrimental 
effect on the infiltration rate. After spreading is resumed for a few 
days the rates return to what would have been expected had no inter
ruption occurred (fig. 30, A). Air entering the soil during the short 
interruption is believed to be at least partly responsible for the 
decreased rate immediately following the mterruption. Interruptions 
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A •Interruption In Spreading 

I 

a L-_____~______~________L_______~_______ 

Aug. Sept. Oct. Nov. Dec. 

B In Spreading 

5 

4 

"'~ 

\.- >.a a 
~ ~ 3 
a OJ.= C. 

~
~ ~ 2 ~--------+------,,--~--------~..... 'c::

o L-______~______~________~________L________ 

Aug. Sept. Oct. Nov. Dec. 
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FlGt:RE aO.-Effect of interruptions in spreading on infiltration rntes: .4.• 
,,'here free water disappear!; from ;,:urface but soil remain!!' wet: an(! .R. 
where top 6 inches of soil dries to 01' npprollc'lws \\'iltiuJ; point. 

of such duration that the topsoil clries result in an increase in infiltra
tion rate oyer that which O(,C'lU'S ILt the tiL'Je of the intel'l'uption, 
and in some cases such interruptions result in rate reco\'ery equal to 
the initial,rate. Figlll'~ 30, B, repreSe?lts It typical infiltratio~ rate 
cune obtalllec1 many tunes on the Ylll'lOnS ponds as !t result of pro
lon~ec1 ~nterrupt.ion. Soil snmples for moistUl'e content were taken 
c1Ul'lllg lIlterrnptlOlls. In 11\llllet'Ous tests the ponds were not reflooc1ecl 
after !ttl interruption l,llltil tbe soil moisture content of the top few 
inches elecI'eased to about 10 percent by weight, Durblg the snmmer 
months, the soil dried rapidly and low soil moisture ili the top fel". 
jllches could be obtained in i1 short tjme (2 to :3 weeks). During the 
winter months, showers and cool, foggy weather usually preyented 
the topsoil from drying to the desired \'aIue, Results of tests classified 
as "operational" al:e shown in table 3, 
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ADDITION OF ORGANIC MATTER.-Theaddition of organic matter to 

• 


• 


• 


the soil was tried on several ponds. In some cases the results were 
remarkable, with the infiltration rates increasing several times the 
rate obtained on tllltreated soils. Table 4: is a slUnmary of all experi
ments using organic matter additions to field test ponds in Kern 
COlmty, Calif. 

Of ali the materials applied, cotton gin trash gave the best results . 
..:\lfalfa hay at the rates of 10 and 5 tons per acre gave temporarily 
beneficial results. Barley, Sudan grass, paragrass, and Dallis grass, 
which were grown to mRturity and then spaded lUlder or cut and 
alio'wed to lie on the grOlmd, gaye indications of being beneficial, 
although only slightly so. Cornstalks with ammonium sulfRte Rprli
cation resulted in high infiltration rates for a short time, but a faIrly 
rapid decline in rate followed the peak. BarnYRrd mRllure at 8 tons 
per acre hRdno noticeable effect on infiltration. 

Cotton gin trash, consisting of boll hulls, leRyes, stems, a few 
seeds, and a small amolmt of lint, resulted in substantially increased 
infiltmtion rates in every trial. The trash 'was applied in copious 
amounts, usually as a 6-inch layer. 1Yeight of the trash varied WIdely, 
depending 011 time of ginning, moisture content, composition, and 
state of decomposition prior to application. 

In addition to increasing infiltration rates, the long lasting effect 
of an appli..:ation of cotton gin trash is of great importance. High 
infiltration rates were obtained for se\-el'al years after a single appli
cation of ~in trash. On one pond more than 6,000 feet of water have 
been applIed .since the trash ,\yas introduced~ and high infiltration 
rates still prevail. 

Figure 31 illustrates the step by step development of improved 
infiltration rates following the application of cotton gin trash in a 
fiE.'ld pond. A decided decrease occurred after the first arplication of 
water, but after drying and reappJieation of water, there IS an increase 
in infiltration. The seYeral steps identHied on figure 31 are described 
as follows: 

Step No.1-Cotton gin trash applied to the soil and spaded under. 
"""eigl~t of gin trash ,"aries con~idE.'l"ably. Application l·ecorded only 
aR "6-mch layer." 

Step No. 2.-IVater applied to pond and maintained wet for 30 
clays. This is called. tIle "incubation~~ period. Decomposition of gin 
I rash tnkes place accompanied by rapid decrease in infiltration rate. 

Step :Xo. 3.-Poncl dried until top fE.'w inches of soil nears wHting 
point. Residues of organic matter decomposition improyed sod 
aggre gation. . 

Step :XQ. 4:.-IVatE.'t' re~lppJied. High infiltration ratE.'S obtained. 
StE.'P Xo, 5.-Pond redried. 
Step No. 6.-lVatE.'l" reapp.1ied. High infiltration rates tending to 

reach n sllstained high ratE.'. Compare 'with rate obtained on untreated 
ponel. 

Y}:GETATlOX TRfAu:.-Trials with \·E.'gebltion were made fOl· tlw 
p~lrpose of (1) increasing or maintaining in.filtration rates and (2) 
finding a gnlss or plant that would sun·i'-e on water spreading areas 
and pro,-icle a cash or forage crop. . 

For economic reasons, it is sometimes highly desirable to make 
home use of the land other than for spreading. This is particularly 
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.......... Infiltrotion On Pond 
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FlGrRE 31.-Effect of cotton gin trash in infiltration, Hesperia fine sllndy lOlllll, 
near Bakersfield, ·Calif. 

true in Kern County (San Joaquin Valley) where spreading is done 
on highly yaluedagricultural land. In other areas, where sandy 
wastelands of no particular value for agricultural or other uses are 
available for spreading grOlmds, there may be no valid reason for 
seeking an outside income crop. 

The conditions to which plants are subjected ate severe in the San 
.Joaquin Valley. Spreading will normally occur in the late winter 
and spring months, although in wet years the period might be pro
longed considerably. In dry years there may be no water to spread 
and no water available to irrigate the grasses or plants to sustain 
them on .a spreading area. Normally, there will be drought periods 
of several months,extending through the summer and fall. The 
grass or plant desired then is one that will grow under several months 
of constant wetting, survive the long, hot,dry summel'S, and provide 
a hay or forage crop. In order toa ,roid artificial reseecljng, perennial 
plants or those that reseed or grow voluntarily are desirable. 

Several grasses and plants were tried. These were, in geneml, 
native to the area and grew under conditions set forth above. Highly 
pestifel'Olls plants. snch as ,Tohn:)on grass (Roi'rJh'Um halepen.se) were 
Hot considered. 

Bermuda grass appears to ha,-e the greatest possibilities for the 
San Joaquin Valley conditions. It grew luxuriantly und!'r prolonged 
wetting, provided the tops were not submerged (it died tmder total 
submergence), and it survived long periods of drought. 'Whi]e it is 
considered a pest or weed jn cult.ivated crops, it furnished good 
pasture. . 
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Substantial improvement in infiltration rates was observed on ponds 
planted "with Bermuda grass. The effect was not immediately appar
ent after planting, but after a dense growth had developed .along 
with a mulch of old grass, consistently high rates of infiltration were 
observed. 

Paragrass also grew luxuriantly under spreading conditions, but 
as 'with Bermuda grass the plants died under total submergence. 
Very dense growth occurred during the summer and each winter 
the tops froze back to the soil or water surface. Volunteer growth 
appeared the following spring. Higher than average infiltration rates 
were obtained on the pond containing paragrass. 

Dallis grass, considered a pest in some parts of the valley owing 
to its tendency to grow in irrigation ditches, Rhodes grass, ryegrasses, 
saltgrass, Sudan grass, and bluestem grass were all tried, but none 
appeared to have the possibilities of Bermuda grass. 

Buttonwillow shrubs were planted and grown successfully in two 
ponds, but no effect on the infiltration rate could be noted. As far as 
is known they have little forage or other yalue. They were found 
growing wDd on the large spreading areas of southern California. 

~<\"lfalfa when wet continuously for a 10-day period and then dried 
for 10 days failed to benefit the infiltration rate and the alfalfa was 
severely damaged. A summary of treatments using yegetation on 
ponds in San .Joaquin Valley, Calif., appears as table 5. 

In further evidence of the yalue of vegetation for improving infil
tration, experiments at Azusa, Calif., are cited. These were described 
in detail by "Mitchelson and Muckel (12) in 1937. 

SUMMARY AND CONCLUSIONS 
Replenishment of ground water supplies by artificial means has 

been practiced in the United States since 1900. Early efforts were 
limited to those areas where the surface soil and underground condi
tions were well suited to artificial replenishment; that. is, water infil
h'ated readily. Since the drought years of the 1930's, demands on 
the grolUld water supply by pumping from wells haye become greater 
and mOl'e ,,-idespread, and the need for artificial replenishment has 
pxtended to areas where the surface and subsurface soils are not 
ideally suited to water spreading because of low infiltration and per
colation rates. 

Artificial recharge is accomplished by one of two general methods: 
(1) Spreading water over the surface of the land to permit the 

water to infiltrate into the soil and travel downward until it reaches 
the water table; and 
. (2) Di"erting water into wells, shaft.::, or pits from which it 
mfiltrates to the water table. 

Surface spreading may be accomplished by use of basins, furrows 
or ditches, or by flooding. The basin method of surface spreading is 
the most commonly used, because the water can be controlled the 
easiest. The surface storage capacity of basins is helpful for regul~
lory purposes where the f;upply of water fluctuates. If the water 
supply contains silt, basins can be arranged so that t.he uppermost 
basin of a series can be utilized as a settling pond. For a given 
gross are~ assigned to spreading, a greater area is wetted by the 
nse of basll1s than by any other method of surface spreading. 
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Pits, shafts, 01' wells have been tried in many pla(>~s with varying 
results. In some cases, the results were successful aliJ in others com
plete failures. According to the records now available, best results 
were obtained if chlorinated water of very low silt content is used. 
'Yells or shafts are used only under special conditions where surface 
spreading is not feasible or where adequate area is not available for 
surface spreading. ",Yhere surface soils or substrata of very low 
permeability exist between the surface and the water table, wells or 
shafts penetrating- the strata are the only means of recharge. 

The problem of decreasing infiltration rate presents itself in n.1l 
types o.i sUI·face spreading where the water is applied for long unin
terrupted periods. Experiments show this decrease is due largely to 
micro-organism acti,-ity within the soil. Spreading of waters con
taining large quantities of silt will cause a rapid decrease in infiltra
tion rate and may o\-ershadow any effect of micro-organism activity. 
Initial infiltration rates can be recovered by interrupting spreading 
operations and permitting the soil to dry to or near the wilting point. 
This method will work lUlless the decrease in infiltration rate has 
been caused by silt, which must be removed. Best infiltration rates 
are obtained on a given soil if vegetation is allowed to grow and the 
soil is not disturbed in any way. Infiltration rates can usually be 
improved by adding organic matter to the surface soil and permitting 
it to decompose under moist conditions followed by a drying period. 

The use of infiltrometers or small ponds to predict the infiltration 
rate obtained under large areas is of value only when there is no 
substratum that retards the downward movement of water. Soil 
surveys and well logs shonld be examined carefully when selecting 
an area for spreading. Material of low permeability should be 
mapped, lLncL lL determination made on whether or not the low per
meability material is continuous or in lenses. Better results are 
obtained by careful selection of a suitlLble spreading site thlLn by 
attempting to improve a less desirabl,j site. 

Under most conditions water spreading cannot be considered It 

means of flood control. It is used, however, in combination with 
flood control structures that impound or otherwise control the water 
and divert it to spreading systems. 
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