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INTRODUCTION 

No. 7 

Many of the problems which confront the engineer in irrigated 
regions would be much simplified if there were available reliable and 
detailed information concerning the fiuctuation and moyement of 
underground ,vaters. Probably the two' most important of these 
problems are the design of drainage works and the deyelopment of 
underground water supplies for irrigation. 

The height to which the water table rises, the rate of rise and fall 
as it fluctuates at different seasons, the time at which maximum and 
minimum heights occur and the rate of yearly increase or decrease 
have an important bearing on the size, location) and depth of artificial 
drains and on the size, location, number and capacity of pumping 
plants, whether used for irrigation or drainage. 

Unfortunately, the collection of data on ground water movements 
is seldom begun until its need becomes so urgent that studies can not 
be continued for sufficient time to make them entirely reliable. The 
stUdies carried on by the writer at Kearney Park near Fresno, Cali­
fornia, are no exception to this rule. They are, however, of more 
than usual length and are in sufficient detail to be of considerable 
value for the purpose in mind, namely, the designing of a drain··ge 
system. 

11 Auiatant Professor of Soil Technology. 
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IXSTALLATION 

A11 hough thpsf' obsf'l'Yations were confined to Kearney Vineyard 
anct interlying property at Kearney Park, the area coyered (7000 
,-I('res) is sufficiently large and the soil conditions sufficiently like that 
fonnd thronghout some 100,000 acres in and about Fresno to make 
t hp 1'(', .. ult8 hf'l'f' obtained applicable to the larger area. 

'Vi1h minor exception.",. the depth to water was recorded weekly 
for eight out of the eleven years, 1912 to 1922 inclusive, in twenty­
one regularly Npaced test wells covering the area. In all, some 8000 
obseryations '''ere made. Figure 1 shows the relative location of the 
V'st wells and the general nature of the topography of the area. 

The test wells consisted of anger holes ten feet in depth lined witl;t 
3-inch galvanized iron pipe. The top of the pipe projected about a 
foot above the surface. Each well was originally protected by being 
placed at the center of a trjangle formed by three posts about which 
was wrapped three strands of barbed wire. This' protection did not, 
however, in every case, withstand the attacks to which it was sub­
jected by cattle and heavy farming machinery. 

Being regularly spaced, these wells were subject to the natural 
variations which are likely to occur in an area of this size, such as 
variations in soils, topography, nature of tillage operations, irriga­
tion requirements of different crops, distance from main supply canals 
and other local characteristics. 

It will be noted, for instance, that wells 11; 12, 8, 9, and 3 are all 
on 01' adjacent to a low sandy ridge extending across the property, 
while wells 1 and 10 were influenced materially by seepage from the 
adjacent Fresno Se",rer Farm. 

PRESENTATION OF EXPERIMENTAL DATA 

Although the factors mentioned unquestionably had considerable 
influence on the water table conditions surrounding any particular 
well and tend to emphasize the unreliability of individual observa­
tions, the faet that tbese variations exist sbould make the average 
results for the large series of wells of considerable general application. 
The height of the water as observed weekly was plotted for each of 
the twenty-one wells_ Figure 2 gives the recQrd sheets for wells 5,.10, 
14, and 17, these being chosen as typical. 
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Because of the difficulty of keeping the wells in repair at all times, 
some of the early and .late season readings do not. give the full depth 
to water, the wells having become silted up. Note, however, wa..-; made 
of the actual depth at which they were found dry. 

The actual elevations were obtained of the top of the well casing, 
to which all rea.dings unless otherwi:-.;e noted are referred, and of the 
surrounding ground surface. This information is shown on the record 
fSheet'3. 

:Pig. 1. Sketch showing locatiO'n o-f h'Rt wells at Kearney Park. 

In order t.o obtain a comprehensh'c "iew of the actual conditions' 
uninfluel1Ced by local happenings at any particular' well, the curves 
of all the wells for any given year were superimpbl;ed and from them 
an average curve for the year was obtained; These average curves 
for each of the eight yearS are shown fil-st· in consecutive ord';r :n 
figure 3 and then superimposed in figure 4. It is from these two 
figures that the engineer can obtain the most data of real value. 
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Figure- 5 was obtained by drawing an average curve through the 
eight yearly curves shown in figure 4. This cur\te shows more clearly 
the normal rate of rise over a considerable time, but is not so valuable 
in furnishing engineering data as those in figure 4. In the designing 
of drainage strnctures maxjmum rises and maximllm supplies of water 
are controlling factors, while in the designing of irrigation structures 
the opposite conditions control. 

In order to further bring out the fact that there is considerable 
variati-ln between wells., tahle 1 is. given. which shows for each well 
the approximate number of days in which the water stood at a given 
distance from the ground surface. This table was prepared from 
the data sho\",rn on the record sheets. 

TABLE 1 

TAlILE GIVING FOR EACH WF..LL THE ApPROXIMATE NUMBER OF DAYS WHEN THE 

WATER TABLE WAS Wl'rHlN TIIEEl'_ ..... ND WITHlN SIX FEET 0)' TJIE SURJ'ACE 

Dept.h I 
_VI loll No -"-12'll-,-,,-c1-0l-,T1i,'_-':_-"I'-Ql-'\"-'211·-li'''-''-CI-19-22IlI1121~~ll91411g15 ~ 192(1 1921111122 

I I~ _ m m 'lm l ~ ~ ~ ~I~ ~ ~ m ~ ~I~ 
2 6 0 30 0 x I an 55 10 165 226 270 173 X 135 1M I"'" 
3 0 0 5 151 0 0110 20 55 50 1,76 110 lOI.i 60 65 135 
4 0 0 U 40 115 2S I x X 130 50 1M 205 IllS 130 X X 
.5 60 0 115 15 6{1 1105 25 1.0 210 190 320 240 300 ISO 240 330 
fj .0 0 100 us HO 120 125 HlO 271'1 19b J()5 270 2M 180 210 335 
7 90 5110 80100100 X X 315270270256280180 X X 

8 0 0 80 10 0 20 20 X 65 6!i HIO 751 &5 120 65 X 

, '" 115 170 ~~ 300120 I x x X 226 190 315 200 300 X X X 
to 80 9.5 260 u.v 195 165 225 300 365 366 3M 3ft5 365 365 366 :! l~o ~ 115 00 125 ~ ~ X 1150 I~ ~: lI30 330 I~ U5 ~ 

13 0 ~ ~ ~ I 0 0 ~ . ~ 0 150 ~ ~ 0 ~ 0 
14 35015 o ISO 0 {) 0220 96235260 3652GO 56 85 

:: lEI ~ :~ 1: :: 1: ~ ~ :: ~l :: EHE :E 1~ :~ 
~ 1~13~ ~E ~ ~ ; 21; ; E !r: E =1=. ~EI~ ~ 
21 ! 0 '0 5" 0 0 0 x x _! 35 I 0 1110 loti 100 20 X X 

0'-3' 3'-6' 

Nott!; Xde~rerordeinQl)mplet.e. 
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OBSERVATWXS AND A",ALYSIS OF DATA 

From the data ,vhich have been secured, the following observations 
seem to stand out as most worthy of particular attention: 

(l} Many of the wells show rather erratic fiuctuations due to 
irrigation and when taken indiyidually do not indicate actual condi~ 
tions, except in the immediate vicinity of the particular well. 

(2 ) The water table reaches a poiut nearest the surface during 
June. It is during this month that crops are growing in their most 
vigorous condition and abundant ~mpplies of water are required to 
supplant that lost by tranf:-!piration. This water must be supplied by 
irrigation, 'which is frequently oyer~c1one , the excess going to raise, the 
-water table. During June. irrigation ,vater is usually. plentiful, but 
toward the end of the month and always in July, except in districts 
\vhere storage water is available, there is a very rapid decrease in the 
supply. It is a common practice to apply excessive amounts of water 
in June in anticipation of a shortage in July. This fact is most 
strikingly illustrated by the conditions in the Turlock Irrigation 
District in 1923. Before 1923 no storage water was available and the, 
usual practice of heavy irrigation in June was followed. In 1923, 
however, when late water was made ayuilable by storage in the Don 
Pedro reservoir, irrigation in \Tunc was more nearly in accordance 
with plant requirements~ and as a consequence, the water table did 
not rise sO high by several inches as it had done in previous- years, 
~lthough for the whole season about one~third more water was applied 
than had ever been used before. 

(3) During most of the year, the water table is well withJn the 
ideal root zone of plants. During the mid~summer ~hen root deyel~ 
opmcnt should be the greatest and the feeding zone the most extensive, 
it is in reality most restricted because 'of the position of the water 
table. 

(4) For the type of soil found in this region and with the shallow 
depth to the ground water, it is probable that water will rise to the 
surface by capillarity during the entire year, and during that part 
of the year when the temperatures are most favorable for high evapo­
ration, the w~ter tab~e is nearest the surface. There must necessarily 
be a rapid accumulation of alkali at tbe surface under these con­
ditionR. 
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(,;j During rhe sen son of }Jjgh 1-yater table, the average distance 
of iJw wa1.~'J· from rhe .<';llI'fa(~e is not moJ'f' than 2 feet, whereas during 
miJ-win1i'T' ltH' <lH'J"age is from 7 to oS feet. rrhe seasonal fiuctuation 
is therefore bd\H).(~n fj and 6 feet. 

( ()) Tilt, must rapid l'ist' in tbt~ water table oecur~ during .Mareh 
and ~'-\.pJ"iJ. 'fhis O(~{'lIrs '\'ithin (l short time aftpr wat.er is turned into 
tl1P. eaIl<l\s and thE' til':-;t irrigation of the season is applied. Seepage 
i.1..; prohahly ('xeessiv{' from th(' canaL" I1t this time because they have 
ht'(~n dry dnring tlir w.inl(~)· mont.hs; evaporation and transpiration 
1.1['(' at u minimum lll'e~mse the temperature:-:; are relatixely low and 
t 1](' piuntl' small. and ,nltel' is UHIIClHy plentiful. . 

( i) As llH' sP<ison progresses, although tbe water table continues 
10 rist' until ahout the first of .July, the rate of rise is mueh IeHs than 
in t h(' p:nly spring. 'rhis nUl)' be accounted for by illCreaspd evapora~ 
1ion rila' 10 1hl' risin1,!" tempf'l"u1uJ'es. bnt it is more probabJy due to the 
f!"l'Piill'l' lise' of mltl'J' I),\' nit' mor(' abundant foliage of the crops. 

(H) Durin)! .lun(', thert' is "cry litth' fluctuat.ion , bnt. as soon as 
tht' water shortag(' begins in July t.he water table recedes. The reces~ 
hiion il:i usually at a more uniform rate than the rise. By the first of 
Dc<:ember, tht' luw point lS reached and no particular change takes 
place during thjs month. 

(9 ) The rate of rise in the 'water table after dry seasons is more 
rapid than in other year~. The years 1913 and 1919 were both 
abnormally dry (thii'\ suryey does not Mhow the position of the water 
t.able in 19J9), and it will be noticed on tbe following years, 1914 and 
1920, the waier table began to rjsp~ early and at a much more rapid 
rate than in ot.her Yfars. Also, that it remained at it.~ high point for 
c) much longer period . rrhis is nnquestionably due to the fact that 
water wa:-; applil·d in excessive amounts early in the season. with the 
idea of overcoming thl' effects of the previous shortage and also in an 
attempt to save th€' crops from a possible shortage of 'vater during 
the succeeding summer. 

(10 ) rrher~ appear:-. t.o be !ittlt' or no t.enuency toward an annual 
inereasl! in the height of the watpr table. Tn fad, there is an indica­
tion both from these data and from obscJ.'\'atiollS mli.de elsewhere that 
1914 is the year when the mOst undesirable conditions occurred. In 
order to give an exact account of the rise of the water table from 
depths of 60 or .80 feet, where it. is said t.o have once stood, annual 
records for llUUlY years previous t.o 1912, when annual observation:s 
were first DlJlde, would be needed. However, in 1902, C. G. Elliott 
reports in U. S. Department of Agriculture Circular·No. 50, dralnage 
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eonditions for this area that are almost as bad as those shown here 
and before that date Dr . . E. W. Hilgard in the California Expel'i~ 
ment Station Report for 1886 sounds a warning on drainage for 
the country west of Fresno. 

uSE OF DATA 

In designip.g drainage systems, provision must be made for remov­
ing the excess water in abnormally wet years, otherwise permanent 
erops such as orchards~ vineyards and alfalfa may be injured. From 
the data at hand, it ,vQuld then ,appear necessary to provide drainage 
of such capacity that rises in the water table similar to those in 1914 
and 1920 could not occur, at least within the normal root zone. 

The rate of rise and particularly the maximum rate ilj of as much 
importance in drainage design as the total annual rise. Since all of. 
the fluctuations take place well above a safe drainage depth for irri­
gated regions, drainage to be adequate must be sufficient to preclude 
any rise whatever within the zone now affected. 

From figure 5, it can be found that the average total effective rise 
for the eight years under observation was 4.35 feet, occurring within 
135 days (January 1 to May 15). This is equivalent to an average 
rise of .032 foot per day. Assuming that for this particular soil the 
·void spaces are 30 per cent of the volume, it would require 1.30 ):\cre 
feet of water per acre to have caused this rise. This is, of course, in 
addition to that removed by deep percolation, evaporation and tran­
spIration. From January 15 to January 27, 1914 (12 days), there 
was an average rise of 2.6 feet over the. area or a rise at the rate of 
0.216 foot per day. This is equal to the addition of 4l.47 acre feet 
per square mile per day or 1 c.f.s. for each 30 acres under observation. 

In 1920 froni MarCh 24 to April 7 (18 days), the rise was 4.3 feet 
or au average of 0.24 foot per day. This is the equivalent of 46.08 
acre feet per square mile per day or 1 c.f.s. for each 27 acres. Assum­
ing that 50 per cent of this could be removed from the soil by drain­
age, it would mean that drainage must be provided to remove 1 cubic 
foot per second for each 54 acres in order to prevent this rise. 

For a large area a uniform system of drains of the capacity indi-· 
cated would probably not be necessary, .but the information given 
here, when taken in conjunction with that in table 1, will be of value 
in planning an adequate drainage system. 
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.. J .... all fl ximJple (If tJH' pl'Hctieal use to Wl1ich data of this nature 
ll111Y In' put, t}H~ following drainage design may be mentioned. A 
system of drainage by pumping has been planned for the property 
UP0!l whieh these (lat.a, were colleeted. This system will consist of 
ekwIl pum ping plants having an average capaeity of 3.21 cubic feet 
T)('r Hceolld whidt are 10 operat e (~ontinnously from March 15 t.o 
Dt,ccJlIUel'1. During t.his period, it is estimated that a total of 17,000 
fltrP feet of water wiIJ be discharged. 

Althollgh the 35 cubic feet per second, total capacity provided, 
is not suftlcicl1t to overcome a ri~e similar to that of April, 1920, the 
lot-a] discharge of ] 7,000 acre feet per year (2.43 acre feet per acre 
O\'i'l' 7000 a( ~ I'e;..: Or nearly twice the eight-year average) will lower 
tlw table . so far belenv the surfaee that abnormal fluctuations should 
<-Ill oe{~ur at depths well below t.he danger point. In the case of tile or 
open (Eteh drainage, w.here the maximwn drainage depth is usually 
hut little below the required minimum: greater capacity would, of 
l~{)UT~e. be necessary. 
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