(2 40) $7-007
St 70?;/

UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

GROUND-WATZR RECONNAISSANCE IN THE WESTERN PART
OF THS MOJAVE DESERT, CALIFORNIA, WITH PARTICULAR
RESPECT TO THE BORON CONTENT OF WELL WATER -
By \/ ) ' _ !
R. S. Stone : /Qéﬁm /z,»;«, m;—’
/(M,M Aedend SO j/;. '

Open-file report. Not reviewed for conformance with
standards and nomenclature of the
Geological Survey

L TaLQGICAL S
0 Ui

' Q.%’ JENLO PARK

1y 1070
U et1978

Long Beach, California
1957

TR



CONTZNTS

Page
~

Sumery and conclusions =--------- e
Introduction ew-e-recccccccc e ————— ———————————————— ———— 8
Location of the area ~---------—--------....------_-----------;.- 8
Purpose and scope of the investigation —-------sc-co-moeooeeae 11'
f'ield methods mmmem—-- e e ————————— o o o e i 13
Inventory»of wells and springs —~--me--e--- _---7—--_----.,; -13
Collection of water samples for chemical analysis -—-e-~w-= 1k
Collection of basic data T s TR 1
Aczmowleégments .--.----- ----------- ———————————— ———— c——— 17

* Hellemurbering SyStem =---cercmmmecmmcmcaaca oo e -- 18
Murerical and grzphic=} expression of vejater analyses ———-ecmeccacaa 20
ternined consti:tuén‘t_s ——-—--------;;-7—f----;f---f._.----.--......__ 20
Extension of partial apalyses =-----~- T — ————————— 22

CSnversion of parts per million to percentage

reacting values =m-eccccrcmmmcicnrnnneana e ——————— ok
Plotting analyses on the water-anaiysis diagram =~m—mceccmcon- 28
Utility of the water-apalysis diagrem ~=mem-ee-eecco---- e 31
Bbron factor e=-e--- e 33

" Chemical symbols used On maps ~—--e-eemcccacccomcecaeo——— cmeem 35
'Descripi»:ion of ground-wé.ter areaé - ————————————————— - e e o e e - 36
Boron area of Antelope Valley —==-emecocmom e e ccccm—m——— 37
Ceology and physiography =----- S — 37
Occurrence and movement of ground water —------c-ecmccew- 38

Chemical character of ground 'w'ater ....... S — Lo

=



Contents -- Continued. Page

Description of ground-water areas-~contimed

£

Koelm Lake area of Fremont Valley -e-emeecccceccccccccemccacaa- L5
Geology and physiography ------=-=-==--c-ccmccmeao _————— 45
Occurrence and movement of ground Water mmmm-mm-me-s--amm- 46
Chemical character of ground water =—eeeeccceccccmcaccema~ L8

Middle Mojave Valley ---------;----;-_-; ............... ——— - 52
Geology and physiography ==-ee-e=mc-=- e cmmae 52
Occurrence and movement of groxmd ?Jater SRS - 53

_ 0‘11%11;-. chemical character of ground water ---'-’-‘---; ----- -————— 55

THarver Valiey ..... ————— i e e - 57

. Ceclogy and physiography =-----=-=v=-= ————— e ——— e 57

Cccurrence and movement of ground water —————— e ——— 58

~ Chemical character of ground water -=---ce-ecomcemocccann 60
(RAAEDECK VALLEY —mnmmmmmmm e m o mm e e e m e m -

Superior Valley e e e e e e e 6h

References ~-=cmmmccaccm e e e " 66



Plate 1.~

710e-

;"‘110"'
{2."

113"

)
~

Page
¥ap showing topographic basins and areas studied =--eceme-~ 8

Water-analysis diagram showing chemical character
of four California waters shown in table 2, and
position of chemicalecharacter symbols used on
plates 4, 9, and 12 e -~ 23

Mep of the western part of the lMojave Desert,
Califorah, showing geclogy, locations of
wells, .fa.ter-level contours,and altitudes L
of water surface in 1953-5U —oomemmcmmim oo 11 / *"% yd-cﬂw

[ idicrd 557 7k |
lizp of the western part of the lbjave Desert,
California, showing chemical character of (o .
ground Waber —-—-=mm—emom e e e e m——— 11 W
: Chedieesd J’a%ﬁ)J

Water-analysis diagram showing chemical
character of 15 selected waters from
the Boron axrea of Antelope Valley ~-mececcccccaca-- ————— 11

Jater-level profile of the Koehn Lake area, 1953-54 ~meeee

’Fe.te* ?alysis dlagram showing chemical character .
selected waters from Fremont Valley i b

=p of ‘iarper Valley and par't of the u‘lo.dle Mojave
Va_ley, California, showing geology, locations

of wells, watér-level contours and zltitudes -

cf water surface in 1953-=54 =cccmmmm oo e 11 ( M\/‘*"A’J—

EM.—MJD/(]

tep of Harper Valley and part of the Middle '

Mojave Valley, California, showing the . é
chemical character of ground water ~-----ceeceecceca- — 1 MM

- L radueed So /o 2 |

Water-analysis diagram showing chemical choacter
of 2b selected waters from the Middle Mojave

Valley m~=wemcmccccmeaaceae— ——————————— ————————————————— - 1 ;
Water~analysis diagram showing chemical character i

of 17 selected waters from Harper Valley ~--=-ce=ecaeaea 11 |
Geologic, hydrologic, and geochemical map of - |

Cuddeback and Superior Valleys 1953=54 ~rcceemmocaccaaan ﬁw W

11
O r2dnend [p ’/ » 7
Water-analysis diezgram showing chemical character

of 4 selected waters from Cuddeback Valley and
1 selected water from Superior Valley ----cccccmmecccc-« 11

1.

Tllustrations are at end of report.



TABLES

Page
Table l.- Factors for converting parts per million to
equivalents per million ---ee- e —————————————————— - 26
2.~ Analyses of selected California waters ———— m———- 29
3= Description of water wells in part of the
western Mojave Desert, Calif. =====- e el < {
Antelope Valley S - -- 68
E’remoﬁt Valley ===- . T0
Middle Mojave Valley ———— ———— (!
Harper Valley ---;‘ . - _ : A :‘_ _ 8
Cuddeback Valley e ment b m——————— . ——————— §3
. ) Superlor Valley -=-eceermee=-- -—- 84
4.~ Selected chemical analyses of waters from the
western part of the Mojave Desert m------- -~ 8
Antelope Valley -- — emrmmme e m———————— 35
Fremont Valley ---- -————— 89A

. Middle Mojave Valley emmcecccccccammcammccamcecanas Q4
Harper Valley ===om=-ec---- ——————— r———————— - 99 -

Cuddeback and Superior Valleys =—-eemeceeccmcacaca- -~ 102



GRCUND-WATER RECONNAISSANCE IN THE WESTERN PART
OF THE MOJAVE DESERT, CALIFORNIA, WITH PARTICULAR

RESPECT TO THE BORON CONTENT OF WELL WATER

By

R. S. Stone

SUMMARY AND CONCLUSIONS

Reconnaissaace geochemical studies of ground waters in the
western paré of the Mojave Desert indicate two areas that show a
.yossibility'of coﬁtainihg»ecdnomic deposits of borates.'.Thesé .'
areas'were determined by the abnormally high boron factors of the
g£5und.water3 when compared to the boron factors qf wéters sémpled‘
throushout the ares.

Ground water analyzed fr?m well 30/37—12Nlhin Red Rock Cahydn'}
showed a boron concentration of 33 ppm and a_boron factor of 10.
Detailed geoctemical prospectiné would be desirable in the large
exposed section of the Tertiary rocks in Red Rock Canyon area to
investigate the source of mineralization to the ground water.

Analyses of ground water from wells ll/6-20Al and 17L1 gbout 7T
miles east of the Kramer borate deposit show a boron concentration
and factor as high as 35 ppm and 23,_fespectively. Colemanite has
been reported from test holes drilled in this area. Well 11/6-20Al
wes drilled to a deﬁth of 712 feet, but an accurate loz of the well

was not availasble.



In general the soron coﬁcentrations and factors of ground and
surface waters throughout‘this part-of the wgstern Mojave Desert area
are less than 1.0 ppm and 1.0, respectively. A few factors were as -
high as 3.0, but this is not considered a significant factor for this
area.

Caution should always be used in the geochemical interpretation
cf grouﬁd waters as a guide to the location of mineral deposits." Low
céncéntratiens or absence of the desired mineral constituent in ground
water does not necessarily indicate the nonocéﬁfreﬁce of thé minefal..
Hydrologic conditions can be such that the'mineral“depoéit does not
affect to any appreciable degree the chemical character of the water
tapped by a2 well. TFor example, above the Kramer borate deposit a
szall gquantity of ground water of low boron concentration occcurs as
perched water. fherefore if water wells are not drilled to‘é great
enough depih to taé.the main grouﬁd—water~quy in which thé unigue
minéral is concentrated, the analyses of the water may be valueless
as a geochemicai guide.

In those areas where concentraéions of the desired mineral appear
to be high, no valid conclusion can be made until the entire ground-
water basin is hydrologically and geochemically studied to show that
a upiqpe water occurs which could possibly be accounted for by a

unique mineral source.



- INTRODUCTION

Location of the Area

The area of this reconnaissance inveétiga.tion is in the western
part of the Mojeve Desert (pl. 1) between ZL'L?OOO'md 1.18030’ west

longitude and between 314»01&5’ and 35°30% north latitude. It embraces
parsts of si.x topographic basins as defined by ’Ihompson (1929), namely:
Antelcpe, Fremout, Middle Mo,jave, Ha.rper, Cuddeback (also known as
Golden), end S».merior Valleys. In general the area lies nor'bh of
a l:lne from Ba.rstcw, to Hodge, to Kramer, to Mojave; east and south of
~the Garlock-El Paso fault zone; and wggt of a line trending rorth
fram Barstow. |

‘ This area is shown on the following topographic quadrangle maps
Searles Leke (scale l:éi0,000); Bars‘!:ow and Mojave (scale 1:125,000);
Cross Mountain, Saltdale, Randsburg, Mojave, and Castle Butte (scale
1:62,500); end Mojave, Plano, Desert Butte, Castle Butte SE, Johannesburg
SW, Kramer Borzte District (scale 1:24,000), and Cuddebeck Lake and
PilcE Knob (preliminary, scale 1:38,000).

The cutlines of the valleys investigated are shown on plate 1 snd
have been somewhat modified after Thompson (1929) ca the basis of
largex}ifscal.e topographic maps having contour‘ intervals of 50 or 25
feet instead of the 100-foot imterval of the Searles Lake quadrangle
(scale 1:250,000) availeble to Thompson. In general it is convenient
to consider these valleys as sepa.ré.te areas; although, as will be
explaired later, watersheds or topographic divides do not everywhere
coincide with ground-water divides, and at some places ground water moves

from one ground-water basin to another Eeneath topographic divides.

-



Antelope Valley, which is in the southwest corner of the Mojave
| Desert, is bordered on the west by the Tehachapi Mountains; on the
north and east by a discc;nnected chain of irregular low hills; and
on the south by the San Gabriel Mountains, which are cutside the
area studied and are not shown on plate 1. Although Thompson (1929)
shows the northern boundary of thie Antelope Valley a few miles north .
 of Rogers Lake, which is a large plays in the lowest part of the velley,
there is a large area bounded on the north by the Rand Mountains and
to the west and east by relatively low hills, all of which draing
. into Rogers Le.ka and’ may: thus be considered a part of the valley'. -
Thearee.northofU. S. Highway%é is here:lnreferredtoasthe
Borcn srea and is the only part of Antelope Valley studied in the
. present investigaticm. The Kramer borate deposits lie in the south-
- westem part of the Boron area, and the ground-water study was begun
in this area. | | |

Fremont Valley, the northwesternmost valley studied, is bounded
on the north by the El Paso Mountains, on the northwest by the
southern end of the Sierra Nevada, on the east by the Rand Mountains,
and on the south and southeast by Antelope Valley. The southern
boundary of the area has been modified after Thompson (1929)..
‘fhompsén included most of the Boron area in the Fremont Valley,

whereas, in fact, the surface drainage in this area is a part of

Antelope Valley.



10

The Middle Yojave Valley of this revort includes that part of
the ¥ojave River between Hodge and Barstow. Also included is the
areal south and southeast of the Kramer Hills and the area southeast
~ of Lenwood. The reach of the Middle Mojave Valley of Thompson (1929)
between Hodge and Victorville was not included in this study.

Harper Valley, which is sbcut 15 miles west of Barstow, lies
irmediately east of the Boron srea and is adjoined an the south by
the Middle Mojave Valley. The south and southeast boundaries of the
valley are not well défmed, particularly in the vicinity of Hinkley
whéré the bounda.ry was _drawﬁ somewhat arbltrarily b_ecguse, during
periods of floods, the Mojave River has discharged into Harper Lake;
also, ground water moves northward from the Middle Mojave Valley to
Harper Valley. A
' Cuddeback Valley 1s a relatively small well-defined valley -
scutheast of Rendsburg, morth of Harper Valley, and west of Superior
Valley. This valley was termed Golden Valley by Thampson (1929) but
current usage favors Cuddeback because of the same name epplied to
‘the dry lake in the central part of the valley.

Superior Valley 1ies 1mmediately'easb ‘of Cuddeback Valley, north
and northeast of Harper Valley, and west of Coyote Valley (not shown

cn the maps). It is somewhat larger than Cuddeback Valley.



Purpose and Scope of the Iavestigation

In the autumn of 1952 the Mineral Deposits Branch of the United
States Geological Survey, in connection with its work on the Mojave
Desert project, requested the Ground Water ‘Branch of the Geological
Survey to undertake a reconnaissance ground-water investigation of
the western part of the Mojave Desert. The principal purpose of the
g:oqnd-water study was to determine, in areas of Tertiary deposits
containing known or sﬁspected borateares, whether study of the chemical .
character of ground waters or other ground-water technigues could be
used as a guide in the location of subsuifaée bbréte‘depbsité;' |
Accerdingly, the work was directed toward: (1) The collection of

availabla chenical analyses from public agencies and other sources as

well as the sampliing of wells gnd springs in the field for chemical
analysis. The dela were plotted on maps and chemical diagrams, and
were studied with particular respect to the boron concentration, as
shown on plates 4, 5, 7, and 9 to 13; (2) the canvassing of most of
the wells in the area not only to collect samples but also to determine
th; altiiude of the ground-water levels, which were used to construct
the water-level contours shown on plates 3 and 8 to provide information.
on the direétién of ground-water movement through'or witnin the several
valleys. These water-level data also provided information on the
existence of subsurface barrieré, usually fault barriers, which impede
ground-water movement; and (3) the collection of availatlie well logs
which were used to study the character of the water-bearing deposits

in areas where ground waters contained above-average concentrationé

of boron. The water-bearing deposits as exposed at the surface had

already been mapped by the Mineral Deposits Branch. The results of
the geologic mapping, modified by the author, in the light of subsurface*

information, are shown on plates 3, 8, and 12.



The investigation was begun in January 1953 in the area of the
known Kramer borate deposits near Boron, California, in order to
determine the occurrence and chemical guality of gréund waters whére
the occurrence and extent of commercial borate deposits were known iﬁ
considerable detail. Subsequently, the st;dy was expanded to include
adjacent areas in the northern parts of Fremont and Antelope Valleys.
This phase of the ihvestiéation was completed in July 1953, and a
progress report was prepared for administrative use. Thereafter,
the area of investigation was expanded to include additional areas
in the Middle Mojave, Harper, Cuddeback, énd Superior Valieys.

During the period April to July 1§53, F. . Olmsted, geologist,
Grcund Water Branch, was assigned to the project to direct the work
aéd the prevaraticn of fhe progress report mentioned. The author 5f
- the present report termiﬁated his employment with.the Geological Sur-
‘vey in Decerber 1954, before completing the report. Fred Kunkel,
geolégist, Ground Water Branch, compleﬁed the report for public
release.. ) )

The ground-water reconnaissance has been carried on by the
Geological Survey, United States Department of the Interior, under
the general supervision of J. F. Poland, district geologist of the
Ground Wéter»Branch in charge of ground-water investigations in
California, and under the immediate supervision of G. F. Worts, Jr.,
geologist in charge of the Long Beach area office. Ward Smith,
geologist in charge of the Mojave Desert project of the Mineral
Deposits Branch, directed the broad phases of the work insofar as

it is related to the overall progran.

/¢
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Fleld Methods

Inventory of Wells and Springs

The first step in this investigation was an inven'i:ory éf water
wells and springs in each of the six valleys (pl. 1) to obtain the
following data: (1) Location of well or spring by odometer traverse
or compass beer‘mg; (2) physical deseription of well or spring;

(3) determination of land-surface altitude at well or spring by
berometer or imterpolation from topographic map; (i) depth of well
by measurement or owper's reporb; (5) depth to water by measurement '
or from owner'ts report, i:f.’ measurement % impossible; (6) rate

of discharge of pumped well, flowlng well, or spring,:zj'?) driller’s A
log, casing size and perforatiomns, chemical analyses, previous water-
level nmessurements, and other available data. _

These data were listed on standard Geological Survey forms YR
wil _become a paxrt of the perma.nezrt file in the Long Beach office
of the mm where they m%e avajlable for inspection.’

A total of about 570 wells were canvassed throughout the six areas,
of which 160 wells were canvassed by personnel of the Long Beach office.
There are about 270 wells in the Boron and Koehﬁ Lake areas and about

300 wells in the Harper, Middle Mojave, Cuddeback, and Superior Valleys.



Collection of Water Samples for Chemical Analysis

Water samples were collected directly from pumped and flowing
walls and springs, and bailed from unused wells. Approximately 50
saroles were collected throughout the six basins to give a broad
areal coverage. Thé collection of water samples, however, was
unzvoidably limited by the distribution of wells and springs and
resulted in an incomplete areal coverage. Nevertheless, an effort
was made to ecollect gamples in those areas known or believed to be
underlain by sediments and volcanics of Tertiary age.

Where possiule, sampleé from pumped wells were collected directly
from tie end of the diécharge pipe, thereby avoiding possible contanm-
idation and concentration which can occur in storage and reservoir tanks
The temperalure of the water, an estimate of the flow in gallons per
. minute, and the length of time the well was pumped before sampling
were recorded when a well was sampled. The temperature, flow, and
type of discharge were also noted when sampling springs and flowing
wells. 1In addition to these data, the depth of the well, perforated
intervals, and logs were recorded whenever this information was available.

Samples were bailed from unused wells having open unobstructed casings
or from wells which could be made accessible.- On the bailing of water
samples, the volume of water bailed, drawdown, and recovery rates of
the water level were noted. This information was used to determine
whether the well was plugged or if there was free.access Tor water to

move through the perforations.
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The equipment used f01; bailing included a debtachable steel
tripod mounted on the fromt end of a2 jeed pickup, a he-inch sheave
affixed to the 'boé of the tripod, and 600 feet of 2,000-pound-test
ailrcraft cable mounted on the front winch of ‘the jeep. Two bailers,
one S~inch 0.D. by 5 feet and the other 4-inch 0.D. by 5 feet, holding
12 and 3 gallons respectively, were constmc*{:ed. -The power for

lowering and 1lifting the baﬂ.ers‘ was supplied by the jeep through
the front power takeoff. It was estimeted that from a well with
an average depth to water of 200 feet » 100 to 120 gallons per hour

could be bailed with the 8-inch bailer.



Collection of Basic Data

Considerable time was spent contacting “public and priva.i:e ageacies

to cotain copies of well logs, waber-level records, and chemical analyses.
7
Sore data were obtained from 1:1(1% Ground Watex Branchjoffice /in Long Beach,

Calif., which has been conducting a ground-water investigation in parts
of Antelope and Fremont Valleys and canvassing wells in Harper Valley.

A total of agproximately 2,000 logs of wells and chemical analyses
were collected throughout the Mojave Desert and adjacent areas. Of these,
about 200 o:‘.l-?nd water-well logs were collected for the six areas, and
80 have been field locazted. In addition, epproximately 80 analyses of
surface and ground waters were collected, and the field ldcationé of »

4O sazmling points were established. Other agencies from which data

were collecteé; are as follows: California Divisibn of Water Resources;
Celifornia Division of Oil and Gas; San Bernardino County Flood Control
District; U. S. Department of Agriculture, Salinity Laboré.tory, Riverside,
Calif?méag U. S. Bureau of Reclamation, Boulder City, Nevegda; Union
Pacific Railroad; Atchison, Topeka/ and Santa Fe Railroad; Los Angeles
Metropolitan Wa.ter District; and U, S. Geological Survey, Surface

Water Branch, San Bermardino, California. In addition, data were

obtained from private land owners, well drillers, and power compaz_xies.

Most of these data were collected by means of a portable microfilmer.
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Well-Fuxnbering System

The well-nurmbering system used by the Geological Survey in California |
shows the location of wells and springs according to the rectangular
system for the subdivision of public lend. For example, in the numper
30/37-24R3, which Was assigned to a well near Cantil in the Koehn Lake
area, the part of the mumber preceding the bar indicates the township
(T. 30 S.), the part between the bar and the hyphen shows the range
(R. 3T E.), the digits between the hyphen and the letter indicate the
section (sec. 24) ',' and thé letter indicates the 40-acre Vsubdiv:;.sion of

the section as shown in the accompanying diagram:

MJL {K (J

N [P jaq |{R

Within each LO-acre tract, the wells and springs are numbered
serially, as indicated by the final digit of the number. Thus, well

Y

30/37-24R3 is the third well to be listed in the SE;SEl sec. 2k, T. 30 S.,
R. 37 E., Mount Diablo base and meridian lines. -
Although that part of the area about north of the town of Mojave is
covered by the Mt. Diablo base and meridian lines and that pax;t to the
south by the San Bernardino base and meridian lines, no duplication in
township and range numbers results: The Mbt. Diablo numbers are from

T. 29 S, 40 T. 32 S. and from R. 36 E. to R. 47 E.; the San Bernardino

murbers are from T. 8 N. to T. 12 N. and from R. 2 W. to R. 11 W.
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As all of the wells sre either in the northwest quadrant of the
San Bernardino base and meridian lines or in the southeast quadrant
of the Mt. Dizblo base and meridian lines, the abbreviation of the
tosnship and range part of the numbers is suf:ficient.
The well-pumbering system is commonly used as a shorthand means
of describing locations of features other than wells and springs. For
example, one of the adits of the Yellow Aster Mine near Randsburg can
be described as being located in 30/40-2D. This would indicate a
location within the NW V¥ sec. 2, T. 30.S., R. 40 E., Mt. Diablo
base and meridi=n lines. These locations are not indicated on the maps.
Special cases arise where the above described well-mumbering system
is aitered. Tha follov;iﬁg are examples“of the altered well numbers used
in this repors: |
A) "A wel} located ‘in the field where the section-ﬁet'control
is poor, is denoted by the letter X in. place of the ko-acre
t;'act l:a-t'ter. well 10/ 5-32)(]: is an example of ‘this :bype of
number, and the well would be plotted on a map as X.
B) A well not located in the field but which has a2 reported
location is denoted by a dash in place of the 4O-acre
tract letter. Wells 10/5-32-1 and 10/5-32-2 are examples
of this type of number and they would be plotted on a /

map as -1 and -2, respectively.



NUMERICAL AND GRAPHIC EXPRESSION OF WATER ANALYSES

Because.chemical analyses of waters commonly are expressed in parts
per million>(ppm), the purpose of this section is to set forth the
information needed to convert analyses in parts per million to the
form-used for graphic plotting, with special reference to the tri-
linear ﬁater—anaiyses diag:am described by fiper (l?hs). The'ﬁaterial 
here presented is in part a duplication of information given by Piper,
but has been done to present é step-by—step'instruction»on how to

‘proceed from the analysis to the plotted graph.

Determined Constituents

In gemsral, natural waterg contain dnly a few dissolved constituents,
most of them in the form of cations or anions, but some in the form of
un~-iopnized compounds. The principal catiéns are calcium, magnesium,
and sodium, potassium being minor; the principal anions are bicarbonate,
sulfate, and chloride, carbonate (if present at all), nitrate, boron,
and fluoride being present in minor amounts (table 2). Un-ionized
siliga ugually is p;esent in colloidal form, and ironAusually is i
present but commonly in a concentration of less than 1 ppm. Additional
minor and rarer constituents are listed by Piper (1953, p. 3).

The usual complete analysis made by the Geological Survey includesv
determination of all the constituents listed in ths preceding paragraph
and, in addition, dissolved solids, determined by evaporation to dryness,
and specific conductance (micromhos at 2500). Hardness is éxpressed as
calcium carbonate and generally differentiated into carbonate and

noncarbonate hardness.



In

aa

many analyses dissolved solids are not determined, and specific
cqnductance'may not be available. In these analy;es, if the six
prineipal ionized constituents have been determined analytically,

a summatién of these constituents usually gives an approximate value
fcr the total dissolved solids. However, in the summation of these
constituents, expressed in parts per million, the carbonate equivalent
of the bicarbonaté concentration is used. This procedure, as‘descfibéd
by Collins (1923, p. 253), is followed to corﬁ‘orm with the value
obtained for dissolved solids by the evaporation process. In the
process of evaporation of natural water to dryness bicarbonate decom-
poses to an equivglent amount of carbon;te owing to the loss of carbon
dioxide and water, in the ratio of 61 parts by weight of bicarbonate
to<30 parté :; weigﬁ£ of carbon;te. The carbonate equivalént is
obtainéd by dividing the bicarbonate conceﬁtration,_expressed in

parts per million, by 2.03. For example:

61 ppn HCOj :
» = 30 ppm 003

2.03
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Extersion of Partial Analyses

In many partial analyses the chloride, sulfate, é.nd bicarbonate
concentrations are determined by standard laboratory techniques.
However, if sulfate is determined by the turbidity method and hardness
by the soap method, their resseedive values should be considered
approx:.mate

Cften in partial analyses sodium is not d.etermined, and calciun
and magnesium are determined only as total hardness in parts per million
%calcmm carbonate. In this type of parbial analys:.s y if the principal
anions were d.etemmed accurately, the approxmate concentration of |

sodium, in equ.ivaleths per million ,(epm) , can be determined by differ-

ence as follows:

Total gxz(a).rdness?:}&’= sum of Ca + Mg (epm)

Approxinate Na (epm) = Sum of anions (epm) - sum of Ca + Mg (epm)

In same partial analyses total hardmess is broken down into Ca and Mg
hardness. In this case the equivalents per million of hoth Ca and Mg

can be calculated by the same equation as follows:

Ca hardness (ppm)
50

= Ca (epm)

Mg har:zess (ppm) - - Mg (epm)

L \/ io/t@\/hafdpjssue.xgre‘sse'a*iﬁ\ppﬁ\of T



For plotting on the diamond field of the water-analysis diagram
(p1. 2) diﬁcussed in the following sections, the minimum partial
analysis regquired would include determination of total hardness,
sodium, bicarbonate, and carbonate. For plotting on the cation
and anion triangles as well, calcium would have to be determined
in addition to hardness, which would give magnesium by difference,
énd either chioride or sulfate among the.anions would have to be
determined; or else five of the six principal ions would havé io
be determined directlyfnwﬁoygver,_th%s méthgq §f analysis is only
approkimate and in some cases may'lead to substantial error.- It

is reccmmenged oalj where the more complete analyses are impractical.
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Conversion of Parts Per Million to Perceantage Reacting Values

The .first step prior to plotting an analysis on the water;analysis
diagran 1s to convert the constituents expressed as parts per million
(pom) to equivalents per million (epm), and then to determine the
percentage reacting values (%RV) of the individual comstituents.

The analysls as expressed in parts per million (ppm). gives a weight
relationship (the muber of unit weights of the constituent in a million
unit weights of water) end does not demonstrate the proportions of the
constituents. In order to.obtain a more useful statement of the chemical -
character, the various constituents eJ@ressed as parts per million are
cenverted to equivalents per million (epm). This conversion can be
.acccmplished in two ways: First, by dividing the parts per mi]_lion of
the censtituent by the equivalent weighty(combining weight) of the
constituent; second, by cbtaining the reciprocal of the equivalent
weight of the constituent and multiplying this value by tﬁe reported
| parts per million of the consti‘t;uent. These methods are shown in the

following equations:

Parts per million of constituent _ equivalents per million
Zequivalezrh welght of constituent N

1.
= goruivalents per million

(Parts per million) x (%@ivalent weight) s

l. The equivalent weight of an element or radical 1s that weight
which will combine chemically with the hydrogen icn,whose valence and
atomic wéight are taken as a standard of one. In order to determine
the equivalent weight, the atomic weight, if the constituent is an
element such as sodium, or the molecular weight, if the constituent is
- a radical such as sulfate, is divided by the valence of the respective

element or radical.



t can be seen from the above equations that, for amalyses in which
the constituents are reported as equivaients per rhillion, a conversion
to parts per million, if desired, can be readily accomplished as

follows:
{Equivalents per million) x (‘%quivalent weight) = gnarts per million

Table 1 shows the atomic and molecular weights, the equivalent
weights, and the reciprocaldof the equivalent weights of the common

and some of the minor constituents of natural waters (the ions included

in the usual|Geological Surveycomplete analysis).
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Tuble l.~ Factors for converting parts per million

to equivelents per million

Atomic or Reciprocal
Constituent molecular Equivalent of
weight welight equivalent
weight
Cations
Calcium (Ca) 40.08 20.0k4 & .0499
Megnesium (M) 24,32 12.16 .0822
Sodium {fa) 23.00 23.00 .0k35
Potassiun (X) 39.10 39.10 .0256
Anions
Carbonate {C0,) 60.02 30.01 .0333
Bicarbonate (HCS ) 61.02 61.02 .0L64
Sulrate (sa,3 96.06 48.03 .0208
Chioride (c1 35.46 35.46 .0282 -
Fuoride (F) 19.00 19.00 .0526
Nitrate. (1\103 ) 62.01 62.01 0161
10.82 3.61 2770

Boron - (B)




In a2 natursl water the total equivalents of cations should egual
the total of the anions. Therefore, the sum of the equivalents per
million of cations and anions for an analysis affords a ready means
of checking the accuracy of the analytical work unless one of the

cptpiradd Smatidty
ions has been calculated by difference. The -Quadity—ofizter—Branch

considers a 2-percent unbalance :m sum of cations versus anions as the
.. s
VS /7 Y1

&i&t-cﬂpewﬂe, error in an a.nal.,rsis of natural water.

A third method of expressing the chemical analysis of a natural
water 1s the percertage reacting value (%RV) of the various constituents.
This value is calculated from the eguivalents per million and is the
ratio of the individual cation (or anion) to the sum of a1l the cations
(or epicns) expressed as a percentage. For example:

Sauivalents per million of Na
squivalents per miilion of The catioms 100 = %RV Na

1
i
0
i

_-emuivalents per million of HCOs e _d
ot m*valents per million of tne anions x 100 = %RV HCO3

\\%\g

The percextage reacting values so determined for each cation and anion
are plotted cn the water-analysis diagram.

Any unbalance in the analysis is adjusted automatically during the
calculation of percentage reacting values by obtaininz the percentage
relationship of the individual cations or anions in equivalents per
million to the sum of 2ll the cations /(or anions;). By this means, the
sum of percentage reacting values of the cations and anions each will

equal 100 percent.

A = OLO0GICA
p y. %‘ %\,0 [ 80/;?'
7" MENLO PARK €\

[ S I e b

i
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Plotting Analyses on the Water-Analysis Diagram

The mechanics of plotting the percentage reacting values on the
water-analysis diagram are relatively simple and can be done in several
wayse. Teable 2 shows four complete analyses in all three forms of
expression. The percentage reacting values of the constituents in
these analyses are plctted on plate 2, a water-analysis diagram. The
diagram has three separate fields for plotting, two triangles at the
lower left and lcwer right, respectively, and en intervening diamond-
shaped field. The percentage scales in all three fields read from
zero to 100 percent, ;%E\th the fields being marked off in divisions
of //2? nercent. \Aﬂ,ﬁiﬂwﬁ{_gfw@?g A

In plotting the percentage reacting values, the minor constituents

are grouped wiﬁ:. the_ major ions :to which they‘ are related. For exan;ple,
potassium is grduped w:t.th sodium, carbonate (and boron, if present as |
tetraborate) with bicarbonate, and flucride and nitrate with chloride.

The caticns, calcium, magnesium, and scdium plus potassium} are
plctted in the triangle to the lower left, and the anions, bicarbonate
plus carbonate, sulfate, and chloride /axe plotted in the triangle to the
lower right. These plots show the relative propcrtions of the principal
constituents of natural water on the basis of the percentage reacting
values. The intervening diamond-shaped field shows the gereral chemical
character of the water. The arrows along the sides of the three fields
point to the direction of 100 percent of the cation or anicn indlcated
by the chemical symbol accompanying the arrow. Thus, each of the vertices
in thé tfiangular fields is a 100-percent point for one of the respective

cations or anions and the opposite side of the triangle is the zero base.
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Table 2.~ Anslyses of selected California waters a
[Azalyses by SpatdtyoRetetersBesnek, Cecloglcal survey/
Apalyses 1 i 2 3 L
Constit- / . -
uents 1n | P¥U | Pm | %y | pom | epn | %y | ppm | epm | fry | ppm | epm | v,
Ca 4.0 {0.200; 53.3! 175! 8.73| 27.4+| 303|15.12| 20.6| L4.5/0.225} 5.5
i "
Mg 1.2 {0,099 26,41 192{15.79{ 49.5 391 3.20] L.b «5] .Okl| 1.0
Na 1.4 j0.061] 16.3] 168! 7.31] 22.9{1,260/54.8 | Th.6| 87 |3.783) 92.4
X g.6 {0.015f 4.0l 2.8] 0.071 0.2] 13| 0.33] o0.k| 1.7} .043] 1.3
Total / Iy
/rfations 0.375{100,0 31.90{100.0 73.46100.0 . 092100.1]
co; o ‘lo.0 0 0
HCO3 119 10.311 9.3] 212| 3.47] 10.7] 126] 2.06] 2.7[200 [3.278] 78.6
SOy 2.0 |0.082] 10.7/1,26026.23] &.3] 398} 8.29] 11.0] 1.4 .029]. 0.7
a 1.2 10,034 8.7 58! 1.64 5.112,31065.2 | 86.2]29 | .818] 19.4
F d.1 |0.005| 1.3] o | 0.2 0.oa| o0.0] .5].026| 0.4
7 . . \ .
NO3 0.4 {0.000 591 0.95! 2.9! 5.44 0.09{ 0.1| 1.4} .023] 0.5
Total
Anions 0.392{100.0 32.29{100.0 7565 {100.0 4174 {100.0
Si0 8.4 k6 54 19
Fe d.o .0l
Baron d.o1 1.46 1.40
Sum 28 2,070 4,450 ool
giec. cozsxd.
a cggg%?f 35.2 2,450 7,540
Percent
scdium 16 23 (F] 92
l. A pi—
R A AR YY) B 2
e ﬂ/](’v\ﬁ «éﬁub/,,,ﬁ?ﬁ ;*f ?;LE&'F"{E‘;’ » ‘_l)/')/’}/ f /&);\.
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The percentage reacting values of the cations and anions can be
plotted as a point in their resvective triangles. This gives one point
in =ach triangls. Projection of these points into the diamond-shaped
field gives a point, at the intersection of the projections,.that
craracterizes the water as a whole. The independent plotting of a
point in the diamond field gives a check on the accuracy of the triple .
plot, for if the intersection of projections drawn from the points in
the tri fiélds coincides with the independent point plot in the
diamond field, the plot is correct.

The point piot on the water-analysis diagram does noﬁ indicate
fhe concentration of dissolved solids. If it is desired to compare -
several walers for concentration as well as general character, the
concentration may be indicated‘by drawing a circle centered at the
proper point on the diamond field, having an area or a diameter in
propcr%iOn, direct of logarithmic, to the coﬁcentration, In this
report such & comparison has not been made.

For office-study purposes all analyses shown on plates 5, T, 10,
11, and 13 were plotted on the cation and anion triangles as well as
on the central diamond, which only is shown. The anion and cation
plots did not indicate any peculiar characteristics and therefore

were not included.



Utiliby of the Water-Analysis Diagram

The water-analysis ch.a'gra_zx has proved to be a useful aid in the
‘study of the chemiczl character of natural waters. Rumerous natural
chemical changes, which surface and especizlly ground waters undergo,
can pe visually and graphically demonstrated by means of this diagram.
m-:éf—exchange 3 mcnratetrtermeckcetion—uchaage ‘sulfate rednc'blon,
and the Impair—ent or improvement of water qualt%t} by the mixing of
wvaters are some of the geochemical phenomena wakeh can be shown on the
dizgram. Generally, however, plots of natural wa‘l;ers » contaminated
waters of .increasing concentrations, and of possible contaminants do
not of themselves dembnstrate the source of contamination, chiefly
becé.use gakion exchange diverts the plot of contaminated waters from

' the "blend-lines" between plots of natural water and possible contaminants.
The dian -ond-snaned field of the diagram (nl. 2) can be subdivided mto
several dlst net fields in which waters of a particular caenical
character fall (Piper and Garrett, 1953, p. 1k). These fields (pl. 2)
are as follows: (A) Alkalies and strong acids dominants @rimary salinitﬁ;

(B) noncarbonate hardnesss alkaline earths and strong acids dominent,

Csecond.ery salinit?; (C) carbonate alkalij weak acids and alkalies dcminant/

(primery alkalinit}; (D) carbonate hardness; alkaline earths and weak

: alfalinity)
acids dominant / (secondary qsaé.-inity, (E) alkalinity or sa._inity not

dominant. '
One of the mailn puzz'poses of the water-analysis Vdia.gram is to show

the different types of water in an area, and this it does most success~

fully. However, many problems concerning the chemical chara.cter of water

:wf 2] b(
capnot be solved using the dilagram }a.nd any conclusions should be carefully

drawn s errlStem
L J
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In this report, terms describing the general chemical character
of waters that are of primary or secondary salinity or of vrimery or -
secondory alkalinity are used in particular senses, as in the following
exarples: (1) "calcium chloride designates a water in which the calcium
amounts to 50 percent or more of the bases and chloride to 50 percent
or more of the acids,in chemical equivalents; (2) "sodium sulfate chloride"
designates a waﬁe:: in which the sodium amounts tohslo perce'nt or more a
of the bases in chemical equivalents, and the sulfate and chloride are
the two major mt neither one exceeds 50 percent in chemical
equivalents. Vaters that are not dominantly alkaline or saline (Piper

and Carrett, 1953, p. 1b4) are not identified as a specifiec type.

(See vi. 3)



Boron Factor

.

In studying the boron concentrations in the zround waters of the
western part of the Mojave Desert, it was found that, when considering
the econcmic concentrations of boron, the "boron factor"” as used by
J. A. Lozan (personal communication, 1953) was more significant than
the boron concentration alome. The boron factor is derived from the
relation of borsn in parts per million to am adjusted value of the
specific conductance. Thé value of.specific conductance in micromhos,
which is K x 10° at 25°C, is adjusted to K x 103 at 25°C. Therefore,
a water containing 1 ppm of boron and a specific conductance 1,000
micromhos would have an adjusted specific conductance of 1 and a boron

facteor of 1, as follows:

Boron factor = Boron (ppm) _ 1 =1
Kx10 T

Tnis relationship of the boron concentration to the adjusted specific
conductance allows a more critical evaluation of the significance of
the boron concentration when the economic potential is being considered.
The majority of the‘samples collected in the areas studied show a
boron factor of 1 orvless. A considerable number rangs from 1 to 2.5
and a few show significant boron factors of 10 or higher.

The following comparison of several analyses is made in order to
demonstrate the significance of the boroa factor over the aktsolute
concentration of boron in the ground water. A water from well 30/38-2LF1
In the Koehn Lake area showed a boron concentration of:gg:ppm; which is'
approximately 50 times greater than the average boron concentration

throughout the several areas. However, the specific conductance of
this water is on the ord<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>