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Technical Bulletin No, 746 March 1941 

" Quality of Irrigation Waters of the Hollister 
Area of Califol'nia 

With Special Reference to Boron Content and Its Effect 
on Apricots and Prunes 1 

By FRANK M. EATON,2 formerly senior plant physiologist, United States Regional 
Salinity Laboratory, Bureau of Plant Industry, Roy D. MCCALLUM, county 
agent, University of CaUfornia and United States Department of Agriculture, and 
MILES S. MAYHUGH, assistant scientific aide, Division of Irrigation Agriculture, 
Bureau of Plant Industry 3 
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INTRODUCTION 

LOCATION AND PHYSIOGRAPHIC FEATURES OF THE HOLLISTER AREA 

The Hollister area of California constitutes the upper or :Jouthern 
portion of the Santa Clara Valley in San Benito County (fig. 1). 
It is separated from the northern portion of the valley by the Pajaro 

1 Submitted for publiClltion November 24, 1939. 
• Now senior plant physiologist, Diyision of Cotton and Other Fiber Crops and Disenses. 
3 The authors are indebted to Joseph 'V. Gross, consulting engineer, Dollistcr irri~ation district., for com· 

pilation of the data reported under the helidlng "'oter nc_~ol1rccs. and to V. P. Sokoloff, TJ • V. Wilcox, 
J. T. Hatcher, R. V. Higgins, anti W. C. Nelson, of the Dh'ision ollrrigation Agriculture, Bureau of Plant 
Industry, for the analyses reported in this bulletin. 

246800·-41-1 1 
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River, which rises in a depression known as San Felipe or Soap Lake, 
and flows southwestward to its junction with the San Benito River 
and thence out of the valley to :Monterey Bay. Hollister, the county 
seat, occupies a central position toward the southern end of the 
valley a few miles north of the point of entrance of the San Benito 
River and about 20 miles inland from Monterey Bey. 

The San Benito River, after leaving the mountains and foothIlls, 
does not continue its northwestward course toward San Felipe Lake 
~hrough what may be its own alluvial formation, but instead turns 
to the left to pass to the south of Lomerias Muertas (hills). These 
hills extend in a broadening triangular form westward for 7 or 8 miles 
toward the junction of the San Benito with the Pajaro River. They 
separate the San Juan section from the remainder of the ar('a. The· 
Gabilan Range fo~s the western boundary and the Dia.blo Rang(' 
the eastern boundary of the Hollister area. The valley is roughly 
circular in outline with a diameter of about 12 miles. . 

There were 20,277 acres of land (15) 4 under irrigation in San 
Benito Oounty in 1929 and practically all of this, divided between 
572 farms, is in the Hollister area. The arelL includes vallcy lands 
along San Benito River and its tributary, Tres Pinos Oreek, as well 
as those along Pacheco Creek, which enters the valley from the 
northeast. 

The elevation of the valley floor near the county hospital south of 
Hollister is 324 feet a bove sea· level, at Hollister 292 feet, and in the 
bed of the San Felipe depression as well as at the junction of the Pajaro 
and San Beni);o River~ about 140 feet. 

WATER SUPPLY AND USE 

The 'Water supply for this irrigated land is derived principally by 
pumping from the underground reservoirs. According to the census 
there were 410 pumping plants in 1930 with an average lift of 71 feet 
and a total capacity of 226,727 gallons per minute (505 cubic feet per 
second or 1,004 acre-feet per day). In 1920 the average lift for the 
then existent 183 plants was 34 feet. The average annual drop in 
water levels 5 as observed in 105 wells for the period January 1924 to 
December 1935 was 3.0 feet in the lower Southside-upper Union sec­
tion, 3.4 feet in the San Juan-Westside section, 4.0 feet in the centra.l 
Hollister-Bolsa section, and 2.8 fee~ in the Fairview-Enterprise section. 

Measurements by Pillsbury 5 involving a study of 66 pumps serv­
ing representative acreage show the following average use of irl'igation 
water per acre in the Hollister area in 1935: Orchards, 11.2 acre­
inches; alfalfa, 24.9 acre-inches i truck, field, and seed crops, 17.0 
acre-inches. 

WATER RESOURCES 

Of the approximate 800 square miles of watershed tributary to the 
Hollister area, 584 are drained by San Benito River and its most 
important branch, Tres Pinos Oreek (pl. 1, A). San Benito River 
flows into the valley from the south. Pacheco Oreek, with 148 square 
miles of watershed, enteri'l the valley from the northeast and turns to 
flow northwestward across the valley floor to San Felipe Lake depl'es­

4 Ital!c numbers iu parentheses rerer to Literature Cited, p. 58. 
'PILLSBURY, A. F. IRRIGATION STUDY OF THE HOLLISTER AREA-REPORT OF FIELD INVESTIGATlOl<S, 

AUGUST 11, 1934, TO JANUAltY31, 1936. Division orIrrigalion Investigatious and Practices, Uni\'. o( Culirorniu 
[mllltigraphed). 
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At Live oaks and grasslalld;; along the dry bed of Tres Pinos Creek. 1Jos Muertos 
CrcC'k COIllC'S in from thC' left in background. 13, Fruit plantings westward from 
.Hollister. Lornerias Mucrtas (hills) in right background. 
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sion and thence out of the valley through Miller Oanal and the Pajaro 
River. Three other creeks enter the valley from the east and drain 
northwestward through Tequisquita slough into San Felipe Lake. 
These creeks, Las Viboras, Dos Picachos, and Santa Ana, have drain­
age areas of respectively 22.3, 15.5, and 33.5 square miles. 

San Juan Oreek, which rises in the Gabilal,l Range, contributes 
substantially to the ground waters in the San Juan district. Usually 
no sllrface flow reaches the San Benito River. This stream is regarded 
by some as the main SOUl'ce of ground water in the northwestern 
portion of this district. 

The seasonal discharges of the San Benito River, Tres Pinos Oreek, 
and Pacheco Oreek that have been recorded are reported in table 1. 

TABLE I.-Seasonal discharge of San Benito River, Tres Pinos Creek, and Pacheco 
Creek for years recorded 

[Data by C. W. Lcvisee, engineer, Hollister irrigation distriet, except as noted] 

San Benito Tres Pinos Paeheco San Benito ITres Pinos Pacheco 
Year R8'~~rat 1r~f:d~t CL~~e~t Year R~!irat 1f~f;d~t C{~~e~t 

Bridge Park Bridge Bridge Park Bridge 
-------\-------\,-------\------11--------\------1------1-----­

Acre-feet Acre-feet Acre-feet 	 Acre·jeet Acre·feet Acre-feet
1922-231______ 10,600 3,492 __________ •• 	 1030-31..••_. (') ..•..•__.••• __________._

1931-32____ •. _.•_________ •__________. __________ __1923-24 2_ .. ___ 1, i55 760 
1924-2.;____ .__ 1,348 3,040 ··--·--:i;007 	 1932-33 ________ •______________•________, _____•___ 

1933-34. _________________ • 

2 Data hy A. N. Burch, engineer, Hollister irrigation district. 

1925-26_______ 2, 694 I, 570 3, 237 
1926-27_______ 11,240 4, 155 21,8021927-28__________________• ___.________ 15,098 
192&-29••_____ (3) __________________ • ____• 
1929-30_______ (3) __ •• ____________________ 

1934-35. _____ 

1 

1935-36--.-- ­
1936-37______ 

_
9, 517 

14,012
26,476 

_________ . 
6, 455 
7,037

2'J, 678 

___________ . 
18, 720 
26,212 

1 Data by U. S. Geological Sur'ny. 

'NoJIo,,". 

The run-off expectancy from the San Beuito-Tres pjnos watershed 
has been placed as equivalent to about 1 inch of water depth per 
season. In no year has as much as 2 inches been recorded. The 
Pacheco drainage area is somewhat mort productive, the average 
yield being about 3 inches. 

A storage reservoir on the north fork of Pacheco Creek with a ca­
pacity of 6,000 acre-feet was completed in 1939. This reservoir during 
coming years will be used to regulate the :flow of the stream as an 
adjuuct to effective spreading of storm water. Plans have been pro­
posed at various times for check dams and reservoirs on the San Benito 
River to serve a similar purpose and possibly to supply some canal 
water. Spreading has been conducted on a small scale since 1937 on. 
60 acres of sandy bottom land along the San Benito River. A total 
of 4,300 acre-feet was spread iu one season with beneficial effects on 
the water levels in adjacent wells. Water for Paicines Reservoir, 
which has a capacity of 3,100 acre-feet, is diverted from San Benito 
River above Paicines. This reservoir and the Brown ditch system 
are capable of serving several hundred acres of land during the winter 
and spring months, but the supply is usually exhausted by May 1. 
The seepage from the 6 miles of sidehill ditch leading to this reservoir 
and from the. reservoir itself is relatively great. Without doubt seep­
age water from these sources contributes to the grouud water and to 
the late-seasonfiow of some of the streams. 



---
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A diversion reservoir with a capacity of 39 acre-fl3et was constructed 
on Las Viboras Creek in 1937. Water from this reservoir is spread. 

There ,....ill be developed in connection with the discussion of the 
quality of ~ound waters evidence indicating that the San Benito 
River contnbutes substantially to the ground-water supplies under­
lying a large portion of the valley floor northwestward from Hollister. 

CLIMATE AND RAINFALL 

The climate of the Hollister area is similar to that of other inland 
valleys in the coastal section of California. Killing frosts are occa­
sionally experienced, particularly in lower portions of the valley, 
causiug the culture of subtropical fruits to be impracticable, but a few 
sensitive trees, such as the lemon and avocado, are grown in family 
gardens. The more snsceptible of the commercial fruits, such as 
apricots, are customarily planted on higher elevations. The minimum 
recorded temperature at Hollister is 18° F. in January, and the maxi­
mum, 112° in July. The summer nights are almost invariably cool 
and the coastal breeze tends to maintain equable temperatures during 
the day. 

The most characteristic climatic feature, like that of other sections 
of the P!lcific coast, is a comparatively rainless summer. The average 
annual precipitation in Hollister (table 2) over a 63-year period, 1873­
1936, as recorded by the United States Weather Bureau, is 12.86 
inches, 90 percent of which has fallen in the months of November to 
April, inclusive. 

TABLE 2.-Avcrage monthly and anmwl temperatures and precipitation at Hollister, 
Cali/., 1873-1936, and monthly mean maxi-m.a and minima, and monthly precipi­
tation/or the years 1935 and 1936 

[From records of the U. S. Weather Bureau] 

Temperature 	 Precipitation 

1935 1936 i 
Month 53·year 

mean Monthly mean Monthly mean 53·year 1935 1936
i menn I ,

Maxi· Mini· : Mn:d- Mini­
rna rna rna rna 1I 

----j------1------,---,------
OF. OF. OF. OF. OF. Inches Inch.., I Inches

Janunry__ .• ___ ._. 47.9 58,7 37.6 61.6 	 38.9 2.77 1.53 
40.:1 5.64February..... ___ _-_. 51. 1 62.2 39.6 62.1 2~20 3:~?I 

Mnrch" .... ___ ._._ 5:1.9 62.8 37.8 69.6 41. 2 2.19 2.5.1 ; 1.35 
ApriL ....._____ _ 57.0 69.4 45.2 73.1 43.7 .87 3.85 .85Mny____ .. ____ .. _--- 60.3 73.2 46.5 77.S 47.7 .49 0 .22June_. _______ •___ _ 64.3 82.8 49.2 81.7 50.8 .11 0 .37 
July._ .......... __ 6fl.2 83.5 50.3 85.5 .il. 5 .04 .04 .33 ._- 05.9 83.7 50.4 .01August. ......___ _ --- sa,a 51. 2 .20 (1)
September ..... __ 64.0 81. 5 .50.8 86.5 48.6 .26 .16 0 
October.... _.. __ _ --- no. 5 76.1 43.1 78.0 46,0 .47 .35 I .70 
'Novemher........ ..-I 65 154.0 il. 1 37.3 69.2 36.2 1.30 i .01

•December....... . ... 48.6 62.6 35. r. 58.1 	 33.3 2.17 .82 3.09 

------,-------------,---,--­

14.19Year.--. ---- -- i .57.0 I 72.31 43.71 H.O i 44. 1 I 12.88 J 12. 50 I 
'Trace. 

SOILS 

The soils represented in the vallcy la.nds of t,he Hollister area are 
grouped on the basis of their mode of formation (4) as old transported 
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soils and recently transported soils. In both of these groups there are a 
number of soil series, each of which is represented by one or more 
textural types. 

The old transported soils are represcn ted by the Pleasanton, Antioch, 
Montezuma, and Rincon series. These soils occur on flats, benches, 
or terraces, intermediate in elevation between the higher hills fmd 
mountains and the lower land. In the eastern portion of the valley, 
where there has been less erosion, old transported soils are also found 
on the valley floor at elevations only slightly higher thml the recently 
deposited alluvial soils. These old transported soils are cha,racteIized 
by heavier or more compact subsoils caused by the leaching dow-nwn,rd 
of the finer materials from the surfuce. In some pluces soil layers of 
distinct struct.ure haNe developed. There is consi.derable variation in 
the importance of these old soils; and experience has shown them to be 
agriculturally less desirable than some of the recent allnvial soils. 

The soils of the recent alluvial gronp are represent.eel (1) by the Han­
ford and Chino series whose materials are derived mainly from gmnitic 
rocks; (2) by the Conejo gravelly clay loam, derived from basic igneous 
rocks; and (3) bl the Yolo, Capay, and Dublin series, which originate 
mainly from sedlD1entary or metamorph03ed sedimentary rocks. Thn 
latter three series are most abundantly represented, and of these the 
Yolo series has the greatest agricultural v[tlne. I t ranges in texture 
from gravelly and sandy loam to clay adobe and is preferred for orchard 
and specialized plantings. The profiles of all the recently transported 
soils are more or less uniform in appearance·. They occur on the stream 
flood plains, in low basinlike areas, and on low, recently built stream 
terraces and alluvial fans. 

The low-lying portion of the Hollister an:l!\" known as BoIs!\, de San 
Felipe, is nearly coincident with the 25-sqllare-mile area of artesian 
flowing wells as mapped by the United Stn.tes Geological Survey in 
1924 (3, pl. )(VIII). At the present time there are only a few flowing 
wells in the Hollister area. Th~ soils of the Bolsa district as reported 
by the soil survey are Plincipally of the Dublin series, and of this series 
the Dublin clo,y adobe is the dominant type. This soil type generally 
occurs in low basinlike are!1-S where drainage is deficient. The limits 
of the Bolsa ore indefinite, as it grn,des into tillable lands. The Bolsa 
is covered by scanty growth of srutgrass, and much of the soil is too 
saline for uses other than pasture. An extensive effort was made to 
reclaim the Bolsa for the culture of sugar beets eorly in the present 
century, but the venture was abandoned. Some of the drainage ditches 
still remain. 

AGRICULTURAL DEVELOPMENT AND CROPS 

The Hollister area is widely known for its production of vegetable 
and flower seeds, but, as may be obselTed in table 3, this specialized 
industry is secondary to the fruit industry (pI. 1, B) in terms of acreage. 
Acreage estimates as of 1937 (2) report a total of ] 3,534 acres of fruit 
trees, most but not ail of which are irrigated. The census report 
gives the number of irrigated trees and vines of the severlll kinds, but 
the acreages of the different ones aTe not reported. 
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TABLE a.-Acreages of irrigated crops, 1929,1 and more important irrigated crops, 
1937,2 in San Benito Oounty, Oalif. 

Irrigated crops 1929 Irrigated crops 1937 

Kind Acres Kind Acres 

195 Garlic... ___ .... ____ . __ • ____ • ___________ •Corn, totaL ••••...•.••••••.•.•..•.••••... J,I09
50 Lettuce. _____ •___ • ____• ___ . _...... ___ ••.Cereals, threshed •...•••.•.....•••••.••..• 1,150

Peas. _____ .. ____..• ______ •__ •. __ • __ ....._ 1,470
Hayilr~Pr~: __.................._......_... 2,721 Potatoes. __ .. _________ • ______________ __ 
 1481141 Seeds..._.. ______ . ___ • __. _________ . _____ 

Clover.. _••••••...••..•_••.. __ ._••.•. 17 Sugar beets .... ______ .. ____ . ___ ._ ... __ 2,293 
Small grain ••••••••.•..• ___ •••._..._•• 1, ~50 

Annuallegumes_........___ •______ ._. 2 Tomatoes. _____ . ____________ •___ . ____ . 4,100Potatoes_. ___________________ •__________ . 51 Berries__________. ________ • __ •____ • __ .. __ ·t6Sorghums______________ . __ . __ .• ______ •• __ 1 Apricots. _________________ . ____ . ____ • __ __ 5,150Apples __________.___ __ _____________ ... _Seeds: WiGrass ____ •__________________ • __ • ______ 30 Peaches__________________ . _____ • __ •____ _ 
VegetablG and flower . ________ •_______ 1,010 Penrs..•_______________ •_______ ••••• ____ • 168 

1,212
Vegetables. __________ ... _____ • __ .. __ ... _ 1,927 Prunes_______________ . ______•________ •__ 6,~
Fruits, nuts, vineyard .• ____ • __ • __ •.• " .. 74511,705 Walnuts__________________________ . __. __ _ 
Berries ____ .. ____ .. _________________ . ____ • 14
Pasture and unaccounted __ • __ •________ __ 1,922 

Total... ___ •• ____ •• __ • __ .. __ . __ • __.• 20,286 I 
I Fifteenth censuS of the United Stntes: 19~0. Irrigation of Agriculturnl Land~. 
I Obtained from 'V. B. Saunders, San Benito County ab'ficulturnl commissioner. 

The agricultural development of the Hollister area was begun with 
the founding of the San Juan Bautista Mission in 1797. As sum­
marized by Cosby and Watson (4, p. 647): 

About 10 acres of the lowland at the base of the small plateau on which the 
mission is situatcd, were set out at an early date to an orchard of mixed frnits, 
mainly pears and apples. Thc mission had small hcrds of cattlc and sheep, and 
a 30-acre vineyard, and a few olive and peach trees were planted on the higher 
land 1 mile south of the mission. Referring to this early orchard one writer stated 
in 1881: "All the apple trees have decayed; but several hundred of the pear tree>: 
are still standing, yielding annually an abundance of fruit, and are, apparently, 
still vigorous enough to outlive the present generation of man." At the present 
time (1923) about 30 of the pear trees which are probably more than 100 years 
old are still living and eaeh year produce a small quautity of fruit of inferior 
quality. 

A slow agricultural development is reported during the first half 
of the nineteenth century. It consisted almost entir.ely of the raising 
of livestock on the larger land grants by Spanish and Mexican owners. 
The founding of the town of Hollister in 1868 and the construction 
of the Southern Pacific Railroad in 1870, following the admittance of 
California to the Union in 1850, accelerated agricultural development, 
hut until 1880 most of the land was still devoted to the grazing and 
livestock industries. Subsequently the livestock industry was dis­
placed by grain and hay farmers, and these in turn were crowded to 
higher land with the development of the fruit industry and other more 
intensive types of agriculture. 

IRRIGATION DEVELOPMENT 

The first land to be irrigated in San Benito County was located in 
the northern part, in a section Imown as the San Felipe district. In 
1878 William Buck drilled the first well on property located on Lovers' 
Lane adjacent to Pacheco Creek. Tlus well was about 90 feet deep 
and supplied artesian water for his experimental pla.ltings. The 
following year, E. A. Sawyer developed an artesian well on his pl'~'T'el'ty 
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along the San Felipe Road. Water was plentiful in this locality,Ilnd in succeeding years many other artesian wells were developed foruse on alfalfa and other field crops. The wells were usually 50 to 100feet deep and at least one of them supplied as much as 3,000 gallonsper minute in artesian flow. It was not until 1898 that the artesianflow was reduced. to the point that pumping was resorted to-the firstpump being installed by R. 1. Orr in that year.

The development of irrigation agriculture in the Hollister area beganwith the incorporation in 1889 of the Hollister Irrigation Co. Thiscompany constructed diversion works on the San Benito River and in1891 began delivering water through a canal system to serve about2,000 acres of land adjacent to the town of Hollister. This canalsystem was practically identical to the Brown ditch system now ownedby the San Benito Land & Water Co., successors to the HollisterIrrigation Co. Water from this system was available only for winterand spring irrigation as there were no storage reservoirs constructeduntil 1914, the year the Paicines Reservoir was built.
Although most of the water diverted from the San Benito River wasused for the irrigation of alfalfa, some was used to irrigate the firstdeciduous fruit plantings in the county. In 1891 F. L. Barnhisel,Jessie Ross, and William Kelly planted the first orchards south ofHollister and irrigated them from the canal. Additional plantingswere made in 1892, some of which are still bearip~.
Without a reservoir to extend the irrigation season, the watersupply from the San Benito River was not dependable, and graduallywells were developed to supplement the river water. The first success­ful well from which water was pumped was installed in 1898 by DanMcCloskey, about 2 miles northeast of Hollister. This well was 80feet deep and delivered about 700 gallons per minute. At the time thewell was drilled tlle water stood at 35 feet below the surface. Thiswell was in operation until 1926.
Between 1898 and 1914 there was a gradual increase mthe numberof wells drilled. A more rapid expansion in the irrigated acreage tookplace after electrical energy was made available to the farmers in theHollister Valley in 1914. This increase was continued until the presentdate when practically all of the irrigable land is supplied with wellwater. The Federal census provides the following data on irrigatedland in San Benito County: 1900-2,870 acres; 1910-7,186 acres;1920-12,463 acres; 1930-20,277 acres.
The Hollister irrigation district was organized in 1923 for the pur­pose of roplenishing the underground water supply by means of damsto be constructed on the San Benito River and Tres Pinos and PachecoCreeks for the conservation of floodwaters. Although the Hnllisterirrigation district as originally formed has not accomplished its objec­tives, the Pacheco Pass water district has been more successful.Originally a part of the Hollister irrigation district, this district com­prising 5,389 acres of land in the northern section of San Benito Countyand the Pacheco Pass area of Santa Clara County withdrew and in1931 organized a separate district. In 1939 the Pacheco Pass waterdistrict completed construction of a dam on the north fork of PachecoCreek. The reservoir formed by the dam has a capacity of 6,000acre-feet of water. which will be used for controlled percolation. 
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QUALITY OF WATER SUPPLIES 

The investigations reported in this bulletin were undertaken in 1931 
for the principal purpose of determining the extent to which excessive 
concentrations of boron in irrigation waters were responsible for the 
poor condition of orchard and other plantings in portions of the Hol­
lister m·ea. Prior to these investigations it had been found (5,10,13) 
that boron was not uncommonly an important constituent of the irri­
gation waters in the Western States. The concentrations encoun­
ten'd, though usually not s~fficiently high to be directly injurious to 
plants (pI. 1, B), in some localities are such that with continued use 
soil-solution concentrations are built up to a point where crop growth 
is depressed or lands become unsuitable for the culture of other than 
the most tolerant plants (pI. 2). In 1931 W. R. Schoonover observed 
that the symptoms of injury shown by walnut trees interplanted in an 
unprofitable pl'lUle orchard on the :Martin Luther property neal' Hol­
lister were like those found e1f3ewhere and known to be due to an excess 
of boron. Analyses of samples of the irrigation water and of the wal­
nut leaves confirmed the Held conclusion. Analyses of additional 
water samples from other portions of the area showed the boron con­
centra.tions to be highly variable, and in some cases the concentrations 
of chloride were such as to attract attention. 

METHODS OF ANALYSIS AND EXPRESSION OF RESULTS 

The analytical procedures were those customarily employed in 
water analysis. HOOa, 01, and S04 were determined by the Associa­
tion of Official Agricultural Ohemists (1) methods, Oa by the titration 
of calcium oxalate, Mg by weighing magnesium pyrophosphate, and 
N a by weighing the uranyl zinc acetate hexahydrate. Boron in 
water and Goil solutions was determined by electrometric titration in 
the presence of mannitol. 

Electrical conductance (KX 105 at 25° 0.) is reported in reciprocal 
ohms, multiplied by 105 to avoid awkward decimals. The electrical 
conductance of waters is dependent upon the number and kinds of 
dissolved salt constituents and accordingly provides an index to total 
salinity. Knowing the conductance of a wa,ter sample, a!5 here pointed 
of!' five places to the l'ight~ an a,pprQ),:imation of the total milliequiv­
a1ents per 1it('1' of the anions (acid radicals) 01' of the cations (bases) 
may be had by dividing the conductance by 10. If the conductance 
is multiplied by 7, the resulting value approximates total dissolved 
solids expressed in parts per million (p. p. m.). Thus, in a water with 
a conductance of 100, the sum of th(' millipquivalonts (m. ('.) of COa, 
HOOa, 804, and NOa will be about 10, and total dissolved solids will be 
about 700 p. p. m. 

The ('.:\:pl'ession "percont sodium" (5) is used to d('signat<.' th(' relation: 

Sodium-total base ratio m~~~:l~J~~I:l\~: ~f ~~~ ~~~es' The cations: 

Oalci11m (Oa), magn('sium (Mg), sodium (N a), and tho anions: Bicar­
bonate (HOOa), sulfate (S04) , chloride (01) J and nitrate (NOa) are 
expr('ssed in milliequivalents P(,l' liter (abbreviated m. e.). Oar­
bonat(' (OOa) is incluckd in the value repOI·ted for bicarbonate. This 
UTIit of measul'('mcnt, which l'('fiects tll(' number of ions, is adopted in 
the interest of an understanding of the chemistry of waters and tho 
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interpretation of analyses. Ooncentrations expressed in units of 
weight such as pn.rts per million are sometimes desired for particular 
purposes. The concentrations of constituents expressed in milli­
equivalents per liter may be converted to parts per million by multiply­
ing them by an appropriate factor as follows: 
Cations: Faclor Anions: Faclor 

Calcium (Ca) ______________ 20 Carbonate (COa) ___________ 30 
MagnesiuIII (Mg) __________ 12.2 Bicarbonate (HCOa) ________ 61 
Sodium (Na) ______________ 23 Sulfate (S04) ______________ 48 
Potassium (K) _____________ 39.1 Chloride (C1) ______________ 35.5 

Nitrate (NO ) ______________ 62a

These factors are the atomic weights of the ions divided by their 
valences. The atomic weight of chloride, for example, is 35.5 and the 
valence is 1; accordingly 5 m. e. of chloride is the same as 177.5 p. p. m. 
The atomic weight of the sulfn,tc radical (S04) is 96, and it has a valence 
of 2; accordingly 5 m. e. of sulfate is the same as 240 p. p. m. 

AGRICULTURAL INTERPRETATION OF ANALYSES 

BORON 

As a general consideration, above 0.3 p. p. m. the less boron in an 
irrigation water the better. Some boron is essential to the growth 
of many if not all plants, but it is not inlplied that as much as 0.3 
p. p. m. is generally essential or advantngeous. As will be developed 
in conjunction with table 18 (p. 55), plants show marked vn,riability 
in their sensitivity to boron injury. In that table a series of agricul­
tural plants are classified as sensitive, semitolerant, and tolemnt. 

Little, if any, injury can be expected when sensitive crops are irri­
gated with water containing less than 0.4 p. p. m. of boron. Pro­
nounced injury can be eA1Jected when tb o most sensitive of the sensi­
tive crops are irrigated with a water supply with 1 p. p. m. of boron. 
Boron is considered an adverse factor in the culture of walnuts when 
injury appears as early as August, but when these symptoms are not 
evident until October they may be disregarded. 

Walnuts are placed toward the end of the sensitive group beca.use 
they sometimes remain alive under boron condition that would kill 
such plants as the na:vy bean. VYoln11ts nevertheless show leaf 
symptoms at boron concentrations as low as tbose that are injurious 
to the lemon. 

Under the climatic and soil conditions in the Hollister area a water 
supply containing 1.5 p. p. m. of boron is regarded as hazardous for the 
culture of apricots and prunes. A few orchards ha.ve developed mild 
symptoms of boron injury when the water supply contained less than 
1 p. p. m. of boron and a few have shown only mild symptoms after 
having been irrigated for 15 years with water supplies containing 
more than 3 p. p. m. of boron. 

Water ,villi as much as 2 p. p. m. of boron can be cORsidered promis­
ing over a long period for the culture of only those crops classified as 
tolerant. It is not implied, however, thnt the production of sensitive 
and semitolerant crops is not sometimes profitable under favorable 
conditioni3 when water carrying 2 p. p. m. of boron is used. This is 
particularly true in areas of substantial rainfall when the soil i'3 deep, 
permeable, and well dmined. 

240890°-41-2 
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Soils show outstanding differences in the proportion of the boron, 
added by irrigation water, that is fixed in forms of low solubility. 
The injurious effects of boron become evident and pronounced on 
some soils after a few years' use of water, whereas on other soils the 
evidence of injury remains slight after many years. There is accord­
ingly a factor of uncertainty in the interpretation of water analyses 
that is related to the soil. 

Climate likewise appears to be a factor of some importance, since a 
greater degree of injury can be expected in the hot and more arid 
sections than can be expected along the coast. The relative propor­
tions of rain and irrigation water must likewise be taken into account. 

PERCENT SODIUM 

Waters with high percentages of sodium have an adverse effect 
upon the physical structure of the soil. Soils irrigated with such 
waters become' difficult to work, penetration of water into the root 
zone is retarded, and the leaching of salt from the root zone impeded. 

CALCIUM, MAGNESIUM, AND SODIUM 

Waters high in' calcium are to be preferred to waters that are high 
either in magnesium or sodium. Some calcium and magnesium are 
essential to crop growth and a little sodium is not considered disadvan­
tageous, but a high concentration of any of these ions is undesirable. 
Potassium rarely occurs in sufficient concentration in natural waters co 
require consideration. 

CARBONATE AND BICARBONATE 

The presence of much carbonate or bicarbonate in irrigation waters 
is not desirable, as these ions tend to increase soil alkalinity. With 
the loss of CO2 from bicnrbonate ion during the drying of soils calcium 
and magnesian carbonate are precipitated. 

SULFATE AND CHLORIDE 

A little sulfnte is essentinl to plant growth, but few irrigated soils 
are deficient in tIlls ion. Although chloride is not /Senerally regarded 
essentinl to plant growth, some few plants have been found to respond 
favombly to low concentrations. 

It is to be recogmzed that different crop plants show marked varia­
bility in their tolerance to the salts carried by irrigation waters. 
Furthermore, some plants, as illustrated by beets, show greater 
sensitivity to sulfate than to chloride, whereas the converse is ordina­
rily the case. Unfortunately, the information available on either the 
reiative or actual tolerances of crop plants to these common salt con­
stituents is very liIllited. The results of exploratory experiments dis­
cussed in part elsewhere (7) indicate that there is a tendency for some 
of the common crops to be about twice as tolerant to suifate as to 
chloride as measured in milliequivalents and that the effects of these 
two ions are additive. In other words, with some crops a water con­
taimng 5 m. e. f.ler liter of chloride plus 10 m. e., of sulfate should 
produce about the same degree of injury as a water containing either 
10 m. e. of chloride or 20 m. e. of sulfate. The solubility of calcium 
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sullate in the soil solution does not ordinarily exceed 30 or 35 m. e., 
but sodium and magnesium sulfate al'e highly soluble. Nearly all 
irrigation waters carry chloride and sulfate salts in solution. The extent 
to which these, as well as other salts, accumulate in soil solutions to 
the detriment of crops, rests not alone on the concentrations in the 
irrigation waters, but also on the abundance of root-zone leaching. 
The degree of productiviliy of potentially fertile irrigated land depends 
more upon this factor of salt accumulation, which is related to main­
tenance of soil permeability and drainage conditions as well as to the 
adequacy of the water supply (both quantity and quality), than upon 
any other factor. 

As a result of evaporation from the soil and of greater withdrawal of 
water than of salt by plants, the concentrations of salt constituents in 
t.he root zone are greater than those in the irrigation water. Under 
good irrigation practice the soil solution of the root zone can be ex­
pected to be from three to eight times as concentrated as the irrigation 
water. The concentration of the soil solution may, however, exceed 
that of the irrigation water many times as a result of inadequate leach­
ing of the root zone by insufficient use of water, improper methods of 
application, impermeable soils, or the presence of hardpan layers.
In evaluating the probable effects of a water upon crops, due considera­
tion must be given the fact that plants are not subject to the salt con­
centrations as they exist in the water supply, but rather to the con­
centrations as they exist in the soil solution of the root zone. 

It is well known that poorly drained lands sometimes go out of 
production as a result of salt accumulation even though irrig-~ted with 
remarkably pure waters and, conversely, profit not infrequently 
results when relatively saline waters are used abundantly on open 
and well-drained soils. With the foregoing considerations in mind, it 
should be fully evident that in any classification of water quality general 
terms must be used and the limits of concentrn,tion ranges must be in 
a measure arbitrary. The data in table 4 are offered merely for purpose 
of orientation. The soils, drainages, and climatic and cultural condi­
tions are diverse in irrigated regions, and there are such marked dif­
ferences in the salt reactions of different crops that each water supply, 
in the final analysis, mus~ be regarded in terms of the relations existing 
in the locality in which it is to be used. 

TABLE 4.-Classijication of irrigation waters 

Boron 
Percent Ohlorides (m.1 SuJrattJs (m.Classification sodium e. per liter) e. per liter) Sensitive plants Tolerant plants 

(p.p.m.) (p.p.m.) 

C\!lSS 1, e"cellent to good •• o to 40•••. Less than 0.40 . Less than 1. •. Less than 2 .•• Less than~. 
Class 2, good to injurious •• 40 to 7O••• 0.40 to L •.••••_ 1 to 2 ... __ • __ ._ 2 to 6 ..•..••••• 4 to 12. 

C1!1SS 3, injurious to unsat· 70 to 100.• 1 and above •••_ 2 and above .•• 6 and above .•• 12 and above. 


isractory. 

If a water approaches the upper limit in a number of respects it is 
not to be regarded as being as good as one that is high with respect 
to only one constituent. Sulfates must be considered in conjunction 
with the percent sodium. If waters are high in calcium, higher 
concentrations of sulfate can be tolerated. 
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With inc.reasing concentrations of salt constituents in the soil solu­
tion of the root zone there is increasing injury to the plants growing on 
the land. The first growth depression occms at relatively low con­
centrations, and at each successively higher concentration there is a 
fmther decrease in growth and yield. Thus injury is a matter of 
degree and it is not possible to assign a critical significance to particular 
soil-solution concentrations. 

Some salt injmy may exist on many well-managed farms and 
orchards without being evident. Plant appearance can rarely be 
taken as a criterion of salt injury. The growth of many field and 
orchard crops may be greatly depressed by salt accumulation without 
the appearance of visible evidence of the cause of injmy. Leaf mark­
ings or other morphological abnormalities are commonly not in evidence 
even when a substantial depression of growth has been produced. The 
walnut leaves i!~ustrated in plate 6 show what is usually regarded as 
chloride injury, but salt symptoms of this character are exceptional. 

MISCELLANEOUS WATERS IN CENTRAL COASTAL AREA OF 
CALIFORNIA 

A number of analyses of water samples from the central coastal 
area of California are reported in table 5 and the following pages for 
the pmpose of recording them and for the addi.tional reason tha.t. they 
serve in some measme to relate the conditions pertaining in the Hol­
lister area to those of the general region in which it is situated. Some 
of these samples were collected as a part of a reconnaissance survey of 
the Southwest, and others were collected in collaboration with county 
agents and other public officials for more specific reasons. Although 
the analyses are indicative of the water-quality conditions e::>.:isting in 
this area, the samples are so few in number and the territory embraced 
is so large that a discussion of the results has seemed inadvisable. 

) 



TABLE 5.-Quality of sllrface and ground waters sa1ll11led in central coastal area including Santa Clara, Santa Cruz, San Benito (other than 
Hollister drainage area), llfonterey, San Lll'is Obispo, and Santa Barbara (north of Santa Ynez River) Counties 

Location Labora­
tory No. Dato JuclO' I IPercentDopth IDlschargl11 at 25°0. Boron sodium 

o 
-------------------I----,-----,---'----I---~-I_--,---,--
Santll Clara C-oullty: 

SurfacQ waters: 
Coyote Creek lit "oyolc. ____ •____•••_.• 
Gilroy Hot Springs ' ..... 

(Jround willers: 
Assoeial.l'd Seed (1rowers ............. __ . 
Sounders Dros .. 

Santa C'ruz Coullty: 
Surface wa lers: 

Pnjaro Rh'l'L. 
Ground wllters: 

Watson\'iIIl' l'lly walllr. '., __ • ___ ~ _•. 
G. Errnrd Co. .~. __ .. .. . 

Snn Dl'llito Coullty (other than Hoilisler drain. 
ago nre!l):

Surfnec Willers: 
Creck ('list of.Plnnuclcs. ____ ...... 
llepsodam SprIngs 
Ilnnocho Creek. __ 

Do~ __ 
Ground wlIll'rs: 

2052 
.j87~ 

12011 
i705 

5lKH 

2U,i:1 
500:1 

0354 
484a 
2707 
48:1a 

JUlll' 25, 1030 
Sept. 19, 1031 

i\lnr. 21, 1938 
Aug. 15, 1033 

Oct. W,19:11 

J1Ul(I 25, 1030 
Oct. lr.,1031 

JUliO 24, l!J32 
Sept. 10, 1Il31 
May 22, 1030 
Sept. II, 1931 

Feel IOu.ft./Bec. 
4 
.02 

15g , .. _____ ... 
18 ......_••• 

8 

... ion" :::::::::: 

.1. .3
----i· 

2 

61.7 
200 

70.1 
38.4 

77.3 

53.9 
68.2 

42. [, 
M.7 

270 
280 

P·g:~~·1 23 

15::~ _••••:~ 
.13 17 

.34 

.13 

.09 

.Il 
1.15 
4.89 
6.52 

41 

17 
20 

4:1 
80 
40 
50 

M. 
2 

2 

2 
4 

7 
5 

Quantity per liter of·-

Mg Na HOO, 804 
---­--­----

M .•. M.e. Jl,f.e. M .•. 
2 2.36 1. 37 3.8u 1. 30 
3 11.12 10.03 19.55 (I) 

7' -"ioo­ ---: oii' 5.62 - ... - ........ 
3.65 .30 

\ 2.50 3.35 4.00 .05 

l 2.00 .98 4.30 .97 
) 2.03 1.48 5.05 1.23 

I .73 1.63 2.05 .49 
1 • liD 4.75 3.05 1.49 
I 0.36 15.83 5.20 22.25 
l 0.0-1 18.38 5.10 22.21 

~INO. 

Jl,f.e. M .•. 
0.00 ..... ~ ~ .. ,. .. 
3.70 0 

.80 ~,.--,. .. , .. 
.34 .02 

2..5il 

25 1-------­_______ . 

.SO .43 

1.50 • 02 
I. 05 .01 
4.S5 ~-"' .. 
5.70 (Ii 

.... 
P:I 
P:I.... 
G') 

~ .... 
0 
Z 

::i1 
;...., 
t'J 
::0 
rJ1 

0 
"'i 

~ 
Wl'li IlcarPnnochc 
J. 11. Morgllll
MnnuclOrtiz 
UiUerwatcr 

Monterey County: 
SurfnCtJ Willers: 

Salinas River, Solt'dnd 
Do .•_•. ~. .• '_""" __ __ 

Sulinn" Rivl'r, Urndlcy 
San Anlonio Hivt'r.. ... _......, .. 
Nncirni('nto River, underflow __ ... .. 
Snn J.OTl"'7.0 Creck. . ....._...... 

Ground walers: 
1If. & G. 'l'aVl'rllctti . 
J. a. 'l'r~scony... ___ 
CalifornIa Orchard C'o. .. ......._._. 
Piedmont Land & Cnttlo Co_•._........ 

2768 
6073 

IIIGi 
4842 

270·1 
10702 
5000 
5002 
·moo 
0355 

12076 
0063 
1880 
5001 

Mny 22, 1930 
Aug. 3, 1Il32 
I)('c. a, 1036 
Sl'pt. 10, 1031 

lHllY 23, lO30 
MllY 26, lIJ3!i 
Oct. 14, 1031 
Oct. 15, 19:11 
Oct. 14, 1031 
June 2'1, 1031 

lIIay 0, !!J3S 
Sept. 2, 19:12 
Sept. 28, 1020 I 
Oct. H, .1031 J 

30 
20 
UO 
35 

6 
75 
10 

'::'l-''''-3 
208 
80 

2.15 
135 

120 
018 
1:J3 
810 

87.3 
07.4 
85.0 
,m. I 
41. 3 

045 

152 
207 
101 
117 

1.04 
7.44 
1.1,1 
4. Ii-! 

.32 

.10 

.24 

.03 

.0:1 
3.08 

.20 I 
•
62 

1'.20 
.83 , 

36 
47 
38 
50 

18 
22 
an 
20 
14 
55 

20 
97 
30 
93 

5 
24 

2,r. 

~ 
5 
3 
2 
1 

12 

1 
1 
5 
1 

I 
) 
I 
) 

1 
l 

I 
I 
j 

I 

3.56 
10.60 
4.16 

20.08 

3.03 
3.05 
2.82 
1.39 
1.85 

23.37 

4. liS 
.32 
.48 
.38 I 

4.92 
aO.05 
5.48 

55.59 

1.70 
2.26 
3.39 
I. 05 
.62 

42.84 

4.86 
23.28 
2.36 

11.28 

3.75 
5.65 
3.37 
5.70 

3.40 
4.23 
2.70 
3.20 
3.15 
5.70 

8.07 
21.5,1 
4.50 
5.00 

8.81 
71.10 
0.51 

SO. 35 

4.23 
·1.10 
4. i3 
1.40 
.72 

51.07 

4.01 
.33 

4. !!!I 
5.15 

1. 05 
5.50 
1.21 

23.05 

2.10 
2. IS 
1.45 
.55 
.50 

22.05 

4.45 
1.60 
1. SO 
1.35 

.07 

.28 

. 70 

.02 
(1 

0 
.07 

0 

.03 
0 

.......-­ .... 
.04 

pj 
0 
t" 
t" ..... 
rJ1.., 
t'J 
P:I 
;.. 
P:I 
t'J 
;.. 

1 ':rroco. 

!-J. 
CI:l 



TABLE 5-Quality of surface and grounclwaters sa1ll11led in centml coastal area including Santa Clara, Santa Crnz, San Benito (other than f-l 
H:.-Hollisler drainagc area), Montercy, San L'u,is Obisll0, and Santa Barbara (north of Santa Ynez River) C01mties-Continuod. 

'7~-f---' 

~ 
I.llbom· Dopth jDlschargel K~~O' IDoron IPert'Ontl Quantity per liter of-Location 	 Dototory No. I 	 IIUo C. sodium I-:--'--T--'--'-.:....--;;----- ~ 

Oa Mg No I nco, I so. CI NO. ~ 
H------------------1----1 ,----,---,---,---,---,---,---,---,---,---,-- ­

/S"'l I.uls Obispo County: '7 
Surlllrc waters: ~ 

Es!rt·1l0 Creck•....•.• _.______ ..__.... . 2795 151 .00 57 &00 4.20 9. 47 ~~ ~~ ~u 

Sulphur Springs.....__....____....._•. May 23, 1930 1""""1 Lg
1881 Sept. 28, 1929 ••••••.•••_••••• 180 85 1. 97 1.35 19.10 ~ro &~ ~(j() 

Sontn Rosa Creck..................... . 10014 July G, 11135 ••••••.• .5 103 .~ 12 ~« 0.16 1.·18 ~D a28 I.~ ·'(i)·· ~
.04 

Paso Hobles Creek..•.••.• ______ ..... . 63511 Jlmo 2·1, 1032 """" . 3 85. fi .10 14 ~~ 2.90 I. 31 ~OO L~ 1.00 .01 

Arroyo Orundt· Creek 6808 Nov.l1. 1Il32 .•••.••• __ ._••.... 98.3 .n 13 ~g 4.47 1. 50 &20 a20 .00 o 
 ~ 'l'or Springs Creck ................. . 68011 do........ 163 .D 20 ~U 0.95 a.60 11.40 ~m &50 .18 


Ground waters: 	 ~ 
J. B. Llvinllston .. . 11121 Nov. 12, 1936 60 ,•• _..... . Hl2 .~ 32 ~m 6.011 5.71i ~M ~w ~u .20 !2l 

Cambria MunlclpIlL ................. _•• 10015 June 0, 1935 45 _____.... . 111 .m 15 ~M 0.00 1.89 aw a~ I.oa .01 


Do.......... .. .. ............. . 10016 ... do .. 45 _._....... 134 .16 16 ~(j() 7.63 2.57 9.~ aID &~ o ~1 


Sholl11onch.•_....................... . 4409 July 5, !O31 149 .~ 30 ~oa 5.26 5.79 ~W aN ~~ .04 t!>­

Santo 	110rbarn County (north of Son til Ynez O> 

Hh'or):
Snrfuee waters:. 

Cuyama Hiver•... ' .............. _. 2735 IMay 19, 1930 1. _______1 1 1357 .76 21 18.69 ~m 9.04 3.0il I 35.44 3.30 ~ 

Cuyama mnch reservoir •••. __ ......... . 2730 ••••do.......________• 3 184 .23 9 12.21 ~U L~ 3.30 17.81 .35 

Sontn Yncl Hlver....... _•• __ ......___ __ 27:141 ....do. __ ................... __ .. 105 .36 26 4.88 ~66 au 0.30 4.22 1. 20 V' 


Do..... __.......____................ 4997 Oct. 13, 1931 ... _.. __ ..._.._... 115 .36 20 5.39 ~23 ~68 0.75 6.15 1.40 I 0 

Oround wllters: 
 t:1 

Snnto Mllrln city....................... . 4998 Oct. 14, 11131 700 ...___ .... 34.4 .0.1 51 .93 .73 1. 76 1.05 .75 1.20 .41 

Packard flinch, [.ompoc...__ . ___..... __ 11040 Oct. 8,1936 .• _..____ •• 153 .18 41 4.96 ~28 ~~ 4.9·\ 3.4l 0.77 _43 ~ 


HSponni well, Lompoc ............._..... 11047 ... do..._~.~. 80 ..___... .. 198 .67 49 5.98 ~(j() moo 8.21 6.0~ 6.97 • I·! 

Clilm flinch, Lompoc...~ ~ ... ~ •.. 11000 Oct. 15, ]936 ____ ._ •. __._.... ~_ 156 .D 50 5.44 ~~ &~ 5.84 a.13 7.17 .21 

Pnekard ranch, Lompoc. __ ...._____ 11061 ____ do._...... 133 .... __ .. ~ 100 .29 31 0.33 ~ro ~o 7.96 4.50 -1.95 .211 o 


J)o~ ...__••• ~. ~ .. ____ • __ "._._.. 11062 •• __ .do...... __ 173 .._...___ _ -rj140 .30 28 5.80 ~U ~~ 8.76 3.42 3.08 .14
11003 ___..do....___ . __ .... __Soutill'rrJ 1'llciOuH. R. 	 266 .24 31 ~U &U 6.16 0.0.1 10.71 o
12.10 I 	 ~ 
Q 

~ g 
~ 
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DESCRIPTIONS OF SUUFACE AND GROUND WATERS 

SAMPLED IN CENTRAL COASTAL AREA 


SANTA CLARA COUNTY 
Surface waters: 

2952. Coyot\l Creek at Coyote. Discharge, 4 cubic feet per second. 
4878. Gilroy Hot Springs. SEX, sec. 36, T. 9 S., R. 4 E. Mount Diablo 

base Ilnd meridian. Discharge, 0.02 cubic foot per second. Tem­
perature, 112° F. 

Ground waters: 
12011. Associated Seed Growers, Inc., well. 0.5 milc west of Milpitas. 

Depth, 150 feet; lO-inch casing; discharge, 405 gallons per minute. 
7795. Saunders Bros. well. SEX, sec. 13, T. 10., R. 3 E. 4 miles north 

and east of Gilroy, on Lena Avenue. Depth, 180 feet, upper 
perfor&tions at 110 feet; 13-inch casing; discharge, 495 gallonH per
minute; static level, 65 feet. 

SANTA CRUZ COUNTY 
Surface waters: 

5004. Pajaro River. Location corrcsponds to SW corner sec. 12, T. 12 S., 
R. 3 E. At highway crossing above Chittenden. Discharge, 8 
cubic feet per second. 

Ground waters: 
2953. Watsonville city water. From streams north of city and weUs ncar 

reservoir. 
5003. 	 G. Errard Co. well. Location corresponds to SE corner sec. 26, T. 

11 S., R. 2 E., 3 miles northeast of Watsonville. Depth, 190 feet; 
casing perforated full length; extending into red sandstone; dis­
charge, 1,003 gallons per minute. 

SAN BENITO COUNTY (OTHER THAN HOLLISTER DRAINAGE AREA) 

Surface waters: 
6354. Creek east of Pinnacles. Sec. 35, T. 16 S., R. 7 E. Unnamed stream 

flowing southward to Chalone Creek at highway crossing 1 mile east 
of Pinnacles. Discharge, 0.3 cubic foot per second. 

4843. Hepsedam Springs. T. 19 S., R. 10 E., 8 or lO springs below Hepse­
dam Peak piped to Associated pipe line station No. 4 on Lewis 
Creek. 

2767. Panoche Creek. Near center W%, sec. 27, T. 15 S., R. 11 E. Dis­
charge, 1 cubic foot per second. 

4833. Resample. Discharge, 2 cubic feet per second. 
Ground waters: 

2768. Irrigation well near center sec. 30, T. 15 S., R. 11 E. Small centrif ­
ugal pump in 3D-foot pit. 

6673. J. H. Morgan well. SWX, sec. 1, T. 16 S., R. 10 E. Dug well; 
depth, 20 feet. On Griswold Creek, south of Panoche. 

11167. Manuel Ortiz well, Panoche. SWX, S'WX, sec. 30, T. 15 S., R. 11 E. 
Depth, 99 feet; perforated at 20 and 75 feet; lO-inch casing; dis­
charge, 99 gallons per minute. Static level, 20 feet. 

4842. Stock well at Bitterwater. Near center sec. 9, T. 18 S., R. 9 E. 
Stock well at King City road turn-off. Depth, 35 feet. 

MONTEREY COUNTY 
Surface waters: 

2794. Salinas River, Soledad. Discharge, 6 cubic feet per second. 
10762. Salinas River, Soledad. Discharge, 75 cubic feet per second. 

5000. Salinas River, Bradley. Discharge, 10 cubic feet per second. 
5002. San Antonio River, Pleyto Bridge. No surface flow. Sample ob­

tained below surface of sand. 
4999. Nacimiento River, underflow. SEX, sec. 33, T. 24 S., R. 11 E. 

Shallow power-operated irrigation well. Many surface pools in 
river, but no surface flow. 

6355. San Lorenzo Creek. NWX, sec. 23, T. 19 S., R. 8 E. 5 miles north­
east of King City on Bitte..~ater Road. Discharge 0.3 cubic feet 
per second. 
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Ground waters: 
12076. M. & G. Tavernetti well, 2 miles Routh of Salinas on Salinas-Spreckles 

Road. Depth, 208 feet; upper perforations, 90 feet; 12-inch cas­
ing; discharge, 1,003 gallons per minute; static level, 45 feet; draws 
down to 60 feet; temperature, 55° F. No odor, no gas, clear. 

6663. J. 	G. Trescony well. SW corner sec. 33, T. 21 S., R. 9 E. 7 miles 
southwest of San Lucas. Depth, 80 feet; upper perforations, 30 
feet; lO-inch casing; discharge, 2.5 gallons per minute. Domestic. 

1880. California Orchard Co., well No. 1. Probably sec. 26, T. 19 S., R. 
7 E. 'Well at headquarters, domestic and irrigation. Depth, 
235 feet; static level, 74 feet; draws down 20 feet; discharge, 1,890 
gallons per min.ute. All perforations in gravel; probably all below 
100 feet .. 

5001. Piedmont Land & Cattle Co. well. Center, SE)4, sec. 10, T. 24 S., 
R. 9 E. Depth, 135 feet. Formerly a flowing well, 0.5 mile 
south of San Antonio River. 

SAN LUIS OBISPO COUNTY 

Surface waters: 
2795. Estrella Creek. Sec. 22, T. 25 S., R. 12 E. 2 miles southeast of 

San Miguel. Discharge, 0.04 cubic foot per second. 
1881. Sulphur Springs. Paso Robles Hotel, Paso Robles. Temperature, 

99° F. 
10014. Santa Rosa Creek, Cambria. Discharge, 0.5 c:.lbic foot per minute. 
6356. Paso Robles Creek at highway crossing. 37f miles north of Atas­

cadero. Discharge, 0.3 cubic foot per second. 
6808. Arroyo Grande Creek, 0.5 mile west of Arroyo Grande below junction 

of Tar Springs Creek. 
6809. Tar Springs Creek, 3 miles northeast of Arroyo Grande above junction 

with Arroyo Grande Creek. 
Ground waters: 

11121. J. B. Livingston well. SE)4, sec. 8, T. 25 S., R. 12 E. 1 mile north 
of San Miguel. Combined flow of 5 wells pumped into reservoir. 
Depth, 50 feet; discharge, 950 gallons per minute. 

10015. Cambria Municipal, Old Town. Depth, 45 feet; upper perforations, 
15 feet; 12-inch casing. 

10016. Cambria Municipal, New Town. Depth, 45 feet; upper perforations, 
15 feet; 12-inch casing. 

4469. Shell Beach well. Subdivision No.2. 2.2 miles northeast of Pismo. 
T. 32 S., R. 12 E. 

SANTA BARBARA COUNTY (NORTH OF SANTA YNEZ RIVER) 

Surface wat.ers: 
2735. Cuyama River, at highway bridge 11 miles east of Santa Maria. 

Disclll1rge, 1 cubic foot per second. 
2736. Cuyama ranch reservoir. T. 10 N., R. 26 W. San Bernardino base 

and meridian. Composite of 14 springs (discharge, 3 cubic. feet per 
second) and water pumped from stream bed of Cuyama River. 
Some of springs reported as warm, with sulfur odor. 

2734. Santa Ynez River, at bridge at Buellton. 
4997. Santa Ynez River, at bridge at. Buellton. No surface flow. 

Ground waters: 
4998. Santa Maria cit.y well, 37f miles south of city. Depth, about 700 

feet. Surface water shut out. 
11046. Packard ranch well, Lompoc. 0.75 mile west of Artesia Street;, 1.6 

miles north of Central Avenue. Windmill at north edge of valley. 
Top of casing is 4 feet above surface. Approximate elevation, 35 
feet. Domestic use. 

11047. Spanni well, Lompoc. 1 mile north of Central Avenue, 200 feet 
east of Artcsia Street. Wiudmill at tank house. Elevation, 56 
feet. Depth, 80 feet. Domcstic use. 

11060. Calm ranch well, Lompoc. On north bank of Santa Ynez River on 
70-acre tract of bottom land. \Vest; of Douglass Avenue extended 
across river from south. Deep-well turbine pump, 16-inch casing. 
Static level before pumping, 34.2 feet. belo\\" pump base, which is 
0.3 foot above ground. Level after pumping 15 minutes, 35.2 feet, 
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11061. Packard ranch well, west of Lompoc. 50 feet north of north bank 
of Santa Ynez River and one-half mile west of Renw':ck Avenue 
crossing. Depth, 133 feet, 16-inch casing. Static level, 19.6 
feet below hole in pump bowl 1 foot above ground at elevation of 
discharge outlet. Level after pumping 15 minutes, 19.9 feet. 

11062. Packard ranch well, west of Lomp.oc. On north ba.nk of Santa Ynez 
River 3 miles from Pacific Ocean, 50 feet west of Renwick A venue 
crossing. Depth, In, feet. 

11063. Southern. Pacific Railroad W6st well. West of Lompoc, 374 miles 
from Pacific Ocean. 150 feet west of Renwick Avenue, 40 feet. 
north of tracks. 

SURFACE WATERS OF THE HOJ"USTER AREA 

The compositions of the surface waters of the Hollister area as 
represented by the samples coll~cted during the course of this investi­
gation are reported in table 6. In this table discharge values are. 
customarily reported, but it is not implied that these are accurate. 
In most instances only rough approximations were possible and these 
only for the purpose of providing information on the general magni­
tude of the flow. The discharges assigned to the samples collected 
in 1936 at Malone diversion find Paicines intake from the San Benito 
River, those at Lester Bridge from Pacheco Creek, and at Bo1ado 
Park from Tres Pinos Creek are within the limits of accuracy asso­
ciated with stream estimates by experienced stream gagel's. The 
descriptions of the sources of these waters are given in table 7. 

246890°-41-3 

I 



.....TABLE 6.-Analyses of surface waters of the Holli8ter area 00 
SAN BENITO WATERSHED 

8 
t.;:!Per· Quantity per liter of­

LabO'1 centKxl0' 
Location Location I rntory Date IDischarge at 25· Boron ~ 

No. 	 O. dlum Na BCO, SO. 01 NO, pH Z
so· 
~IMg ·H 

Q 

San Benito River: Gu./t./sec. P.p.m. M.f. M.e. M.e. M.e. M.e. M.t. M.e. ~ 
At bridge 2~ miles north of San Juan•.•••. 17-12S-IE•.••••••. 2793 May 23,1930 O.Oll 258 1.33 32 4. 34 10.77 6.73 12.20 4. 49 5.15 ------ 7.7 
Holiister·San Juan Bridge.................. 33-12S-5E......... 11937 Mar. 2,1938 7,000 59.0 .35 50 1.56 1. 50 3.07 2.50 2.90 .46 0.02 8.0 tI:1 
Above Tres Pinos Creek junct:~u .•••.•.• 3O-13S-6E,. ....... 5586 Jan. 19,1932 500 84.0 .63 38 2.22 3.73 :1.72 4.30 3.46 1.40 .19 8.2 d 
1\[alone diversion .....__ • __ •__ ............. 26-14S-6E•. ____ ... 9747 Apr. 10,1935 04 81.2 .49 31 2.14 4.43 2.66 16.02 2.57 .89 .03 8.3 
Paicines intake..... __ •_________________.... 1-15S-6E ... __ •••__ 	 6IUU May 27,1032 133 .00 38 2.33 6.21 5.23 16.60 5.21 3.00 0 8.6 


9480 Jan. 11,1935 66.3 .48 27 1.00 3.46 2.00 4.72 1.99 .64 .04 7.7 
 E
~-- ... ---~--

0485 Jan. 20,1935 75 93.2 .26 33 2.36 4.72 3.48 15.61 3.86 1.04 .04 7.9 H 
0555 Feb. 10,1035 20 123 .09 --_ .. - .- ... - -- ..... __ .. - ------ ------ . -_o._-- ------ ------ _...... - H 

!2l10532 Feb. 3,1036 51.8 .3S 30 1.20 2.56 1.68 3.44 1.47 .53 .02 7.6"i;583....10546 Feb. 14, 1936 42.3 .26 31 127 1.95 1.48 3.14 1.13 .31 .03 7.6 ...
10575 Feb. 25,1936 581 80.1 .41 26 2.12 4.70 2.41 15.48 2.71 .68 .05 8.6 11'0
10012 Mar. 3,1936 20 113 .79 33 2.26 6.93 4.44 17.82 4.07 1. 70 .04 8.8 0> 
10621 Mar. 17,1936 10 144 1.17 39 2.46 7.70 6.48 17.72 6.30 2.59 .01 8.8 ~ 

10688 Apr. 14,1936 75 125 .97 37 1.04 7.08 5.29 17.16 528 200 .02 8.6 
Stone ranch •.• ____________ •__________••. 17-15S-7E...... __ ... 1 	 10453 Jan. 16,1936 3 178 1.37 42 2.56 9.48 8.78 18.16 8.82 372 .02 8.4 ;=l 

10646 Apr. 1, 1936 17 91.9 .00 26 1. 80 0.34 2.84 6.92 2.66 1. 34 .04 7.7 
1Oi30 May 5,1030 6 102 1.45 47 2.00 8.18 7.91 17.81 7.83 3.10 .01 8.5 VJBridge below Willow Creek .• __ •_______••. 2\-l5S-7E ... __ •.•. 4841 Sept. 10, 1931 .3 291 2.73 85 3.31 1.60 28.80 16.70 18.16 8.85 0 8.7 

Above Smoker Canyon ..............____ .. 5-IOS-8E........ __ 10734 May 7,1036 5 102 1.18 29 1. 59 7.40 3.67 18.46 3.11 1.20 {'} 8.6 t::I
Above Clear Creek Junction. __ .... ____ ••. 22-18S-11E........ 	 10787 May 29,1936 5 94.6 .87 8 .66 10.54 .95 110.50 .87 .53 0 8.5 
 l':l 

San Benito tributaries: 	 "0 
San Juan Creek .................______ .... !H3S-IE...... __.. 	 10783 May 28,1936 2 75.8 .12 18 4.24 2.51 1.48 15.12 1.91 1.20 .02 8.2 
 ~ 
Bird Creek below spring............__ .•.•• 28-13S-5E ......... 	 10033 July 1,1935 74.3 .08 22 5.09 1.26 1. 62 4. 52 2.62 1.00 .m 7.1 

Bird Creek above spring.......__ .......... 28-13S-5E-a....... 	 10034 .....do..... __ .. 73.1 .13 20 5.16 1.29 1.45 14.37 2.68 1.05 .01 8.3 
 0

Tres 1'Inos Creek: 	 ":l
Southside Road bridge....__ .... __ .•__ ..... lo-13S-6E........ 	 5587 Jan. 19, 1932 75 54.4 .55 25 1.99 2.16 1. 33 2.00 1.97 .75 .21 8.1 

:Bolado Park............______••___._...... 34-13S-6E.._______ 	 105.10 Feb. 3,1936 11 50.9 .11 32 1. 74 2.05 1.76 2.84 1.45 .92 .05 7.6 i>-


Do .• __•____..________ ....________.... 34-13S-6E....__ ... 	 10547 Feb. 14, 1036 297 22.0 .11 18 1.03 1.22 .43 1.59 .38 .31 .11 7.4 
10573 Feb. 25,1936 126 34.1 .21 24 1.34 1.53 .92 2.39 .62 .57 .07 7.5 ~ ,....;
106ll Mar. 3,1936 2 00.1 .46 38 2.18 2.00 2.54 13.93 1. 73 .75 .11 8.0 Q
10620 Mar. 17,1936 .7 68.7 .54 37 2.39 2.49 2.84 4.38 2.18 .88 .02 7.8 
10645 Apr. 1,1936 6 56.4 .42 29 2.45 2.28 1. 93 3.6S 1.99 .98 .01 7.8 
10687 tEr, 14,1936 1 73.0 .50 35 2.43 2.81 2.87 4.33 2.45 1.11 .02 7.8 ~ 
10729 ay 5,1936 .7 86.2 .54 35 2.81 3.20 3.30 14.6.3 3.37 1.38 .05 8.3 dPaicines. _____..________________________ •••. 1 11-14S-6E ..... __ .• 1 0481 Jan. 12, 1935 2 65.6 .69 31 2.14 2.69 2.23 14.13 1.63 1.24 .07 7.9 
0486 Jan. 18,1935 15 32.1 .61 29 1.00 1.87 .84 .40 .14 7.4

1. 21 11.20 	 ~ 
0748 Apr. 10,1935 22 31.1 .15 30 1.24 1.10 .87 2.70 .34 .40 .02 7.6 


Lo~ l\Iuertos Creek (t.ributnry)__ •_______..·I2D-14S-7E" ....... 1 9487 Jan. 22, 1935 1 4 39.4 .32 27 1. 27 1.77 1.14 2.56 .69 .74 .18 7.6 

QUlen Sabe Creek (tnbutary) __ .___________ 1-14S-7E.......... 	 9521 Jan. 31, 19351 20 64.8 .65 28 2.12 2.84 1. 95 14.23 1.35 1.19 .18 7.9 


U562 Feb. 4,1035 4 55.9 .34 23 1.95 2.84 1. 43 4.43 .67 .99 .01 7.7 


... 'iiio. 



. ­" 

Other Sao Beoito tributaries: 
Stone Canyon ~I mila abovajullctloll) ~ 
Doyarmin Spring (Stone CanyolI) ~ .•... ~ 
MQllndySpring,. ,~." •.• ~ ... ~~,." 
Smoker Canyon. . .................. . 
Sulphur Cnnyon ... , ..................._••• 
Clear Crt'llk~ .............................. 

lS-lSS-7E. 
Io-ISS-OE ... 
4-IOS-7E 
5-16S-8E. 
5-I6S-SE... ..... 
17-18S-11E ....... i 

10736 
10758 
8147 

107ali 
10i5:l 
I07S0 

May 7,1936 
l\[ny 20, 1936 
Dcc. 1I,1033 
MIlY 7,1030 
MIlY 10,1030 
May 20,1936 

.1 
... "' .... _ _ H ~ 

.02 

.02 

6 

60,1 
819 
80.4 

188 
032 
93.7 

.30 
137. 

.14 
1.54 

14.4 
1.01 

31 
81 
35 
47 
75 
3 

2.51 
0.30 
3.6l 
3.04 

15.02 
.50 

1.83 
10.17 
2.9·\ 
8.38 

12.11 
12.09 

1.07 
70.92 
3.28 

10.30 
82.42 

.41 

3.53 
35.07 
'5.05 
I S.OI 
10.37 

I 11.84 

.84 

.57 
1.41 

12.30 
60.49 

.49 

1.78 
52.73 
3.01 
1. 78 

34.7l 
.67 

.04 
o 
.02 
.14 

~:~ 

7.5 
6.7 
8.3 
8.4 
8.2 
8.8 

DIABLO RANGE DRAINAGE ~ -------, 
Pachecc Creek: 

At Lester Bridge.......-••••••••••••••••••J 13-HS-5E.••. ,.,~, DN6 Apr. 10, 1035 223 32.0 O. 14 22 1.5:\ 1.35 0.70 2.70 O. li9 0.40 0.01 7.9 
10·152 Jlln. 16, 1930 27 34. 1 .14 19 1.04 1.29 .68 2.24 .71 .57 .11 7.6 
105:n .Fob. 3. 1036 18 33.4 .08 \9 1.03 1.30 .69 2.44 .65 .44 (') 7.5 
105·15 Fcb. J.l, I\l'JO 52; 20.2 . II 27.06.85.67 1.49 .34 .26 .05 7.3 I
10574 Feh. 25,1930 I, HiS 21. 1 .10 19 1.04 .93 .45 1.09 .24 .35 .04 7.4 
10610 Mlir. 2,1936 13·\ 37. 1 . OIl :10 2.0t .57 1.11 2.S~ .58 .48 .07 7.7 
10623 Mllr. 17, 19:10 6 40.0 .10 20 2. 14 I. 15 .84 2.99.72 .48 .07 7.6 ~ 
106·10 Apr. 1,]036 16 ·j1.9 .00 19 2. 10 1. 57 . 87 3.18 .54 .58 .11 7.4 
106811 Apr. 15, 1~30 5 42. -1 .10 19 2.10 1.67 .90 3.23 .74 .62 .037.9 t;5 

2 miles below .nell Stntlon .~ •••••••••••. 32-IOS-6E 2702 lIIIlY 23, 1030, 44.3.16 28 2.00 1. 79 1. 50 3.25 1.50 .35 ___ .. 7.0 ~ 
NorthFork 2:HOS-OR 8551 Apr. 10, 103·j ~. _ 50.0 .31 10 2.87 2.22 1.26 4.32 1.05 .81 (') 7.6 Ul 

Other crecks: 
I,ns Vlboms Creek .. ~!H IS-OR_ ~ •. ," __ 11873 Jnn. 20, JU38 6 55.1 .43 25 1.97 2.50 1. 51 3.99 .1tT .95 .01 7.9 
J,ns Vthorns Lllke.... .. .." .......... . 22-11S-6E .• ~.~~,. 710-1 Mnr. 23,1033 '" __ -. ,_ 56.7 .42 25 2.01 2.48 1.45 14.09 .81 1. 05 .14 8.3 ~ 
Dos Pienclu)s Creck 16-12S-0E~ ...... 5007 Oct. 15, 1931 .5 33.7 .11 20 1. 13 1.35 1. 02 2.•0 .60 .60 (') 7.6 

Do••. """'" 13-12S-5E 5588 Jnn. 111, 1932 ... __ 23.2.06 22 .95 1.03 .56 1.25 AI .4~ .06 7.2 
Do • __••_ ,, __._ ..••••••••••••••••••• 13-128-6E 6281 Mlll'27,ID32 . __ 57.8 .24 19 2.27 2.50 1.15 14.00 1.14 1.10 (') 8.5 
Do.••••_ •• , ........................ ., 12-12S-51~ . 9745 Apr. 8,1035 __ __ 20.7.43 40 • OS .0:1 1.05 2.00.03 .18 .03 7.3 ~ 

SlIntli Ann Creck 3O-12S-0E 11908 Feb. 3, 19:1S 10 30.2 .46 43 .911 L 07 1.58 1.87 .51 .90 .04 7.9 
Springs:

Fllnt spring (Picnchos droinllge). , ..• lo-I2S-01~ 6286 Mill' 31,10:12 .02 29. S .08 18 .70 1.741 .54 2.05l .291 .60 I .111 7. 9 m 
Lndd's spring (Snntll Anll drniulIgc), 5-13S..(Ig 10414 Dec. 17, 1935 i • OJ 341. () 5.12 60 3.92 10. SO 21.05 112.85 0.88 17.27 0 8.4 

I I I I I I t 
Ul 

I'AJAHO IUVER ~ 
~ 

40 1 2pnJ~~~v~r: ....·_·_··_·_·_"'·_· .. ····_······_14-l2S-4E. 1 10m rM!l;~7:~30 I ~~.l o~33r 23'1 4.;;; 1 5. . 09 1 4._68 10.3511. 05-1 0:_05J~8 >­
~ 
~ 

I Includes enrbonate. 

I Trace. 
 >­

!-l 
I:.C 

http:27.06.85.67
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TABLE 7.-Description of sources of SlLrface waters of the Hollister area 

Labo­
ratory

No. 

2793 

11937 

5586 

9747 

6199 

9480 

9485 
9555 

10532 
10546 
10575 
10612 
10621 
10688 
10453 

10646 
10730 
4841 

10734 

10787 

10783 

10033 

10034 

5587 

10530 

10547 
10573 
106I1 
10620 
10645 
10687 
10729 
9481 

9486 
9748 
9487 

9521 
9562 

10736 

10758 

8147 

Location Symbol 

17-12S-4E__________ 432-S____ __ 

33-12S-5E__________ 223-8__ __ 

3O-138-6E__________ 322-8_____ _ 

26-14S-6E __________ 322-8_____ _ 

1-15S-6E___________ 333-8____ .. 

l-15S-6E___________ 322-S.____ _ 

_____ •_______________ . _________ •• 

-iii::iss':iE-:.::=::::: '.j45=fC::: 

5-16S-8E._________ • 

22-18S-11E.________ 

9-138-4E __________ • 

28-13S-5E__ •__•____ 

28-13S-5E-a_______ 

19-13S-6E.... ______ 

34-13S-6E ......... 


------- - .. ---_ ....-----­
~ .. ------------------­... _.. .o_----.. ------ ____ 
~ --- .. ------------ ..--­.-_... _-_ ... _---- ..--- .... _­
.... ----- ~ ...... -- ----- --­

li-i4S':6E'~:::::::: 

~ .. " ---_ .. _.. _-- -------­

332-S___.._ 

331-8. _____ 

311-8__ •••• 

212-8______ 

2\1-8____ __ 

222-S....__ 

222-8. __ •__ 

~ ­ ~ - ...... -_ .... 
__ ~ M" ___ .. __~ 

~. ----- ..._--­
-- "--.,,----­

.. " .. ~ .. --- .. -­
m~s:::::: 

w:14S:'::iji:".~:::::::: 222il:::::: 
. i':'i4S':7E-.~::::::::: 222:8',::::: 

18-ISS-7E ________ 222-S•• --. 
10-ISS-6E ______ • 55.~-8 ..____>0. 

4-16S-7E___________ 312-8__ •__ • 

Description 

San Benito River. Center, S~ sec. 17, T. 12 S., R. 4 E. Dis· 
cburge, 0.82 cubic root [lCr second. 

San Benito River. Location corresponds to NW)4' sec. 33,
T, 12 S., R. 5 E. Fioodwater taken at San Juan, Hollister 
Bridge. Stream flow undetermined but running hnnks rull. 
Sample taken from surface or the middle of stream. Esti· 
mated dlscbarge, 7,000 cubic reet per second at time sample 
was taken. 

San Benito River, at Southside, ~mile south of Tre~ Pinos 
Creek junction. Location corresponds to N'V)4' S',C. 30,
T. 13 S., R. 6 E. Dlschnrge, 500 cubic rcet [lCr seconrl. 

San Benito Rh'er, at Malone diversion. Locnt!cll corre· 
sponds to SW)4' sec. 26, T. 14 8" R. 6. E. Discharge, 94 
cubic reet per second. 

Cumulative samples (rom Paicines Rosen'olr. Location corre· 
sponds to NEU sec. 11, T. 13 S., R. 5 E. "'inter run-oll or 
San Benito River. Sample taken rrom outlet ditch. 

San Benito River, at Paicines Intake Dam. SEU sec. I, T. 
15S., R.O E. 

Resam)lle. Discharge, 75 cubic (eet per second. 
Resnmple. Discharge, 20 cubic (eet per second. 

Resample.

Resample. Discharge, 1,583 cubic (eet per second. 

Resample. Discharge, 581 cubic reet [lCr second. 

Resample. Discharge, 20 cubic (eet [lCr second. 

Resample. Discharge, 10 cubic (ect [lCr second. 

Resample. Discharge 75 cubic (eet [lCr second. 

San Benito River, at Stone ranch. SE!{ sec. 7, T. 15 S., R. 7 

E. Discharge, 3 cubIc (eet per second. 
Resnmple. Discharge, 17 cubic reet [lCr second. 
Resample. Discharge, 6 cubicreet [lCrsecond. 
San Benito Rlvu. Center sec. 21, T. 15 S., R. 7 E. Between 

Live Oak and Wlilow Creek SchoOls. Discharge, 0.3 cubic 
root [lCr second. 

San Benito RiveI'. above Smoker Canyon. N"'U sec. 5, T. 
16 S., R. 8 E. Di3charge, 5 cubic (eet [lCr second. 

San Benito Uiver. SEU sec. 22, T. 18 S., R. 11 E. Two miles 
above JUllction with Ciear Creek. Discharge, 5 cubic reet 
per second. 

8an Juan Creek. Center E.line NE)4'sec. 9, T.13 S., R. 4 E. 
Discharge, 2 cubic (eet [lCr second. 

Bird Creek, sampled below where the suIrur spring empties into 
the creek. Location corresponds to 8W)4' sec. 28. T. 13 S.,
5 E. 10 miles south or Homster, 1 mile west or Junction or 
Bird Creek Road and Canyon. Use, Irrigation. 

Bird Creek, sampled 50 reet upstream rrom No. 10033, or above 
where suIrur spring empties into creek. Location corresponds 
to SWU sec. 28, T.13 S., R. 5 E. 10 miles south or Hollister. 
1 mile west 01 Junction or Bird Creek Road and Canyon. Use,
irrigation.

Tres Pinos Creek. SW)4' sec. 19, T. 13 S., R. 6 E. Discharge,
75 cubic reet [lCr second. 

Tres Pinos Creek, Bolado Park. NEU sec. 34, T. 13 S., R. 
6 E. Discharge, 11 cubic reet per second. 

Resample. Dlschnrge, 297 cubic reet [lCr second. 
Resnmple. Discharge, 126 cubic reet [lCr second. 
Resnmple. Discharge, 2 cubic reet [lCr second. 
Rcsample. Discharge, 0.7 cubic root i>Cr second. 
Rcsample. Discharge, 6 cubic reet [lCr second. 
Resample. Discharge, 1 cubic root [lCr second. 
Resample. Dlschargc, 0.7 cubic root per second. 
Tres Pinos Creek, at Paiclncs. NEH, sec. II, T. 14 S., R. 6 E. 

Discharge, 2 cubic reet [lCr seGond. 
Rcsamplc. Discharge, 15 cubic (eet pet second. 
Rosnmple. Discharge, 22 cubic (eet per second. 
Los l\Iuortos Creek, at Junction with Tres Pinos Creek. SW!4. 

EOC. 20, T. 14 8., R. 7 E. Discharge, 4 cubic reet [lCr second. 
Resnmpla. Discharge, 20 cubic reet per second. 
Quien Sabe Creek. Tributary to Los Muertos Creek. Locn· 

tlon corresponds to center, sec. I, T. J.1 S .. R. 7 E. At June· 
tion o( Qulen 8abe Creek and road. Discbarge, 4 cubic rcet 
[lCr second. • 

Stone Cnnyon Creek, 1 mile abov~ San Benito River junction. 
NWH sec. 18, T. 15 S., R. 7 E. Discharge, 0.1 cubic rOQt per
second. 

H. C. Doyarmin spring. 	 8WH sec. 11, T. 15 S" R. 6 E. 
Alviso Canyon. 

Henry Melindy spring. 8ec. 4, T. 16 S., R. 7 E. Discharge,
0.02 cubic root [lCr secQnd. Water seems to be corrosive in 
action on pi[lCs. 
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TABLE 7.-Descriptian of sources of surface waters of the Hollister area-Continued 

Labo­

ratory Location Bymbol Description


No. 


10735 5-16S-SE-a••••••_. 443-B...._. Smoker Canyon, at junction with San Benito River. SE~I. 
sec. 5, T.16 S., R. 8 E. Discharge, 0.02 cubic (oot per second. 

10753 5-16B-8E-b. ___ •. _. 554-B••..•• Sulphur Canyon, at junction o( San Bcnito River. NWH, 
sec. fi, T. 16 S., R. 8 E. 

10786 17-1SB-HE. ___ • ____ 331-S.... _. Clear Creek. SEH, sec. 17, T. 18 B., R. 11 E. San Benito 
County, 61 miles south of Hollister. Discharge, 6 cubic (eet 
per second. Clear rapid water. 

9746 13-11S-5E....___ ... 211-S..... _ Pacheco Creek, at Lester Bridge. Location corresponds Nw~t, 
sec. 13, 1'.11 S., R. 5 E. Discharge, 223 cubic feet per second. 

10452 Resample. Dischargc, 27 cubic (ect per second. 
10531 Resample, Dischargc, 18 cubic (eet per second. 
10545 ResampJe. Discharge, 827 cubic (eet per second. 
10574 Resample. Discharge, 1,16,5 cubic (eet pcr sccond. 

10610 ResampJe. Discharge, 134 cubic iect per second. 

10623 Resample. Discharge, II cubic (eet per second. 

10049 Resamplc. Dischatgc, 16 cubic (eet per seconr!. 

10686 nesampJr. Discharge, 5 cubic (eet per second. 

2792 Pacheco Creck, below Cedar Creek, 2 miles hclow Bell station 

and 17 miles from Gilroy. ,Location corresponds to SEfi, 
sec. 32. 1'.10 S., R. 6 E. Rivcr bed pools; some flow. Whitc 
incrustation on rocks in river bed. 

8551 23-108-6E ..... ___ .. 221.-8 ..... Pacheco Creek, on north fork, ~~ miln north o( the junction o(
north and south (orks. Santa Clara County. Location 
corresponds to SWl1, sec. 23, T. 10 S., n. 6 E. Sample was 
taken (rom water hole where water was barely moving down· 
stream.• 

11873 2Il-llS-6E_ ..____ ... 221-S..... Las Viboras Creek, at Hawkins ranch. Lceation corresponds 
to NWH, sec. 29, T. 11 S., R. 6 E. Discharge, 6 cubIC (eet
pcr second. Sample rellrescnts south (ork flow only. 

7194 22-11S-6E..... .... 222-8_. ___ • Lake on head\\'aters o( Las Viboras Creek. Location corre' 
sponds to SWH, sec. 22, T. II S., R. 6 E. Artiflclal lake. 
Volume, 600 acre·feet. Temperature, 15° C. Use, irriga' 
tion. 

5007 !16-12S-6E.__ ••__ • __ 212-S ...... Arroyo Dos Picachos. Location corresponds to center, sec. 16, 
T. 12 S., R. 6 E. Discharge, 0.5 cubic loot per second. 

5588 	 .....___........___•• __ ..___..__ Resntnple at crossing o( Fairview Rond. NE~t, scc. 13, 'I'. 12 
S., R.sE. 

Resample.g~~ -i2~i2S:5jC::_~~~~: 'j2:i:S~::::: Dos Picachos Crcck-floodwatcr. 'rhis is floodwater which 
passed over the Luther ranch from 1)os Picachos Creek. 
Picked up on Fred IIawkins mnch (SWH. sec. 12, T. 12 S., 
R.5E.).

11908 aG-12S-6E-g. ______ 221-S... _. Snntn Ana Crcck, at crossing o( Fairview Road. SWH. sec. 
30, T. 12 S., R. 6 E. Discharge, 10 cubic (cet per second. 

&286 1G-12S-6E....__ . 212-S..... W. P. "Flint spring. LOCllt\on eorrcsllonds to NW~, sec. 10,
T. 12 S., R. 6 E. Elevation, 1,400 feet; dischnrge, 0.02 cubic 
(oot per second; no odor; no gas; clcar. In drainage basin o( 
Dos Picachos Creek. 

10414 5-1:lS-6E._.. 554-S...... I,add spring, near Santn Ana Creek. NW~~, NWJ4, sec. 5, 
'I" 13 R., R. 6 E. Used (or stock. Discharge, 0.01 cubic Coo~ 
Ix'r sccond. 

10772 4-12S-4E..... :l22-S . _' __ Pajaro River. Lccation corresponds to center, W~, sec. 4, 
'1'.12 S., R. 4 E. Ncar Sargent an(l abo,'njunction with San 
Benito Ri,'er. This water rinl's from stream bed a little 
above this point representing drainago (rom a number o( 
sources. Discharge, 10 cubic {eet per second. 

The comparative chartlcteristics of til<' waters of San Benito River 
and Tres Pinos and Pacheco Oreeks, as represented by the averages of 
seven samples from each of these sources collected on like dates during 
the spring of 1936, art' shown in table 8. The water of the San Benito 
River above its junction with Tres Pinos Oreek has It total salinity 
and a concentration of bomn and of chloride almost twice as high as 
those found in the watN' of Tres Pinos Oreek. The waters of San 
Benito River and Tres Pinos Orerk, either separately or combined, 
are superjot· to the ground waters adjncent to the San Benito River 
in the Hollister area. These ground waters as lIsed on deep weIl­
drained nlluvial soils have supported a creditablc agriculture for many 
years. The waters of Pacheco Oreek are of superior quality and in 
all respects better than those of San Benito River and Tres Pinos 
Oreek. 
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TABLE 8.-Quality of 1986 spring run-off from San Bf.nito River (above junction 
with Tres Pinos Creek), Tres Pinos Creek, and Pac7:eco Creek as represented by 
averages of seven samples from each source collected btltween Feb. 8 and Apr. 14-. 
1986 (from table 6) 

Quantity per liter oC-
Source at Boron Pm'pent pH

250 C. sodium"'"j 
I I 

-. I 
~ Mg 1~~co'l SO, ~1:'_~1__ 

Ban Benito River above P.p.m. M.•. M.,[M.•. M.'.["-' M., M...Tres Pinos Creek _____ • 92. 5 0.65 32 1.88 5.32 3.52 5.95 3.37 1. 34 0.031 8.•ITres Pinos Creek .• ______ 52.2 .33 30 1.WI2.M 1.00 LU 1.M .m .00 ~ 7Pacheco Creek __________ 33.7 .09 22 1.71 11.15 I .79 2. 55 • M .46 .05 7. 5 

In the water of the San Benito Rivet' the concelltration of magne­
sium tends to approach the sum of the. calcium and sodium concentra­
tions and sodium exceeds calcium. In Tres Pinos Creek the con­
centrations of the three ions tend to be equal. In Pacheco Creek 
calcium exceeds magnesium and magnesium exceeds sodium. In all 
of these waters bicarbonate exceeds sulfate and sulfate exceeds 
chloride. These findings point to important distinctions between the 
dominant rock and alluvial materials of the three watersheds. 

The storm water impounded in reservoirs on any of these streams 
would more nearly resemble in quality that of samples collected during 
periods of heavy run-off than the averages of samples collected at all 
times. The underflow of streams, however, like the surface dis­
charges at times of lesser flow, would be intercepted by reservoirs, 
and these contributions would materially influence the mean quality 
of impounded waters. Though the general characters of the respec­
tive waters are signified by the samples collected, it was not feasible 
to undertake the collection of the kind of data that wOllld have made 
possible computations of the mean compositions of any of those 
waters on the basis of averages weighted both as to quantity of water 
and variations in qunlity. 

Explorations along the upper course of the San Benito River and 
its tributaries have pointed to the existence of a number of minor 
water sources that curry relatively high concentrations of boron. 
Deyarmin spring yields a water with 137 p. p. m. of boron, but a 
sample from Stone Canyon into which the spring discharges contained 
only 0.30 p. p. m. of boron. Sulphur Canyon as sampled in May 1936 
was very saline and it contained 14.4 p. p. m. of boron. The San 
Benito River as sampled in September 1931 at Willow Creek School, 
22 miles southeast of Hollister, when the discharge was very low con­
tained 2.73 p. p. m. of boron, and there were relatively high concen­
trations of sodium and sulfate. 

GROUND WATERS OF THE HOLLISTER AREA 

The ground-water samples were customarily taken after pumps had 
been in operation long enough to provide representative samples. 
Analyses were sometimes made at the request of property owners 
when it was believed i·hat the source of a sample was such that the 
information obtained would contribute to an understanding of water­
quality conditions in the area as a whole. Others of the samples were 
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taken with permission of the owners for the purp'Jse of supplying in­
formation on gr6und waters in portions of the valley that would other­
wise not have been represented. The data on well characteristins are 
based almost entirely on the statements of owners. Well depths so 
ascertained, although generally reliable, do not provide information 
on the extent to which effective depths have been altered by sanding 
in of casings. The information on the elevation of the water table 
and on draw-down when pumps are in operation is likewise based on 
the statements of owners or operators. 

A detailed chemical analysis is essential to the adequate description 
of a water supply, but in an area as large as that embraced by the 
Hollister map it is difficult if not impossible to visualize the character­
istics of the waters underlying the different sections by mentally 
transposing the complex data of tables of analyses and. descriptions to 
map locations. In this bulletin as in an earlier one (5), an attempt 
has been made to facilitate visualization by placing a three-digit 
water-quality symbol on the map at the well location. By this 
trinomial each of the waters is characterized with respect to con­
ductance, boron, and percent sodium. A fourth figure that follows 
a hyphen provides an index to the depth of the well. Each classifica­
tion is on the basis of the 1 to 5 scales shown in table 9. A water and 
well described by the symbol 123-4, for example, has a conductance in 
range 1, i. e., 0 to 25; a boron concentration in range 2, i. e., 0.25 to 
0.74 p. p. m.; a percent sodium in range 3, i. e., 40 to 59 percent, and a 
depth of the well between 200 and 399 feet. The letter S is used 
after the hyphen to indicate that the sample represents a surface water. 

TABLE 9.-J'fldez of water quality and well-depth symbols 

Range T).epth ((eet) 

L_~•••......•.••____..• 0 to 24.9........... 0 to 0.21. •.. ....... 0 to 19............. 0 to ·19. 

2._..••.••..••_._..___._ 25 to 74.9......__•. 0.2,'; to 0.74........ 20 to 39............ 00 to 99. 

3..............__ ....... 75 to 149.......... , 13.75 to l.49•••••.• _ 40 to 59•.__...._.._ 100 to 199. 

4......._.• __ ._._._.___ • 100 to 299.......... 1.00 to 2.99........ 60 to 79..__•.•._•.. 200 to 399. 

6.__.................... 300 and above..... 3.00 and above... _ SO to 100........... 400 and more. 


1 I 

The analyses of the ground waters of the Hollister area (table 10) 
are grouped on the basis of subdivisions corresponding to ranges, 
townships, and sections. Not all this area is subdivided by the United 
States General Land Office surveys, part of it being held on the basis 
of old Spanish land-grant descriptions. Property lines so described 
nre generally shown on the map (fig. 2), but across these boundaries, 
ranges and townships are projected by dotted lines connecting with 
those established on either side. There is thus set up a uniform 
system to coordinates. Well locations are designated on the basis of 
section and township throughout, but in the descriptions the state­
ment. "location corresponds to" is made in advance of the land office 
location when the well is in an unsurveyed section (table 11). Not 
infrequently more than one well has been sampled within a section. 
In these cases the successive ones after the first are listed by suffixing 
a letter to the location number. These letters are shown within 
circles on the ma,p. 



TABLE 1O.-Analyses of quality of 'irrigation waters of the Hollister area ~ 
Quantity per Uter of­

Labom- Kx10' Percent ILocation No. Date Depth Boron ~ tory No. at 25° C. sodium 
Ca Mg Na HCO, SO, Cl @----------------------------- Z 

27-11S-4E __________________________ Feet P.p.m. lIf. e. :A-f. e. M.e. M.e. M.e. M.e. 1-1 

10771 May 27,1936 480 51.5 0.09 2Il 2.05 1. 93 1. 59 4.48 0.22 0.6716-US-5E__________________________,041 21-US':5E __________________________ Jan. 23, 1933 ------104- 65.4 .64 55 12.33 18.2Il 38.10 14.75 7.06 45.35 1 ~ 
5056 Oct. 14, 1931 53.2 .36 31 1. 79 2.13 1.73 4.15 .70 .75 '521-llS-5E-a ________________________10769 May 27,1936 200 142 .65 50 3.89 3.33 7.33 7.21 .30 6.99 ttl24-'11 8-5E __________________________
6141 May 5,1932 1~6 41. 7 .08 16 1. 99 1.92 .74 3.30 .60 .30 2325-llS-5E __________________________
6282 June 15,1932 170 64.7 .54 26 2.41 2.76 1. 82 5.30 .50 1.15 04 ~ 26-118-5E __________________________
5053 Oct. 9,1931 250 143 2.91 62 2.51 3.10 9.22 6.85 1.53 6.45 

6144 - - ... -------------_ ... _------------------ May 6,1932 146 2.94 65 2.41 2.74 9.69 7.45 1.07 6.45 

9237 Oct. 26, 1934 121 2.61 ---------- ---------- ---------- ---------- 7.08 ---------- 4.71 . §
9347 -2fi.:iiS':SE..:a:::::::::::::::::::::::: Dec. 6,1934 200 76.8 1.27 5.81 2.26 . l2:26-ll8-5E-b________________________ ---------- ---------- ---------- ---------- ---------­

10865 June 4,1926 125 61.5 .45 27 2.77 2.70 2.00 5.19 1.11 1.4027-11S-5E__________________________ _____ do ________10866 177 Ill. 5 .37 23 2.96 2. 74 1.66 5. 19 1.20 1.16 ...,28-118-5E __________________________9073 Sept. 4, 1934 90 903 8.47 120,37 25.30 .28-118-5E-a ________________________ ---------- ---------- ---------- ---------- ---------­
92118 Nov. 13, 1934 103 116 .88 2.58 4.54 5.51 5.85 4.05 2.41 2 0>28-11S-5E-b________________________ _____do ________ 44 "'" 
9297 86 113. .86 43 2.54 4.66 5.47 5.95 4.07 2.36 129-11S-5E __________________________10770 May 27,1936 180 107 .82 72 1.36 1.72 7.88 4.73 3.79 2.4533-llS-5E__________________________ q10887 June 26, 1936 165 122 .98 40 2.77 5.27 5. 47 6.33 4.52 2. 61 134-'lIS-5E __________________________5055 Oct. 9,1931 115 62.4 .47 25 2.52 2.41 1.64 4.75 .64 1.10 IS36-lIS-5E __________________________5051 Oct. 7,1931 185 63.8 1. 27 31 2.17 2.31 2.04 4.35 .52 1.6536-lIS-.5E-a _______________________ V-'5052 Oct. 9,1931 U8 1.99 62 2.64 1. 95 7.44 5.45 2.68 3.9036-11S-5E-b________________________ ------365­10670 Apr. 11, 1936 III 1.77 54 2.59 2.69 6.18 6.52 .65 4.14 04 t:;j
4916 Sept. 16, 1931 119 74.4 .61 26 2.80 2.97 2.08 .5. [;1) .62 1.50 23 t'1

36-US-5E __________________________ 
36-11 S-5E-a________________________5125 Nov. 3,1931 164 4.39 64 3.06 2.65 9.98 6.50 .04 9.15 '"d36-11S- 5E-b_______________________ ­6145 May 6,1932 3GO 179 3.17 61 3.60 3.2Il 10.62 6.60 .17 10.8536-llS-5E-c________________________ ~ 6196 May 23,1932 300 143 3.2Il 68 2.57 2.01 9.61 6.95 (') 7.2536-llS-5E-d________________________ _____ do _______ .6197 480 246 4.60 58 4.82 5.05 13.76 5.80 .30 17.70 o36-11S-5E-e______________________ • _6411 July 5,1932 180 91.1 .04 2Il 3.13 3.54 2.71 5.40 .41 3.55 I:j

6672 AUIl. 25,1932 275 171 3.32 60 3.98 2.98 10.48 6.55 .06 10.15 
6409 -:i&:iiii:SE·T::::::::::::::::::::::: June 24,1932 180 68.9 .65 19 2.70 3.19 1.40 4.80 .39 1. 70 2Il ~36-llS-5E-g__ "_____________________10362 Noy. 18,1935 217 74.2 1.53 59 1. 54 1.82 4.75 5.74 .39 2.06 Q31-U8-6E ____ "_____________________10881 July 15,1936 167 109 1.59 43 2.53 4.38 5.19 8.70 .75 2.71 .42O-128-E ___________________________ a10773 May 27,1936 105 170 .89 42 4.64 6.45 8.08 9.35 6.24 3.782O-12S-4E-a ________________________ ____ .do______ •.10774 180 77.5 (') 24 3.11 3.31 1.98 6.17 .47 1. 6927-12S-4E_. ________________________ §10785 May 28,1936 300 217 1.17 36 4.50 12.08 9.25 10.45 10.77 4.4934-' 12S-4E __________________________
5120 Oct. 22.1931 302 281 .84 38 10.18 9.35 11.94 9.45 }0.4034-'12S-4E-a________________________ 11. 62 1 1-:35118 Oct. 30,1931 328 135 .90 37 2.78 6.72 5.66 7.35 5.41 2.4034-'12S-4E-b________________________ _____ do •. ___ ••5119 284 114 .31 35 4.61 3.04 4.16 6.90 2.46 . 2.4510782 36-12S-lE __________________________ May 28,1936 90 134 1.11 38 2.86 6.74 5.92 8.11 5.08 2.18 ,2
6198 1-12S-5E __________________ .. _______ • May 16,1932 287 ~ 

126 2.70 45 2.97 3.76 5.59 8.05 .30 4.75 067196 1-12S-5E-a ________________________ Mar. 18,1933 268 87.4 1.07 35 3.00 3.22 3.35 5.90 .67 2.76 . 37197 __________ • ____________________________ .•• do._. __ ••• __ • ___ •___ 81. 2 1.06 31 2.89 3.23 2.77 5.80 .58 2.24 16285 1-128-5E-b_________________________ June 7,1932 200 96.6 2.15 49 2.47 2.74 4.94 6.15 .84 3.30 ,7 

~ 
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1-12S-6E--c_______________________ -1 Apr. 16, 193~ 
1-12S-5E-d_________________________ MIlY 23,1935 
2-12S-5E___________________________ Apr. 12,1933 
2-12S-5E-s_________________________ Oct, 9,1935
5-12S-5E_____________ ______________ MIlY 27,1936
8-12S-5E ________________________________ do________ 
9-12S-5E ___________________________ ____ .do___ . __ ._ 
12-12S-5E__________________________ Oct. 17,1931 

-Ii"::iis=5E.:a~=============== ======== 
JUliO 12,1933 
Oct. 17,193112-12S-5E-b________________________ _____do ________ 

12-12S-5E-c________________________ Sept. 5, 1932 

-ii"::iiS=5E.:(J=~===~~========= =====:== 
Apr. 15,1933 
June 7,193313-12S-5E __________________________ Oct. 9,193113-12S-5E-s________________________ Sept. 3, 1931 

.. "' .. __ ........ ________ .... _.Jo _ _____... ______.. __ Sept. 11, 1931 

-js..::iis:5E"::ii=======:======:===~===== 
Oct. 9,1931 
Sept. 10, 193113-12S-5E--c________________________ _____do________ 

... M __________________ ... _____________ .. __ Apr. 23,1934 

-is..::iis:5E.:(J=======:::============== 
Sopt. 13, 1934 
Sept. 18, 1931 

-i32i2s-5E~~-_-_-_-_~~:::=:=::::===:::: 
May 24,1934 
Oct. 7, 11131

13-12S-5E-f_._______________________ MIlY 17,193213-12S-5E-g________________________ May 26,1932 

-i32i:is:5E':L=::====:===::=:=::::== 
JUlie 15,1937 
July 2,193213-12S-5E-L_______________________ Apr. 25, 193413-12S-5E-J______________________ • __ . ____ do....____ 

13-12S-5E-k_______________________ . May 11l,19a413-12S-5E-L____ .. __________________ Dec. 8,1934 
... -_ ............... -_ ......... -­ -­ -------­ -­ ... -­ --­ ---­ _____ do_______ 

.. ------ ..----­ -­ --­ .... - -----------­ -_ .... Dec. 27,1934 
--­ .............. -­ --­ ..... -_ .. -­ ----­ -­ ... -- ... -­ -_ .. Jllll. 25,1935 
--_ ............ --_ ..... -­ -­ --- -­ --­ .... --­ -­ -­--­ _____ do________ 
13-12S-5E-m_______________________ Nov. 29,193514-12S-5E______________..__________ Oct. 9,193114-12S-5E-s________________________ Dec. 6,193511l-12S-5E__________________________ May 27,lg3617-12S-5E__________________________ May 29,19a621-12S-5E_________________________ . Sept. 10, 1931 

.------ .. ----------------------------- Oct. 1,1934 
22-12S-5E_~------------------------ Ses;. 23,193122-12S-5E-a________________________ Fe. 5,1935 
22-12S-5E-b________________________ May 27,111116 

285 
410 

------185­
320 
165 
150 
240 

-"'-------­
-------93­

98 

125 
300 
500 

------joo­
168 

------3iiii­
270 

·-----22\) 
98 

320 
220 
270 
220 
200 
430 
211 
296 
315 
240 
240 
250 
400 
288 
157 
211 
315 
315 
250113 

__________ 

00.1 
122 
88.0 

101 
133 
130 
133 

76.6 
103 
63.1 
74.2 
63.3 

-----87:2­
110 
143 
104 
95.6 
BO.3 
07.1 

100 
106 
152 
157 
130 
96.4 
88.3 
86.5 

131 
50.3 
52.7 
769 
45.5 
43.8 
70.2 
53.1 
57.6 

164 
134 
151 
130 
128 
132 
133 
128 
126 
125 

1.40 
8.90 
1.23 
1. :26 
.87 
.81 
.88 

4.15 
10.1 
.90 

5.37 
1.57 
1.70 
4.10 
2.45 

11.2.'; 
16.2 
18.2 
2.92 
3.98 
9.94 

10.88 
6.58 
7.92 
3.07 

15.00 
2.96 
4.36 
9.69 
4.06 
5.65 
7.09 
.64 
.49 

5.25 
2.79 
3.14 
5.33 
1.48 
3.66 
.85 
.83 
.86 
.86 
.82 
.89 
.85 

__________________________________________________ 
86 1.08 .93 11.56 17.86 

~_~M._____ 
-------, -- -------.-­ ---------­ 6.35 

50 2.39 3.03 5.37 5.90 
39 2.B9 6.05 5.79 6.92 
39 2.96 5.97 5.76 7.26 
39 2.88 6.11 5.84 7.41 
51 1.54 2.11 3.86 4.05 
59 1.BO 2.B9 6.88 3.90 
22 2.52 2.65 1.47 4.35 
58 1.33 1.82 4.31 4.60 
24 2.61 ~. 31 1.56 4.30 

----~----- ---------­ ---------- --------_... -----­ ... - ..... 
36 2.68 3.09 3.38 5.35 
43 2.96 3.50 4.80 6.25 
75 2.14 1.71 11,25 1 7.90 
74 1.24 1.42 7.62 5.20 
74 1.11 1.35 7.07 5.10 
al 2.54 3.36 2.65 4.30 
31 , 3.03 3.89 3.06 5.05 

---------­ -------~-- ---------­ ------ ..--­ ---­ ... - .._--­
---------­ ---------- ... --------- .. --------­ 5.71 

63 2.14 3.35 0.51 6.30 
---------­ ,.--------­ ______ .. __ H ------,..--­ 6.73 

55 2.48 3.52 7.36 6.95 
59 1.61 2.08 5.28 4.65 
44 2.23 2.57 3.77 4.85 
42 2.33 2.57 3.62 4.86 
64 2.10 2.79 8.55 5.95 
57 1.10 1. 24 3.36 3. 7~ 

---------­ ---------­ ---------­ -----­ .. --­ ---------­
---------­ ---------­ ---------­ ---------­ ---­ .. ----­
---------­ ---------­ ---------- ---------­ 3.54 
-------- .. ­ ,.-------~- ---~------ ------~---

3.39 
64 1.07 1.44 4.54 4.82 

---------- ..--------­ --_ ... -----­ -----_ ..--­ -- ... ---~ -- .. 
... --------­ ---- ---,",-- --_ .. -----­ ~----- .. -~- _________ F 

58 2.47 4.85 10.24 8.76 
43 2.90 5.29 6.25 6.45 
65 1.59 4.12 10.60 18.71 
39 2.86 5.93 5.65 6.82 
40 2.11 5.86 5.83 6.68 
40 2.70 6.19 5.81 6.45 

---------- .--------- -----_ .... _- .,-- ..... --­ 16.49 
22 2.54 5.76 2.32 2.95 
40 2.62 5.86 5.58 6.30 
41 2.92 5.11 5.67 6.32 

---------- ---------­ ---------­
.42 5.02 .01 

---------­ 2. 45 ---------­
2.53 2.30 .06 
5.06 2.76 .07 
4.76 2.SS .04 
4.64 2.89 .06 
.26 3.20 0 
.22 7.21 0 
.48 1. 75 .06 
.16 2.70 0 
.28 1.60 .12 

---------- ----~----- ---------­
.16 3.66 .02 

1.29 3.65 .07 
.05 6.75 0 
.13 4.95 0 
.03 4.40 0 

2.45 1.80 (Il 
1.58 3.35 0 

---------­ ---------­ ---------­
----­ ..---­ 5.19 ---------­

.75 7.95 0 
8.63 

1.82 4. jO .09 
.12 4.05 .03 
.30 3.75 .04 
.03 3.50 0 

(Il 7.15 0 
.33 1. 34 ('l 

---------- ---------­ ---------­
---------­ ------­ ...... - ---------­
---------­ .79 ---------­
----_... ---­ .79 ---------­

.15 2.43 <')
----_..... --- ---------'­ ---------­
---------- ---------­ ---------­

2.14 6.69 .02 
4.16 3.75 .08 
3.02 4.73 .11 
5.09 2.67 .07 
4.93 2.71 .04 
5.54 2.65 .06 

----_ .. ---­ 2.75 -----­ .. --­
5.01 2.60 .06 
5.04 2.44 .07 
4.73 2.85 .03 

.... 
~ 
~ 
H 
0 

~ 
H 
0 
Z 

~ 
~ 
t9 
~ 
Ul 

0 
~ 

~ 
~ 
t"' 
~ 
Ul 
>-3 
t;:J 
~ 

> 
~ 
t9 
>­

10685 
614392&i 
6670 

22-12S-5E--c________________________ 
23-12S-5E__________________________ _____________________________________ 
23-12S-5E-a________________________ 

~r. 15,1936 
IlY 6,1932Nov. 6,1934 

Sept. 5,1932 

235 
287 __________ 
186 

131 
109 
109 
108 

.82 

.97 

.95 
1.02 

45 2.80 4.90 6.30 
45 2.42 4.25 5.42 

---------­ ---------­ ---------­ ______ ~w __ 

49 2.45 3.38 5.56 

6.02 
6.10 
5.71 
5.05 

4.84 
3.92 

----_ ..---­
3.74 

3.16 
2.30 
2.21 
2.35 

.07 

.15 

.06 
~ 

See footnotes at end of table. Cl 



~TABLE IO.-Analyses of quality of irrigation waters of the Hollister area-Continued 	
~ 

Quantity p~r liter of­
~Labora-, Location No. Date Depth at 25° O. Boron Percent 	 t>:Jtory No. 	 I IKxl0' sodium 

Oa Mg Na ROO, SOl 01 NO, ~ 
~--~ -------- --------------------- Z 

M.f. M.t. )\f. t. M.t. M.t. M.t. ....
Feet P.p.lIl. M.t. 	 Q24-12S-5E__ •__________ . ___ . ________6671 	 Sept. 5, 1032 196 118 1. 37 51 1. 79 3.61 5.72 5.95 2.72 2.80 0.11 

0090 	 ------400 120 1. 41 ... -------~- --- .. ~ .. ~- .... ---.- -- -- ~ .. -----_ .... 6.40 ----------- 3.79 1; 
Apr. 20,1033 104 1. 09 51 2.20 3.58 6.11 

~. 

5.35 3.14 2.89 .07 
9057 200 107 1. 06 50 2.21 3.53 5.83 5.61 3.58 2.40 .01 t:I:I
7272 -24-=i is':'SE.::s:::::::::::::::::::::=:: Sept. 14, 1934 

6412 -24':i:is::'5E-b:::::::::::::::::::::=:: July
Aug. 30,1934 

2,1932 150 101 3.38 51 2.30 2.07 5.45 5.05 .24 4.20 (Il q
25-12S-5E __ •_. _____________________6674 	 Sept. 7, 1032 111 1.06 65 2.25 1.71 7.34 4.50 3.42 3.00 ('·-----284­ _____ .. A_ • •9075 	 6, 1934 110 1.23 ------_ .... - ,..------- .. - --- ... ----~ .. 4.77 ----_.... -- ... 3.19 ~ 

-25=-i2S:SE':.i:::::::::::::::::::::=:: Sept. 
6847 	 Oct. 22, 1932 250 110 .97 48 2.06 4.15 5.71 5.50 2.56 3.55 .06

25-12S-5E-b_. ______________________8968 	 July 15,1934 325 108 1.08 60 1.61 1.80 7.43 4.74 3.16 3.05 .01 
4011 26--12S-5E_ •. _____________ . _________ Sept. 18,1031 138 !O3 .05 45 2.48 3.54 5_02 5.2Q 3.59 2.20 .05 ~ 

I 
6846 26--12S-5E-a. _ • _____ . _______________ Sept. 23, 1032 265 105 .92 41 2.07 3.99 4.74 5.65 3.63 2.11 .05 21 
7105 Mar. 24,1933 410 103 .99 44 2.66 3.71 	 'I

26--12S-5E-b..._____ ".____• _____ ... _ 	 5.01 5.40 3.78 2.09 .06 
26--12S-5E-c_____ •_______________ • __4913 	 Sept. 18,1031 210 114 .83 43 2.50 4.59 5.34 5.65 4.38 2.35 .14 II>­26--12S-5E-d.•• ___ •______________ • __994,(, 	 June 7,1935 304 n9 .79 -------- ... - ... -----_ ... ,,- --_ ... --- ..... '" ------ ... -- " .. - .. - .... _- , ----,.,,_. --- ... -_ ....... - ---_.. -- .. -- 0>
2i-12S-5E __ • __ .. ___ • ________________ 	

~ 

4912 	 Sept. 23,1931 140 126 .75 22 2.50 5.66 2.26 2.80 5.20 2.45 .06 
27-12S-5E-a______ •_____________ .. __ 	

~ 

6142 	 May 0,1932 930 112 .76 49 2.09 3.88 5.81 5.10 4.20 2.65 .04 
2.7411252 	 ~- '" .... - ~ • ¥ ~ .. - .. ~ ... - .... -_ ... ------'"'----- -"'- ~ Jao. 6,1937 112 .12 ---------- ... ------- .... --_.... _---- ---------- 1.36 ----- ... --~- --------- .. ~ 

9Oi6 	 28--12S-5E_. ____________________ .... _ Sept. 6,1034 --i08 163 .99 37 3.70 8.29 6.04 7.58 7.58 3.4-1 .12 

28--12S-5E-a•• _____________________ •
9296 	 No\,. 6,1034 210 128 .80 39 2.72 6.24 5.63 16.70 4.07 2.46 .04 w 

9001 29-12S-5E. _. _._..__________________ Aug. 9,1934 350 342 .09 74 3.17 5.50 24.57 H.41 0 22.85 .01 .' 
1l00a. Oct. 23, 1936 270 359 .94 70 3.54 7.35 24. \l4 12.21 .63 23.80 ('l t:j 

135 .84 37 3.09 6.76 5.70 7.16 5.71 2.45 .0910781 -ai':'i:is:'SE-:::::::::::::::::::::::::: May 28,1936 178 	 t'J33-12S-5E ________________________ ...10393 	 Dec. 1,1035 88 244 1.54 73 I. 55 5.25 18.76 8.66 0.18 7.08 ('l "034-12S-5E. _____________________ .._.4920 	 Sept. 26,1931 68.7 .36 48 1.66 1.96 3.20 2.04 1.75 .02 J;335-12S-5E ________________________ ._ 	 3.39 I8458 	 Apr. 5,1934 20i 104 .01 48 2.73 3.72 5.70 5.70 4.43 2.20 .04
35-12S-5E-a_____________________ ._.9207 	 Oct. 20,1934 213 125 .90 38 3.02 5.61 5.35 6.25 4.88 2.55 .02 0 

9867 	 35-12S-5E-b. _. _________________ .... MIlY 30,1935 337 HI .84 42 2. 7~, 4.31 5.00 6.00 4.00 2.22 .07 I-.j
35-12S-5E-c__ . _________________ .. __7408 	 June 12,1933 250 151 .91 35 3.69 7.50 05 1 6.80 6.78 3.22 .54 
36--12S-5E __________________________ 	 6.4908 	 Sept. 23,1931 305 110 1.34 51 2.29 3.38 5.97 5.50 3.71 2.40 .03 :.. 

4909 	 212 lOS 1. 26 50 2.18 3.41 5.63 5.45 3.6336--12S-5E-a______ ..__________ •___ "_ .....do..__ ..__ 2.10 .04 Q
36--12S-5E-b.._________________• __ ._ ....do____ .....4910 	 205 106 1.35 51 2.45 3.01 5.68 5.40 3.23 2.45 .06 E:l5043 	 36--12S-5E-c.... ____________________ Oct. 20,1931 230 100 I. 11 48 2.49 3.51 5.65 5.55 3.66 2.40 .04 

8Oi9 	 36--12S-5E-<I _______________________ • No\'. 23,1033 353 116 I. 22 ----,..---,,- ------ .... ~- --------- .. -- .. ---~ --- ------~- .. ~ --------~- ------,.--- --,o_---_.. - 28439 	 36--12S-5E-c________________________ Mar. 26,1934 555 6. as 0134 1.74 91 .17 .45 11.71 6.07 .46 
______ ...U~8..."05 	 36--12S-5E-f. _______________________ Apr. 17,1034 185 115 1.16 ---_.----- .. --_ ..------ ------ .. -_ .. -----_ .... _- ----_ .... *-­------~--- ~-------~-9152 	 36--12S-5E-g_______________________ " Sept. 24, 1934 400 110 1.12 69 I. 59 I. 93 7.78 4.58 2.90 3.73 .03 

6410 	 6--12S-6E ___________________________ Juoe 24,1932 200 60.8 .78 26 2.32 2.70 I. 75 4.75 .55 .75 .50 
4918 6--12S-6E-a_________________________ Sept. IS, 1931 310 88.4 .91 40 2.47 3.14 3.68 6.40 .72 2.10 .07 ~ IlO4O 	 6--12S-6E-b _________________________ Aug. 21,1034 100 86.9 1.95 43 2.45 3.07 4. 09 1 7.5S .46 2.00 .04

12244 	 ..____ .._. ___________________________ Aug. 1,1938 _______ .. _ 78.5 1.26 37 2.64 3.11 3.42 5.82 .04 1.32 .07 

5124 6--12S-6E-c_________________________ Oct. 30,1931 120 62.5 2.00 60 1.16 1.43 3.83 4.85 .17 1.40 0 

5122 	 7-12S-6E________________________________ do________ 333 144.6 .19 24 1. 70 1.80 1.11 3.40 .55 .65 .01 

". 



-~ ~ Y" 

7-12S-6E-a... _________ • __••__•_____5123 	 •••••do•••••__ • 120 30.4 .11 23 1.38 I. 67 .93 2.70 .64 .60 .047-12S-6E-b.",. _•• __ •_________• ____ •6845 	 Sept. 22, 1932 160 8U 1.04 41 2.52 2.74 3.70 0.20 .52 2.IL .04 
0080 	 7-12S-0E-c•••• , .••_••••• _. ______ ._. Sept. II, 1934 172 54.3 1. 41 04 1.00 1.03 3.68 4.72 0 1.35 .0\


7-12S-6E-d. _..•••______• _. __ •• __ •••
6678 	 Sept. 9, 1932 400 lOS 7.58 .......-.... ~. .... ... ~~-- . - .. ~ ... - ~ ~,. ~ ...... ~ --~ 10.50 ... ".40
~---"" ~ ~ ·•..~ii2-
6286 IIl-I2S-0E ...... __ .. __ •__ •••________ May ~1.1932 2e.8 .OS 18 .70 1.74 .54 2.05 .20 .60 .IL 
4919 18-12S-6E•••__ .._.._.___ .•••__ ..... Sept. 23, 1931 "-"'155' 116 19.6 62 2.03 2.21 6.96 4.80 .05 0.35 <.> 
6200 18-12S-6E-a•• __ •• _." ........._... May 10,1932 89.3 12.8 53 1.80 2.59 5.02 15.60 <.> 3.80 0 
6283 18-12S-6E-b.. ' __ ' __ " "" __ •••_. __ • June 14,1932 66 38.6 .10 25 1.35 1.07 .98 2.80 .37 .80 .05 
6284 18-12S-6E-c... _.......... ____•••••• June 12,1932 125 37.0 .17 25 1.30 1.60 .99 2.85 .54 .55 .06 ~ 
9072 18-12S-0E-d .......... __••_........ Aug. 31,1934 266 55.2 1.19 31 1.75 :2.56 1.91 3.54 .53 1. 70 .01 ~ 

10260 7-12S-6E-e........____...._........ Oct. 5,1935 200 82.2 2.04 51 
~~ 

2.00 
~ 

2.35 4.57 0.68 .05 2.25 


9941 	 18-12S-6E-e...... _____ ._••__ •• __... June 4,1935 136 69.0 6.21 ---...-.. --- .. -- .. ~~~ .. -- -.......... ..... ~ ~ .......... ~ ...... ~-~ ...... - "' ..- .. -.... ~ ..... ~- --- ....... _. ........... .. H 

~ 

18-12S-6E-f.........__ ••• _. _•••• __ " 
~ ~ 

9940 	 .....do........ 142 71.6 6.55 .. ---- ........ .... .. -~ .... ~~. _ ...... r" _... ~ " " ............. Q" - .......... ~ --- " .. ~ ....-..... ~ .... -,. ~..... - .......... -..... 0 

>0198 	 18-12S-6E-g••.•••••__ ....._........ Oct. 9,1934 92 41.9 .22 

~ 

27 1.34 1.84 1.15 2.00 .52 .79 
~ 

.04 

5044 19-12S-6E................____ ._.__ • Oct. 7,1931 250 M.5 .06 31 1.82 2.27 1.86 3.65 .39 1.85 .06 ~ 
6147 May 17,1932 94.4 15.0 59 1. 75 2.28 5.70 4.80 .41 4.00 <.)
6195 'i9-=i:is=OE':ri:::::: :::::::::::::::::: May 27, !U32 100 12.5 	 -.--{Jj.•.• ~ 
6413 	 19-12S-6E-b.................__.... July 2,1932 ··..·iloo· 135 10.2 "-""iii- ..··"2:49· · .. ·To:,· ··'''ii~iI.j- ....·o:ii5" .. • .. ·:40- ""-0:70 

6414 	 19-12S-6E-<l. __ ......_•••••• __••• .,. _.. do....... _ ISO 00.0 .88 30 2.17 2.44 1.03 4.25 .34 1.50 .12 
 ~ 

.. M ...... _ .. ~ .. _8632 	 May 18,1934 06.8 .04 ...... -.. ........... _- .. ..-..-.... ~ .. ".. "- "*- .. - ..-.......... -- ~ .. ~ ..-- ..
~-'"'-- ---~ 

6415 i9-=iis.::o:E':d:: :::::::::::::::::::::: July 2,1932 -----ii3' 50.8 .51 29 2.13 2.55 J. 94 4.25 .40 1.50 "'--':ii ~ 
9074 Se)lt. 6, 1934 110 01.0 .70 ---_ .. -... -- ... -- .. ~ -. 4.28 .....-...... -.., .. 1.70 -....(j"-- t;ij 
6675 i~i:is.::oE.:c;:: ::~:::::::::::::::::: Aug. 1,1932 400 128 2·1.00 73 1. 82 '''-i:67 ·....ii:30 7.05 <.) 5.85 l:C 
7260 19-12S-6E-L ..._......._._ •.•_____• Apr. 20, 1933 100 211 5.45 00 2.21 0.55 13.24 9.30 4.12 8.66 .14 rJl 
75-15 Aug. 3,1933 215 5.00 " .... -_..... -.... .... --'"-- ........ 	 .. -----­--~-oil 	 '--Too' .- .. --- .. · .. ··ida· ..... - 07419 	 i9-=i2S.:fiE~~ ..:::: ::::::: ::::::::::: June 24,1033 118 2.07 "..... Oo-- .._..- ---"- .. --~ .. _-.....__ .... 
8070 	 19-12S-6E- L ......__ .............. Oct. 21, 1033 65 121 2.48 
 ..ii--- ~ 
8400 	 19-12S-IlE-L. .. _............._...... Mar. 21,1034 143 188 8.02 '--"74" ----Tss' "'T4S' "--i:j:iio' "''-iii:35' "--Tao' .... -s:~7· ..-­

....... e
8503 	 19-12S-6E-J. ___ ...__..........__ •.. Apr. 19, 19~4 120 60. I .18 .. -- -_WOo ........ " ~ ....... -.......- - .. -_.... ~ ...... .. ---.. •• _ __ • 

-~ 	 ~- -~-..-....-	 .. -- .. " .... ~ .. ,.

8732 	 19-12S-6E-k _................... , Jllay 28,1934 170 88.8 0.23 

9767 	 19-J2S-0E-J. ._.... ""'"..__ ..... _ Apr. 15, 1935 100 05.9 5.58 ·• ....56- "'TB2' '''"2:53' .... '5:57· ·----5:80· --"":00' .. ···.j:os .-·(·i--.. ~ 
9808 19-12S-6E-m.............____ ....... May 30,1035 500 88.4 6.99 46 2.25 2.81 4.05 5.50 .02 3.87 0 


12195 July 5,1038 83.7 5.31 39 2.38 2.88 3.37 4.77 .04 3.51 .01 

6668 .. iiij.:i:is.::oE.: :::::::::::::::::::::::: Aug. 19,1932 ··• .. ·400 287 4.88 52 4.13 II. 14 16.26 9.40 10.22 11.50 0 ~ 
7270 31l-12S-6E-a. _........._..._....... Apr. 20,1033 100 253 5.83 78 1.80 3.77 19.52 7.60 2.72 15.aO <.)

7367 3Q-12S-6E-b_............__..__••.•. June 7,1033 370 231 .~. 15 60 2.15 7.58 14.65 II. 65 3.67 8.99 .07 ~ 
..... 
7410 	 June 15,1033 270 230 5.10 61 2.19 7.73 15.43 11.85 5.22 0.14 .01 rJl..,8552 ·3ij.:i2S.::oE~c::: ::::: :::::::::::::::. Apr. 25, 1034 210 2.16 4.05 .. _..__ .. _- .... .. __ ............. 
 ----" .. ~ ..
8967 	 31l-12S-6E-d..... __............._... July 12,1934 200 198 2.86 73 1. 01 3.53 "--j.j:76 "--jii~32' ·"--'~OO· ··Ii.:i.j' .......·:ili tzj 


9249 all-12S-6E-e. _.... __ ......____ ...._. Ort. 20, 103·1 350 150 2.30 00 .73 .81 14.16 0.79 .41 .5.74 .03 ~ 
8564 3(}..12S-6E-f. •• __ •• _•• ___...... __•••• May 4,1934 370 228 2.96 ...----- .. -. ---------- ..-.... ~ .. ~ .. .... -- ... 8.63 12.15 .... ; 05~---

4917 34-12S-6E ••••••• _...__ • _______..... Sept. 17, 1931 57. ~ .58 25 J. 72 
~-

2.70 1.51 4.205 --":oil- 1.00 > 
0279 34-12S·0E-a.....................__• June 13,1932 "'--'130' 54.1 .61 32 1.64 2.21 1.77 3.85 .00 1.00 .07 l:C 

10647 2-13S-4E..... __ •••• __ ....... ____....... Apr. 1,1036 450 137 .36 42 5.17 3.77 6.44 7.71 4.34 3.29 .05 t'.l 
10784 4-13S-4E ............... __ ........... May 28,1930 80 76.7 .11 21 5.03 1.82 1.82 5.42 1.18 1.60 .28 > 

9085 1-13S-5E............... __......._.. Sept. 11,1934 276 136 1.70 59 2. J.I 3.66 8.43 6.59 3.44 4.30 .01 
4007 2-13S-5E.........__ ......._...__... Sept. 21,1031 124 . 8.1 9 3.05 0.33 I. 19 5.80 5.10 2.55 .12 
8504 2-13S-5E-a........_....__..______.. Apr. 19,1934 '--'''i2S' 132 .81 30 2.01 5.8,' 5.50 0.13 5.25 2. 112 .01 

85-10 2-13S-5E-b......................... ..... do....___ • 254 123 .84 37 2.0i 5. ·10 4.79 5.89 4.87 2.M .03 

5042 3-13S-5E ... _................. __._... Oct. 0,1931 _'"' __ ''' 135 .83 36 3.05 6.16 5.19 6.·15 5.34 2.45 .16 


10775 3-13S-5E-a._ .................._____ May 28,1936 120 120 .94 40 2.41 5.M 5.20 16.17 4.05 2.45 .04 

I:-.j 

Seo footnotes nt end of tubl/). '-l 

http:oil-1.00


------------------------------

t.:)TABLE lO.-Analyses of quality of irrigation waters of the Hollister area-Continued 
00 

Quantity per liter oC­
I.e.bora· K,x1041 Percent t;3
tory No. Location No. Date Depth Bt 25° O. Doron sodium aOa Mg Na ROO, SO. OJ NO. 

~ 
Feet P.p.11I. M.t. M.t. M.t. M.t. J.f. t. M.t. M.t. S10780 3-13S-5E-b•••••••••••••••••_••__ • MIlY 28, J936 160 J26 0.78 40 2.89 5.50 5.09 7.71 4.18 2.23 0.07 

10779 lo-13S-5E ••.••_._ •••• __._•••••_••.. .••• do••_••••• 1;;0 134 1.08 40 2.80 0.14 0.12 6.42 5.41 2.98 .14 ~ 
4840 ll-13S-5E-a •••••••••••••.• _•••._•.. Sept. IO,lll31 131l •III 17 7.03 5.40 2.56 .i.45 5.1l3 3.55 .00······200·10m U-13S-5E-b•.•••••••••••.•. _••••••_ May 28,1936 140 1.08 43 2.08 5.9·' 0.62 0.32 5.63 3.16 .21 t:C11-13S-5E-c. _____•__••____•____• ___10i7S •__._do••.••• __ 225 131 .95 42 2.51 5.00 0.17 0.12 5.25 3.03 .03 
4006 13-13S'5E __• _._. __ ••_____ ._. ___ .._. sefht. 21,1931 142 129 .83 30 4.49 5.47 4.37 5.35 6.14 2.60 .24 g 
11561 27-13S-liE __•___••••• _••,_._ ._•••••• Fe. 4,1935 8 124 .88 30 5.53 2.90 4.85 4.82 4.55 3.63 .21 
9570 27-13S-5E-a........._••••••••_._. __ Fob. 12,1935 30 103 .51 24 0.19 2.04 2.74 I .i.71 3.~2 2.04 .01 ~ 

10414 Dec. 17, 10.15 341 5. J2 CO 3.92 10.80 21.05 112.85 0.88 17.27 05-135-6E __....__... __• ___._...__• __ 
7-135-6E __ •____________ ._.______• __ -·----200· ~ 1310 Apr. 28,11l33 410 5.91l 84 1.40 5.24 35.45 n.45 11.09 20.08 0 

10497 7-13S-6E-a___ ._._"._______ •____•• _ Jnn. 26,11l30 ISO 239 2.70 64 2.56 6.63 10.30 17.02 0.92 8.25 .21 Z 
2Q-\3S-6E_. _______• _______ •_____••_5121 Oct. 30, 1931 05 184 1.57 40 5.00 0.63 7.91 17.05 5.45 7.00 .10
21-13S-6E__ ._ • ___ •__• ____ • __._..._.i774 Sept. 5, 1033 160 120 .96 34 4.04 5.98 5.11 10.20 6.22 2.36 (J) 

"'l 

4885 11-14S-6E_ • ___•••_. ___________•• ___ Sept. 7, 1031 00 93.0 .87 ....... -_ .. - .. - 2.88 3. G9 j____ .. .. 4.40 4.22 1.40 .04 "'" 
12-14S-0E_____• ___•_____ •• _________ ~a.1368 June 7,1933 375 99.2 .91 38 2. 78 4. 01 3. 53 4. OS 4.56 1.04 .0735-14S-6E __ •______• __ •_____________1309 •• _•• do ....... 5.ia J50 J.1I 30 2.51 j 0.37 O. 18 7.20 7.92 2.R9 .71
1-15S-7E__________ •_____•_________•7800 N 0\'. 11, .1933 35 137 2.34 39 0.30 7.00 2.28 0 ;:l4.r.2 , 4.70 I .5.807-lSS-9E ______•____ •• _•______• ____ .4884 Sept. 10,1931 124 2.15 - .... - .. 3.33! 4.05 •• _ . ___ 10.05 2.01 1.95 .06~ ~7-15S-9E. _. ___•• _________ ... __•____12144 June 7,1938 I~J 155 1. 00 31 O. 27 5.4S O. 13 4.50 12.13 1.15 I .18 rp 
--'..~ --...____I_~~ 

t:J 
J Oarbonate present. t:.l 
t Trace. 

~ 
o 
~ 
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29 IRRIGATION WATERS OF THE HOLLISTER AREA 

T.-\BLE H.-Descriptions of wells sampled in Hollister area 

Labo­
ratory Location ISymbol I 	 Description

No. i ' --------------·i'·-----------------------------------------------------
JOiil 21-118-4E••________ 212-5' D. G. Alvernaz._ Location corresponds to 1';"U. sec. 21, T.11 S•• 

R. 4 E. De~:'" 480 feet. Discharge, 500 gallons per minute. 
Well formerry flowed. Acreage served, 219. 

i().Il 523-1 V. Teani. Location corresponds to SWH, sec. 16, T. 11 S., R. 5 
E. Surface well. 

5056 21-118-SE....__.... 222-3 A. Cabrol. Location corresponds to SWU, sec. 21, T.ll S., R.'; 
I E. Depth, 1M feet; 3-inch casing. Discharge, 200 gallons per 

minute. Acreage served, 30. 
10769 21-11S-SE-8...._.. 323-1 Goo. E. Hamilton. Location corresponds to ~rEU, sec. 21, T. 11 

S., R. 5 E. Depth, 200 feet. Discharge,l00 gallons per minute. 
Temperature normal. Sulfideodor;very Ifttle gas; color smoky.
Domestic well nearby has static level oC 6 feet. 

6141 	 211-3 E. Sharp. Location corresponds to ~\VU. sec. 24, T. 11 S., R. 524-118-5E.._ ••____ 
E. Depth. 136 Ceet; strata at 40 to 60 feet, small strata below.

I Discharge. 900 gallons per minute. Acreage served, 60. 
222-3 W.I. Hawkins. Location corresponds to SWU, sec. 25, T. 11 S., 

, 	 R. 5 E. Depth, liO Ceet; H-inch casing; upper perforations, 45 
Ceet; draws down to 35 Ceet; static level, 30 Ceet. Discharge, 100 
l!alIons per minute. .-\creage served, 108. Temperatun', 20" 
C. 

5053 26-118-5E......_... 344-4 ·W. A. :Maroney. Location corresponds to SEU. sec. 26, T.ll S., 
R. 5 E. Depth, 250 Ceet; 12-inch casing; perforated, 140 to 240 
feet; strata 45 to 55 Ceet. 200 to 250 feet. Discharge, 450 gallons 
per minute. Acreage served, 20. 

6144 __••_._._. ____ •______ ••.• _____ .[ Resample. Discharge, iOO gallons per minute. 

:m-26=.iiS:5E::a"'~~~==:= "3:iX4' ~~s~~eievens. Location corresponds to SEX', sec. 26, T. 11 S.,
I R.5 E. Depth, 200 Ceet; lO·inch casing. Discharge, i6 gallons 
, per minute. Static level, 60 feet, draws down to 80 feet. Sul· 

I fide odor; gas present; hlue color. Acreage served, 20. 
10865 ! 26-U8-5E-b....... 222-3 Ed. ~rurphy. Location corresponds to SW!~, sec. 26, T. 11 S•• 

R. 5 E. Depth, 125 fcet; 13-inch casing, upper perforations, 65I feet. Discharge, 5.iO gallons per minute. Static level, 40 Ceet; 
drav.-s down to 48 Ceet. Acreage served, 3i. 

10866 21-118-5E. .._...... 222-3 Dunne ranch. McCann field well. Location corresponds toI 
I 	

NEU, sec. 21, T.ll S., R. 5 E. Depth, 177 feet; 12·inch casing. 
Discharge. 1,100 gallons per minute. Static level, 32 feet. Acre· 
age served, 300. 

9Oi3 28-118-5E .......... 55X-
-Q. 

Faustine Sequiera. Location corresponds to SWX', sec. 28, T. 

11 S., R. 5 E. Dept!· 90 feet; 3-inch casing; windmill pump;

I static level, 25 feet. N >dor; no gas; clo·udy. Domestic. 
9298 28-118-5E-8....... 333-3 Faustine Sequlera. Wc~. No.1. Location corresponds to SWX', 

sec. 28. T. 11 S., R. I) E. Depth, 103 Ceet; upper perforations, sa 
feet; lO·inch casing. Discharge, 500 gallons per minute. 
Static level, 20 Ceet; draws down to 30 Ceet. Acreage served, 60. 
W.llls located 300 yards south oC No. 929i. 

11297 28-11S-5E-b ..... 333-2 Faustine Sequiera. Wen No.2. Location corresponds to SWU, 
sec. 28, T. 11 S., R. 5 E. Depth, 86 feet; not perforated; lO·inch 
casing. Discharge. 25 gallons per minute. Static leyel, 18 feet; 
draws down to 20 feet. Domestic and stock. Well located 200 
yards south of No. !lOi3. 

10no 129-11S-5E 3,34-4 M. F. Sousa well. Location corresponds to NW~, sec. 29, T. 11 
S, R. 5 E. Depth, 180 feet; upper perforations, 40 feet; l3-inch 
casing. Discharge, iOO gallons per minute. Static level, 8 
Ceet; draws down to 68 feet. Acreage sen'ed, 40. 

10867 !33-118-SE 333-3 W. L. Little. Location corresponds to SEU, sec. 33, T. 11 S., 
R. 5 E. Depth, 165 Ceet; 13-inch casing. Discharge, 600 gal·
Ions por minnte. Static level, 22 feet; draws down to 36 feet. 
Acrea!<e served, 36. 

5055134-118-5E 	........ . 222-3 Waldo Rohnert. Home well. Location corresponds to NEU, 
sec. 34, T.11 S" R. 5 E. Depth, Wi feet. Discharge, 215 J!81-
Ions per minute. Total acreage served hy all Rohnert wells, 
395. 

5051 135-I1S-SE. 232-3 Waldo Rohnert. Oreen well. Location corresponds to SEU, 
sec. 35, T.ll S., R. 5 E. Depth,lB.'iCeet. Dfscharge,SOOgallons 
per minute. 

5052 1 35-l1S-5E-8·..~::j 344 Waldo Rohnert. Well No.4. Location corresponds to SWU, 
, f sec. 35, T. 11 S., R. 5 E. B·fnch casing. Discharge, 1,200 gal. 
: I Ions r:;r minute. 

106;0 ! 35-11S-5E-h.... --.J 343-4 Oeo. ~ faison well. Location corresponds to SEU, sec. 35, T_ 
11 S., R. 5 E. Depth, 365 feet; upper perfot'3tions, 60 feet; 
draws down to i4 feet; HI-inch casing. Dischar!!'e, 600 gallons 
per minute. Static le\·.I, 60 Ceet. Acreav.e sen·cd. 96. 

4916 3&-l1S-5E....... 222-3 lack Briggs. Location corresponds to NWU, sec. 36, T. 11 S., 
I R ••'i E. Depth, 119 Ccet; l3-inch casing. Discharge, 400 gal· 
I Ions per minute. Acreage seryed, 19. 

5125 ; 36-118-5E-8 ...... 454 ! E. E•.Porter. Location cOrresponds to SWU, sec. 36. T. 11 S., 
I R. 5 E. Acrcage s.n'cd, 60. 
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TABLE n.-Descriptions of wells sampled in HolUster area-Continued 

Labo- I
r~?, 1-----Lo--~--ti-o-n----1 Symbol ________________________D rnrorl p_tl_o_n___________________ 

6145 36-11S-SE-b....... 


6196 36-118-SE-c........ 


6197 36-118-SE-d....... 


6411 36-11S-5E-c ••• _.... 

6672 
6409 -:ifi:iis::-iE:r::::::' ----:iii.:;j· 

10362 36-11S-SE-g._..... 

10881 31-118-6E_._•••_••_ 

10773 2O-12S-4E••••.•____ 

10774 2O-12S-4E-a___•.•• 

10785 27-12S-4E.__••...•. 

5120 3+-12S-4E•.•.•_•••• 

5118 34--12S-4E-a.••• _.. 

5119 34-12S-4E-b_.. __ .. 

10782 35-12S-4E__ .••._•• _ 

6198 H28-SE._•••••••. 

7196 1-128-5E-a.••••••• 

7197 
6285 'i:i2S:'5E:b:::::::~ --":i43:j­

8506 1-12S-5E-c_.... .... 

Il856 1-128-5E-d.._. __ .. 

7240 2-12S-5E •• __••___ •• 

5054 2-12S-5E-a•••_.... 

3.1X-4 

3.~5-5 

o.1X­

333-3 

454-4 I' B. W. Barrett. Location corresponds to SWU, sec. 36, :r. 11 S., 

354-4 

453-5 

332-3 

243-4 

343-3 

433-33 

312-3 

432-4 

432-4 

332-4 

322-4 

3.12-2 

343-4 

332-4 

R.5 E. Depth, 300 feot; stmta, 160, 200, and 280 foot. DIscharge, 
~ gallons per minute. Water rather warm .. Acreage served, 

J. P. DavIS. ~tion corresponds to NWU. sec. 36, T. It S., 
R. 5 E. Depth, 300 feet; 14·inch ~ing; uPllCr perforations, 50 
feet. Discharge, 650 gallons per minute. Draws down to 90 
feet; static lovel, 60 feet. Water rather warm. Acreage sorved, 
70. 

F. Cmberl. Location corresponds to SWU, sec. 36, T. 11 S., 
R. 5 E. Depth, 4SO feet; 12-inch =ing. Discharge. 250 gallons 
per. minuto. Temperature, 00° F. Some gas; clear. Acrcage
serYed,38. 

B. 	W. Barrett. Location corresponds to SWU. sec. 36, T. 11 
S., R. S E. Depth, ISO reet; 14·inch =ing; upper perforations. 
70 reet. Acreage serve,l, 70. 

Resample, nfter permanent pump installation. Depth,27.' feet. 
A. O. Ames. Location corresponds to SWU, sec. 36, T. 11 S.• 

R. 5 E. Depth, ISO fcct; upper perforations, SO fcet; !{)·inch
cssing. Discharge. 500 gallons per minute. Static level. 70 
reet; temperature, 58° F. Acreage sen-cd, 25. 

Mrs. S. H. Stcvens. Location corresponds to NWU. sec. 36. T. 
11 S., R. 5 E. Depth, 217 reot; upper perforations, 65 reet; 12­
inch =ing. Discharge, 400 gallons per minute. Static le\'el, 
45 feet; draws down to 95 feet; water slightly warm; gas present; 
sulfide odor. Clear. Pumped 2~ hours before sample.
Acreage served, 40. 

John J. Hogan. Location corresponds to SWU, sec. 31. T. 11 
S" R. 6 E. Depth, 167 feet: 12·inch =ing. Discharge. 700 
gallons per minute. Static level. 57 feet: draws down to 90 feet. 
Acreage served, 40. 

J. Z. Anderson. Miller well. SEU. sec. 20, T. 12 S., R. 4 E. 

I 

Depth, 105 feet; upper perforations, SO feet; 8-inch casing. 

Discharge. 300 gallons per minute. Static level, 30 feet; draws 

down to 50 fcet. Acreage s~rved. 120. 


J. Z. Anclcrson. Canyon well. SWU, sec. 20. T. 12 S., R. 4 E. 
Depth, ISO fcet; upper perforations, 120 feet, lO·inch casing. 
Discharge, 120 gallons per minute. Static level, 40 feet; draws 
down to 5.1 fcot. Used for spraying, garden, and domestic. 

Ben Flint. Location corresponds to SEU, sec. 27, T. 12 S., R. 4 
E. Depth, 300 feet. No water below 120 feet. Upper perfora­

tions. 100-120 feet; la-inch =ing. Discharge, 54 gallons per 

minute. Static level, 45 reet; draws down to 70 fcct. Acreag'l

sen·ed. 85. 


Morse seed farm. Well No.5. SWM, sec. 34, T. 12 S.• R.4 E. 
Depth, 302 feet. Discharge, 700 gallons per minute. Acreage
served, together with well No. 1,300. 

Morse seed farm. Well No.2. SWM, sec. 34, T. 12 S., R. 4 E. 
Depth, 328 feet. Discharge, 800 gallons per minute. 

Morse seed farm. Well No. 1. SWU, sec. 34, T. 12 S., R. 4 E. 
Depth, 28.J feet. Discharge. 1,000 gallons per minute. 

W. E. Burnett well. Location corresponds to SE):', sec. 3.1, T. ~ 
12 S.• R. 4 E. Depth, 110 feet: 6-lnch cn.~lng. Domestic wcll. 
with windmill. Static lovel, 55 feet. No odor, no gas, clear. 

Fred Stevens. Location corresponds to NEU, sec. 1. T. 12 S., R. 
5 E. Depth, 287 fcct. Discharge, 350 gallons per minuto. 
Acreage. served, 10.. 

Tony Palumho. Location corresponds to NWU. sec. 1, T. 12 S.,
R. 5 E. Depth, 208 feet; upper perforations. 106 fcct; 12-inch 

cssing. Discharge, 200 gallons per minuto. Static level, 48 

fcct; water cold. No odor; gas present; color blue. Acreage

served. 30. "'ater pumped 4 hours before sample drawn. 


Resampla. \Vater pumped 1 hour before sample drawn. 
M. J. Galvin. LoC>ltion corresponds to r-,TWU. sec. I, T. 12 S., 

R. 5 E. Depth, 200 rcct; upper perforations, 50 feet; 14·lnch 

~ing. Discharge, 650 gallons per minute. Draws down to 

52 feet. Acreage served, 45. 


P. Bozzo. Location corresponds to NWU. sec. 1, T .12 S., R. 5 E. 
Depth. 285 feet; lO-inch casing. Discharge, 65 gallons per min· 

ute. Static level, 55 feet; draws dOWIi to 74 fcot. Acreage

served... 20. 


Robert urant. Location corresponds to SEy'(, sec. I, T. 12 S'! R. 
5 E. Depth, 410 fcct; 12-lneh casing. Discharge, 250 gal ons 
per minute. Temperature, warm. Slight odor; enough ga.q to 

burn; clear. Irrigation.


Geo. Nielson. T,Qcation corresponds to NEU, sec. 2. T. 12 S., R. ... 
oE. 

Waldo Rohnert. Pear pump. Location corresponds to NWU, 
sec. 2. T. 12 S., .R. 5 E. Depth, 185 fcct. Discharge, 700 gallons
per minute. 
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TABLE H.-Descriptions of wells sampled in Holli8ter area-Continued 

~~ ,____Lo_re_t_�o_n lSymbm 	 D_~_~_____ 11 ____________________ IP_ti_O_n___________________ 

10768 5-128-5E__.______ _ 332-4 Brown well. Loretlon co~ponds to NWU, sec. 5, T. 12 S., R. 
5 E. Sample from southernmost of 2 wells. Depth, 320 feet; 
H-ineh casing. Discharge, 1,000 gallons per minute. Static 
level, 10 feet; draws down to 40 feet. 60 feet to pump bOWl 
(w~tem turhlne pump, 25 horsepower). IrrigateS large acre­
age of field ~ops.10766 8-128-51L_________ 332-3 	 i Aunie Hogan estate. Loretion co~ponds to NEU, sec. 8, '1'.

i 12 S., R. 5 E. Depth, 165 feet; 14-inch ceslng; discharge, 800 
I gallons per minute. Static level, 50 feet; draws down to 95 feet.
I A~e served. 100.10765 9-12S-5E___________ 332-3 'I Bedford Lynn. Loretion corr~ponds to NWU, scc. 9, T. 12 5.,

R. 5 E. Depth, 150 feet; perforation. below 100 feet; l:l-inch 
cesing head, l(}.inch lower cesing. Discharge, 050 gallons per
minute. Static level, 86 feet; drsws down 10 to 12 feet. Acre­

, age served, 80.5048 12-128-5E_________ _ 353-4 	I H. Hawkins. Loretion corr~ponds to SWU, sec. 12, '1'.12 8., R. 
! 5 E. Depth, 240 feet. Acreage served, 22. 

7407 ____ ._._____________________ ... Resample. Taken after pump had been running several days. 
5049 12-12S-5E-e_______ 232 H. A. Snlbley. Location corresponds to NWU, sec. 12, T. 12 S., 

R. 5 E. Acreage served, 40. 
5050 253-2 Holtha-ase ranch. Location corr~ponds to SEU, sec. 12, T. 1212-128-5E-b_______ 

S., R. 5 E. Depth, 93 feet; acreage served, 170. 
6669 242-2 Jack Kydd.Loeation eorr~ponds to SWU. see. 12, '1'.12 S., R. 

5 E. Depth, 98 feet; 13-inch cesing. Discharge. 500 gallons per
minute. Static level, 42 feet. Temperature. 030 F. 

7241 R~nmple.
7409 -i2=i2s::5E~::::::: ----352:ii- W. F. Renz, Freitas well. Location corresponds to SWU. sec. 

12, T. 12 S., R. 5 E. Depth, 125 feet; upper perforation, 60 feet; 
12-lnch reslng. Dt~chal"ge, 300 gallons per minute. Tempera­
ture, 050 F.5057 	 13-12S-5E_________ 343-4 Morse seed farm. Location corr~ponds to S"\VU, sec. 13,':1'_ 12 
s., R. 5 E. An abandoned well In sontheast comer of south 
field. Depth, 300 feet.13-12S-5E-s_______4783 	 352-5 Martin Luther. Loretion corresponds to NEU. sec. 13, T. 12 S., 
R. 5 E. Depth, 500 feet. Discharge, 75 gallons per minute. 

4839 ______ •________________________ Acreaga served, 388. 
~ample.

Do.~~ 	·ia::lis.:.~E::b~::::=:: ----34~:ii- Martin Luther. Domestic well. Location corr~ponds to NEU, 
sec. 13. '1'.12 S., R. 5E. Drilled to 160 feet; sanded in to 100 feet.13-12S-5E-c_______4837 532-3 Martin Luther. Abandoned well. Location corresponds to 
NEU, sec. 13, T. 12 S., R. 5. E. Used until season of 1931. 
Drilled In 1920 to 200 feet; sanded Into 168 feet; stands at about 
50 feet. Bailing bucket lowered to about 140 feet.

8356 	 _____________________ •• _______ ~ample. Pumped 4 hours before sampling. 
11089 _____________________ <0________ Resample. Thi~ sample taken after clennln~ well and Installing 

pump. Now described as follows: Cahfornia Lands, Inc. 
Depth 300 feet; upper perforation, 50 feet; 14·incb cesing. Dis­
char!!e 500 gallons per minute. Statlc)e\·el. rIO feet; draws down 
to 135 feet. Some odor; some gas; some color. A~eage sen'ed,
50.13-12S-5E-d _____ ._4915 454-4 S. F. Bamet. Loretion corresponds to SEU, sec. 13, T. 12 S.,R. 
5 E. Depth, 270 feet; 14-lnch ceslng. Dlscbarge, 300 gallons per
minute. Acreage served, 30.8a68 . _____ ~._. _____ •__ R~ample.5047 13-12S-5E-il_______ _ 35.1-4 Morse seed farm. Well No.2. Location corr~ponds to NWU, 
sec. 13, T. 12 S., R. 5 E. Depth, 229 feet. Dt~charge, 850 gallons 
per mmute. Acreage served, 100.

6146 jI3-12S-5E-L_____ _ 353-2 W. A. Blacklock. Location corresponds to SEU, sec. 13, T. 12 S., 
•R. 5 E. Depth, 98 feet. Discharge, 350 gallons per minute. 
Acrellge served, 29.

6201 13-12S-5E-g_______ 343-4 W. A. Pack. Location corresponds to SEU, sec. 13, T. 12 5., R. 
.~ E. Depth, 320 Ceet; upper perCorations, 50 feet; 12-lnch cesing. 
Discharge, 300 gallons per minute. Acreage served, 60. Pumps
sand.

11460 •____________________ .•. _. ~. _. Resample. Sample taken after well bad been running for 5 hours. 
Static level approximately 152 feet. Draw-down approxl·
mately 100 feet. Present capacity, 150 gallons per minute. 
Well Is 420 feet deep, but lower 200 feet are filled with Hand. 

6416 13-12S-5E-h. _____ • 354-4 W. A. Pack. Location corr~ponds to SEU, sec. 13, T. 12 5., R. 
5 E. Depth, 270 foot; draws down to 140 Ceet: static level, 70 feet. 
Temperature, 690 F. 

8541 13-12S-5E-1 . _____• 253-4 Frank T. Duncan. Lot-atlon corresponds to NEU, sec. 13, T. 12 
S., R. 5 E. Depth, 220 feet; upper perforations, 80 Ceet; l(}.inch
ceslng. Dlscbarge, 225 gallons per minute. Static level, 28 feet; 
draws down to 65 feet. Sulfide odor; no gns; blue color. Acre· 
age sen'ed, 50. Samp-led after 9 hours' run. 

8542 13-12S-5E-J ________1 2.iX-4 Frank T. Duncan. "ell No.2. Location corresponds to NEU, 
sec. 13, T. 12 5., R. 5 E. 300 feet down crook from 8541 (I).
Depth, 200 feet; JO·lnch ceslng. Static level, 28 leet. Slight
sulfide odor; no gas: clear. Dom\lStie; has small pump. 
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TABLE n.-Descriptions of wells sampled in HolUster area-Continued 

Labo­
ratory Location Symbol 	 Description 

No.
------------1--------------------- ­

8733 	 13-12S-5E-k_______ 35X-5 

13-12S-SE-L.____ _ 

9350 . _____________________________ 

9417 _______________________________ 

9488 ____________________ __________ 

9489 __..-_______________ __________ 

93411 	 254-4 

10392 13-12S-SE-m..... __ 

5045 14-12S-5E.___.. _... 

i 
10402 	 14-12S-5E-a. - .....1 

16-12S-SE__ .. _____ _ 

10767 i 17-12S-SE.._______ _ 

, 

10764 

I ' 4838 	 21-12S-5E__________ 

9164 I I 


453-4 

333-5 

454-1 

332-3 

333-4 

333-4 

--------------------- .--------. 
, 

4914 3.~2-122-12S-5E._____..__ 
"
 

9563 i 22-12S-5E-.. ______• 
 333-3 

10763!22-12S-SE-b_______ 333­

10685 '22-12S-sE-c________ ! 333-4 
, ! 
) 'casing. Dischargo, 700 gallons per minute. Static le\'ol, 94i ! 

6143 I, 23-12S-5E___ • __ .... ,1 

'1" 
19284 1. ....___ ..._._____•• _, 

66701 23-12S-5E-.. ___.... ' 

I
, 

6611 I 24-12S-5E ______.._ 

! 

333-4 

'333:3' 

333-3 

'__________________ ._ ,.. , , __ ., _ 
9090 1 
7272 24-12S-5E-1l_______ 333-5 

9057 ________________________._____ 

4-12S-5E-b_____._6412 	 35....3 

I 

Frnnk T. Duncan. Abandoned well. Location corresponds to 
NEM, sec. 13, T. 12 S., R. 5 E. Depth, 430 feet; stoti!> level, 
60 feet; 14·inch easing. Discharge, 400 gallons per minute. 
Some odor; gas; color, blue. 

Frank T. Dun!>an. New well. Location corresponds to NE~, 
sec. 13, T. 12 S., R. 5 E. About 6 feet from No. 8541 (i). Sam­
plo b.uled from 211-foot strntum.

Resample. Bailed from 296-foot stratum. Probably contains 
no water from 211-foot stratum.

Resnmple. After completion. Depth, 315 reet; upper perfora­
tion, 211 Ceet; 14-inch casing. Discharge, 400 gallons per min­
ute. Sulfide odor; no gas; clear. 

Resample. Well filled in from depth of 315 feet to 240 feet and 
pumped 2, hourS beCore sampJin!!.

Rosample. This sample was collected after the collection of 
No. 9488, and after well No. 8541, located 6 foot from thiS well, 
had been filled in from 215 feet to ISO Cect. 

W. A. Pack. New well. Location corrrsponds to SWU, sec. 13, 
T. 12 S .• R. 5 E. Depth, 2.'iO Ceet; perforation, SO fl>et; 12-inch 
casing. Discharge, 500 gallons per minute. Stat.ic le\'el, 65 
feet; draws down to 115 feet. T"mpernture, 66° F. No odor; no 
gas; yellow color. Acreago served, 100. 

P. G. Galli. Location corresponds to NEM, sec. 14, T. 12 S., R. 
S E. Depth, 400 fcet. Dischar~e, 900 gnllons per minute. 
Acreage sen'ed, 60. 

Wl11inm 	Hooper. IAcatlon corresponds to SEM, sec. 14, T. 12
(';., n. 5 E. Depth, 28S fept; upper perforation, 175 feet; 12-inch 
cosin!!. Dischargo, 500 gallons I~r minute. Static le\'el, SO 
r,,~t; draws :lown to 130 fcet. No odor; no !!as; yellow color. 

J. L. Sl111imn. Location corresponds to NWM, sec. 16, '1'.12 S., 
n. 5 E. Depth, 157 fcet; 13-inch casing. Discharge, 900 gallons 
per minute. Stutic le,,"I, SO CN'L. Acrcll!!c se,r\'cd, iI. 

Dayjd Lundy. Location correspond. to KE)1, sec. 17, T. 1~ S., 
n. 5 E. Depth, 211 fect; upper perforations, 30 fcct; 13}f-lDch 
casing. Discharre, 400 ~allons per minute. Static level, SO 
feel. Draws do"," to 100 feet. Acreage scf\'ed, 50. 

Martin Luther. Old Mill!'r ranch. I.ocation corresponds to 
SWM, SeC. 21, T. 12 S., R. 5 E. Drilicd in 1927 to 315 Ceet; 
H-ineh casing. Stotic lewl, 90 C"Pi. 

Rcsample. D(scribcd as follows: California 1AlOds, Inc. Dcpth,
315 Ccct; upper perforations, flO fcet; J4-inch casing. Dischar!!C, 
400 gallons per minute. Static lcwl, 95 feet; draws down te 145 
fcct. Irrigation and domestic. Acreage sPT\'ed, 130. 

W. A. Johnson. Location corresponds to SWU, sec. 22, '1'.12 S., 
n. 5 E. Depth, 250 foet; 14-inch !>8sing. Perforn!ed below 00 
feet. Discharge, 475 ~allons Pl'r minute. Acreage~er\'cd, 00. 

,Yo A. Johnson and S. W. White. I.ocation corresponds to 
SWM, sec. 22, '1'. 12 S., R. 5 E. Dept.h, 113 (cot; 18·inch cnsing. 
Discharge, 450 gallons per minute. Static le\'el, 9O.S feet; drnws 
down to 110 feet. Temperature, 65° F. Acreage sen·cd,80. 

Ladd-Lamberti-Hnwkins. 	 Location corresponds to the KWM, 
sec. 22, T. 12 S., R. 5 E. Di5Char!!e, 700 gallons per minute. 
No drnw-down. Acreage ser\'oo, 132. 

W. 	A. Johnson. Location corresponds to SWM, sec. 22, T. 12 
s., n. 5 E. Depth, 235 Ceet; upper lK'rforations, 90 fcot; 14-inch 

feet; draws down to 104 Coot. 
Ray Hawkins. Location corresponds to l\"YM, sec. 23, '1.'. 12 S., 

R. 5 E. Depth, 287 feet; 4 strata, 125 to 287 fcot. Discharge,
800 gallons per minute. Acreage served, 25.

Rcsample. 
J. 	McCloskey & Inskeep. LOCl'.tion corresponds to SE~, sec. 

23, T.12S., R. 5E. Discharge, 750 gallons per minute. Depth, 
186 feet. Temper..ture 67° F. Acreage sen'ed, 160.

C	..liforniaLands, Inc. McCloskey ranch. Locationcorresponds 
to SW!4,sec. 24, '1'.12 S., R.5E. Depth,196(eet;14·inchcaslng. 
Dischnrge, 400 gallons per minute. Static le\'el, 95 fcot; drawsdown to U>3 feet. Acreage served, 150. Temperature, 65° F. 

Resample,
Mrs. Thos. McCloskey. Location corresponds to SW~ ,sec. 24, 

T. 12 S., R. 5 E. Depth, 400 (eet; perforated at 200 feet (none 
below 238 feet); 14-lnch easing. Discharge, 700 !!aJlons per
minute. Draws down to 145 fcct. Temperature, 70° F.

Resamllle. DescrIbed as: Oalifornia Lands, Inc. (Jas. Mc· 
Oloskey). Depth (aboul) 200 fcot. Discharge, 650 j!sJluns 
per minute. Upper perforations, 40 feet: 14-lneh casing. 
Static level, 50 feet. Draws down to 50 feet. Acrell!!e served, 
SO. 

J. S, Dermody. SEH, sec. 24, '1'.12 S •• R. 5 E. Depth, 150 fcot; 
Ilpper \}(\rCorations, 00 feet. Discharge, 330 gBllons por minute. 
Temperature, 68· F, Acreage served, 10. 
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TABLE 11.-Dcscrl:ptions of wells sampled in Hollister area,-Continued 

Labo· 

ratory Location Symbol Description


No. 

25-126-5E. _______•6674 	 334--3 Geo. Clemens estate. Location corresponds to N"';~, sec. 25, 
T. 12 S., R. 5 E. Discharge, 300 gallons per minute. Acreng'e
served, 40.

0075 ____________________________ • Resample. Descrihed as follows: California Lands, Inc., 
(Clemens well). Depth, 284 feet; 14·inch ensing. Discharge, 
200 ~allons per minute. Static level, ~O feet; draws down to 
140 fcct. Acreage served, 30. 

6847 I 25-126-5E-a_______ 333-3 I Perer N. Gross. Location corresponds to NWh, sec. 25, 'r. 12
I S.,R.SE. Depth,250leet. Dischnrge,450gallonsllerminuie.I 	 i Acreage served, 40. 

8968 I 25-12S-5E-b. _____• 334-41 C.J.Lomontof NEcorner,SEH,!-'ec.25,T.12 S.,R.5E. Depth,
325 Icct;upperllerforatlons, 165 leet; 12·inch casing. Discharge,
325 gallons per minute. Static le\·.I, 160 leet; drnws down to 

I 100 feet. Irri~ntion and domestic. Aerca~c sen'ed, 00.4911 26-128-5E ________.j 333-3 ! "'. J. Campbell. Location corresponds to gE~"sec. 26. T.12 S., 

.! R. SE. Depth, 13S lect; 10·inch ensin~. Dischnrge,l50gnllons 
, per minute. Acreage sen-cd, 21. 

6846 • 26-126-SE-a. _____ 333-4 ' Ben Rice. Location corresponds to NE!ti, sec. 26, T. 12 f;., R. 
5 E. Dcpth, 2r.5 lcet; upper perlorations, 90 leet; 12·inchI 

I 
,
' casing. Discharge, 450 gallons per minute. Rtatic level, 8.1 

leet. Acreage served, 4n. 
7195 26-126-5E-b------·l 3.'l3-5 : l\lrs. Thos. l\1:cC'loske~·. Pump No. 1. Location corrcsponds 

to NEy" sec. 26, T. 12 S., R. 5 E. Dcpth. 410 leel; Upper 
i perforations, 182 feet; l4·inch cnsing. Discharl'e. 800 gaBons perI minute. Drnws down to 142 Icet; bcst grawl 257 to 397 leet. 

Temperature, 70· F. Acrea!!e sen'ed, 110. 
4913 26-12S-SE-e_______1 3:!3-4 I A. ('. Centmaycr. Location corresponds to SW~'. sCc. 2G, T. 

II 12 s., R. 5 E. Dcpth, 210 leet; 13·inch casing. Discharge, 600 
gallons per minute. Acreage served. 15. 

11944 26-126-5E-d _____·_i 33X-4! R. O. Hardin. Location corrcsponds to RW~'i, scc. 26, T. 12 S., 
R. 5 E. Depth, 304 leet; upper perforntions, lar. Icct; 1O·inch 

I 	 ; ensing. Discharge, lioo gallons per minute. Static level, 106 
, lect; draws down to 130 leet. Acreage sen'N!, 15.

4912 2i-126-SE. _____._. 332-31 L. L. Thomn.~. Location corrcsponds to NWH, sec. 27, T. 12 S.,
R. 5 E. Dcpth, 140 fect; perforated. 78 to 140 Icet; 13·inch 

l ensing. Discharge, 81iO gallons per minute. Acreage sen'ed, 

6142 27-12S-5E-a. _. __ __ 333-5 H;;riistcr city water. Location corresponds to SE~" Sec. 2i, 
T. 12 S.. R. ;j E. Depth, 930 leet; all strata helow 222 leet. 

12252 L._ .._" ___ ._.___ ... .I_._. _" R~~-;;~~~~e, 950 leet per minute. 
OOiG 128-12S-5E . __ •__••• 432-4' California Lands, Inc. R. E. Cole well. Location corresponds 

i . to SEH, sec. 28, T. 12 S., R. 5 E. Depth,lfIS feet; upper per· . ! lorations, 40 leet; 14·inch ensing. Discharl'c. 350 gallons pcr' j minute. StaticleYcl, iMeet; draws down to 12Meet. Domeslicj and irrigation. Acreal!e sen'cd , 35. 
9296 28-126-5E-a____••• 332-4 Dryan IV. Jensen. Location corresponils to SE~, sec. 2H, 1'. 12 

S., R. 5 E. Depth, 210 feet: uppcr perlorntion,. RO fcct; JO·inch 
casing. Discharge, 650 gallons per minute. Static le\'cl, 70 
feet. Drnws down to 1:;0 Icct. Irrigation nnd domestic. 

Acrea"e sen'cd, 6.1.29-12S-5E_________0001 534-4 John O. Matulich. Location corresponds to NEl1, sec. 29, 1',
12 S., R. 5E. Depth, 350 leet; 12·inch casing. Dischorj!e,300
gallons per minute. Static 1e\'el, 95 fcct; draws down to 115 
leet. Strnta: 1st, 60 feet; 2d, 177 Icct; 3d, 205 leet. Well run 
3 days and nights helore sampling. Acrc"~e sen·od. H. 

11006 Resamplc. Depth, 2iO leeL Static level, RO feet. Well hilS bccn 
plug~ed at. hottom since previous sampling. 31-126-SE____•__ __107!!1 	 332-3 W. T. Freitas. .Location corresponds to NW~, see. 31. T. 12 S., 
n. 5 E. Depth, liS leet; 13·inch enslng. Discharge, SOO gallons
per minute. Static le\'el, 45 feet; draws dm.n to U5 leet, Acre­
see served, 200.33-126-5E_______ ,103\!3 	 444-2 Wm. Arnold. Location corresponds to NWJ1. sec. 33, T. 12 S., 
R. 5 E. Depth,88 fcct; 12·inch casing. Discharge. 300 ~ailons 
per minute. Static leyel, 55 feet; drnws down to 67 feet. Sui· 
fide odor; no !!lIs; clenr. Acrcage served, 12. 

4920 	 223- Hollister city water. Drawn Irom tllP In city.34-126-5E.__•_____ • 
8456 333-4 B. R. Loolburrow. Location corresponds to SE~, sec, 35, 1'.35-'126-5E..._____.• 

12 S., R. 5 E. Depth. 207 leet; 6·inch casing. Dischnrge. 250 
gallon., per minute. Temperature, 6~· F. Acre,,~e served, 30. 

9207 332-4 James Sheriffs. Enterpris~ pumping plnnt. Locction corre­35-126-SE-8. _____ . 
sponds to NE~. S<Jc. 35, T. 12 S.• n. 5 E. Dept.h. 213 lect; 13 
inch casing. Discharge, 700 gallons pcr minute. StlltiC level, 
132 Icct; draws do\\'n to 142 feet. Acreage served, 132.

0867 35-12S-SE-b __ •• _. 3."l3-4 Frnnk Rasuni. l.ocation corrcsponds to :-<WU, sec. 35, T. 12 S., 

I R. 5 F.. Depth, 337 leet; upper perloratlons, 150 leet; 10-inch 
casing. Dischnrge, 300 ~allons per minute. Stntic le\,e). 100 
leet: draws do\\'n to 106 leet. Acrenge sen-cd, 11. 

7408!35-12S-5E-C • ___ ._. 432-4 E. n. Overstreet. Location corresponds to N>\'U, sec. 35, T. 
12 S., R. 5 F.. Depth, 250 Icct. Discharge, 300 gallous, per
minute. 

http:NEcorner,SEH,!-'ec.25,T.12
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TABLE ll.-Dcscdptions of wells sampled £n Hollister area-Continued 

Labo­
ratory

No. 

4008 

4009 

4910 

5()l3 

8079 

8439 

850S 

9152 

(1410 

4918 

9()lO 

12244 
5124 

5122 

5123 

6845 

9086 

6678 

10260 

6286 

4919 

6200 

6283 

6284 

Location Symbol 

36-12S-5E..________ 333-4 

36-12S-5E-a_______ 333-4 

36-12S-5E-b_______ 333-4 

36-12S-5E-c___ •___ 333-4 

36-12S-5E-d_______ 33X-4 

36-12S-SE-6________ 345-5 

36-12S-5E-L______ 33X-3 

36-12S-5E-g_______ 334-5 

6-12S-6E___________ :',32-4 

6-12S-6E-a________ 333-4 

6-12S-6E-b________ 343-3 

"~"--~~~-.'ii2iiis.:oE"..:c:::::=:= 244-3 

7-12S-6E __________ 212-4 

7-12S-6E-a ________ 212-3 

i-12S-6E-b________ 333-3 

7-12S-6E-c________ 231-3 

7-12S-6E-(L _______ 35X-S 

7-12S-6E-il________ 343-1 

10--12S-{iE _________ 212-S 

IIH2S-6E _________ 354-3 

18-12S-6E-a_______ 353­
18-12S-6E-b_______ 212-2 

18-12S-6E-c_______ 1 212-3 

Description 

C. Corroto. Location corresponds to S'''U, sec. 30, T. 12 S.,
R. 5 E. Depth, 305 fcct. Discharge, 250 gallons per minute. 
Acreage served, 28. 

H. Seven man. Location corresponds to S\YU, sec. 30, T. 12 S., 
n. 5 E. Depth, 212 feet; 12-inch casing. Discharge, 400 gallons
per minute. Acreage served, 65. 

F. Trowbridge. Location corresponds to SWU. sec. 36, T. 12 S.,
R. 5 E. Depth, 205 Ceet. Discharge, 250 gallons per minute. 
Acreage served, 10. 

P. Oospodnetich. Location corresponds to NW!4', sec. 36, T. 
12 S., R. 5 E. Depth, 230 feet. Discharge, 100 gallons per 
minute. Acreage served, ~1l. 

Jim Sugioka. NEJ4', sec. 36, T. 12 S., R. 5 E. Depth, 353 feet. 
Static le\'el, 99 feet; draws down to 138 fcct. Discharge, 400 
gallons per minute. 

Cecil Smith. E%, SEU, sec. 36, T. 12 S., R. 5 E. Depth, 555 
lec~; perCorated, 240 t.o 520 feet; 12-inch casing, Dlschnr"e, 200 
I(allons per minute. Stntic level, 113 fcet; draws down to 200 
feet. Sulfide odor; contains gas. Water Is warm and comes 
out of blue sand. 

Simunovlch Rros. Domestic well. NEU, NEJ4', sec. 36, T. 
12S., R. 5 E. Depth 185 Ceet; IO-Ioch casing. Windmill pump. 
Static le\'e1, 120 lect. 

J. 	Simunovich. New well. NEU, NEU, sec. 36, T. 12 S., R. 
5 E. Depth,100 feet; upper perforations, 260 fcet; 12·inch casing. 
Discharge, 250 gallons per minute. Static level, 120 fect; drnws 
down to 200 feet. "\creugc served. 20. 

Fred Ames. Location corresponds to NWJ4'. sec. 6, T, 12 S., 
R. 6 E. Depth, 200 leet; 12·inch easing. Discharge, 310 gallons
per minute. Draws down to 98 feet. Temperature, 61 0 F. 
Acreage served, 32. 

R. 	C. 1\racT"nchlan. Location corresponds to SWJ4', sec. 6, T. 
12 S., R. 6 E. Depth, 310 fect; IO-inch casing. Discharge. 250 
gnllons per minute. Acreage served, 25. 

Robert Orant. Locotion corresponds to NEJ4" sec. 6, T. 12 S., 
R. 6 E. Depth, 190 feet; perforated, 129-165 Ceet: 12-lnch casing. 
Discharge, 300 gallons per minute. Static level, 118 feet; drawe 
down to 120 feot. Aerenl(c sen'ed, 100. 

Resnrople. Static level, 55 lcet; draws down to 58 fcct. 
E. Robba. Location corresponds to SWU, sec. 6, T. 12 S., R. 6 

E. Depth, 120 feet; upper perforations, 100 feet. Discharge,
300 gallons per minnte. Acreage servcd, 22. 

Jeff Doolinl(. Location corresponds to SWU, sec. 7, T. 12 S., 
R. (\ E. Depth, 333 fllef.. Discharge, 350 gallons per minute. 
J\creage served, 40. 

Ogden Bros. 	 Location corresponds to SWJ4', sec. 7, T. 12 S., R. 
6 E. Depth, 120 leet. Dlscbarge, 500 gallons per minute. 
Acreage served, 30. 

Ralph "T. JoneS. Location corrcsponds to NEJ4', sec. 7, T. 12 
S., R. 6 E. Depth, 160 feet; upper perforations, 90 fcct; 12-inch 
casing. Discharge, 350 gallons per minute. Static level, 30 
feet; draws down to 75 fect. Acreage servcd, 40. 

E. C. Oberholtzer. Location corrcsponds to NWU, scc. 7, T. 
12 S., R. 6 E. Depth, 172 reet; upper perforations, 158 leet; 
12-inch ensin". Discharge, 250 gallons per mint:te. Static 
le\'ol, 30 feet; draws down to 100 leet. No odor; gas prescot; 
01l·co10r. Acreage served, 35. 

Dan Regan. Location corresponds to NWU, sec. 7, T. 12 S., 
R. 0 E. Depth, ·100 {cct; l3-inch ensing. Discharge, 650 gallons
per minufe. Acreage served, 100. 

Elton L. Jone~. Location corrcsponds to NEJ4', sec. 7, T. 12 S., 
R. 6 E. Depth, 200 reet; upper perforations, 173 fcet; lO-lnch 
casing. Discharge, 200 gallons per minute. Static level 100 
feet. Sulfide odor; no gas; clonr. Domestic and irrigation.
A creage served, 10. 

W. P. Flint spring. Location corresponds to NWJ4', sec. 10, T. 
12 S., R. 6 E. Spring In mountain dist,rict. Discharge, 10 
gallons pcr minute. In drainage hasin of Dos Picachos Creek. 

M. 	E. Shippy. Location corresponds to SWU, sec. 18, T. 12 
S., R. 6 E. Depth, 155 fcct; 13-inch casing. Discharge, 150 
gallons per minutc. Acreage served, 33. 

P. Borovich. Location corresponds to SWJ4', sec. 18, T. 12 S.,
R. 6 E. Acreage served, 9. 

Oeo. A. Jarvis. LocM.ion corresponds to NEU, sec. 18, T. 12 S., 
R. 6 E. Depth, 00 feet; upper perforations, 55 Ceet; 1O-lnch 
enslng. Discharge, 50 gallons per minute. Static level, 15 to 
50 feet. Temperature, 6S" F. Acreage served, 20. 

_1.. M. Jarvis. T..ocation corresponds ta SEU, sec. 18, T. 12 S., 
R. 6 E. Dcpt.h, 125 fcet; upper perforations, 45 feet; JO·inch 
ClL~ing. Discharge, 25 gallons per minute. static lavel, 45 to 
50 leet. Acreage served, 20. 
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TABLE ll.-Descrlptions of wells sampled in Hollister area-Continued 

Labo· 
ratory Location 

N04 

9072 18-128-£E-d••••••• 

9941 l8-12S-6E-e. __•••• 

9940 l8-128-£E-L•••••• 

9188 18-128-£E-g••••••. 

5044 19-128-£E._••••••• 

6147 
~------------------ ~ 

619.~ 19-128-£E-e._•••.. 

6413 19-128-£E-b••••••• 

6414 19-128-£E-e.•.•.••• 

8632 --------------- -----. 

6415 19-12S-6E-d.•••.•• 

9074 ---------------- ... --- .. 

6675 19-12S-6E-e •••••••. i 
i

7269 19-128-£E-!.•••.••. 

7545 
7419 ·ig:i2S.:6E:-i::::~: . 
8070 19-12S-6E-h•••.••• 

8406 19-128-£E-1.••••_•• 

8503 19-12S-6E-J•••.•••• 

8732 19-128-£E-k••••••• 

9767 19-12S-6E-L•.•••. 

9868 19-128-£E-m....... 

12195 

Symbol 

232-4 

25X-3 

25X-3 

322-2 

232-4 

35X­

3&1-4 

232-3 

~------- .. ­
222-3 

. --_ ... _-­ ~-

354-5 

454-3 

"'34X: 
34X-2 

454-3 

21X-3 

35X-3 

353-3 

353-5 

Description 

Antone Arnerlch. Location corresponds to SWU. sec. 18. T. 12 
S., 11:. 6 E. Depth, 200 Ccct; upper perCorations. 80 Ccct; 12·inch 
casing. Discharge. 300 gallons per minute. Static level. 52 
Ccct; draws down to 86 Ceet. Domestic and Irrigation. Acre· 
age served. 10. 

P. 	Oospodnetich. Well No.2. Location corresponds to SWU. 
sec. 18. T. 12 S.• R. 6 E. 100 yards northwest oC Well No.1 
(No. 9940). Depth. 136 Ceet; upper perCorations. 50 Ceet; 13·inch 
casing. Discharge, 250 gallons per minute. Static level. 60 
Ccct; draws down to 75 Ccct. Acreage served. 20. 

P.Oospodnetich. 	 Well No.1. Location corresponds to SWU. 
sec. 18. T. 12 S•• R. 6 E. 100 yards soutbeast oC Well No.2 
(No. !J9.I1). Depth. 142 Ccct; upper perCorations. 60 Ceet; draws 
dow'n to 67 Ceet; 13-inch casing. Discharge. 300 gallons per 
minute. Static level. 55 Ccct. Sulfide odor; no gas; clear. 
Acreage served, 20. 

Frank Bozzo. Location corresponds to NWU. sec. 18. T. 12 S.• 
R. 6 E. Depth. 92 Ceet; upper perforations. 80 Ccct; 13·inch cas. 
ing. Discbarge. 250 gallons per minute. Static level. 43 Coot;
draws down to 56 Cect. Acreage served. 22. 

Oeorge Stickler. Location corresponds to NEU. sec. 19, T. 12 
S.• R. 6 E. Deptb. 250 Cect; perforated. 90 Ccct. 95 Ceet, 225 Ceet. 
238 Ceet. Discbarge. 400 gallons per minute. Thls sample
taken aCter pump bad bccn running about 5 minutes. Acreage
served,32. 

Resample. Sample taken aCter pump had been running Cor 
about abours. 

J. L. Haller. E~. SEU, sec. 19. T. 12 S., R. 6 E. This is an 
old well whicb is partly sanded up. Acreage served, 40. 

W. 	E. Dermody. Location corresponds to NWU. sec. 19, T. 
12 S.. R. 6 E. Depth, 300 Ccct; upper perforations. 80 Coot. 
Discbarge. 400 gallons per minute. Temperature. 70° F • 
• -\creage sen-cd, 30. 

J. E. Dermody. Location corresponds to NEU. sec. 19. T. 12 S., 
R. 6 E. Depth. 150 feet; upper perforations. 80 feet. Discharge,
150 gallons per minute. Temperature, 68° F. Acreage served, 
10. 

Resnmple. Sampled after well bad been running 4 wccks. 
Draws down to 00 Ceet. 

Oeo. Oadd. Location corresponds to NEU, sec. 19. T. 12 S.,
R. 6 E. Deptb. 113 fcct; upper perCorations, 60 Ccct. Discharge.
200 gallons per minute. Acreage sen·ed. 35. 

Rcsample. 	 Described as Collows: California Lands. Inc., E .. E. 
Oadd well. Depth, llO Ceet; upper perCorations. 50 Ceet; 14·lneh 
casing. Discharge, 200 gallons per minute. Static level. 50 
Ccct; draws down to 85 fcct. Domestiu and irrigation. Acreage
served. 23. 

F. Parker. E~. SEU, sec. 19. T. 12 S.• R. 6 E. Depth, 400 
Ccct. 

Chas. SpadCore. SWU.SWU. sec. 19. T. 12 S., R. 6 E. Depth.
100 Ceet; upper perforations. 60 feet; 12·inch casing. Discharge.
200 gallons per minute. Static lo,-el. 00 fect; draws down to 120 
Ccct. Slight sulfide odor; no gas. T~mperature. 68° F. _-\cre­
age served. 100. 

Resample. Taken after 6 weeks oC use. 
J. L. Haller. SEU.SEU. sec. 19. T. 12 8., R. 6 E. Depth, &0 

Ccct. New ,veil being drilled. 
J. 	L. Haller. SEU.SEU, sec. 19, T. 12 S., R. 6 E. About 500 

Ceet north oC No. 7419. Dug well. about 65 Ceet deep; water 
Crom 59- to 65-foot level. Discharge. 60 gnllons per minute. 

J. J. 	Cardoza. SWU.SWU. sec. 19. T. 12 S.• R. 6 E. Sanded 
in to a depth oC 143 fect; static le\'el. 00 Ct'Ct. Discharge. 10 gal.
Ions per minute. Abandoned eXCfipt lor a small pump that has 
heen Installed in place of the former large one. 

Oeo. Stickler. Location corresponds to NEU. sec. 19, T. 12 S., 
R. 6 E. Depth, 120 Ceet; upper perCorations. 60 fcct; IO-inch 
casing. Discharge. 60 gallons per minute. Static level. 60 feet;
draws down to lOS feet. Acreage served. 28. 

Joe Marcella. Location corresponds to NWU. sec. 19. T. 12 S.,
R. 6 E. Depth, 170 Ceet; upper perforations. 80 Ccct; 1O.lnch 
casing. 

Mrs. F. Maxwell. Domestic well. NWU.SWU. sec. 19. T. 
12 S•• R. 6 E. Depth. 100 Ceet; 13·lnch casing. Discharge, 33 
gnllons per minute. 

H. 	L. Wilkinson. Location corresponds to NWU, .sec. 19, T. 
12 S.• R. 6 E. Depth. 500 Ccct; 14·ineh casing. Static level. 
65 Ccct. Some suillde odor and gas. Acrcage served. 20. 

Resample. Discharge. 150 gallons per mlnuto. 
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TABLE H.-Descriptions of wells sampled in Hollister area-Continued 

Labo· 
ratory Location 
No. 

6668 	 3O-12B-6E....____ •• 

7270 3O-12B-6E-a.. _._._ 

7367 3O-12B-6E-b. ___... 

7410 

8552 3Q-12S-6E-c..___ ... 

8967 3Q-12S-6E-d••_._. 

9249 3Q-128-6E-il.._.._.. 

8564 3Q-12S-6E-L_..... 

4917 34-12S-6E......._.. 

6279 34-12S-6E-a. ____ •. 

10647 2-13S-4E .• __ •__ •.•. 

4-13S-4E...____ •__ • 

008S 

10784 

1-13S-SE _.____•• _•. 

4907 2-13S-5E .......__ ... 

8504 2-13S-5E-a••••__ •• 

8540 2-138-5E-b........ 

5042 3-13S-fiE......_•••. 

10775 3-138-SE-a••_._. __ 

107SO 3-13S-SE-b._.._••• 

IQ-13S-SE. _________10779 

4840 	 U-13S-5E-a•.•__ " 

11-l3S-SE-b______ •10777 


10778 11-13S-SE-c.••.•___ 


Symbol 	 Description 

453-5 C. H. Moran. Near center, SWU, sec. 30, T. 12 S., R. 6 E. 
Deptb, 400 feet; upper perforations, 246 feet; 12-lnch enslng.
Discharge, 225 gallons per minute. Static level, 00 feet. Slight
sulfide odor; no gas; no color. Water, warm. Acreage served, 
50. • 

454-3 Chas. Spadfore. NWU,NWU, sec. 30, T. 12 S., R. 6 E. Depth,
100 feet; upper perforations, 80 fcct; 14-lnch casing. Discharge,
35 gallons per minute. Static level, 100 fcct. Temperature,
70° F. Domestic. 

454-4 Sam Matulich and Fred Paullus. NWU,BWU, sec. 30, T. 12 S.,
R. 6 E. Depth, 370 fcct; upper perforations, 150 fcct; 1Q·lnch
casing. Discharge, 300 gallons per minute. Btatlc level, 124 
fcct. Acreage served, 65. 

Resample. Well cleaned out to 270 feet; static level, 100 rcct;
draws down to 200 fcct. 

45X-4 John Guldlnger. NEU, SWU, sec. 30, T .12 S., R. 6 E. Depth,
210 feet; lO·lnch casing. Discharge, 100 gallons per minute. 
Domestic. 

444-4 John Gulding~r, Jr. NEU, BWU, sec. 30, T. 12 B., R. 6 E. 
Adjacent to No. 8552. Dcpth, 200 feet; lQ·inch casing. Dis· 
charge, 12 gallons per minute. Static level, 100 fcct. Domestic 
and Irrigation. Acreage served, IS. 

44&-4 Joc Lazaneo. SWU,SWU, sec. 30, T. 12 S., R. 6 E. Depth,
350 reet; upper perforations, 180 feet; lO·ineh casing. Discharge,
50 gallons per minute. Static level, 13S reet; draws down to 
170 feet. Irrigation and domestic. Acreage served, 15. 

44X-4 R. Farr. SWH,SE~,sec. 30, T. 12 S., R. 6 E. Dcpth,370fect;
lO·lnch casing. Discharge, 100 gallons per minute. Static 
level, 74 feet. Sulllde odor; no gas; clear. Well run 3 days 
before taking sample. Acreage servcd, 9. 

222-	 Samarkand ranch. Location corresponds to NW14, sec. 34, T. 
12 S., R. 6 E. Acreage served, 132.

222-3 Carl Sperber. Location corresponds to NW~, sec. 34, T. 12 S.,
R. 6 E. Depth, 130 feet; 12·inch cnsing. Discharge, 300 gallons
per minute. Btatlc level, 30 leet; draws down to 7S feet. Tem. 
perature, 72° F. 

323-5 Ferry·Morse Sccd Co. Location corresponds to NW14, sec. 2,
T. 13 S., R. 4 E. Depth, 450 feet; upper perforations, 90 feet;
14-lnch enslng. Discharge, 1,200 gallons per minute. Static 
level, Slleet; draws down to SO feet. Water muddy. Acreage
served, 450. Run 48 hours before sampling. 

312-2 Mrs. Louis Pecattl. NEH, sec. 4, T. 13 B., R. 4 E. Depth, SO 
feet; 6-inch cnsln[~: 30-Coot pit. Discharge, 100 gallons per min· 
ute. Domestic and Irrigation. Acreage served, S. 

343-4 Harry M. Daggett. Location corresponds to BW14, sec. I, T. 13 
S .. R. 5 E. Depth, 276 Ceet; 12-lnch casing. Discharge, 200 
gallons per minute. Static level, 120 Ceet; draws down to ISO 
feet. Water coming Crom 260-Coot gravel.

331- F. L. Bamhlsel. Location corresponds to BE14, sec. 2, T. 13 B. 
R. S E. Acreage served, 43. 

332-3 F. L. Bamhlsel. Location corresponds to SE ~~, sec. 2, T. 13 S.,
R. 5 E. Depth, 125 leet; upper perforations, SI Icct; 13-lnch 
casing. Discharge, 600 gallons per minute. Static level, 72 
Cect; draws down to 82 Ceet. Acreage served, 142. 

332-4 Carl L. Ladd. Location corresponds to BW~~, sec. 2, T. 13 S.,
R. 5 E. Depth, 254 Ceet; upper perforations, R5 Ceet; 12-lnch 
casing. Dlsehnrge, 600 gallons per minute. Static level, 7~ 
Ccct; draws down to 8S feet. Acreage served, 150. 

332-3 Otto Schultz. Location corresponds to BWl4, sec. 3, T. 13 B .. R. 
S E. 135 feet of l3-lnch casing; pt)rCoratlons all at bottom. Dis. 
charge, 600 !!allons per minute. 

333-3 Luigi Presscnda. Location corresponds to SE~~, sec. 3, T. 13 B., 
n. ,i E. Depth, 120 Ceet. Discharge, 400 gallons per minute. 
Acreage served, 40. 

333-3 H. J. Schultz. Location corresponds to SWl4, sec. 3, T. 13 B., 
n. 5 E. Depth, 160 Ceet; 12·lnch casing. Discharge, 500 gallons
per minute. Static level, 70 Ceet. Acreage served, 100. 

333-3 Tranberg & Johnson. Location corresponds to NEH, sec. 10, T. 
13 S., R. 5 E. Depth, 150 Ceet; upper perCoratlons, 100 Ceet;
14·lnch casing. Discharge, 560 gallons per minute. Btatlc 
level, 112 feet: draws down to 119 feet. Acreage served, 60. 

331- W. O. Mathews. Location corresponds to SEH, sec. 11, T. 13 
S., R. 5 E. Domestic and Irrigation. Acreage served,16. 

333-4 Cowden Ranch Co. Location corresponds to SWH, sec. 11, T. 
13 S., R. 5 E. Depth, 200 Ceet: 14-!nch casing. Discharge, 300 
gallons per minute. Static level, 50 Ceet; no draw·down. Aero· 
age served, 60. A water stratum 8t 150 Ccct. 

333-4 Mrs. Graee Kay. Location corresponds to SW~~, sec. 11, T. 13 
S., R. 5 E. Depth, 22.i Ceet; 12-lnch casing. Discharge, 300 
gallons per minute. Static level. 90 feet: very Iittl? draw-down. 
Bulllde odor; very little gas; clear. Acreage served, 90, 
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TABLE 1l.-Descripti<m8 of weUs 8ampled in Hol~i$ter area-Continued 

Labo­
ratory Location Symbol Description 

No. 


-
13-138-5E. ________4906 332-3 Claude Sharp. Near center E}§,SEH, sec. 13, T. 13 S., R. 5 E 

Depth, fjobably 142 reet; cas1ng perforated at stmta below 
i2 feet. ischarge, .'iij gallons per mInute. Acreage serred, 2227-138-5E_________9561 332-1 CBSSle Crow, ground water. Location corresponds to SWU, 

sec. 27, T. 13 S., R. 5. E. At poInt where Blid Cre<!k emerges
from canyon and crosses road above VIneyard School. Depth,
S feet. Water stand.< at depth of 3 to 10 feet, and this sample 
was taken from a dug hole In the ground. 

27-138-5~9570 322-1 CBSSle Crow, ground water. Location corresponds to SWU. 
see. 27, T. 13 S., R. 5 E. At a point where Bird Creek emerges 
from canyon and crosses road above Vineyard School. Depth,
30 feet; upper perforations, 25 to 30 feet; 12-lnch casing. Static 
level, 4 feet; dra....s down to 16 feet. Domestic and emergency
irrigation.5-138-6E .._._______10414 554-S Ladd spring. near Santa Ana Cre<!k. ::-'-WU. N"TU. sec. 5, T. 

13 S., R. 6 E. US;!!d forsto,!lJc. D~harge, 5 gallons r,rmlnute. 


7370 7-138-6E__ .••••___-' 555-4 E.J.Anderson. NEU,S"U,sec."T.13S.,R.6 • Depth,

260 feet. Water becomes ....arm after a few minutes pumping.
No longer used forirrilOltion. 

10497 444-3 J. E.Annand ....ell. N}§ ,NE1 • .(, sec. ;, T.13 S., R. 6 E. Depth,7-138-6E-a. __ •____ 
150 feet; 13·lnch casing. Discharge, 50 gallons per minute. 
Static level, 75 feet. [rrigation and domestic. 

5121 443-2 Julius Jessen. NE!{, sec. 20, T. 13 S., R. 6 E. Depth, 65 feet.2IH38-6E....____._ 
Discharge, 150 gallons per minute. Acreage served, 10. 

m4 332-3 W. E. Parker, Jr. SWU, sec. 21, T.13 S., R. 6 E. Depth,l6021-138-6E_...._____ 


11-148-6E_________ 
 feet. Discharge, 300 gallons per minute. 
4835 332-2 Paicines orchards. Oeorge Sykes. owner. Location corresponds 

to SEH, sec. 11, T. 14 5., R. 6 E. Depth, 90 feet.12-148-6E.._______7368 3324 IL':1tel orchard well. Oeor~e Sykes, owner. SWj{, sec. 12, T. 
14 S., R. 6 E. Depth, 37" feet; uPw;r perforations, 37 feet; 20-
Inch casing. Discharge 1,450 ga Ions per minute. Static 
leyel, 31 reet; drawn down to 90 feet. Temperature. 57" F . 
• -\creageserved,210. 35-148-6E_________•7369 432-5 Cunaan orchard pump. Oeo. Sykes, owner. NEj{, sec. 35, 
T. 14 S.• R. 6 E. Depth, 5.;'3 feet; 2O·inch casIng. Discharge,
3,500 gallons per minute. Static level, 34 feet; draws do ....n to 
54 feet. Temperature, 46.50 F. Acreage served. 350.1-158-7E__..______7896 342-1 R. L. Matthews. Near center sec. 1, T. 15 S., R. 1 E. Dug 
....e1135 feet de">!.7-158-9E__________4834 343-3 A.ntelope patrol station P. O. E. ;SO. center sec. 7, T.15 S., R. 
9 E. Depth, ISO feet-dry hole 30 feet. Windmill pump. 7-158-9E__________12144 333-2 Earle C. Fancher ranch. NEJ,{,sec.7, T. 15 S., R. 9 E. Depth,
85 feet; statin level, 20 feet. Discharge, about 2 gallons per 
minnte from ....Indmill. Domestic, livestock, and small amount 
of irrigation. 

-
DISCUSSION OF BORON CONCENTRATIONS 

The occurrence of concentrations of boron in excess of 1.5 p. p. m. 
in the ground waters underlying the Hollister area is for the most 
part limited to a strip of land in the eastern portion of the valley. 
This band extends northward from the mouth of Santa Ana Creek 
for a distance of about 6 miles, ending near Ausaymas School, which 
is approximately midway between the mouth of Arroyo de Las Vtboras 
and the right-hand bend in Pacheco Creek. This area in which es­
pecially high concentrations of boron have been found is of irregular 
shape, varying in width from a few hundred feet to a mile or more. 
The area can be followed in figure 2 on the basis of the middle figure 
of the water-quality trinomial, concentrations of boron in excess of 
1.5 and 3 p. p. m. being designated by the numerals 4 and 5, 
respectively-. 

Four wells were sampled near the mouth of Arroyo Dos Picachos, 
east and north of Fairview School, which contained, like the creek 
itself, less than 0.25 p. p. m. of boron. Two wells produced waters 
with between 0.25 and 0.75 p. p. m.; otherwise all of the wells sampled 
east of the high-boron band produced waters with from 0.75 to 3.0 
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p. p. m. of boron. Immediately west of the high-boron band there 
are a few wells that contained between 1.50 and 3.0 p. p. m. of boron, 
but generally concentrations below 1.5 p. p. m. are represented. 

Wells in the northeast portion of the area in the vicinity of Pacheco 
Creek, with three exceptions, produced waters with boron concentra­
tions between 0.25 and 0.75 p. p. m. 

South and westward from Hollister along the San Benito River, in 
the immediate vicinity of Hollister and northwestward toward and in 
the Bolsa, the ground waters, with very few exceptions, contained 
between 0.75 and 1.50 p. p. m. of boron, the former concentration 
being approached more frequently than the latter. This range of 
concentrations is represented by numeral 3 as the middle figure of the 
trinomial. 

A well in the upper delta of San Juan Creek, like water from the 
creek itself, carried less than 0.25 p. p. m. of boron. 

Ladd's spring, which discharges in the bed of Santa Ana Creek, 
contained 5.12 p. p. m. of boron in December 1935, and the creek 
itself during a period of storm run-off in February 1938 had 0.46 p. p. 
m. These waters were also relatively high in chloride. 

A sample collected from a well at location 19-12S-6E after the well .had operated for 5 minutes contained 0.96 p. p. m. of boron. Several 
months later when the well was resampled after 6 hours' pumping 
15.9 p. p. m. of boron were found. This well was 250 feet in depth. 
A nearby well drilled to a depth of 120 feet on the bank of an arroyo, 
19-12S-6E-j, contained 0.18 p. p. m. of boron. These and other 
observations have indicated that the water in the upper strata is exten­
sively replenished by storm run-off. A further comparison of the 
quality of ground waters encountered at the successive depths in the 
Fairview School area during drilling is afforded by the samples col­
lected from the well at location 13-12S-5E-l, where it was found 
that the upper strata yielded water with less boron than did the lower 
strata. Where the hych'ostatie pressures existing in deep high-boron 
strata have exceeded those in overlying aquifers, an extensive move­
ment of water from one to the other through casing perforations has 
sometimes been indicated. 

DISCUSSION OF CHLORIDE CONCENTRATIONS 

The ground waters adjacent to the San Benito River and those 
underlying the portion of the valley that extends northwestward from 
the river through Hollister were found to have chloride concentrations 
ranging from slightly more than 2 m. e. to less than 4. In fact, ap­
proximately one-half of all the waters sampled in the area as a whole 
fall in this range. Only rarely can significant chloride injury be 
expected to result from such waters when used on well-drained recent 
alluvial soils under rainfall conditions such as prevail in the Hollister 
area. Approximately one~quarter of all of the waters sampled con­
tained less than 2 m. e. of chloride; 20 percent of the waters of the 
area contained from 4 to 10 m. e. of chloride; and 7 percent in excess 
of 10 m. e. Nearly all of the high-boron well waters along the east 
side of the valley were also high in chloride. Few wells with more A
than 2 p. p. m. of boron contained less than 4 m. e. of chloride. Soma 
other wells in this locality that had little boron carried substantial 
concentrations of cbloride. It is worthy of special mention that the 
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wells in section 30, T. 12 S., R. 6 E., near the mouth of Santa Ana 
Creek, all contained between 5.74 and 15.30 m. e. of chloride, and high 
chloride concentrations were sometimes found in the two sections, 
18 and 19, to the north. SaLta Ana Creek as sampled during heavy 
run-off carried 0.90 m. e. of chloride, which is higher than the con­
centrations found in the other streams during flood periods. Ladd's 
spring on Santa Ana Creek contained 17.42 m. e. of chloride. 

Several of the nine wells sampled in sections 6 and 7 between Dos 
Picachos and Las Viboras Creeks carried less than 1 m. e. of chloride 
and only one had mure than 2.11 m. e. This latter was a deep well 
with 4.40 m. e. of chloride and 7.58 p. p. m. of boron. 

There has been considerable conjecture as to the source of the boron 
and chloride in the waters of a group of wells in section 36, T. 11 S., 
R. 5 E., between Pachecc and Las Viboras Creeks. During the drilling 
of the well at location e in this section a sample with 0.94 p. p. m. of 
boron and 3.55 m. e. chloride was bailed when the depth was 180 feet; 
at 275 :feet a pumped sample contained 3.32 p. p. m. of boron and 10.15 
m. e. of chloride. The logs of this well and of the well d, about 100 
feet away, were dissimilar, indicating abrupt changes in formation 
probably associated with earth movements. The waters from the 
wells at a and e are notably similar. 

DISCUSSION OF SULFATE CONCENTRATIONS 

There is a marked diversity in the concentrations of sulfate in the 
ground waters in the various portions of the Hollister area. This fact 
is brought out by the analyses reported in table 10. The relations in 
this regard are graphically presented in figure 3 where it may be ob­
served that many waters, particularly some of those along the east 
side of the valley, are notably low in sulfate. For the valley as a whole, 
41 percent of .the wells sampled showed sulfate concentr&tions below 
1 m. e. per liter, 27 percent had between 1 and 4 m. e., 28 perct'nt 
between 4 and 8 m. e., and 4 percent between 8 and 12. m. e. There 
were none with more than 12 m. e. It is clear from these findings that 
only exceptionally can sulfate be regarded as a dominant toxic constit­
uent in the ground waters of the Hollister area. In this respect these 
coastal mountain ground waters are demarked from those on the 
opposite side of the Diablo Range in the S&n Joaquin Valley (5). 

SOURCE OF GROUND WATERS AND ORIGIN OF BORON 

.. 

Substantial evidence on the sources of the ground water in the sev­
eral sections of the Hollister area is afforded by the chemical analyses. 
Most indicative in this regard are the sulfate concentra,tions taken in 
conjunction with the sum of the anions-carbonate, bicarbonate, 
sulfate, chloride, and nitrate. In figure 3 the sum of the anions and 
the sulfate concentrations, respectively, have been shown by the total 
height and height of shaded portions of columns at the locat.ions of 
each of the wells for which complete analyses were made. The 
concentration of boron is designated by a numeral at the side of each 
of these columns, and on a similar 1 to 5 scale the depth of the well 
is designated by a numeral ,at the base of each column. The depth 
of a wen has a greater significance as a limiting value than as an index 
to the depth of the most important aquifers which contribute to the 
discharge. 
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The' ground waters adjacent to San Benito River, those in the vicin­ity of Hollister, and those northwestward through the floor of thevalley possess similar chemical characteristics, and in conformity withgeophysical evidence it seems certain that they have a common source.They are distinct from the waters entering the valley from the eastbut similar to waters of the San Benito River. The direction of move­ment of ground waters is customarily at right angles to the contourlines representing the elevation of the ground water. It is to be notedthat the angle of decline of the water plane is greater from the SanBenito River across Hollister and northwestward than it is along thepresent channel of the stream south and west of Lomerias Muertas(hills). The boron concentrations, total salinity, and the concentra­tions of constituents, such as chloride and sulfate, tend to be similarlyreluted in the waters of San Benito River and the ground waters in thisportion of the valley. The boron concentrations not only tend to con­firm the preceding conclusion as to the source of the ground watersbut they provide important evidence that the deep alluvial materialin this section of the valley also originated in the San Benito-TresPinos watershed. Boron is extensively fixed by soil and fine-texturedalluvial materials, and, because of the equilibrium effects, to be dis­cussed in the section on the behavior of boron in soil (p. 45), importantchanges in the boron concentrations of slowly moving or stagnantground waters take place only slowly.
The ground waters in the vicinity of Pacheco Creek and along theeast side of the valley are variable as regards the sum of anions, butthey are similar to one another and to the waters of Pacheco, LasViboras, Dos Picachos, and Santa Ana Creeks in that the sulfateconcentrations are generally, though not always, low. This fact aswell as the elevation and slope of the water plane support the idea oforigin and recharge from the streams mentioned. The boron concen­trations in some of the wells near Pacheco Creek north of AusaymasSchool and under the strip of land extending southeastward towardthe mouth of Santa Ana Creek necessitate the view that these waters,if of the same origin as those on either side, have accumulated boronafter entering the ground.
Lacustrine conditions have undoubtedly existed at various timesduring the building up of the valley floor, and there is evidence that thearea has been occupied one or more times by an arm of the sea. Thefine sediments now present on the surface of much of the northwestportion of the valley floor are an indication that San Felipe Lake atone time occupied much of the Bolsa. Should a body of water evapo­rate, perhaps after isolation as by changes in stream courses, salineswould crystallize out. Some of the boron compounds, particularlythe silicates, are only slightly soluble, and extensive fixation of boronby lake-bed sediments would occur. Under subsequent conditions ofwater movement through lake-bed materials, either while on the sur­face or after having been buried by later deposits, the more solublesalt constituents such as chloride and sulfate would be leached away.But boron fixed in forms of low solubility would remain much longerto gra,dually come into solution in the waters with which these ma­terials were in contact. In many situations an e.x-planation such as thisprobably accollnts for the boron contamination of ground waters.Another eA-planation, to be discussed in the next section, for the oc­
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currence of boron in the comparatively narrow and irregular strip of 
land across the east side of the valley seems more probable. 

CHElUCAL EVIDENCE OF AN UNCHARTED FAULT ZONE 

A number of characteristics of this high-boron area point to the 
existence of a previously uncharted fault zone (11, 14-) extending in 
a northwesterly direction through the sharp bend iii Santa Ana 
Creek near Ladd's spring, past Fairview School, and slightly east of 
Ausaymas School, to the eastern escarpment of the hills lying to the 
west of the little -valley through which Pacheco Creek enters the 
Hollister ValJey. On the basis of the chemical analyses of the ground 
waters this fault is probably not represented by a single line of frac­
ture but rather by a zone cross-fractured at places for a mile or more 
in width. 

The waters of hot springs, like the warm or hot waters obtained 
from wells, are in some cases brought int-o the upper horizons of the 
earth from great depths. NIore commonly, however, they are waters 
that are heated by hot gaseous emanations which find an outlet through 
the fissures resulting from earth mov('ments. Volcanic vapors may 
contain steam, sulfur, ammonium salts, chloride, and fluorides as well 
as boron compounds. The waters of hot springs sometimes contain 
low concentrations of boron, but typically they are in ('xcess of 1 p. p. 
m. and in some instances more than 100 p. p. m. have been found. 
There is similarly a tendency toward high concentrations of boron 
in hot or warm waters from wells, since the cause of such occurrence 
is not different from that in springs. 

The association of high temperature "\yith boron concentrations 
regarded as high from the standpoint of effects on plants is not an 
essential one. This is so since the activity that once caused the 
emissions from fumaroles or otbl'r d('('p-seated openings from tbe 
lower earth may have long since died away. By reason of large quan­
tities of boron having been injected into and fixed by alluvial or .other 
materials through which vapors or waters passed, conditions such as 
those outlined in the discussion of lacur.,trine deposits may have been 
created. Boron from any source thv.t is fLwd by alluv;al material is 
subject to dissolution in the water:: ~hat later come in contact with it. 

Ladd's spring, which is cold, produces a water containing 5.12 
p. p. m. of boron, and in this locality or elsewhere along its course 
Santa Ana Oreek picks up enough boron to produce higher concentra­
tions (0.46 p. p. m.) than the others of the east-side streams during 
similar heavy run-off. A well on the fOnTI!?r Luther property near 
Fairview School produced a warm water with sulfide odor, but this 
well, the water of which was observed to be deleterious to crops, was 
filled in before boronbad been shown to be one of the causes of failure of 
irrigated lands in the Southwest. A later well drilled a few hundred 
yards away on the same property produced a cool water containing 
in one sampl~ 18.2 p. p. m. of boron. 

The fact that waters high in boron were found in a group of wells 
northeast of Ausaymas School near Pacheco Creek has h('retofore been 
difficult to explain. These wells, however, are seen to lie (fig. 3) in the 
same northwest-southeast band as the high-boron wells to the south. 

E-vidence of a southeasterly ('xt('nsion of this fault is afforded by 
the finding that about 1 mile south of the bend in Santa Ana Creek 
there is a 150-foot well (7-138-6E-a) which produces water contain­
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ing 2.70 p. p. m. of boron. This well lies about 1,000 feet west of the 
center of the fault zone as projected. Farther to the south in the 
same section there is a 260-foot well on the Anderson property which 
produces hot water with 5.99 p. p. m. of boron. This latter well is 
about a half mile west of the fault. The several analyses of ground 
waters in Santa Ana Valley east of Ladd's spring have shown boron 
concentrations below 1 p. p. m. 

The fault zone here projected on the basis of chemical analyses of 
ground waters parallels the Hayward fault, which crosses the valley 
just east of Hollister passing through the San. Felipe Lake depression. 
The fact that irregularjties occur in boron concentrations in the well 
waters through this faulted zone is to be expected rather than other­
wise. Differences in proximity to a source of present or past activity, 
iI1 the extent of the activity, in the communicating aquifers, and in 
water movement, as well as in the relative yield of water from high­
and low-boron aquifers, are all involved. It has been previously 
noted (p. 38) that in this section water encountered in the upper water­
bearing strata commonly contained less boron than that from deeper 
strata. The fact that the deep aquifers contain more boron than those 
near the surface might indicate either that the friable alluvial forma­
tions overlying vents of fissures impeded the upward movement of 
boron-carrying waters and gases or that the upper sediments have been 
deposited since the time of the earth movements. An obstacle to the 
latter conclusion is the fact that abrupt discontinuities were observed 
in the gravels and sediments in the logs of two adjacent wells in the 
high-boron area. 

Lowering of water levels as a result of pumping to meet the demands 
of the recent irrigation development must result in an increased water 
movement. Whether there will be a tendency for the area of boron 
contamination to extend itself westward cannot be anticipated. It 
would seem, nevertheless, that such extension would probably be 
slow and that water movement might be most rapid in the upper strata 
which in some instances have proved to be low in boron. 

A movement of the deeper high-boron waters upward through well 
casings and out into the upper aquifers has been demonstrated in one 
instance. The water in that well, 12-12S-6E, as sampled 180 feet 
below the surface, was noticeably warm and had a distinct sulfide odor 
and a boron content of 9.65 p. p. m. As sampled from a stratum at a 
higher elevation after blocking the casing below the perforations, the 
water was much cooler, but the boron content was changed but little. 

BORON, CHLORIDE, COl'\DUCTANCE, WELL DEPTH, AND OTHER 

CORRELATIONS 


There are presented in this section the results of examinations of the 
chemical analyses of ground waters for evidence of interrelations 
between certain water characteristics and the depths of wells. In pre­
senting tables 12 and 13 it is desirable to point out that each table 
embraces all wells, irrespective of location, for which the two values 
correlated were available. E~ch correlation accor?ingly is a general 
one for the area as a whole WIthout regard to the dIverse or particular 
conditions that may have prevailed in one or more sections. More 
wells are sampled in some portions of the area than in others and the 
magnitudes of the values are influenced accordingly. The correlations 
are made on the basis of the ranges in concentrations, percentages, and 
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depths presented in table 9 rather than on the basis of the actual 
values. 

TABLE l2.-Freqllency table between well depths and water characteristics 1 

Wells with water in boron classes' lndicated-
Range of depth I 

---------------1--- __2____3____4____5__ ~ 
L ________________________________________-=:~_~~~~_ Numbe~ Number NlLmber I. N~":l~~r_ Nltmber

4 

~========:===================:============= ~ ~ 2~ 1 ~ : 1~ 1 1~4__________________________________________ 1 1 37 ! 12 15 i 66115__________________________________________ 1 1 6 1 , 8 I 17 
Total_______________________________ ---10----14-1---74-'---24-1---37-1---15-9 

Wells with water of conductance classes' indicated­

1__________________________________________ ---------- ---------- 34!~' I'---. --1-3~-'- 42__________________________________________ __________ 3 13 

5__________________________________________ 1 
TotaL______________________________ ==:=---3-1- ---10-1-1---23----~ 

t======================================= ========== __________ 1~ 13 1 3 -·------2- ~~17 

Wells with water of percent sodium classes 'Indicated-

J Calculated correlation coefficients: Boron r=Q.20±0.051; conductanre r=Q.09±O.053; pereent sodium 
r=O.39±0.070. 

, For class range, see table 9, p. 23. 

TABLE l3.-Frequency i,able between conductances and water characteri8tic,~ 1 

Wells with water In boron rlnsscs ' indiffited-
Range of conductance I 

_____________.1 ______2____3 ___4_____5__ Total 

Number NlLmber Number Number Number Number 

k::======:=====:==:============:==:======: ··------8- ----"-ii- -----·-7 .. -----"3" --.- 6 -'353__________________________________________ 2 5 67 17 20 III 
5._________________________________________ __________ 1 1 3 2:1
4_._.____________________ •_________________ •• ________ __________ 5 6 12 

5 
Total_____________________________ __ 

10 17 80 26 41 174 

Wells with water. of percent sodium c!as.o;es' indlcated-

L============:========================== ...... T ···----22·-------r ------":1 ---------- "-'''--313..________________________________________ 2 30 52 11 2 97 
4__________________________________________ ._________ 5 5 11 22 
5_________________________________• __• __• ____________ . _. ____ .. _ 1 2 4 

Total______________________________ _ 
4 57 62 27 154 

Wells with water of pcrcent chloride classes' indlcated-

L _________________________________________ • ___ ... ___ ._,,_•• ___ --._ .. ____ . ______.._________.. __________
2_________________________________________ 17 17 ....... ___ .-._____ ._________ 34 

3__________________________________________ 32 42 19 .. __ . ____ ..._..__ ._. 93 
4__________________________________________ 4 9 5 3 21 
5 ... ______.. ______.. ______ .. ______ .. ____________ .... _____ ~ .. ~ ___ ... __ "_... I 2 3 

Total _______________________________ ---53- ---118- ------;5,---5-'---'---1-5-1 
i I 

I Calculated correlation coefficients. Boron r=0.34±0.045; percent sodium r~0.45±O.043; pert'Cnt chloride 
r",,0.40±0.046.

, For class I'IUlII:O see table 9, p. 23. 
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For the area as a whole the coefficient of correlation between the 
concentration of boron and well depth is +0.20 ± .051 (table 12). A 
coefficient as high as this is believed to result principally from the fact 
that the deeper waters in the faulted zone along the east side of the 
valley tended to be high in boron. There is little evidence of any such 
relationship in the south and central portions of the area where the 
waters and alluvium probably originated in the San Benito watershed. 

The correlation between total salinity, as measured by conductance, 
and well depth (+0.09±.053) is positive but low and indicates only 
that the conditions in this regard for the valley as a whole are diverse. 

Little has been said about percent sodium in tIllS bulletin for the 
reason that few very high sodium percentages have been found, and in 
most of these cases the irrigation history of the land has been too brief 
for the development of notable effects on soil permeability. Here as in 
other a.reas there is evidence of higher sodium percentages with increas­
ing well depths. The coefficient of correlation is +0.39 ± .070 (table 
12). Since there was little relation between depth and conductance it 
follows that the greater proportion of sodium in the deeper waters is 
consequent as often to loss of calcium and magnesium by precipitation 
as carbonate as to increments in the actual quantity of sodium ion. 

Between percent sodium and conductance there is a substantial 
positive correlation of +0.45±.043 (table 13). This finding is con­
sequent to important principles of irrigation agriculture. After water 
is applied to land to support crops the salinity of the soil solution is 
increased as a result of the water losses by transpiration and evapora­
tion. These more saline soil solutions return to the water plane in 
deep open alluvial soils, or, in soils with clay-pan or impervious strata, 
they accumulate in the root zone unless cnrried away by lateral move­
ment. Chloride and sulfate concentrations are quite regularly found 
to be higher in soil solutions than in corresponding irrigation waters, 
but usually there have not been proportionate increases in the con­
centration of bicarbonate ion. Sometimes bicarbonate concentrations 
in soil solutions are substantially lower than in the water supply. 
This fact is attributable to an extensive precipit.ation of calcium and 
magnesium carbonates. The subsoil lcachates, typically high in 
salinity as a result of precipitation of calcium and magnesium, have 
higher proportions of sodium than the water applied to the land. 
These subsoilleachat.es return to the water plane, and in nIl sections of 
the area, with few excl'ptions, the ground waters are both more saline 
and contain greater proportions of sodium than the streams lrom which 
the ground waters originate. -< 

As shown by table 13 the chloride percentage, like the sodium per­
centage, increases with increasing conductance, r=+0.40±.046. 
This finding is in line with the preceding discussions and is associated 
with the loss of bicarbonate ion from soil solutions. Ashas been shown 
in other publications (6, 12), increases in the actual and percentage 
concentrat.ions of sodium and chloride are characteristic of rivers at 
successive downstream stages where diversions for irrigation and the 
return of drainage waters are involved. 

The extensive precipitation of calcium and magnesium carbonates 
in irrignted lands is beliE,wed by the authors to be conducive to the 
formation of plow soles and to calcareous hardpan, and for this reason 
the phenomenon probably has an important bearing on the continued 
productivity if not the permanence of many irrigation developments. 

http:subsoilleachat.es
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BORON IN SOILS 

Investigations of the behavior of boron in soils (9) have pointed to 
certain conclusions thnt have a bearing on the reactions of crop plants 
to boron added to soils by irrigation waters. Some of this work has 
been based on Hollister soils, and there are presented here additional 
data bearing directly on the Hollister problem. 

One of the most salient findings has been that soils, in common 
with a number of finely ground materials, arc capable of removing 
substantial quantities of boron from solutions. The removal of boron 
by soils suspended in boron solutions is never quantitative; but accord­
ing to the character of the soil and the conditions of the test, fi.xation 
may proceed until upwards of 50 percent or more of the boron has been 
removed from solution. If a boron solution, with for example 1 p. p. m. 
of boron, is added to the surface of a column of soil, the first percolate 
to come through may contain less than 0.1 p. p. m. of boron. Upon 
continuing the percolations, the solutions coming out of the soil 
column will eventually carry 1 p. p. m. of boron. As many as 20 
displacements of the solution held by the soil column may be required 
before this comes about. More boron is fixed if the percolating solu­
tion contains a higher concentration of boron. If after passing suc­
cessive quantities of a boron solutionlhrough a soil the soil is leached 
with a boron-free solution, all or nearly all of the previously fixed 
boron will eventually be recovered in the leachate. In other words, 
boron under these conditions is not permanently fixed by the soil, 
but instead it is held in a form of low solubility. 

It has not been possible to leach soils with distilled water to the 
point that there was no boron in the percolates. TIllS is so because 
all soils apparently contain minerals in which boron in some qua.ntity 
is a constituent, and these minerals yield at least very slowly to the 
process of dissolution. Under field conditions soils are alternately 
wetted and dried, and it has been found that drying increases the fix­
ation of boron. Soils that have been treated with boron and then 
dried and subsequently allowed to stand moist for 30 days gave rise 
to solution concentrations substantially lower than those found in 
suspensions allowed to st.and for 30 days without drying.,. The alkalinity or acidity of a soil influences the solubility of its 
boron. Soils made slightly acid (pH 6) have been observed to yield 
from 40 to 100 percent more boron to the solutions in which they are 
suspended than similar soils made slightly alkaline (pH 8). By these 
results it is indicated that the addition of an acidifYlllg agent, such as 
sulfur, to soils will increase boron solubility and thereby hasten recla­
mation when the lands are leached. Conversely the addition of an 
alkaline material, such as lime, to land results, temporarily at least, 
in an increased fixation of boron by the soil, giving rise to lower soil­
solution concentration. The growth of a portion of a badly injured 
apricot orchard treated with lime was observed to be better than in 
untreated portions. The initial pH value of this soil was about 7. 
Treatment with lime offers a possible means of lessening field injury, 
but under low-boron conditions alkaline soils are usually not as pro­
ductive as soils that are nearly neutral in their reaction. . 

Soils differ greatly in their boron-fixing power. A series of samples 
was collected (9) in the San Fernando Valley from 29 lemon groves 
in 1931, and the same groves were resampled at the original locations 

I~ 
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in 1936. All of these groves had been irrigated from the same water 
supply since 1916. The water over the period of observation con­
tamed an average of 0.65 p. p. m. of boron. The soil solution of some 
of tb('se soils contained as little as 0.54 p. p. m. of boron, whereas 
others had as much as 1.80 p. p. m. During the 5-year period the 
average soil-solution concentratIOn increased from 1.05 to 1.14 p. p. m. 
Only one soil contained as little boron in its soil solution as was found 
in the irrigation water of the corresponding year. 

Coarse-textured soils, as a group, have lower boron-fixing capacities 
than fine-textured soils. It is found as a consequence that the onset 
of boron injury is more rapid on the lighter soils, but these, having 
fixed less boron, are most easily reclaimed when a better water supply 
is substituted. 

Data are presented in table 14 on the concentratiom. of boron found 
in a series of soil saplples collected at 10 locations in the Hollister area 
in 1934. The concentrations of boron in the corresponding irrigation 
waters and in the tissues of the apricots and prunes grown on the soils 
are given. When available, leaf samples were collected from walnut 
trees on the same properties, but in no instance were these trees im­
mediately adjacent to the locations of the soil samples. 

Soil 2, irrigated with a water containing 0.11 p. p. m. of boron, and 
soil 5a, which had never been in'igated, had soil solutions with sub­
stantial concentrations of boron. In the first, the concentrations in 
the successive horizons were 0.9, 1.0, and 2.1 p. p. m. and in the second 
0.6, 0.5, and 0.6 p. p. m. 

Soils 3, 5, and 9, irrigated with waters containing 0.65, 12.5, and 5.10 
p. p. m. of boron, respectively, show substantially higher concentration 
of boron in the upper soil horizons. This finding probably signifies an 
active fixation of boron still in progress. With continued irrigation, a 
uniform concentration of boron will doubtless result throughout the 
root zone. The latter result has been observed in some citrus lands 
in Ventura County that have now been under irrigation for over 
40 years. 

Soil 4 had been irrigated for 17 years with a water supply which in 
1931 contained 4.39 p. p. m. of boron. The soil solutions of the succes­
sive horizons to a depth of 6 feet contained 2.8, 2.5, and 2.6 p. p. m., 
respectively. This finding may be construed as indicating a limited , 
fixation of boron by a relatively heavy soil and deep penetration of 
irrigation and rain waters, giving rise to soil-solution concentration 
intermediate between the two. This irrigation water is so high in 
chloride that without an abundant leaching of the root zone a chloride 
concentration incompatible with good growth would have developed. 
The trees are large, and they produce satisfactorily. The Yolo soil 
upon which the orchard is planted is a relatively permeable one. 

The French prune orchard on soil 6 was markedly injured by boron. 
Several rows of Sugar prunes at one side of the orchard were in an 
advanced stage of decline, and beyond these there had been a planting 
of Imperial prunes which failed. During the winter previous to sam­
pling, the orchard had been heavily irrigated with storm waters from 
Dos Picachos Creek, and no pump water was applied during the pre­
ceding summer. Although much boron was obviously removed from 
the upper 6 inche::; of soil by leaching, the results illustrate the fact 
that the reclamation of soils high in boron is customarily slow and 
difficult. Uncertainty is attached to the concentrations of boron in 
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TABLE 14.-Boron in irrigal1"on waters, soil solutions, and plants of (] French prune and S apricot orchards in the Hollister area 

[I.cal snmples, S~ptomber 1033; ~01J sllmplllS, Jllnuary 1034J 

---,-------.r--------;---.------'~'.... .< 

lloron In ~oll solution Evidence of boron 8atu~~tl~~I~~~~~ltage Irrigation wator Doron In plnnt mnterl..1 Yieldhorlzon- Inlury 
8lr~rcfll--------~--------­ .....Soli survoy clnsslOca· K~U·Soil dried :.ltion mnted Prnnl'S fmlt, 

0-6 1 6-:16 1311-72 1D 1ChIO-1 Irrl· totlll 0-6 16-36 I 311-72 l--~-~' ··____IW8Inllt 1033 PruneR WnlnutsInches Inches Incllos ,oron ride gated Bppll­ InchllS Inch~s Inches . I I lonvos S 
cation Leaves B .. rk Wood __I '-___I_____' ___'.____I___ -_I__"".c\_.___ ----,----,--,-1-----1----1----1----1----1------ ----- ~ ..... 
Acr<­

P.ll .111. ~(.e. l'''cwr& Inch.. P.p.m.1 P.p.m.1 P.p.1II. P.P.~. P.p.m. P.p.m. P.p.m. Poun(/. ~ 
1 Yoloslltlu!lm .•••_.... 0.08 0.75 15 224 30 13 ISS 4,000 None .....lNone. 
2 .HlnconI08m.... _._ 40' ""62 4S .Il .60 11 200 n.o 1.0 2.1 5S 50 14 118 S, 048 do.... Do. 

3 Yolo silt loruu •••• ' u • 2S .01; 1.70 17 108 1.3 .0 .7 44 60 2S 185 5,000 .. .<10.... Do. 

4 .... do "" ...... M D 33 4,aO 0.l5 17 212 2.8 2.5 2.1\ M 76 I. 1,051 5,000 Present... Marked. 

5 lUneon 1011111 I, •. , ~ M 38 12..~ 30 7.0 2.6 1.3 :IS 55 16 . ... . .do, ••• ~ 

6n (AdJRCqlll, tlnlrrlgato(I). W H :IS .0 .5 ,6 :.l 

6 Yolo sandy 108m t, U M 49 .j It) 18 4.05 4.0 8.:1 0.0 00 142 44 1,176 l;~oli1:nrkeL=1 Severe. UJ 


o 
"1Apricots 
1-3 

71 Yolo silty clay 108m. 1"" • 91 3.22 -~I!;I '8~-I'-~7 Present. .. ~ 
8 Hlneoll 10lUII" ,. ••• ' 43 481 38 I.as 2."S 5 1.0 1.0 .7 42 20 2S Notl(L __ .. 

II ...<10.. .............. 49 ~2 51 5. I() 11.14 3 30+; 5.1 3.7 • 0 I a3 32 55 Murkc,l .• 


~ 
1 Appcars to he MontCttUnR day a<lobo which Is sho,"" by Soil Survey mill) 1-1) to he ~ollttcrctl t.hrough nn'lI most.1y clll!!setll1S RlnCQn 1011111. Wnlor hus been used spllrlngly on g:

thIs orchnrd nnd the (rl'es nfl' not Inrge. ...... 
t ThLs orchard WIIS not lrrigntetllrom the well during the yonr precodlng Uw SUlDl,lo, but wint~r Uoodwulers wore usctl copiously to prollloto lellehlng. ~ 
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the irrigation waters used on this orchard. The lower of the two values 
given is that of a bailed sample from an abandoned well and the other 
represents water from a new well used only for a short time. Inter­
vening these waters, another well was used that produced a warm 
water. It was filled in prior to the investigations. 

Field observations have pointed to notllble differences in the inten­
sityof the horon reactions of tree crops on different ones of the several 
soil series represented in the Hollister area. Limitations to general 
conclusions have been imposed, as the extensive use of pumped ground 
waters has developed only since about 1914, and within the area in 
which high-boron waters aremost frequently encountered there is much 
diversity not only in the age of the plantings but also in the quantitv 
and quality of water applied. ~ 
.Amon~. the heavier soils, the recent alluvial ones such as the Yolo 

and Dublin have been observed to be more tolerant to high-boron water 
than those of the old transported group of which the ~lontezuma or 
Rincon are important examples. These latter soils, which have well 
developed and characteristically somewhat impervious subsoils, occur 
e.~tensively in the high-boron area. and on them are found many 
instances of failure of orchard plantings. The soils of the area illus­
trated by plate 2, B, are principally Rincon. This soil series is not 
only shallower, and for this reason less productive, than the Yolo 
and similar soils but high-boron waters can be used successfully on it 
for only a few years. The portion of the apricot orchard on Rincon 
loam represented by soil 9, table 14, declined to the point that it 
was removed in 1936. Another portion of the same orchard on :\c!onte­
zuma clay adobe, though not good, is still in production. This orchard 
irrigated with a. water containing 5.10 p. p. m. of boron and 9.14 m. e. 
of chloride may be contrasted with the orchard on soil 4 (both apricot 
and prunes), which, irrigated with water containing 4.39 p. p. m. of 
boron and 9.15 m. e. of chloride, has been in production for 17 years. 

The Conejo soils of the area are of the gravelly type, and probably 
because of their texture orchards on them have developed boron 
symptoms rather rapidly. The Conejo soil being well drained, it is 
possible to control the boron concentrations in the soil solutions to 
some extent by more abundant use of water. This soil responds 
quickly when good water is substituted. 

Good apricot orchards have been maintained for many years on Yolo 
silt loam along the San Benito River where ground waters averaging 
about 0.80 p. p. m. of boron are used. There has been a suggestion 
that the Yolo soils in the vicinity of Pacheco Creek have a higher -I 

fi.,-mg capacity than those in the vicinity of San Benito River. This 
difference is probablyrelated to the origin of the soil-forming materials. 
The former were brought in from a drainage area, which now yields 
water containing only about. one-seventh as much boron as the latter. 

BORON ACCUMULATION IN PLANTS AND ITS INJURIOUS 
EFFECTS 

BASIS OF INJURY 

Symptoms of boron injury in the form of abnormal leaf or other 
characteristics are the result, of an excessive concentration of boron 
in the affected part of the plant. Species differ markedly in the 
extent to which th('y ~ccumwate boron, in the tissues or organs in 
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A, Apricots planted in 1921 and grown as a promising orchard without irrigation 
for 5 or 6 years. They were then irrigated 3 times with It water containing 
15.9 p. p. m. of boron. III effects of this water werc notl'd, and the orchard 
has not becn irrigated since. Tomatoes interplanted in 1937 werc markedly 
injured by boron still remaining in the soil. B, Rincon loam northeast of 
Hollister occupied until about 1934 by apricot and prune orchards. The 
ground waters underlying this immcdiate areti werc found to Iw too high in 
boron for thc successful culture of other than bor(lll-tolcranL crops. 
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Persittn walnut leaves showing (..4) boron injury and (B) the type of injury customarily attributed to 
excess chloride. Not infreqnently composites of these distinct types of necrosis are found in the 
Jield. }?ew other plants exhibit chloride injnry snch as is shown by the waluut. 
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which greatest accumulation occurs, and in the concentrations of 
accumulated boron that result in visible symptoms. Examinations 
by Webber (16) have shown that the histological bases of boron 
injury, though not always the same, have certain similarities in 
different tissues. In leaves, an excess of boron results in the conver­
sion of chloroplasts into leucoplasts and, as accumulation progresses, 
the cell contents brown and finally shrink away from the cell walls; 
a transition is thus represented from a normal green condition, through 
yellowing, browning, and the appearance of necrotic areas, to the 
final death of the affected part or of the entire plant. In the bark of 
current season's stems of boron-affected prunes, peaches, and apricots, 
necrotic areas comparable to those of boron-injured leaves occur in 
the epiderniis and subjacent cortical parenchyma. Cortical gum 
cavities and yet more conspicuous gum ducts of the :~:ylem are formed 
by cell disintegration. These histological abnormalities are in general 
similar to those that may be brought about by other agents, but 
taken collectively and in conjunction with a Imowledge of the loci of 
boron accumulation they become fairly specific indicators of boron 
toxicity. The enlarged nodes of some of the stone fruits (5) are due 
to the growth of normally dormant axillary and accessory buds and 
to the multiplication of the cells of the cortex of the nodes as well as 
those of the tmderlying woody elements. 

SnIPTO~IS OF WALNUTS, GRAPES, AND MANY ANNUAL CROPS 

A large group of plants, which includes not only all of the annual 
crops that have been examined but also many trees, such as walnuts, 
citrus, sycamores, persimmons, and elms, and such plants as the 
grape (5), characteristically accumulate boron in their leaves, and 
from the leaves there is relatively little removement of boron to the 
bark, to the roots, or to the fruit. In these plants, illustrated by the 
walnut (table 15) and the grape (table 16) it is believed that boron is 
carried to the leaves by the transpiration stream and there laid down, 
probably in combination with sugarlike or other organic compounds, 
in forms that are not readily translocated. In these plants the leaves 
are the organs that exhibit symptoms of injury. The greatest accu­
mulation of boron and the most marked evidence of injury occurs 
along the margins of the leaves and at points most removed from the 
veins. In these regions (pI. 3, A), yellowing first appears along the 
margins between the veins and, with the advance in age of the leaf, 
this yellowing is followed by the development of necrotic areas and 
by the death of the affected tissues . 

.>­
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TABLE 15.-Accumulation of boron in various tissues of field-grown apricots and 
walnuts 

[Expressed as parts per million based on the dry weight of the material] 

Apricots 	 'Yalnuts 

Plant part Uniniured I_I_D_iU_rC_d+____p_l_a_nt_p_a_rt____il_In_iu_r_ed_ 

P.p.m. 	 P.p.m. 
49 liS Leaves: P.p.m.

Lea ves ____________________________ _ 
Bark, twlgs ________________________ 	 Dcad margins ________________ _22 63 	 2,717Wood, twigs ______________________ _ 	 Green portion________________ _5 27 	 660Midvoins _____________________Fruit: 	 liSFlesh __________________________ 441 Entire_______________________ _41 	 1,302Sheils_________________________ _ 52 Petioles___________________________3 	 27Kernels_______________________ _ 85 Bark, twigs ________________-_____ _T 	 40Wood, twigs ______________________ 30 

Nuts:Husks ________________________ 123Sholls_. ______________________ _ 33Kernels ______________________ _ 14 

TABLE 16.-Accumulation and distribution of boron in Mssues of plants grown in 
sand culture 

[Expressed as parts per million based on the dry weight of the material] 

SYMPTOMS OF STONE-FRUIT TREES 

A second group of plants of which the stone-fruit trees are the only 
known examples reacts somewhat differently. Much higher con­
centrations of boron are found to accumulate in the bark and in the 
fruit of these plants (tables 15 and 16) than in the former. Marginally 
yellowed or burned leaves have rarely been observed, but injury to 
petioles and midribs together with thickening of leaves results (pI. 4). 
Presuming that boron is first carried to the leaves with the transpira­
tion stream, the evidence indicates that it is readily translocated in 
these trees to other tissues. Whether the boron is moved in the 
form of organic compounds or as simple inorganic radicals is not 
known. In further contrast with plants of the previous group, young 
shoots of the stone fruits are injured and frequently die back tiS the 
bark is killed. Injury is likewise manifested by spots or longitudinal 
strips of brown corky-appearing tissue along the petioles and midribs; 
these represent the sloughing off of scales as a result of the death of 
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A .B 

Twigs of prunc (tI) and apricot (13) spvercly injurcd by boron. Note sloughing 
of bark, gumming, dcath of tips, necrotic patches in bark, on pctiolcs, and lcaf 
vcins and clllargclllcllt of somc of the nodes. 
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Old 	Blelllwilll apricot trces on reccnt alluvial soils, photogmphed ill .January 1939 befon' pruning. 
The pl'Orlllctivc orchard 011 the Il'ft has bc'ell il'l'igat('(1 with water contailling about O.S p. p. 111. of 
hO),()11 alld the 11011' ullpl'OfitahJe orchllnl Oil the right with waier cont:Lining (l.5S p. p. III. of boron. 
The differellce ill tlIC growth of the currcnt seasoll's bl'!lnches clln bc observed. 
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underlying tissue and the development of cork parenchyma. Thicken­
ing of the bark of the trunk: and twigs of apricots is sometimes noted, 
and shortening of the internodes may occur. Twigs of injured trees 
are characteristically stiffened, and when bent they break trans­
versely more easily than do unaffected twigs. The leaves of affected 
apricot and prune trees become thickened and lack toughness. 

In apricots the first symptom that appears on new growth is the 
dying back of tips of shoots, which follows the break-down of the 
bark in the terminal region. Enlargement of nodes of first- and second­
year twigs is a common symptom, but itisnot always observed. Gum­
ming at the nodes is likewise variable. The flowering and retention of 
fruit by apricot trees with well-marked symptoms of boron injury are 
not directly affected, and some orchards have been observed through 
a number of successive seasons to bear fruit of normal size, color, and 
flavor. The new growth of such trees is restricted, and this limits the 
size of crops and retards their development (pI. 5). For this reason 
satisfactory orchard production is not attained. The fruit of severely 
injured trees is often undersized, and necrotic areas may appear in the 
epidermis and in the underlying flesh. In yet more severe cases the 
flesh of the fruit is often discolored and shrunken either in spots or over 
the whole of one side. In one instance the flesh of badly injured apricot 
fruit was found to contain 732 p. p. m. of boron on the basis of dry 
weight. The authors' observations have not been sufficiently ex­
tensive to permit of differentiations in the sensitivity of different vari­
eties of apricots to boron. 

The Imperial prune is more sensitive to boron than the Sugar variety, 
and neither of these is as tolerant as the apricot. The French prune on 
the basis of tree growth is more tolerant than the apricot. Although 
the symptoms of injury of the three prunes, as well as of the apricot, 
and in some measure the peach, all belong in the same group, there are 
differences in emphasis. The Imperial prune exhibits a break-down 
of the bark and death of the tips of new shoots very much as the 
apricot does, and the enlargement of nodes, shortening of internodes, 
and tendency toward the production of many branches are con­
spicuous features. The break-down of the bark of the Sugar prune 
usually starts immediately above the nodes, resembling the peach in 
this respect. The set of fruit by injured trees of the Imperial and 
Sugar varieties is below that of the apricot but clearly superior to the 
French prune. The latter prune flowers profusely I but few fruits are 
set. It is probably for this reason that the French prune makes a 
better vegetative growth than those other varieties, since without fruit 
its photosynthetic product goes into new growth. Thickening of 
leaves, oorkiness along the midribs and petioles, as well as enlarged 
nodes, death of shoot tips, and gumming are all characteristic symp­
toms of the French prune when severely injnred, but, except for lack 
of fruitfulness, injury may often pass unnoticed even though water 
supplies unsuitably high in boron have been in use for a number of 

yeTarhs. d' . f b .. f 1 f hi h f .e mgnosls 0 oron InJury 0 peae les, 0 w c ew are grown ill 
the Hollister area, is more difficult than in the case of apricots and 
prunes. The most conspicuous feature of peach injury ,8 the break­
down of cortex tissues in young twigs. This break-down is usually 
but not always initiated just above the axils of leaves, from where it 
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extends and commonly encircles the twig, causing death of the tips. 
Gumming occurs to a limited extent, but the enlargement of nodes 
has not been observed. A poor setting of fruit by injured peaches is 
characteristic of the injury, but between varieties there is a note­
worthy variability. The fruit from badly injured trees tends to be 
insipid, often poorly developed, and, as in badly injured apricots, the 
flesh may develop poorly either in large or small areas and in ad­
vanced instances may become discolored. The abnormality known 
as split pit is a feature of boron-injured peaches, but it is not specific 
as it is a common symptom of peaches produced by trees weakened 
by other causes. 

TOXICITY 

Stone-fruit trees have been grown at Riverside, Calif., in a series 
of sand cultures supplied with nutrient solutions containing a trace, 
1, 3, 6, and 9 p. p. m. of boron, respectively. The results of these 
experiments showed that peaches, apricots, prunes, and plums with­
stand 3 p. p. m. of boron in nutrient solutions under Riverside climatic 
conditions with little or no injury. Substantial injury results in 
nearly all instances with 6 p. p. m. The apricots, one of the two 
peach varieties, the French prune, and the Kelsey plum survived 
through the three seasons in the 9 p. p. m. culture, but their growth 
during the final year was negligible and the symptoms of injury were 
severe. Pear trees in these cultures showed a higher tolerance than 
did any of the stone fruits. The growth of two Sultanina grapevines 
in the 6 p. p. m. culture was about one-third as great as in the 1 p. p. m. 
culture. In other experiments, the growt.h of walnuts has been 
sharply depressed by 5 p. p. m. of boron. Culture-solution concen­
trations in these experiments are to be compared with the concentra­
tions in soil solutions rather than ,vitI) concentrations in irrigation 
waters. It was shown by table 14 that the soil solutions of land that 
l1as been irrigated for only a few years customarily contains less boron 
than the irrigation water, but as time goes on the concentrations in 
the soil solutions come to exceed those in the water. 

Pears and apples have been grown in sand-culture tests and the 
condition of several orchards irrigated witll water containing sev~ral 
parts per million of boron has been observed. Although neither of 
these fruit trees do we1l when the irrigation water is high in boron, 
they do not develop symptoms of diagnostic significance. On the 
basis of field observations it has appeared that apple and pear trees 
irrigated ,vith high-boron waters were apt to be chlorotic, but this 
symptom is not a general one and in sand-culture experiments chlorosis 
has not followed the use of solutions high in boron. Neither the 
apple nor the pear accmnulate high concentrn.tions of boron in their 
leaves; in this respect their reactions resemble the stone fruits. The 
pem· accumulates relatively more boron in its bark and fruit than do 
trees like the lemon and walnut, but this feature is not as marked as 
it is in apricots and prunes, and bark symptoms have never been 
observed. A pear orcha.rcl on the previously mentioned Luther prop­
erty (p. 47) 6 in the Hollister area was chlorotic and grew poorly; when 
cut back the branches died bnc1\: farther. Two sets of pear samples 
collected by C. J. Hansen, of the University of California, were sub­
mitted to the United States Depa.rtment of Agriculture for boron 
determination. One set was from an orchard at Martinez, Ca.lif., 

6 Soil 6. 
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where boron injury was suspected because of the reactions of other 
plants and the stunted character of the trees. The leaves, bark, wood 
and fruit of these trees contained 58, 58, 33, and 48 p. p. m. of boron, 
respectively. The other set was from Davis, Calif .. where trees such 
as walnuts show mild late-season boron symptoms, and contained 
in the same tissues 60, 43, 33, and 62 p. p. m. of boron, respectively. 
In sand-culture eA-periments the boron content of leaves of pears 
has sometimes exceeded and sometimes been below that of the bark 
(table 16). 

ROOTSTOCKS 

It has been found in the instance of a few plants (8) that the kind 
of rootstock upon wpich a plant is grafted may markedly influence 
the extent of boron accumulation in the scion and the degree to which 
it is inj ured. Such relations may exist among t1le stone-fruit rootstocks, 
but direct eA-periments have not been conducted nor has it been pos­
sible to draw conclusions on the basis of field observations. "Myrobalan 
rootstock is used almost universally for prunes, and in the Hollister 
area it is generally used for apricots, particularly on the heavy soils 
to which it is best adapted. Heavy soils predominate in the portions 
of the Hollister area where waters lligh in boron are most common. 

Shoots from myrobalan roots of apricot trees have been observed 
to show little boron injury even though the apricot scion was badly 
afl'ected. Rather than to conclude that there are marked differences 
in the tolerances of myrobalan plum and the apricot, it seems more 
reasonable to believe that other factors are involved. The boron 
analyses that have been made of root tissues have nearly always shO\vn 
relatively low concentrations, Ilnd it seems accordingly that the boron 
concentration in a shoot gro\\>1ng from the root below the graft would 
be much lower than that in one from the upper portions of the tree, 
where the bark normally carries relatively high concentrations under 
conditions of injury. 

EFFECT OF FRUIT ON AccmmLATION OF BORON IN APRICOT TREES 

The observation that the boron concentration in apricot fruit is 
higher than in leaf or stem tissues and the further one that the produc­
tivity of injured trees tends to be about the same as that of uninjured 
trees of like size raises a number of questions of physiological interest. 
For the purpose of determining whether the boron concentrations in 
the leaf and stem tissues are increased by removal of fruit at an early 
stage and whether the evidence of boron injury is thereby increased, 
an experiment was conducted at Hollister during the summer of 1937. 
Two adjacent and entirely sinillar trees were selected in an injured 
orchard of Blenheim apricots. This orchard was irrigated with water 
from a well that contained 2.96 p. p. m. of boron in 1931 and 4.36 
p. p. m. in 1937. One of the trees was defruited during the first week 
ill May, leaving only about 25 fruits for sampling purposes. The 
concentrations of boron found in. the several tissues of the two trees 
on July 12 and October 18 are reported in table 17. The :flesh of the 
fruit of the partly defruited tree was found to contain. only a little 
more boron than that of the control tree, but the concentrations in 
leaves, bark, and wood were almost double. When the same trees 
were resampled 3 months later on October 18, it was fOlmd that the 
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boron concentrations in the control tree had tended to increase and 
those of the defruitro tree to decrease. The concentrations of boron 
in all tissues but the lea.es remained higher in the defruited than in 
the control tree. The quantity of boron remo.ed from the control 
tree with the fruit crop was not estimated. but it was obnously sub­
stantial. As measured in July w~en the fruit was ripe the length of 
the new shoot growth on the defrmted tree averaged 20 percent greater 
than that of the control tree. 

T.,,"BLE 17.-Camparis()n oj bo-ron accumulation.s in lear:e.~. bark, and u:ood oj apricot, 
trees lCith and without j ruit 

[E:<pre;sEd in parts per million on dry·weight In.<i:sl 

Boron acctlmnb· Borona=nb· 

Date of collection and portion 
tiOlll$tn­

____ Date of collection and ponion 
timlStn­

_____ 
otplant 

Check De!ruited 
of plant 

Check De!ruited 
t.t~ tree tree t~ 

lilly 12, 1937: ' P.p. m. P"p.. m~ Oct. 1"_ 1937: P. p. m. P.p.m.
Lro.-e<". "..... "..•..•.__, 52 122 ,l.e2.,,;es_4~" ___ ".'_~ ___ 4_, 72" efl, 
1937 growth. bar!.: __ .•• ___ ~ 4':, 115 1937 ~Qwth. h3.rk_ .. ~._~. -:4, 116
1937 growth. voood _______: ~, !(I[ 1!!37 OIOwth. wood, ... ___ +! 5.'Old twifS, bark:_______. __ ' ii5 lIll Old twifS_ cark ... ___ ••, 6S 96 
Old mgs, wood . ____ . ___' 25 $ Old mgs. wood, _________ ; 2S 43 
Fruit from foregoing 

mgs, fiesh only.... __ :1St ,~ 

I A ~ew apricots Jeft on tree to pronde sampte; lor a!ll1.I~. 

As obser>ed the following summer there were more lea.es on the 
de fruited tree, then bearing-a crop. than on the centrol tree. Little 
difference was obserred in the growth of the trees or in the se,eritT of 
boron symptoms on the latter-date. This was perhaps to ha,e been 
expected, since on the one hand remo.al of fruit stimulated ,egetati.e 
growth. which is characteristic. but on the other the high-boron con­
centrations in the tissues tended to restrict it. In these-reactions the 
defruited apricot tree was similar to boron-injured French prunes, 
which it will be recalled do not set a normal crop of fruit lmder high­
boron conditions and do make a creditable ,egetati,e growth. 

COlIPARATIYE TOLERA~CES OF ORCH..~RD. FIELD•. A:.~J) TRLCK CROPS TO 
BORON 

A wide .ariabilitv exists in the concentrations of boron that different 
crop plants withstand. There are likewise differences between plants 
in the concentrations of boron that are most suitable for rapid gro,,-th_ 
An irrigation water relatively high in boron may sometimes be used 
profitably for the culture of boron-tolerant crops nnd be entirely lill­

suited for sensiti,e ones. In fact. farmers using waters high in boron 
ha.e in some instances found, by trial and error and without a knowl­
edge of the cause of their difficulties. that certain crops were more 
suitable to their particular conditions than others. 

The relative tolerances of various culti,ated plants have been 
determined by means of large out-of-doors sand cultures in which the 
concentrations of boron were closel, controlled. Bv the use of these 
methods many of the experimental difficulties were a;'oided that under 
field conditions are associated with boron fixation by soils and varia­
tions in concentrations not only from place to place in field plots but 
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also in the successive soil horizons. These re~;ults, which havepreviously been published (5) in conjunction with data on boronaccumulation in the plants, are repeated, with minor changes basedon later observations, in table 18 for the benefit of those interestedparticularly in the Hollister area. In tIlls table plants are groupedaccording to their sensitivity to boron. The plants that withstandonly relatively low concentrations have been designated in tIlls tableas sensitive, an intermediate group as senlitolerant, and a final groupas tolerant. Tills division of plants into three groups serves thepurpose of convenience in classification, but between groups thereare no sharp lines of demarcation. 

TABLE lS.-Tolerance of lIariO'lIS Cl1ltillated plants 10 boron
[In each group the plants first named are ('onsidered as being more sensitive and tbe last named more(oleniDt) 

__s_en_,S_iti_v_e_I Semitolerant I Tolerant 'I Sensitive I Semitolerant I Tolernnt 

Lemon.... ______ 1 Lima bean.,,_.: Carrot. Grape__________• Ragged Robin ' Aspa"'gus.Graperruit•.• _._., Sweetpotato•. , Lettuce. rose.Ayocado. __ •.___ , Den pepper... Cabbage. Apple,, _________ Radish _.. ____ Athel (Tamar-Orange ..••••_.•• j Tomnto.- •. _. 'ru!'Dip.Thornless black· I PumpklD .••.• _ ODlon. Pear _ " .. _______ Sweet pea __ .. 
ix aphl!lla). 

berry. I' American elm ___ApricoL.._____._ Zinnia...__•..• ,I Droad bean. 
Pima cotton. ' 

<­Plum._ ....____•• 
XSYY bean _ Acala cotton _.•Oa.t. -- ••.•.••.• i Gladiolus. Persian (En!,'lisb) Sunflower (na-Prune....__••.•• ' Mllo.......__ ._. AIralfa. walnut. LiveJ.
Peach... ______._: Corn ...-------i Garden beet.Cherry __ •••• __ .. , Black walnut.. Canadian field' Wheat.._.____ .1 Mangel.Per;immon______ ' Darley_________ ' Sugar beet. fl PecaL_______ __ 

pea.

Kadota fig....___ , Olive__________ , Palms. 


II 
Within the groups the aim has been to name the more sensitiveplants first. In some cases the differences between successive plantshaye been quite sharp, whereas in other cases the differences were toosmall or the dnta insufficient for clear differentiation.
Climatic conditions are believed to have an important bearing onthe concentrations of boron that a plant will withstand. Plants~rown in some summers showed substantially Illgher tolera~ces than

1Il others, and a number of the garden vegetables showed differencesin tolerance between winter and SUIllIller plantings. It appears onthe basis of linllted evidence that most plants withstafld illgh boronconcentrations better in cool and !lunlid weather thnn under conditionsthat produce high transpiration rates. 

AMELIORATION OF BORON INJURY 
Boron injUl"y resulting from the use of illgh-boron waters is conse­quent upon the development of unfavorable concentrations of boronin soil solutions. The soil-solution concentrations that develop fromthe use of a particular water supply are conditioned by such diversefactors as, (1) boron-fixing capacity of soils, (2) period over willch thewater has been in use, (3) quantities used, (4) quantity of rain inrelation to quantity of irrigation water, (5) changes in pH value ofsoils as discussed in the section on soils, and (6) extent to wmch wateris applied in e:~:cess of crop use for root-zone leaching.
Other than by the often undesirable procedul"f.' of making soils morealkaline, practical chemical treatments that will reduce boron concen­trations in soil solutions are not known. Farmers accordingly may 
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give consideration (1) to the substitution of crops of higher boron 
tolerance, (2) to the substitution of better water supplies, and (3) to 
reducing boron concentrations in their soils by more copious usc of the 
water to more neady bring soil-solution concentrations into line with 
the concentrfl,tion of boron in the irrigation supply. This latter 
practice naturally invoh'es some loss of soil nutrients. In one instance 
a Hollister prune grower with a badly injured orchard discon tinued the 
use of a high-boron well and relied entirely on heavy winter irrigation 
and leaching with ~ood storm waters. The water-holding capacity of 
that particular SOil was relatively high and the condition of the trees 
improved, but profitable yields have not as yet resultC'd. 

It has been found by greenhouse tests with citrus se('dlings that 
boron injury in cultures amply supplied with nitrogen was less than 
that of sec(llings supplied with solutions with concen tmtions of nitrogen 
insufficient for rapid growth of control p.lants. In t1l(' Hollister area 
it has been showIl that the growth of boron-injured apricot trees could 
be stimulated by the application of nitrate fertiliz('l's. TIl(' soil sup­
porting the test trees was apparen tly poor in nitrogen, as thC' growth 
of boron-tolC'rant winter w('eds was strikingly improved by the 
nitrogen application. This ol'chard would undoubtedly have re­
sponded to the applications of ammonium sulfa,tp even though boron 
had not b('en a factor. It is beli('v('d, nevC'rthpl('ss, in kC'eping with 
thC' labomtory findings, that the boron injury and eurtailed growth 
were accentuated by tIl(' low nitrog('1\ conditions. In sueh a situation 
the profit from the appiieations of nitrogen is doubtless grC'ater than 
it would be if boron had not bC'en a factor. There is no ('vidence as 
yet that would show tha,t boron injUl"Y would b(' mat('rially lessened by 
the addition of excess nitrog(,Il to alrNldy f('rtil(' soils. 

BOR0N DEFICIENCY 

The work of many investigators has pointed to the conclusion that 
some boron is essential to the growth of an plants. The boron require­
ments of diff(\rent species, lil;:e th('ir bot'on tolerances, are highly 
vat·iable. Some plants are injured by concentrntions of boron insuffi­
cient for the best growth of oth('rs. In many localities it has beC'n 
found that the production of padicular crops is incr('ns('(1 by the 
addition of boi'on as a f(\rtilizcr, but b(>('ause of th(' injury that results 
from an excess of boron much cnr(' must 1)(' (,lllployed in. arriving at 
decisions as to the quantitips that can be safdv and most ben('ficiallv 
applied. The instan("('s of beneficial use of boi'on (IPmonstrated up to 
this time have tended to be in r('gions of plentiful min fall. w}lC're soil 
leaching by rain is nOl"lllan~T substantial and wl1('r(' th(' usc of irrigation 
water. if any, is only ocC'asionnl1y npC'PSSfil·~-. Spn'ral partin1 ('xc('p­
tions to this gen('ral rule are found in tIl(' Northw('stpl'n States, but in 
thes(' cases the boron content of Lh(' in'igntion watc\l"S is notably low. 
The addition of boron to soil in quantiti('s suffieipnt to mpet the l'('quire­
ments of crop plnnts with high bOl"On r('quil"('lll('nts ma.y prove disad­
vantageous to other more sensitive crops grown on the land in 
subsequent y('ars. 

It is not improbable that occnsional soils will be found here and 
there in th(' arid Southw('st that aI"(' sllffici('ntly poor in boron to admit 
of incr('usN( yidds by boron applientions, hut pl'('s('nt infol'mation on 
the quality of irrigation waters would suggest that such areas might 
be unusua1. 
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The symptoms of boron deficiency are often striking, and usually 
they are fairly specific. They can nevertlwless be confused with 
abnormalities resulting from other causes or only partly due to boron 
deficiency. It is unwise for this reason to draw conclusions on the 
basis of symptoms alone. .Aid in diagnosis is afforded by chemical 
analyses of plant material. Such analyses, however, even in con­
junction with symptoms, may not provid(' a conclusive guide to boron 
deficiencies. .As an example, an excell('nt concordanc(' was found, in 
collaboration with oth('l' investigators, between the boron content of 
walnut leaves and the severity of what w('r(' regarded as boron-ddi­
ciency symptoms. Relatively heavy applications of boron to affected 
trees did not correct the abnormality. . 

The subject of boron d('ficiencv is discussed in this bulktin , not 
because it is beli('ved that beneficial r('sults would follow the applica­
tion of boron to any of the soils of the Hollist('r area, but rath('r 
because questions on th(' possibility of boron deficiency have been 
rais('d in this area and elsewher(' in th(' coastal section in connection 
with the significance of irrigation waters containing only a few 
hundredths of a part per million of this ('h'ment. 

Experiments conductecl in potted soils may provide valuable indi­
cations of the possibility of boron defiri('ncy. In pots, however, the 
mass of soil available to a plan t is customarily far more limited than in 
the field. 

In any area the fillal conclusion as regards adequacy of the boroIl­
supplying power of soils must rest 011 information afforded by trial 
application in the field. 

SUMMARY 

The Hollister area is an irrigated valley in west-central California, 
located 20 miles inland from Montere:;T Bay. The valley is best 
known for its production of apricots, prunes, and flower and vege­
table seeds. 

This bulletin constitutes a report on the following: (1) The quality 
of the surfnce and ground waters of the Hollister area, including 
analyses of waters of the contiguous coasta.l section between the 
south end of San Francisco Bay and Santa Ynez River in Santa 
Barbara County (complete analyses are presented, but the data are 
discussed with particular reference to the oc('.urrence of boron); (2) 
the accumulation of boron in Hollister soils; and (3) the accumula­
tion and to:-..-icity of boro~ in plants, partie-ula!ly apricots aud prunes. 

The higher concentratIOns of boron found m the ground waters of 
the Hollister area are limited principally to those underlying a strip 
of land extending across the east side of the vaney. On 'the basis of 
chemical evidence it is believed that much of the boron in the ground 
waters underlying this strip of land was brought into upper strata by 
magmatic emanations rising through the fissures of a previously un­
charted fault zone. Substantial quantities of boron originating in 
the rock and alluvial material of the drD.inage basin are annually 
carried into the valley with stream waters. ~ 

The correlation coefficient. between concentrations of boron in ground 
waters and depths of wells was 0.20±.051, between electrical con­
ductance and well depth 0.09 ± .053, between percent sodium und well 
depth 0.39 ± .070, between boron and electrical conductance 0.34 
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± .045, between percent sodium and electrical conductance 0.45 ± .043, 
and between percent chloride and electrical conductance 0.40± .046. 

The concentrations of boron found in the soil solution of irrigated 
lands are dependent not only on the concentrations of boron in the 
irrigation water and the length and abundance of use but also on the 
origin, age, and texture of the irrigated soils. 

The apricot and prune like other stone fruits tend to accumulate more 
boron in the bark and fruit than in the leaves, differing in this regard 
from other agricultural plant.s that have been studied. The fact that 
boron in the stone-fruit trees is moved out of the leave-! after having 
been brought into the plant with the transpiration stream implies 
differences between .these and other plants lD the mobility of the 
organic compounds with which boron is believed to become linked. 
Trees bearing a heavy crop of fruit had less boron in the bark than 
adj~cent trees from which the fruit had been removed. 

The symptoms of boron injury of apricots and prunes nre differen­
tiated from those of plants that accumulate boron in their leaves on 
the basis of the tissues affected, but the histological characteristics 
of boron injury are similar. The vegetative growth of boron-injured 
apricot trees is curtailed, but relative to their size they set and mature 
many fruits. Injured prunes on the other hand make a creditable 
vegetative growth and flower profusely but set fi light crop. 

The comparative tolerances to boron of a series of 53 agricultural 
and ornamental plants to boron are rer'"1rted. 
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INDEX TO WATER QUALITY CLASSIFICATION AND WELL DEPTH 


THE FIRST FIGURE OF EACH NUMERICAL SYMBOL REPRESENTS CONDUCTANCE; THE SECOND, 

BORON; THE THIRD, PERCENT SODIUM; AND THE FOURTH, AFTER THE DASH, DEPTH OF THE WELL. 

CLASS CONDUCTANCE BORON PERCENT DEPTH 
K X 105@ 25°C P.P.M. SODIUM FEET 

1 0 - 24.0 o ­ .24 0- 19 o ­ 4.9 
2 25 - 74.9 .25 - .74 20 - 39 5.0 - 99 
3 75 - 149.0 .75 ­ 1.49 40 - 59 iOO - 199 
4 150 - 299;0 1.50- 2.9.9 60 - 79 200 - 399 
5 300 - PLUS 3.00-PLUS .80 - 100 400 - PLUS 
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FIGURE 2.-Map 01 the Hollister area showing locations of wells sampled, withsymbols inciicuting water quality ami depth of wcll. 
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