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LETTER OF TRANSMITTAL.

DeraRTMENT OF THE INTERIOR,
- UNITED STATES GEOLOGICAL SURVEY,
Hyproararnic Braxcn,
Washington, 1. C., June 1, 1904.
Sir: 1 forward herewith a veport on the underground waters of
salt River Valley, Arizona. by Willis T. Lee, and recommend that it
be publizhed as a water-supply and irrigation paper. !
Mr. Lee. under the direction of Mr. N. H. Darton, geologist in
vharge of the western section of hydrology, has made a detailed
investigation of the underground waters and geology of Salt River
.1[103, in the Phoenix region and eastward, and I believe the results
will be of value and interest to a large number of persons. The region
i~ one in which the problem of water supply is of great importance,
for its prosperity is entirely dependent upon the utilization of the
~urfuce and underground waters.
Very respectfully, F. H. NEWELL,
- Chicf” Engineer.
Hon. CuarLes D. Warcorr,
Director United States Geological Survey.

Ay

o s < . e A4 e Y 8 AT

S

B



w\.‘.i
Q

cmno‘re

1A

'-‘Mcoaw.m
nssmvom
E Lo

) B
oA g " l .‘{\“ -&
I RN

b:.ewn'd.s

‘\Ionmy’sr,,

; .1‘ Ranch
ARIZONA

/| DIVERSION OAM

‘\.
HORSESHOE T
e S
RE, .g{ RVOIR SITE o
15 miles B
4 ~——~
N

Y9240

PROPOSED’
{ 1 g

L. ARIZONA, SHOWING AREA DESCRIBED.




HORSESHOE
RESERVOIR SITE

Liscum

Cave Creek

MERIDIAN

T,

T

TR

PATIY
N~

B
=

-

. SALT |RIVER

[ McDOWELL
RESERVOIR

.
. e
Yoy

3 i

Svt.cwtird.s;;m .
Ranch =

Pl S e NN

5 A Monroyss s

i ;f Ranch
ARIZONA il

DIVERSION DiiM

&

D,

B g

B;\SE‘R‘.\E‘I:\_—F‘-“‘— =
. )

Sy

T




Sa Bl

U. 8. GEOLOGICAL SURVEY

Sm érig(gs

MERIDIAN

A‘

A3
A i
'f e’ --—:4-",;',"?.4 -
l(lw.':ttern::;j AT e e o P‘H}r—'—q :
! PHOLNATT = 5

X
~

c
2
) .\‘
S
N
s
S

—
R
-

E




e P N e

WATER-SUPPLY PAPER

HORSESHOE F 3 -
RESERVOIR SITE -

1 o~
Scale e
15 miles B

Stewards:
Ranch
t’.@

Monros’s-.;,;.
Ranch

A 481ZONA
/ DIVERSION DiAM

)

14 i
/.\‘3 Kings\Crown

.07 ¢ /PRt
sitver King (18,
B

L ARIZONA, SHOWING AREA DESCRIBED.

e T md iy e i ’ e 4 L



HORSESHOE / \
RESERVOIR SITE

Cave Creek

e ——

VER __|MERIDIAN

] ;‘jﬂwcaqwfu
RESERVOIR

e

-{ 2 CRayp '

i CANAL
SALT RIVER VALLEY CANALH—EIH

T /‘r
GlL,/A/'F—HVER: ’j'
4 Iy 7

AN RESERVE :

%3

MAP OF CENTRAL ARIZONA, SHOWING AREA DESCRIBE

" TR
—_— " T YTTY e PP — ._



MERIDIAN |

ey

IVEJ
LIS
AN RESI RVE

Y

AT s AT

f
]

i




b4

_:-P‘ et — — a ‘ﬁt‘--.\
L1
S
_..‘\.;.___2 (|
! B
Liscun ) ) . r. , .
o UNDERGROUND WATERS OF SALT RIVER
L T r TON
5 VALLEY, ARIZONA.
Cave Cre-z =
< By Wruis T. Lek.
(=]
z INTRODUCTION.
PURPOSE OF THE INVESTIGATION.
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The purpose of this paper is to bring together the facts, so far as
known, regarding the underground waters of Salt River Valley, with
a view to ascertaining their available quantity, the areas where they
occur sufficigntly near the surface for econmomie pumping, and their
adaptability for irrigation.

The area of special investigation lies within a line drawn from the
junction of Verde and Salt rivers westward a few miles beyond the
Agua Fria and southward to Gila River: thence along the northern
border of the Pima Indian Reservation to the Superstition Mountains
north of Florence, and along the foot of these mountains to the mouth
of Verde River—an area, irrespective of the mountains, of about 1,000
square miles. A number of side trips were made beyond this area
into the neighboring mountainous districts, but the principal part of
the work was done in the lowlands included within the above bounda-
ries. This area is conveniently divided into two districts by a line of
buttes that extends across the valley in the vicinity of Tempe, con-
necting the Phoenix Mountains with the Salt River Mountains. The
physical conditions existent east of this line of buttes differ notably
from those to the west of it. The division of the valley into two dis-
tricts is therefore to more purpose than mere convenience of deserip-
tion. The first district. which extends from the mouth of the Verde
to Tempe, is known as the Mesa region, and the second, which extends
from Tempe to the Agua Fria, is known as the Phoenix region. (See

PL L) | , :

11
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CHAPTER L
WELL RECORDS.

TIIE MESA REGION.

MURPHY-McQUEEN WELLS (SEC. 34, T. 1 N, R. 5 E.).

The series of deep wells first completed and used for irrigation in
Salt River Valley is that on the Murphy-McQueen ranch, near the town

Qriginal water level 29
Present 27’

3

2 Surface alluvial soil
Pérforated pipe
» Woater bearing cemented
! graveland bowlders
Loose free water gravel,

sand,and bowlders
Furu\ed pipe

. . ’
—-‘-!n-qaﬁ

Clay, soft limestone, and
chalk rock

Forated pipe
Live water stratum of coarse sand and
small gravel. Water raised 2’'above normal
Small strata of sand and clay
‘with no water

—— e —— g — =246 = a2l

Clay and talc,non -water bearing

1

e b= 1+ 1. i
Nopipel

“28'= ¥ = = — — — —gze"
am = B8 = = = = % =74 % 6%x= = =408

Fic. l—BGI'Pd well of 8. J. Murphy, on Murphy-
MeQueen ranch, Mesa.

might be obtained.

of Mesa. This series of wells
has been described by W. IL
Code in two publications,” and
his descriptions are here tran-

seribed. In the first he writes:

The Murphy well (fig. 1) was
started as a 12-inch double-steel-casd
one, but on account of the great
difficulties encountered in the way
of bowlders and cement gtrata, to-
gether with a peculiar formation of
clay known as the swelling variety,
it has been necessary to reduce the
gize of the well three times in the
depth of 1,305 feet, ending with o
casing 7 inches in diameter.

In the later and more com-
plete report Mr. Code writes
as follows:

Four 12-inch bored wells were.

sunk on a line, with 12}-feet centers.
The first one was put down 1,305 fect
in the hope that an artesian flow

As the drill was still in a nonwater-bearing stratum of clay

and tale when this depth was reached it was decided, aiter having penetrated this
stratum 605 feet, to abandon. the search for artesian flow and depend upon purip=

for raising the water.

The remaining three wells, therefore, were drilled to a depth

of approximately 212 feet, the formations intercepted being as follows:

a Code, W. H., Report of irrigution investigutions for 1900. Xo. 2: U. 5. Dept. Agric., Bull, 104, 1.

P. 93; Report of irrigation investigations for 1801, No. 1: U. 8. De.pt Agru

12

Bull. 119, 1902, pp. 65-6s.
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A, EDGE OF THE MESA NEAR CONSOLIDATED CANAL COMPANY'S POWER »
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main well was
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water when the
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annual change. ;
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the common salt, althongh very abundant, counld be washed out of the

il with comparative ease should it accumulate in too large quantities.

The nitrates, so valuable in irrigation, are abundant. 1t is possible. as

many believe, that the continued use of ~o =aline an irrigation water
for a series of years will prove harmful to the land. unless precautions

o tuken to prevent the aceumulation of salts in harmful quantities.

(e quantity and kind of salt which may be present in irrigation

aaters depend so largely upon the physical and chemieal composition

1 the land irrigated and upon-the manipulation of. that land that pre-
liction is useless without a more extended knowledge of facts.

Analysis of water from F. Olsen’s well.

cnantitative (parts in 100.000) :

Total solids goluble at 130% O ot it it ciiiiiceeceenes 381. 00

Chlorine in terms of NaCl (common salt) ... .. .. . ... ___..... 235. 20

Hardness in terins of CaSQ, (sulphateof lime) - ... ... .. ... .. ... 59. 84

Alkalinity in terms of Na,('O; (black alkali) ... .oooooiioioiiiaaiaaoa. .0

Nitrogen in the formof mitrates _ ... __._ .. ... ... _.........l . 2.00

Nitvogen in'the fonaof nittes. o cvassiisissssisasivmainrezss Faint.
talitative: .

' BRIPhates - oo sncaissen SRR R S e e Very strong.
MATHERTA oo S R e et ot i R i SN by s s Strong.
Lime oo sies e I Very strong.
BICATORBIER .« < s T e s st s R B e B Bt s s Very strong.

HANSEN WELLS (SEC. 35, T. 1 S, R. 4 E.).

Mr. A. J. Hansen’s pumping plant is located about 10 miles south
of Tempe. There are four 12-inch drilled wells. double-steel cased,
-~ feet apart, and sunk to a depth of 200 feet. A central shaft con-
tiining a 12-inch horizontal centrifugal pump is sunk to water level.
From this shaft tunnels communicate with the wells as explained for
the Murphy-MeQueen plant, and the wells are connected by a hori-
‘ontal suction pipe. The pump. is operated at the surface by steam
power, connected by belt to the pump.

No satisfactory tests have been made on the capacity of the plant.
fhie hest measurements obtainable indieate a vield of about 518 inches
e PL IV, 23), or something over 5.000 gallons of water per minute.
\Iv. Hansen is preparing to irrigate, in this way, his entire tract of
wmiething over 1,100 acres. At the present writing about 500 acres
v supplied with pumped water.

When the pump is run at full speed, drawing from the four wells
Jikey the water level in the wells is lowered 9 feet 3 inches, making
i total lift 26 feet 3 inches.  When the water is drawn entirely from
trend well, the otliers being shut off, the water level in that well is
il to lower 18 feet, while in the well 90 feet distant it lowers 5 feet.
tue effect on the intervening wells was not determined.

o — S W——m—#——“-———" _,‘,,,,WW.
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In drilling the wells very little surface water was encountered, by

ata depth of 76 feet water-hearing gravels and bowlders were encou
tered, from which the water rose 53 feet—that is, to 17 feet below
surface of the ground.

Log of 2. J. Hansen’s wells.

Fes
S0 MR AR SOIRENE. i mrimos s s A s i e i e S et %
Hard cement st isrirns s risrssiemintirsnansidsin sssviaswsaarme
Coarse sand, gravel, and bowlders, water bearing. . _ .. ... ... I

In the course of the drilling two circumstances were noted indic:
ting the looseness of the water-bearing gravels. In drilling the I
well it was noted that the water in the first one, 90 feet distant, mov
in unison with the plunge of the sand pump. As the sand bucke
with its massive attachments. descended, the water surface in the fir-
well was agitated and moved slightly upward. As thc sand buck
was withdrawn the water surface was lowered slightly, maintaining
churning motion in unison with the drill. The second circumstane
was noted in connection with sinking the casing. The casing is usi
ally forced downward under heavy pressure by means of hydrauli
jacks into the hole made by the sand pump. In Mr. Hansen’s wel
the gravels were so loose that the casing settled into them of i
own weight and had to be held back to prevent it from settling fast-
than desired.

Three analyses have been made of water from these wells, the fir
taken January 2, 1903, and the second March 2. 1903, before an

extensive pumping had been done. A third analysis was made M
14, 1904, after the pump had been in comstant operation for ubo.
five months.

Analyses of water from A. J. Hansen's wells.

No. 1. No. 2. No. 3.
Quantitative (parts in 100,000): :
Total solids soluble at 110°C.... .| 509.0 46,8 2
Chlorine in terms of NaCl (com- ;
I Y T i 355.0 307.0 1Ly
Hardness in terms of CaS0, (sul- ‘
phate of lime) ... ... _. ; 60.9 155.4 | | 131.2
Alkalinity in terms of Na,(O, d
(blackalkali) ... ..o . .0 .0 o
Nitrogen in the form of nitrates _. _.__._..______. Faint. Trao
Nitrogen in the form of nitrites S I Faint. | A
Qualitative: '
Sulphates..........ccceeeeeenoo. Very strong. | Very strong. | Very stre
Magnesin .. ccceearemrrmancnnca- ! Very strong. Very strong. Stra:-
3 | S - I Very strong. ‘ Very strong. L Very strot-

| ! H




I RIVER VALLEY.

i
¥

[x0. 126 1

. water was encountered. hu |
5 and bowlders were encoun

~that is, to 17 feet below tu.

wells.

...................

imstances were noted indie

eravels.  In drilling the la
<t one, 90 feet distant, move
ump. As the sand bucket
the water surface in the firs
ward. As the sand bucke
vered slightly, maintaining .
. The second circumstanc
casing. The casing is usu
wsure hy means of hydrauli
mp.  In Mr. Hansen’s well
ing settled into them of it
revent it from settling faste

!

v from these wells, the ﬁr.-!?

[ Marveh 2, 1903, betore an
hird analysis was made Mus
onstant operation for abou

Hansen's wells.
No. 2 No. 3.

9.0 446, 8 2.0
3.0 307.0 3110
0.9 135.4 151.2

.0 .0 .
—ean Faint. Trac
P Faint.

| -
nz. Very strong.
ngz | Very strong.

ng.  Very strong.
|

i
|
{
|
|
|
|
|

Very stron:

Stron:

Very stron:

|

i ain e st i —— - i e 2

pi] WELL RECORDS—THE MESA REGION. 33

TEMPE CANAL COMPANY'S WELLS (SEC. 19, T.1 N, R.4 E.).

The Tempe Canal Company has undertaken the construction of a
larue pumping plant, designed to augment the water supply of the
Tempe canal. - A battery of ten 15-inch wells is planned. Two of
these are completed at the present writing. The wells are 50 feet
apart, and will be operated from a central station. It is expected
that the ten will yield 1,000 inches of water. It is the purpose of
+he company to increase the outpnt to 3,000 inches, if water is found
4 ~uflicient quantity to warrant such expansion.

The pumps will be so placed as to discharge the water into the Tempe
anal, thus mixing the pumped water with the river water and dis-
sributing it uniformly. i -

The material encountered in these wells differs notably from that in
sweighboring wells in the absence of the great number of bowlders.
I'he material is described as sand and gravel rather than as gravel and
sowlders, as in other wells, and the lower 33 feet is clay.

- Log of Tempe Canal Company’s wells.

Feet.
e e e e e e e A e 10
TN APTANEL o n ciomn s srmn i o e i s e G S S TS 1567
ey B W B S 33

VALLEY SEEDLESS GRAPE COMPANY’S WELLS (SEC.4, T.1 S.,
5 R. 4 E.).

The company’s vineyard is situated ubout 4 miles south of Tempe.

There are two 12-inch drilled wells, one at the southern end of the
vineyard, 348 feet deep, and one at the northern end, 250 feet deep.
In the 250-foot well water-bearing gravels were encountered at a depth
of ahout 190 feet. The water from the gravel bed rose to a level 18
feet below the surface of the ground. The 348-foot well is on higher
lind and the water level is 30 feet below the surface. No careful
driller’s record was kept, but the foreman in charge reported that the
material passed through was a mixture of sand, clay, and cement to a
depth of about 120 feet. At this depth sands and gravels begin and
siternate with granitic wash to a depth of about 300 feet. No water
worthy of mention was found until a bed of gravel 9 feet thick was
vicountered at a depth of about 275 feet. Below the 300-foot level
tie material is granitic wash down to 340 feet, where hard red granite
“as found.  The well penetrates the granite 8 feet.

The 250-foot well is not in use at the present time. The 34S-foot
nellis operated to irrigate the vineyard by a centrifugal pump placed
-+ shaft sunk to near water level and operated by a 12-horsepower
“toline engine.  The water is pumped into a small cement reservoir
“m which it is distributed for irrigation.

IRk 136—053——3
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Repeated efforts were made to secure measurements in a test run of
this plant for the purpose of computing the costof water thus obtained,
In the meantime Prof. S. M. Woodward. of the Arizona Experimen
Station, working independently to the same end, obtained measure.
ments which he has kindly allowed me to use. The test run consume(
1.5 hours, the quantity of water pumped during that time being meas.
ured in the cement reservoir and the rate per second computed. Tl
water in the well was lowered 11.5 feet when the pump started and
remained constant during the run. The water was lifted 5.5 feo
above the level of the ground, making a total lift of 47 feet. Th
plant is still in an experimental stage and certain easily remedic
faults in construction will reduce the cost given below. Owing als.
to these imperfections, the liability to error in measurements is need.
lessly great. Those taken by Professor Woodward are probably a.
accurate as can be obtained at the present time. The original cost of
the plant could not be obtained and attendance is not included in the
following computations: '

Cost-of pumping waler at the Valley Seedless (Grape Company’s vineyard.

Rate of discharge in cubie feet per seconds.. ... ... ... ...... 1.15
Distillate consumed per hour, in gallons ... ..o o iiieiiaena. .. 1.6
Time to pump 1 acre-foot, in honrs.. ... ... . ... ... ... 10. 52
Distillate consumed per acre-foot of water pumped, in gallons _.____._ 16.83
16.83 gallons of distillate, at 22 cents. o ... oo 33.70
Oil and incidentals . ....ccocaanennn S S S AR R s -$0. 05
Total cost per acre-foot .. _...... o i S, S—— — $3.75
Etinfeot: o cuvasesssrmonecisncan s supass i e e e S e e 47
Average cost per foot in raisingan acre-foot - ... ... ... ... $0.08

Analyses of water from the Valley Scedless Grape Company’s wells.

348-foot well. [ 250-foot well.

Quantitative (parts in 100,000):

Total solids soluble at 110° C.... ... ........ 155.8 115.2

Chlorine in terms of NaCl (common =alt)..._.__. 105. 4 78

Hardness in terms of CaSO, (sulphate of lime).._. 21.8 1.4

Alkalinity in terms of Na,CO, (black alkali)..... .0 A
Qualitative:

Ealphatoivess sy s, ool B ‘ Strong. | Strong

Magnesia ....... RN L SN RECR It " Pronounced. | Pronoune

[ §i5i o1 (R R S g o 3 Strong. Rtrons

TEMPE WATERWORKS WELLS.
The town of Tempe is supplied with water from three 12-in¢’
double-steel-cased wells, 152 feet, 147 feet, and 145 feet deep, respe
tively. The water-bearing gravels were entered at a depth of 12 fv
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l Alkalinity in terms of Na,CO,

) l "nalitative:
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wul the surface of the water at 23 feet. The water is under no pfs-
wre and is not capped by an impervious clay, as it is in most plagds
i iroughout the valley.

The plant is a well-equipped one, with a shaft 20 by 20 feet, sunk
., feet. and containing a Goulds triplex single-acting pump and 30-
j sorsepower electric motor. The three wells are connected by a hori-
| -ontal suction pipe, from which a vertical suction pipe extends into
£oach well, inside the casing. The water is forced to a reservoir near
i e top of Tempe Butte, making a total lift of 249 feet. (PL V, A.)
; it is especially worthy of note that at Tempe the water-bearing
; cravels extend practically to the surface, the shallow wells reach-
e the same water body from which the deep wells draw. This is

st the case 1 mile south of Tempe at . L. Chandler’s well, where

the surface waters are separated from the waters of the great bowlder
i hed by impervious clay.  Analyses of water from the deep wells and
i irom shallow wells near by indicate the same kinds of salts in both the
i slullow and deep wells, but show varying amounts. The following
analyses are from wells only a few blocks-apart. The town well is
: pe rferated only below 90 feet, and the water analyzed from this well
i~ presumably from that depth. The others are from wells about 30
feet deep.

Log of Tempe waterworks well.

Loose sand, gravel, and bowlders, water bearing..... .._._... s T 117
BN el e e e e S e —— 23

Analyses of water from wells at Tempe, Ariz.

City waterworks; : Normal School;
152 feet. Casa Loma Hotel. 30 feet,

{nantitative (parts in 100,000): ' . _
Total zolids soluble at 110°C..... : 103.0 169. 8 219. 2

Chlorine in terms of ‘IaCl (com- )
MONSAILY. cocsnanas Bs sonvas 58.8 105.8 133.6

Hardness in terms of CaSO, (sul-
phate of lime) - ........c...... 9.52 12.9 15.78

(hlack Alkali). concviisnsinnass .0 .0 .0
Nitrogen in the form of nitrates .. i I .18 .51
Nitrogen in the form of nitrites_. . .0 . 0027 .0

SHPHAER o e s e avemminamy s Strong. | Very strong. Very strong.

MAgnesia . covnreeeninannnnnnnan Strong. | Pronounced. Very strong.

Lime. . .. ... ..., Strong. ! Very strong. | Very strong.
. 1Y
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¥ 36 UNDERGROUND WATERS OF SALT RIVER VALLEY. [x0, 126

At the request of the writer, Mr. P. E. Fuller, the engineer undey
whose direction the pumping plant was constructed, made a carefyl
test of the quantity of water pumped, power consumed, ete. My,
Fuller has been kind enough to put the observations in the tabular
form given bb]OW.

Test of pumping plant of Tempe cily waterworks, August 2, 1908.

READINGS.

Rex olutions| Velocity | Differ-

o | Voltage | mor) | pressurel o Watt met 65|  watt | ence
Time? heﬁ:};“ amges;es. ;rqugr ?| vacuum. oie ;ﬁﬁsg’ ?l%ﬂ? per mv‘t_:nl-s per bt'{[l‘{v!-(;.l‘!.k

DUASES: revolutlon minute. | guges.

Pounds. | Inches.

4.200 .. 175.0 170 - 99 15.25 | 1,747,200 | 810.310 | 37.00 3.33
4.40....] 177.5 170 99 15.25 | 1,747,700 | 811.221 |..... i 3.33
4,50....] 182.5™ | 170 99 15.25 1, 748, 050 811. 623 34.50 3.33
Daasases 172.5 170 -89 14.75 | 1,748,320 | 812.056 | 34.50 3.83
5.10..:.[ 165.0 170 99 14.75 | 1,748,580 | 812.487 35.50 3.3
5.200b _.| 152.5 172 99 14.50 | 1,748,830 812.818 | 35.50 3.3
Total .| 170.83 | 170. 33 99 14.96 | 1,630 kw. 2 5638 rev.| 35.00 3.33

a Running start was made: watt meter was 37.3 per cent fast, volt meter wag 1 per cent low—for
all readings of watts and voltage.
b Low readings due to low voltage at power house.

DEDUCTIONS.

Average voltage corrected forerror_ ... . iiieiiicciiaaaaa. 172.55
Average amperes in both phases ... . i 70.33
Apparent energy consumed by motor ... ... ._.o.. kilowatts.. 29.39
" Actual energy consumed..... S do... 23.3
Power factor .. ......... NS SeeE S et s sl e per cent_. 80.00
Horsepower actually consumed by motor ... ..o it 31.51
Average gallons of water pumped per minute ... .ccieiemeeroranennnnnn 274. 93
Total head, in feet, puinped against - ....cooioeioiiiiiiiiaioiacaaaan enaas 248,87
I L o) oo TSR ) G SV 18, 44

Combined efficiency of moter, pump, suction piping, and %-mile 8-inch
1117551 S per cent.. BH&. 68
Power rate paid per thousand wallons 41001415125 (RURNSI P cents. . 4
- Equivalent cost per horsepower per hour and per kilowatt per hour...do.. -{ 3 i:

Reducing the figures to the basis of cost per acre- foot of water lifted.
we have the. tollownw =

Cost of pumping water at the Tempe, Ariz., waterworks.

Cost of plant-(not including the reservoir and distributing system) ...... $3, 700.
Interest on mvestment at 7 per cent per annum for 19.8 hours. ... ... .. 80, A
Depreciation at 10 per cent per annum for 19.8 hours - ... ... ... $0. 54
FLeOna SO T SOOI e rmaimicon s s s 19.%
Cost of power to raise 1 acre-foot (power furnished at 4 cents per 1,000

gallons of Wator PIEEN) . o mm e mmm s s e e w s %13.07

Oil and incidentals (estimated) ..o oo i aiiia i e i ceeaaannann $0. 00
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»)
patal costperacrefoot. cocciesei.csisisasitanRE s e R eRR A $14. 55
E Al Tt AT « carnita ot s s i b 1 S St i e 249
Average cost per foot in lifting 1 acre-foot of water. ... .ol $0. 058

CHANDLER WELL (SEC. 21, T.1 N,, R. 4 E.).

Mr. H. L. Chandler proposes to establish a pumping plant for irri-
~ation about 1 mile south of Tempe. Two 12-inch double-steel-cased
wells were started, but accidents have caused a discontinuance of the
work. One well, however, reached a depth of 186 feet, and the
record. furnished by the driller, is given herewith. The well is in
water-bearing gravels and bowlders throughout nearly the entire
depth.  There seem, however. to be two distinct bodies of bowlders
«parated by 8 feet of clay. The upper or surface water is alkaline,
from which the lower water is probably free, as is the case in other
wells of the region.  The lower water was struck at a depth of 41 feet
helow the surface.  An unusually large number of heavy bowlders
were encountered in these wells, making the drilling a matter of some
difficulty, but at the same time indicating a comparatively free passage
for the underflow. It is in the beds of coarse gravels and bowlders
that the greatest available quantity of water is to be expected.

Log of H. L. Chandler’s well..

Feet
COIlANG COMONE L nes camuaaem o s =i b e s o 25 ot S AT e MR it 11
viravel and bowlders, water Deating . . ...cveeoeininiocinimaniecncaiaiianan 22
VR S s s srmnn s Bl e pe paiciie sa e L e R e A S PR 8
Giravel and bowlders, water bearing . .. ccceccrerccccccccrrcnnerasnccrscamnnan 145

A sample of the water was taken for analysis from near the bottom of
the well, the water heing obtained from the sand pump as the bucket
wis hoisted. The sample is not therefore representative of the water
at this locality. The alkali is probably from water of the upper
stratum. Samples of water taken in this way from other wells which
were afterwards cleared by pumping show a greater proportion of
salts than samples taken after pumping. The analysis, however, is
here given for the sake of completeness and for the purpose of indi-
cating something of the quantity of salts contained in the waters of
this locality.

Analysis of water from H. L. Chandler’s well.

Quantitative (parts in 100,000):

Total solids soluble at 110° O. cccicaiciicnecrsscnsiasssvonarmsrassnnss 224.00
Chlorine in terms of NaCl (common salt) . ......cueuueeeeenaeeaeann.. 146. 00
Hardness in terms of CaSO, (sulphate of lime) ...... T LT .00
Alkalinity in terms of Na,CO; (black alkali) «cooooeonmanoaao.. 2.12
Hualitative:
BUIDHATEE s s siis cve sl s s D G B S s e s i Very strong.
T T Very strong.
LIE cvuymmmmesme s s smssiis o i s s ARG Strong. -
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are 180 feet deep, and penetrate the gravel and bowlders common ;
that region. It is worthy of note that clay and granitic wash we,
found beneath the howlders.

Log of well of B. F. Julmson, near Mesa, Ariz.

Fer
Bt oot sivma s s s e e e R A AT S S e S TR |
Sand, gravel, and bowlders _ .. iiieeiceiiaaaa.. iz
w4 T R S T R S ST 0
Granitic wash ... oo i iciemacccaceaecccaaa e

TEMPE-MESA PRODUCE COMPANY'S WELL (SEC. 23, T. 1 N, R.4E

The company has recently established a pumping'piaut at it
creamery near Tempe. There is one 12-inch double-steel-cased we|
100 feet deep. As indicated in the log it is in loese gravel an
bowlders through practically the whole depth.

Log of Tempe-desa Produce Company’s well.

Fee:
BOML s sommrin ks i s A i e A T s T BTG Ii
Gravel and Dowlders .. ..ot et teccmmeecacmeeeeemeeanai. O

DESERT WELL (SEC. 11, T. 1 S, R. 7 E.).

This well is located about 15 miles southeast of Mesa, on the roal

leading from Mesa to Florence, and is owned at the. present time hy
Thomas Buchanan. The well, which was dug in 1885, is 212 fee
deep and contains 24 feet of water. On a platform near the surfac
of the water is a pump and small steam engine, supplied by stean
generated above ground, which lifts water at the rate of 25 gallon:

per minute. The surface of the water is lowered 10 feet by the pump.

at which stage the inflow equals the demand of the pump.

Log of Desert well.

= Feet.
““Wash’' (sand, pebbles, clay, and cement) _. ... .. ... ... _...._.. 1
BAN wrussspresey Ser TR R NS IR S S R S R R SR R e S :
G o . —— N N T TN T R A
Band and Favel. v s s s s s e T s r e Se SR e e s i
IO oo mcaerierars s s oo e s TS 0 S e M W W s
Waler-bearingy gravel scocavesooian s sasausiissn e tasesaETa v e Taas

The matérial penetrated in digging the well varies little in the 13
feet exposed above the water. The sides are not cased, except in three
places where loose sand was encountered. The material is ** wash”
from the hills. It is an intimate admixture of clay. sand, and pebble-
more or less cemented in places by ealiche. The pebbles are angulw
and give slight indication of the action of water. Although the side-
of the well are not protected in any way, they have stood for eightect
vears without material echange. Little moisture reaches them from the
surface, and no water-bearing scams were encountered until near the

vl
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Lottom. At a depth of 212 feet a cement layer was penetrated and
water encountered under suflicient pressure to raise it 24 feet.

Mr. Buchanan veports that the water has been steadily rising in the
well for eight years—ever since he has owned the well.  Even during
the exceptionally dry years of 1901 and 1902, when many of the shal-
lower wells of the valley entirvely failed, the water in Desert well
<teadily increased in volume. This increase is somewhat vividly indi-
cated by the present position of the engine and pump in the well.
When placed there the platform upon which they rest was built at a
convenient distance above the surface of the water. At the time of
my visit the water was 3 feet deep over the platform and thie engine
and pump were submerged.

The quantity of water does not appear to be such as to warrant the
supposition that this well draws from the great gravel beds furnishing
the prineipal flow in the wells farther west. Twenty-five gallons per
minute is a small volume compared with that yielded by some of the
wells, and yet this yield lowers the water in Desert well about 10 feet,
The qu'lhtv of the water as shown by the following analysis and the
clevation of the water 1,260 feet as against 1,13 { in the Murphy-
McQueen well renders it probable tlmt the stratum from which the
desert well draws its supply is connected with what is known as the
surface flow of the valley rather than with the deeper and larger flow.
In order to strike the level of the water-bearing gravels which supply
the water for the large pumping plants of the valley Desert well *
would have to be lowered about 100 feet.

Analysis of water from Desert well.

(Quantitative (parts in 100,000): .
Tl solida solubleal Y1020 cviccsvrnisssm s rssarsmsvrsnassiss 32.00

Chlorine in terms of NaCl (common salt) .. . ..o oo ocoioiiaaaaaaa. 5.20
Hardness in terms of CaSO, (sulphate of lime) ... . ....... .. ..... .00
Alkalinity in terms of Na,CO, (black alkali) «.overioiiainiiinunnnn. 4.66
Nitrogenin termsof nitrates coccivis ircesssrasssrisessasnssndedanase .494
Nitrogen in terms of DItrites oo oo oo i i Very faint.
Qualitative:
BulphRtess alems o on ol poetmemeant B, S8 oo Faint.
T T Y e e o Very faint
DHIB . oo ms et e e e e s A B A R R i B g S Faint
B BODRIeR - o e s s e S e R A S T e e e e s e A None

KLEINMAN WELL (T.2S.,, R.gE.).

Mr. Daniel Kleinman's well is about 10 miles southeast of Desert
well and 25 miles southeast of Mesa, on the Mesa-Florence road. It
was dug to a depth of 272 feet, and from the hottom a 14-inch pipe
was driven 12 feet, making the total depth 284 feet. The log of the
well could not be obtained. The quantity of bowlders taken from the
well, however, indicates that bowlder and gravel beds make up a large
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Throughout the Mesa region, wherever special inquiry was p,.
it was found that the surface of the underground water has been
tinually lowering for years. Wells which were formerly produe
throughout the year are now dry for a part or all of the year. W
few exceptions the wells have heen lowered in order to obtain .
cient water. This lowering of the water has heen progressive .
wells have been deepened repeatedly. In the vieinity of Temp
water has lowered about 7 feet. Near Mesa it has lowered p
more. According to Code’s* measurement in 1901, the normal .
level at the Murphy-M¢éQueen pumping plant was 22.5 feet heloyw
land surface (see fig. 2, p. 14). On January 19, 1904, this level:
found at the same place to be 34 feet below the land surface,
certain places the lowering is reported as 20 feet or even more,

While the underground water supply of the valley has heen decr.
ing for a number of years, there are yearly variations depending n.
or less directly upon the abundance of surface waters. Certain v
are dry during the dry seasons and contain water during the sea.
of more abundant supply. The term *‘rainy season” is purpo-
avoided. the seasons of more abundant surface waters heing tho~
which an increased supply enters the valley in streams. The rain
the valley itself are so slight that they have no effect that can

“detected in the wells.

THE PIHIIOENIX REGION.

PHOENIX WATER COMPANY’'S WELLS.

Previous to 1902 the city of Phoenix was supplied with water fr
two dug wells, 42 feet deep, which had, when measured, 10 feet
water. During the exceptionally dry season of 1902 the water in tl
wells failed and three 12-inch double-steel-cased wells were drille

a depth of 208 feet. An abundant water supply was found at a dv

of 55 feet, and theunce downward to 208 feet were continuous w'
hearing gravels and bowlders. The water from the open wells ce:
from the upper gravels indicated in the log, and that from the dri
wells comes from the lower gravels. At the time of my visit to
plant water from one open well and one drilled well was supplyiny
city at the rate of about 1,750 gallons per minute. It js said that
of the drilled wells alone has yielded water at this rate.

.

Log of well of Phoenix Water Company, near Phoeniz.

T e
Gravel and bowlders, water bearing...... S S S b S S hcmerers 5
Clay and ek oo et rirssn s v et Sra s e e S R S e S R S S e S
Gravel and bowlders, water hearing. .......oocimecmemeeneceaeeiaannaaaans -

aCode, W. H., Report of irrigation investigations for 1901, No. 1: U. 8. Dept. Agric., Bull, 1}*
p. 67.
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LEE] WELL

pumping tests at this plant.

operation.

Much interest is taken by the water users of the valley in the sup-
po<ed improvement in the quality of the water as the wells are used.
Reference has been made to such an improvement in case of the Chand-
Four analyses of the Phoenix city supply have
The three analyses representing the

lor wells and others.

heen made, as indicated below.
<hallow wells extend over a period of about 5.5 years.
<upplies the city the draft on the wells is constant, and if use will mate-
rially improve the guality of wells, this water should show an improve-
On the contrary. the latest analyses indicate a marked increase
in the quantity of soluble salts.

ment.

Analyses of water from the Phoenic Water Conpany’s wells.

RECORDS—THE PHOENIX REGION.

Unfortunately there was no opportunity of obtaining satisfactory
The amount named. 1,750 gallons per
minute, is estimated from the time it takes to fill the standpipe.

As in the case of the well at the asylum and other wells to be deseribed
later there is no marked difference hetween the upper and lower
water bodies, although the two are separated by 7 feet of clay and
cement.  No. 3. in the table below. is an analysis of water from the
apper water body and No. 4 from the lower body.

] The samples were
taken directly from the wells at a time when the pumps were in

Since thiswater

3. Dug well, i 4. Drilled well,

{uantitative  (parts in :
100,000):

Total solids roluble

ab 1108 Qo cninas

Chlorine in terms |
of NaCl (common
1 ) !

Hardness in terms of |
(a0, (sulphate of |
177 R ——" |

Alkalinity in terms |
of Na,CO, (black

117 R NS

Nitrogen in the forin
of nitrates........]

Nitrogen in the form
of nitrites ....._..

‘nalitative:

IHR 136—05——5

e o He e g

-1
=1

2

(8

St

Very strong. | Pronounced. |
YVery strong. = Pronounced.
Very strong. |

A A 4 ———
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PHOENIX LIGHT AND FUEL COMPANY'S WELL.

This company has a single 12-inch double-steel-cased well at 1
power house in Phoenix. The well is 194 feet deep, with water
depth of 31 feet. Below a depth of 46 feet, 16 feet of clay and cem:.

occur. QOtherwise, throughout the entire depth of the water-bearj,

portion, the material is coarse and wholly unconsolidated.
Log of Phoeniv Light and Fuel Company’s well.

RBORL - < o v it o v S e i o o A SR S S
Gravel wateP I Ehe Iower PITE. . oo onnre s mase tn s Snm s m b et s me e
L6011 2]+ PR SRR e o S A e e S G ST S

CIRICKBATI - o oo oot mmimirto i ot mi (armm e o i g i P P e e

Sand, gravel, and bowlders, water bearing .. ...._....__. A T R SR K

A shatt has been sunk to near water level and cemented to exclu/
any moisture from without. At the bottom of this shaft is placed t:

centrifugal pump and 30-horsepower electric motor. The water
used for condensing steam in the power house, after which it is uy
for irrigation.

A careful pumping test was made at this plant undel the directi
of Mr. D. W. Beldon, the engineer in charge, with results given belw
It will be noted that in this case a single 12-inch well is yvielding 1.
gallous of water per minute contmuouslv, with a local deple.-,slon
the water table of little more than 16 feet.

Report of test on electrically driven centrifugal pump for irrigation.¢

[Test made January 10, 1904, by D. W. Beldon, electrical engineer.]

Motor (3 phase; 350 volt; 60 cycle) speed _ ... .. .. ..__.._... ) S i
Pump (direct-connected centrifugal; 10-inch suction; 8-inch discharge)

P T e e e e e e S SR i=
Height; pump center above water (still)..........o.ooiiiiiiiiias feet. . 3
Vacuum; pump running ..o e oo oc i iieieaecea e aaaaas inches. . :
Water lowered by pump running (22 feet— 54 feet) ... ... ... ... feet. . It
Head above vacunm gange._ . .o iiaicaaaaa- do.... ;
Total head (less friction and velocity of discharge) ....... ... .. do....

Water pumped permitiube.  cove- ccmrnsnessemesnoammnsressmyes cubic feet. . -
Total power ahizorbed by motor. ... i iiiiammiiiiiaiananas kilowatts. . i
Kilowatt hours required per acre-foot_ . . .o coe i aaaen 105
Cost of power per acre-foot (2 cents per kilowatt hour)._..... ... .. ...... 82, 1=
Cost of power per acre-foot (per foot of lift) . ... ... 2 o 80,05

PERKINS WELL (SEC. 23, T. 2 N,, R. 3 E.).

Mr. C. W. Perkins has a 10-inch drilled well 155 feet deep. Ti
water surface is 83 fvot helow tho. surfm-c of the (rround. The well

aThis report did not reach :In writer in time to be ineluded in the computations of cost deser
in the following chapters, The cost does not differ materially from that of other well-cquili
pumping plants,

-
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pmted at Mr. Perkins's olive-oil factory. and the water is used for
ipating his olive and orange orchards during dry times when ditch
#or can not be obtained. The distance through which the water
1 be raised (a minimum of $3 feet) prohibits its economic use
.ept as a last resort. Before the well was put down the lack of
qer in the irrigation canals at critical times caused serious damage
.the fruit and even the death of a large number of trees. Costly as
+ i~ to pump from such a depth. water at a critical time is worth much
ae than it costs in saving valuable crops that might otherwise be
ured or wholly destroyed. The well yields about 200 gallons per
snute.  The water is lifted by means of a deep-well pump, operated
1 a gasoline engine.

Analysiz of water from C. W. Perkins's well.
_antitative (parts in 100,000):

Total solids soluble at 110° C. ... .ot eiiiceeeceanns 83. 60
(hlorine in terms of NaCl (common salt) ... ______ .. ... ___. 30. 80
Hasdness: in term8of CaS0,. - oo cu e c v s s d e 8.30
Alkalinity in tering of Moyl - coon . ae immm s simenmnr st an s s e am e e mcere .00
Nitrogenian the form ol mrates. o oo smm mesms s msam s s s e .53
Nitrogen in the form of nitrites. ... ... . ....... . 871
alitative: :

L T - Y IS S S LI Very strong.
TR EITER oo S S S A B S Strong.

| ) 17 o L ISV T M N R oo O . R [T Strong. .

PHOENIX MACHINE AND COLD STORAGE COMPANY’S WELL.

The well is located at the company’s factory in Phoenix, and was
It is a 12-inch double-steel-cased well
25 feet deep.  Only 5 feet of fine material was encountered at the

« riace, all below this being entirely loose sand,-gravel, aiid howlders.
ater is raised by means of a deep-well cylinder pump, but since no
srvat supply is required the capacity of the well is not known.

Log of Phoenixv Muchine and Cold Storage Company’s well.

Peet.
T, S 5]
“Tand bowlders slightly cemented. ... _._..._..____.__._ e R s 12

L. gravel, and bowlders, water bearing . _._._______. LI S T 118

H.l\R‘.'I‘l'..ET'[‘ HEARD LAND AND CATTLE COMPANY’'S WELLS
{SEC. 30, T. 1 N.,R.4 E.).

\n extensive pumping plant has been planmed for this company for
= purpose of obtaining an auxilinry water supply for a large tract of
Fying south of Phoenix. A battery of six 13-inch double-steel-
4 wells has heen established, but the machinery is not installed at
“writing, A depth of 28 feet of soil was penetrated, and watex-
sring ho“ Iders were encountered to a depth of 90 feet. The bowl-

——
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arive:
-qlpllatﬁﬁ ------------------------------- ieasssscemssesccciicssannan
BT . T T T T L L L T T e Strong.
| IRT L I St-rong.
T A1 b1 O =P i TR Very strong.

WELL AT THE TESR'RITORIAL ASYLUM FOR THE INSANE -~
(SEC. 2, T.1 N, R.3 E.).

{he asylum is situated about 3 miles east of Phoenix on the Phoenix-
wpe road. A shaft 12 by 14 feet and 22.5 feet deep is tightly

-ked and cemented to shut out any surface water which might seep

From the bottom of this shaft a 12-inch well was sunk S7.5
1. or 110 feet helow the surface of the ground. At a depth of 57

ot the water-bearing gravel was struck, but the supply of water is

t as great as in other wells entering what is presumably the same

el bed.  This may possibly be due to imperfections of construction;

iv the lower 24 feet of the pipe are perforated, and these perforations
_ After the pipe
«in place the well was **shot.™ This increased the available supply
1 quantity sufficient for the present needs of the asylum, but the
4l is not yet as great as might reasonably be expected.

Log of asylhum well, near Phoenicr.

Feet.
...... R R e R RS S SRR SR S e R e v e D
el WALEE DEATINE .o vttt et e et e e e e ie e eaeanenn e naneananan. 1B
AN TR S s e e s S e R S S S R S R e 9
~wland bowlders, water bearing_ ... .. . ... Jet s 53

A steam pump is located at the bottom of the shaft and a suction
.+ 24 feet long extends into the well. The engine is usually run at

ate which lifts 95 gallons per minute, and depresses the water sur-

v feet.
il,

tHiere are two water-bearing horizons in this well separated by 9 feet
Jduy and cement.  Since the casing is perforated only near the
‘o, the upper water is shut off, and analysis 1 of the following
i from water of the lower gravels. Analysis 2 is from water of
Il 42 feet deep and thercfore from the upper body. The great
darity of the analyses indicates that the two water bodies are

This has been found to be practically the capacity of the

* tably connected.
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Analyses of weater feom the asylum well, peor Phoenix.

UNDERGROUND WATERS OF SALT RIVER VALLEY. [¥o. ta

; No.1. No. 2,

Quantitative (parts in 100,000): :

Total solids soluble at 110° C_...._..__.......__ | 126. 40 120, 4

Chlorine in terms of NaCl (common salt) . ..... 78. 80 79.

Hardness in terms of CaSO, (sulphate of lime) .. 13. 60 8.

Alkalinity in terms of ‘.\ia._.‘(}‘()R (black alkali) ..... : None. None

Nitrogen in the form of nitrates ...... .. ....... Faint. Faint.

Nitrogen in the form of mitrites __.__..._....._. Faint. Fain;.
Qualitative:

o BUIPNALEE. . i v e e e TS | Very strong. |  Very strong
BADNORIN - ool s s s e T s T S 19 Strong. | Very strong,
TN s orm mices o i s G SR S Strong. | Very strdhy
BICAIDOTAeR ccan crsumnn o i s e S e A S T L e e e S R A e,

PHOENIX INDIAN SCHOOL WELLS (SEC.20, T.1 N,,R. 3 E.).

There are three deep wells at the Indian School, one at the power
house and two, designed for irrigation, some distance from the
school buildings, The well at the power house is 193 feet deep and ¢
inches in diameter. The water is used to supply the school huilding~
and lawns and is pumped at the rate of about 60 gallons per minute.

The first irrigation well is dug to adepth of 56 feet. From the bot-
tom of this pit two 6-inch holes have heen drilled, the first 145 feet
and the second 338 feet in depth. The water stands 36 feet beneatl
the surface. It was the original plan to eut the well casing at the bot-
tom of the open part and allow the water to low from the drilled well-
into the open well, from which it was to he lifted by a bucket pump.

Log of Phoenix Indian School irrigation well No. 1.

: Feet
Noil A0l cement ceunssumnmn i sisvs i s e s A e S e 4
T e T T U st canc s g A T B e S S H
Hard; white temeitce: o cecnmmmnmcnsiisa s e e vs nes v L S s b e as I3
e e i e . W SR WL 6
BN Ol s i S s e B A T e A N e S e i
Band, WaHE DORIIBE . o umenm i vt imtasrs i s » e e S o s e S SIS x
Alternating heds of sand, clay, and cement (no definite record)_._...... ... iz
B 11Tt ] S PeS | s N A
Cemented BANA.. . . . oo \oeor b e cme e necmce e mmeem—neeneme ... H
Granite wash, water bearing ........ e A ot A R 1
Sand and gravel ........ imgmim g N S B Sy e S -
Cemeited BaNel - <o svssomnm s isass shdmats s e S A S B
Sand and gravel, water bearing. .. .. iiieiiiieaaan .e- b
Gravel and bowlders, water bearing - . ... ... iiiiiit i

The material passed through gave promise of comparatively litth
water. A gravel bed was encountered at the depth of 333 feet. b
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. the casing wax not extended to the bottom no headway could \e- A
v in the loose gravels, and the drilling was abandoned for a rlnu\\’_,}
gravel bed at the bottom ix promising, but its thickness and
At a preliminary pumping test only 10 inches

Cracter are unknown.
¢ water was obtained.
The well is supplied temporm'll\ with a bucket pump operated hy
. vlectric motor.  When running at ordinary speed, the pump dis-
- irees about 200 gallons of water per minute and soon drains the
.«n well. A discharge of about 100 gallons per minute maintains the
.aer level at 52 feet, a depression of 16 feet. thus indicating the prac-
.al eapacity of the well. During the time that the water surface was
il at a depth of 52 feet the water flowed from the top of the drilled
.ll~ into the open part, but without any great force. The rate of
.:~vharge is slow, and the outlook for an underground supply is not
cwrouraging.

\ good example of the depression of the water table is found at this
viee,  In the year 1895 a well at the Indian School encountered water
i 4 depth of 16 feet. The same well, deepened as the water surface
awered, in January, 1904, contained water at a depth of 33 feet—a
wpression of 22 feet in about eight years,

Log of Phoeniw: Indian School irrigation well No. 2.

Feet,
. sand, and cement......... e s SR SR T vaes 85
AR AL D AL TIT. i mia i ierm e i it e s e N B S 14
O BRI cusoumsisvwusm s s i i o s e ey e i 8 S Lt 40 .
F S LN s T PR 30
S e e s i e S e e R S 10
el L Y e S S P S N DR TS S PR 16
“ainl IHABTETOL L ssmasismmumessms cama e snm is s Foserazasita taies Wi g S eteus 00
ol SHINASEOMIB. . . o < v vm im0 8 8 i o i i o e 3

A third well has been put down on the Indian School farm. 1 mile
<a~t of the school. It is a 6-inch drilled well 228 feet deep.  An inei-
ut occurred in drilling this well which has an important bearing on
the quantity of water to be expected in this vicinity. Water was
found at a depth of about 51 feet and rose 15 feet, keeping the well
tiled until a sand stratum was encountered at a depth of about 170
“t. The water from above entered this sand and lowered the sur-
“wee of the water in the well to about 100 feet—a depression of about
This level was maintained, the sund absorbing the entire flow
‘rom the higher water horizons until the leakage was stopped by clay
i~unded into the loose sand by the action of the drill.

This well is slightly more promising than No. 1, but no test has
~enmade,  The red sandstone at the bottom is probably the breccia
‘\posed at the surface farther to the east and north.
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Awalyses of water from wells ot the Phoeniv Dolian Sehool.

No. 2 (145 I 2 (15 fon
feet). ' No. 3 (15 feet).

Now 1 (45 feet). | No. 4 (60 feet),
t i

Quantitative  (parts  in |
100,000 :
Total solids soluble at i
[ e — 245.20 250. 00 i 222.00 362. 30
(‘hlorine in terms of ; ; ‘ S :
NaCl(common salt) . 160.80 ©  145.00 141.00 | 258. 00
Hardness in terms of
. CaS0, (sulphate of i
lime) -coeeeooaaan . 21.80 i5., 80 None, | Strony.
Alkalinity in terms of
Na,CO; (black al-
) None. - None. 33.36 Nomne.
Nitrogen in the form ; ‘
of nitrates. _..... e .40 | .25 | Faint. | .30
Nitrogen in the form ! !
of nitrites.......... Faing traces. .00 | . 0008 I L0028
Qualitative: ' :
Sulphates ........ i o S | Very strong. | Very strong.
MAFNGEIR <opevimassassiassenenssiss swisiaas | Very strong. | - Very strong.
Lie cecousuissimias s sasnrnsaieserssnTasss  Very strong: | Netysirong:
Bicarbonates . .. ... .. oL aiiaaeans Strong. f Strong.

G. W. SMITH'S WELL (SEC, 10, T. 1 N, R. 3 E.).

This well is dug 20 by 40 feet, 35 feet deep, and has 8 feet of
water. The lower half of the well is in coarse sand, gravel. and
bowlders, and required eareful timbering to keep the sides from caving
in. It was the material from this well which was used in the experi-
ment described later under the caption of ** practical porosity.” The
water is raised by means of a 12-horsepower gasoline engine and
6-inch horizontal centrifugal pump, at the rate of about 50 inches (564
gallons) per minute. The water is used for irrigation.

THE KUNZ WELL (SEC. 18, T. 1 N, R. 3 E.).

The well of Dr. R. E. Kuntze and L. Kunz & Sons is 6 by 6 feet.
24 feet deep, and has 6 feet of water. It was begun in 1899 and
has since heen lowered, but the water is now gradually rising. Tt ix
used for irrigating a botanical garden containing various kinds of
shrubs, trees, and flowers. Since 1899 the garden has been irrigated
with no other water. 8 v .

The pump is n novel invention of one of the owners of the place and
has comparatively high efliciency. The essential part of the mechan:
1sm is a light walking beam about 12 feet long hinged at the center.
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. SALT RIVER DAM SITE, LOCKING UPSTREAM INTO TONTO BASIN.

The rock is Algonkran quartzites and argil.ites dipping upstream.  Photograch by Walter Lubkin.

1

SIDE CANYON IN TONTO BASIN.

Showing the nature of the guartzites and argillites of the Algonkian strata of the Sierra Ancna.




[xo, 10

VALLEY.

v, paleontologist of
e formation to the
vith those found iy

tion,  In writing of

o the faunas represent
which has a wide rang.
Spane east of the Sierr
ming and Montana, the
yor part of the Wasateh
Kinderhook and Osage

ata are represented
qr several isolated
weeeins, of whicha
Butte. The base i
ne purposes. The
the top, where red
<« strata dip- 559 to

{ sandstones passing
hreceia at the base.
wdstones of Tempe
407 W), nearly at
‘e.  This formation
the river, althougl
- fragmental débri
vell about 1.5 mile:
of about 200 feet.
Iy in granite to th
es hoth north ane
ut the fault plan-
dstone is shown It
re.
i the western slop
ation composed
coarse and massit
It rests upon
vl wholly of fri
nts enter. Quarf
rmeous rocks W'
ing a conglomera®

Y o 4 e Y

A

i ... P
e el P .
= PR T e =y — -
. E" . P ARECRN e d | LT TR A ——
; o % g - e }
cied i
 § i 3
5 !
:
: §
i “
p
«
H
'
]
!'{;
;‘(
5
r':l *
&

f ’

e it Bk i

.
e 52

“
e T

P o N R S ——

i

TILTED FORMATIONS AT UPPER END OF TONTO BASIN.

Looking up Salt River from dam site of power canal,
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4. CAMELBACK MOUNTAIN, NEAR PHOENIX,

Showing breccia at the left, resting on the flank of a granite mountain.
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A. BELL BUTTE, NEAR TEMPE.
= A lava butte partly buried by valley fill,
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B. NORTH END OF SUPERSTITION MOUNTAINS.

A lava promontory rising above the detrntal plain of Salt River Valley.
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VALLEY FILL.

‘ ried G}:(»Lom_

At Mount MeDowell Salt River emerces from the narrow canyon
by which it passes through the Superstition Mountains and enters the
iroad bottom lands known as Salt River Valley.  (Mount MeDowell

! unds at the head of what is termed the **valley ™ in this paper.)
~ome time ago it was proposed to construet a dam across the Verde
iver near its junction with Salt River at Mount McDowell, and a
weries” of borings was made across the canyon to ascertain the depth
1o bed rock.  From the records of these borings a cross section of the

TN
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Horizental scale
200 40b soofeet

F16. 12.—Cross section of Verde Valley near Mount MeDowell, Arizona.

weient or filled canvon of the Verde s constructed (fig. 12), showing
that the vallex has been filled to a depth of at least 90 feet. This val-
“v fill is composed of waterworn material, similar to that found in

wrtion may be taken as illustrative of the general structurve of Salt
Hiver Vallev.  The valley, very much deeper in past ages than it is
«ow, has been filled to its present level by fragmentary material.

STRUCTURE.

The region known as the Mesa is at the eastern extremity of the valley,
g about 23 feet higher than the bed of the river. The bluffs form-
“z the edge of the Mesa are composed of river gravels and bowlders
milar to those found in the present river bed (see PL IV, ). Itis
Jident that the Mesa gravels were deposited by Salt River, and that
cuse of some subsequent change in the abrasive force of the river,
sised perhaps by a slight elevation of the surface, the river has ent
{ 'oits former deposit to a depth of at least 25 feet near Mesa. How
«h deeper it cut remains unknown. The well at the ereamery near
mpe, described in the former chapter. seems to be entirely in the
nt material, though this can not be confidently stated. This degra-
tm oceurred over a strip 1 to 2 miles wide. The degraded area was
“in covered with débris forming the lowlands found along the river
the Mesa region. No deep wells have penetrated the more recent
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S—— e T

¢ e river bed aud throughout the valley at the present time. This
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i

deposits of the lowlands in the Mesa region in localities suitul,. .
indicate the depth of these deposits.  Shallow wells dug to a deptt,
about 50 feet secem to be wholly in the recent deposits, indicating 1
the erosion which formed the Mesa bluffs must have lowered the i,
bed at least 50 feet heneath its present elévation.

The two gravel terranes differ but slightly. Their constituent. ..
the same, but the younger accumulations are notably less cement,
Wells sunk in them are the most productive wells in the region hecy:. .
of the readiness of movement of their ground waters. In the )
region tlie vounger gravels are easily distinguished from the ol
on account of the former heing contined hetween blutfs of the ol
material. But at Tempe and throughout the Phoenix vegion
younger gravels cover the older and their distribution can be judw
only from the well records.  The relations of the two series of accun:
lations are shown in sections AB and CD of Pl. XIX, and in the e
section near Phoenix (1. XXI).

MATERIAL.

The valley fill is composed of more or less irregular lenses of clu
silt, sand, gravel, wash, and bowlders. These are arranged in a mo-
erratic manner, the character of the heds-changing rapidly both ver
tically and horizontally, as indicated hy the well records.

This material may be divided for convenience of deseription i
(1) river débris, (2) sheet wash, and (3) chemical precipitate.

RIVER DEBRIS.

In the present river bed are found howlders and gravel of quartit:.
quartz, chert, granite. gneiss, and various kinds of eruptive roch
The quartzose materials greatly predominate, owing, no doubt, to thei:
enduring character. Bowlders oceur with a maximum diameter ¢
about 2 feet. A comparison of the material found in the river bed

-

a———
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the present time with the older material found in the exposed blufl: '

along the river and in the numerous wells throughout the valley indi
cates that for the most part the valley fill was derived from the sanr
sources from which the present river gravels are derived, namely. th
formations along the upper reaches of =alt River.

SHEET WASIL.

The term wash is used in this region with at least four meanings.
more or less separate and distinet:
(1) The stream courses occupied by water only in times of heav)

rainfall, called arrovos in other parts of the West, are here calles

washes. . :
(2) Many of the dry stream courses having their origin in th
mountains are well defined for a greater or less distance after emer

o m——
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«ing from the mountains, but finally disappear on the plain, leaving
.o trace of a definite course. During times of flood the waters spread
wa broad, thin sheet over the plain.  The largest floods gradually find
their way to the rivers. not by way of channels, for there are none,
it by a broad wash over the even surface of the gently sloping plain.
In most eases, however, the waters never reach the river, hut are
ahsorbed by the sands and gravels of the valley floor and disappear
completely from the surface. The broad sheet of water thus sweeping
over the surface is called a sheet wash.

(3) The material brought from the hills by the streams, many of
them of considerable size—as, for example, Queen Creek and. Cave
('reck—is deposited as a broad fan, so broad and low, in fact, that it
i« scarcely separable from the general valley floor. Queen Creek has
1 well-defined course for about 50 miles, and Cave Creck one some-
what longer. During floods a large amount of débris is deposited
along these stream courses and is locally known as wash. The mate-
rial in which wells have been sunk is sometimes deseribed as ** Queen
wash” or “*Cave wash,”™ ete.

(4) A fourth meaning of the term is closely allied with the third,
and yet distinet enough to demand separate mention. The sudden
heavy showers so characteristic of Arizona are too well known to
require explanation.  If a so-called cloud-burst occurs in the hills near
the edge of the valley the small stream courses, flooded to overflowing,
discharge their débris-charged waters upon the gentler slope of the
villey floor, where all definite stream courses disappear. Should a

“channel by chance become established, the checked velocity of the
witer on the gentler slopes of the valley floor soon causes it to hecome
choked and to be detlected and join that of the neighboring streams.

"The result is that flood waters from the hills move more or less ina
sheet over the valley floor until they disappear beneath the surface.
The loose material from the hillsides is thus brought to the valley and
distributed somewhat evenly over the surface. Cloud-bursts which
take place over the valley produce the sheet floods on a smaller scale.
The material thus brought from the hills and distributed over the
valley is called also sheet wash.

The term wash, therefore, applies (1) to a dry stream course,
(2) to water moving in the form of a thin sheet over the plain, (3)
to the material deposited by an intermittent stream near the huase
of the mountains in the form of a fan or dry delta, and (4) to the
aceumulations of detrital material working slowly from the hillsides,
a5 a more or less evenly distributed sheet.

It is not difficult to understand how the washes can cause large
quantities of débris to aceumulate near the hills.  But in the midst of
the plain, miles from the hills, the sheet flood, as a geologic agent,
might seem so unimportant as to be negligible.  The heavy showers
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accur but seldom and affect a very limited area at any one time. [t j.
probable that scores of vears may intervene hetween two shower.
sufficiently heavy to produce sheet floods at any given point, and vy
the writer iz of the opinion that the sheet flood is a factor which ¢y,
not he neglected in the adequate explanation either of the valley fil;
or of the underground water contained in this fill.

"As the arkose works its way down the mountain slopes and spread.
over the surface of the plain, the course material naturally aceamulate.
near the foot of the parent mountain, while the finer material is ear-
ried farther out. The sorting, however, is not carried on to anythiny
like the extent observed in the case of regular streams. In man
cases, indeed, the floods are so tumultuous that coarse and fine material
alike are carried forward and piled in confusion. In the less violem
floods the coarse material accumulates near the hills.  This fact is of
the utmost importance in furnishing an explanation of certain phe-
nomena connected with the underground waters of the valley.

The sheet wash is apt to differ from the stream-carried débris in
bearing less evidence of the recognized action of running water. The
water wear and sorting are at a minimum. When there is water
enough to move any of the material of the wash, there is likely to he
enough to move coarse and fine ulike.  The result is an accumulation
of silt, clay, sand, and gravel commingled in every conceivable propor-
tion. The gravels are usually angular, although some. are slightly
water worn. Near the granite hills the wash is composed of the coarse,
angular products of the partial decomposition of the granite, pre-
viously described. When the feldspars are decomposed to such an
extent that they do not easily retain their original form, the material
is locally known as *“tale™ or **soapstone™ (not to be confused with
true tale and soapstone).

At Desert well the wash covering the surface is at least 180 fect
thick, and no other material except a few feet of sand is found throngh-
out that thickness. The 345-foot well of the Vallev Seedless Grape
Company, near the eastern end of the Salt River Mountains, is in
granitic wash throughout most of its depth and at the bottom pene-
trates solid granite. In many places the wash from the hills gites
character to the topography over wide areas.  Southwest of the Super-
stition Mountains the surface of the desert over an arvea of something
like 300 square miles is composed of wash from these mountains.  The
small stream courses from the mountains soon disappear in a regularly
inclined desert surface which is practically wanting in even the smalles!
stream courses. i :

Queen Creek, which may be taken as a type of the streams that
enter the valley from the neighboring mountains and disappear o
the valley floor, illustrates the manner of accumulation of wash. 1t
has a drainage area of about 143 square miles in the mountainou-
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 __trict northeast of Florence. and its course is traceable in a dis-

et channel for a distance of over 40 miles, but on entering the
_illey-the waters soon sink from view into the sands and gravels
i the floor, leaving the bed dry except in times of flood. A few miles
Jow the dam site at Whitlow’s ranch the creek emerges from the
lls upon the sloping plain of the valley, and thence to the end of its
qurse follows no well-detined depression or valley. From Whitlow’s
~mnch to the end of the course near Andrada well the creek bed has
. fall of about 665 feet, making an average gradient of 28 feet to the
.ile, which above the ranch is still higher. With such a gradient
¢ is evident that during times of flood great quantities of débris
aust be swept from the hills. The floods are in part checked as
ey enter the plain and in part lost by sinking into the gravels,
wd the débris is deposited, building up the course of the stream.
rhe result is that numerous channels oceur side by side, more or less
-onnected by crosscuts forming a network ot interlacing courses. A
«wcond result is that along the lower reaches of its course, Queen
ireck has built up a fan or dry delta above the surface of the sur-
rounding plain. A similar fan has bheen built by Cave Creek, the
tower reaches of which are within the area covered by the detailed
wpographic map of Sult River Valley. The deflection of the contours
-nith of Cave Creek, as shown on this map, is due to the general
-levation of the land surface in that region caused by the Cave Creek
fan.  North of Sacaton Mountains Queen Creek branches into numer-
ous forks or distributaries and is eventually lost in the general surface
of the plain.  From this point to the Gila River, a distance of about
{5 miles, there is no streamn channel. Floods large enough and lasting
-nough to reach the Gila pass over this last 15 miles as sheet washes.
These washes are said to vary from a few inches to 2 feet in depth and
the water is so loaded with silt and floating vegetation that it works
1< way slowly over the plain without excavating ¢hannels even where’
the slope is comparatively steep.

It is seldom, however, that floods occur of sufficient size and dura-
tion to reach the Gila, being more often lost in the valley fill long
wfore reaching that river. The amount of water which thus sinks
«neath the surface, together with the intermittent character of the
fow, is well shown in the accompanying table and diagram (fig. 13) taken
rom the paper on Irrigation near Phoenix, Ariz., by A. P. Davis.

“Uavis, A, P, Irrigation neur Phoenix, Ariz.: Water-Sup. and Irr. Paper No. 2, U. 8. Geol. Survey,
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Estimated monthly discharge of Queen Creek, Whitlow’s ranch, Arizona, in 1896,

[Drainage area, 143 square miles.]
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Robert Bowen. who owns a ranch about 6 miles east of Harringt
well, on Queen Creek, pointed out to me certain fields which w
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lave had a depth of at least 5 feet. DMr. Bowen states that at the
Harrington ranch. 6 miles downstream, there was not enough water
to fill certain irrigation ditches which had been prepared for the
diversion of flood waters. Ilere then isa specific case of a flood of
somewhat notable volume that sank into the sands and gravels of the
valley till within a distance of about 6 miles.

e CIIEMICAL PRECIPITATES. X -

(aliche.—In nearly every well of the valley a substance is encount-
ered, in greater or less quantity. which is commonly known as cement
or hardpan.  This material is also known, though less generally, as
ealiche, and has been deseribed by Prof. W. P. Blake,“ of the Uni-
versity of Arizona, who says:

In southern Arizona and in Mexico the word caliche is in general use to denote a

caleareons formation of considerable thickness and volume found a few inches, or
a few feet, heneath the surface soil, upon the broad, dry, gravelly plains and
Mesas. * * *

Caliche has a wide distribution in the regions of Arizona and Mexico. Tt is usually
hidden from view by a slight covering of =oil, but it iz easily found by digging, and
i= oiten revealed by a flow of water during heavy rains. It is practically a continu-
ons sheet, from 3 to 15 feet thick, of earthy limestone or travertine, through which
the smaller plant roots find their way with difficulty. * * *

The top of the caliche is more dense and solid than the lower portions. The sur-
face of this erust, or layer, is comparatively smooth, though undulating, while the
lower portions, under the crust, are irregular, cavernous, earthy, and very porous,
blending gradually with the materials of the sandy and gravelly beds, from which
they are divided by no sharply defined plane of stratification or separation. The

caliche invests, surrounds, and incIndes sand grains, gravels, and more or less earthy -

material, but seems to have had the power, especially in its upper crust, of extrud-
ing the coarse materials of the soil to a great extent.

The deposit does not form a regular horizontal bed conformable with the rude
stratification of the gravels and sands, but eonforms roughly with the general surface,
rising and falling with the urslulations of the mesa. There are, in places, repetitions
of the compact layers, separated by a few inches of the amorphous and more earthy
deposit. * * *

Close observation detects, in some places, emall perforations, like pin holes, at the
tp, which enlarge gradually below and penetrate the entire tompact crust, becom-
ing lost in the irregular amorphous granular mass. * * *

The caliche is an example of deposition independent of the mﬁuence of organic
agengies, * ® ¥

In chemical composition the caliche is essentially a lime carbonate, but contains
~ome caleium, magnesinm, and aluminum silicates, as more fully shown by the result
£ iun analysis made by my assistant, Mr. J. 8. Mann, in the laboratory of the Arizona
"'llunl of Mines:

l liinkc W:llmmP The cahcheof&outhuu Arizona: Trans. Am. Inst, Min. Eng., \ol 31, 1901, p. 220,
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Analysis of Arizonc caliche.

Caleium carbonate (CaCO,) 72

Magnesiom carhonate (MgCO,) ..o oo i 1

Caleium silicate (CaSiOy) .. ; B

Aluminum silicate (AlSi0;) %

Ferric oxide (Fe,0p) cvurnrmmenmnrirrereieearenceecaeaneesracancaeacnn.. [:
.7 CFT AT 2 0 ) S SO L
11 A 0t :h

This caliche, unlike the deposits of travertine formed in the open air, is not «;
ficiently compact and solid to be useful in construction, as was the traverting .-
ancient Rome. ~ When calcined it yields good caustic lime, which, tempered wit:
sand, makes a strong, quick-setting mortar or cement. Tt is quarried and used i,
this purpose .in gome places. Occurring as it does in mixture with gravel and sand
it has the appearance of an artificial mixt‘ure. HER &

After describing. local conditions and giving the analyses of wate
from 7 wells near Tucson, which indicate that the underground water.
contain the principal elements found in caliche, Professor Blake adds:

There has been much speculation in regard to the origin of the caliche. Tt has
been generally assumed to he a deposition from some ancient lake, or body of water,

once covering the area in which it is found. But such a theory is untenable when
all the phenomena are considered. The formation is clearly the result of the upwan|

- capillary flow of calcareous water, induced by constant and I‘dpld ev aporatlon at the

surface in a comparatively rainless region.

With a constant supply of phreatic calcareous water, the second great essential
factor in the formation of caliche is the continued desiceating atmosphere—a condi-
tion which prevails, with only short and temporary exceptions, through the year.
The desert and semidesert regions of Arizona are characterized meteorologically
the unusnal dryness of the air and its capacity for the absorption of moisture and by
the maintenance of continued evaporation from the soil, which determines a constant
upward movement of the phreatic water. The occasional rains in midsummer and
midwinter do not penetrate to great depths, but are sufficient to leach ont the soil to
the depth of a few inches or feet, turning the calcareons solution back and down-
ward and producing the denser upper crust, where it meets the upward flow.

Such I coneeive to be the origin of the ealiche. Tt may be called a subterranean
deposit of travertine; but it is not the result of a flow from springs or from any
source at the surface, or from the lateral movement of water. Unlike ordinary
travertine, it is the result not of descending bhut of ascending currents. The ordi-
nary conditions of vadose circulation are reversed. The caliche ig a fine example
of the formation of éxtensive caleareous strata i the midst of preexistent beds, not
by metasomatic processes, but by precipitaton from sources below.

To Professor Blake’s description I would add that caliche occurs in
varying degrees of purity and that any consolidated layer is locally
known as cement. When caliche is not mixed with a considerable
amount of foreign material it may become very compact, resembling
a fine-grained limestone, and soinetimes causes much diffieulty in
sinking wells through it. Several cases are on record where wells
were abandoned because the casing caught on a cement layer and could
be forced no farther.

]
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A sand or gravel bed cemented with this material often becomes
impervious to water. The contining strata above the water in nearly
4l the wells of Salt River Valley, where water is found under pres-
.ure, contain more or less caliche in the form of a cementing material.

It will be noted that according to Professor Blake's interpretation
the caliche is due to the deposition of compounds gathered from some
autside source and brought in solution, through underground pas-
ages, to the region where they are deposited through the agency of
.urface evaporation. Applying this explanation to the origin of the
culiche layers in the valley fill of Salt River Valley, it is evident from
the analyses of waters already given and from the rocks previously
deseribed, which furnish by their decomposition the elements brought
into the valley by the waters, that all elements necessary for the for-
mition of caliche are present. The prevalence of caliche at or near
the surface strengthens the postulate that the surface is its natural
plice of formation. Since the valley fill, as explained elsewhere, is
due to the gradual filling of the valley by débris shed from the hills,
cach horizon throughout its depth has at some former time bheen the -~
«urface. Hence the presence of caliche bands at all horizons.

It should be noted, however, that bicarbonates are present in
nearly all the waters of the valley. A relief of pressure alone is suf-
ficient under certain conditions for the escape of carbon dioxide, -
which causes the bicarbonates to change to the comparatively insol-
able carbonates, which are then readily deposited. It is entirely pos-
«ible, therefore, that the deposition of caliche may take place at some
lepth beneath the surface, in fact at any depth where the pressure
ipon water containing bicarbonates in solution is sufficiently relieved
sl opportunity given for the escape of the gas. -

The postulate that caliche is in some cases at least deposited without
the influence of surface evaporation, is strengthened by the observa-
tion of uneven porous structures on the under side of caliche layers.
This strongly suggests the deposition of caliche beneath, after the
mpervious layer had been formed. A lowering of the water table
during. dry eyeles, such as are known to occur, would naturally leave
wneath a caliche layer which had been formed near the surface a
‘pace occupied by loose gravels, no longer filled with water as hefore.
e caliche layer would prevent any great amount of evaporation, but
irobably would not prevent relief of pressure upon the water in the
savels beneath. A relief of pressure might cause a loss of carbon
ioxide and result in deposition of the insoluble earbonates,

A case in hand is found at the Murphy-McQueen pumping plant
e p. 12).  Beneath the 13 feet of soil at the surface coarse gravels
#id howlders oceur to a depth of 34 feet.  The material in the upper
i feet is free from any notable amount of caliche, while the loose

o e
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face movements have been somewhat general over a large porti,,
western Arizona.

The Colorado River probably furnishes the best index availahl, .

the general surface movenients of the Southwest. Inan examing
of northwestern Arizona, described elsewhere, the author noti|
numerous points a series of tilted and partly c0n~.ohdated conglomery:.
and breccias, overlain by more recent and unconsolidated sands ..
gravels, which were in turn dissected and overlain by a third i,
now accumulating to form the present lowlands along the Color:
River. The oldet series is extensive both in thickness and areal (.
tribution. Its original thickness must have heen at least 2,500 fu
remnants being now found 2,300 feet above the river, and lt exten:
‘downward to some unknown depth beneath its bed. The next young -
deposits are less extensive, and the youngest form the present flo..
plain. .
The succession of events recorded in these deposits as well as in tho.
of Salt River Valley and elsewhere is indicated in fig. 14.  The orvigin
valley (A) was filled with the oldest débris (B), and this in turn wy-
eroded (C) and again filled with the second accumulation (D). A thir:
stage of erosion excavated the present valley (E), and the dopm!
now accumulating are represented in stage F.

A similar succession of events has been noted at several points in
Arizona, notably along San Pedro, Santa Cruz, and upper Gila river-
and in Tonto basin, as well as in a number of places in northwester:
Arizona. Near Benson, in San Pedro Valley, wells have penetrates
the valley fill to a depth of about 8300 feet without reaching bed rock.

In the Tonto basin upland deposits of . at least two periods of accu
mulation are exposed. The older is a coarse breccia, moderately well
consolidated and more or less tilted in places (Pl XIV, B). This
breccia rests upon the eroded surface of the older formations and i~
deeply dissected in places. Against this tilted breccia rest nearly hori-
zontal beds of more recent sediments, which are in turn dissected, larer
portions of them having been curried away by the more recent actios
of the river (Pl. X1V, ). Nothing was found to indicate the geologi
age of either deposit, but the older is 100'mded as probably represent-
ing the base of the Quaternary.“

There have -been, then. since the original formation of Tonto hasin
at least 5 separate stages: (1) The period of erosion, which, in patt
at least, formed the basin, couc-p0ndmg‘ with stage A of fig. 14
(2) a period of accumulation, dulmg which the breceia just deseribed
was deposited, this period mnrmponduw to stage B; (3) a period nf

aGilbert, G. K., Report on the geology of portions of New Mexico nund Arizona: U. 8. Geog. Surv
W. 100th Mer., vol. 3, 1575, p. 540.

Ransome, F. L., Gevlogy of the Globe copper district, Arizona: I’rof Paper U. 8. Geol. Survey, No
12, 1903, p. 57,
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Fir. 14.—Diagrammatic illustration of valley filling and erosion in central and western Arizona.
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114 UNDERGROUND WATERS OF SALT RIVER VALLEY. |.

erosion, probably inaugurated by uplift and tilting, in which the i,
cia was dissected, this period corresponding to stage C: (4) a pe

of accumulation, in which the younger sediments of the basin .

deposited on or against the dissected breccia—stage D: (3) a
of erosion, the present stage of the river, during which the pre.
valley has been excav uted—stmro E.

Since the same succession of events is shown to the west of

‘River Valley along the Celorado, to the east in Tonto basin, to

southeast in San Pedro Valley, ete., it is possible that the v
stages are due to far-reaching causes affecting Salt River Valle
common with the other localities named.

The older mesa gravels of Salt River Valley may represent stag.
while the yvounger gravels represent stage D and the present ri:
channel, stage I5. There are no accumulations in Salt River Vall
except the gravels of the broad bed of the river, which can he ¢
pared to the accumulation of stage F. The similar succession
events in widely separated localities is suggestive of common cau~
but no definite correlation is possible at the present time. - This mu.
however, can he stated with reasonable contidénce—the valley fill
not the result of continuous aggradation. Periods of erosion b
alternated with periods of ace umul.mon

It is worthy of note that in the three (leepcﬂst wells of the valley
the Murphy-McQueen well, 1.305 feet; the Chandler well, 705 fu
and the Thomas Murphy well; 8365 feet—a considerable thicknes- -
clay or other fine material occurs beneath the coarse detritus. In il
Murphy-McQueen well this material is deseribed as **chalk rock™ m

" ““tale.” The writer has seen n small portion of the material tak

from the 1,305-foot level. It consisted of clay containing a few quar
pebbles.  The clay from the bottom of the Thomas Murphy well
very plastic and contains no fragments of foreign material. "The ¢l
apparently lies underneath the breccia. Little more is known of €
lower horizons of the valley fill. The material of the upper horizon
so far as known, is evidently due to upland accumulation. For th
reason, and because of the wunt of definite information concerning ti
lower horizons, the whole thickness of the valley fill has been assume
to originate in the same way. What little is known of the low
horizons suggests the possihility of lacustrine origin.  The occurren
of the clay underneath the hreccia near Phoenix suggests that the ¢l
beds encountered in the Mesu region may be notably older than tl
detrital material above. In that case the lower part of the valley !
may be of Tertiary age, and a thickness of only a few hundmd feet :
the t,op may belong to the Quaternary.
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SURFACE MOVEMENTS.

There is abundant evidence that changes in surface elevation have
wken place in and about Salt River Valley in comparatively recent
;imes.

(1) The immense deposits of upland accumulation in this region are
wst explained as due to subsidence of the swrface. The genem.l
sceurrence of uapland accumulations of débris throughout western
Arizona and southern California sugeests that the same cause atfected
wide areas. It is probable that these accumulations are in part due
to desiceation of the climate. There is abundant evidence that in
former ages streams of considerable size occupied valleys which are
pow dry. However much desiccation of the climate may have caused
1 diminution of streams and consequent deposition of débris in valleys
which were formerly swept clear by these streams, it can not wholly |
weount for this accumulation.

The present surface elevation at Mesa is about 1,200 feet. The deep
well at Mesa—1,305 feet—extends about 100 feet below sea level and
loes not reach bed rock. It is obvious that at this point the surface
must have been at a greater elevation when the valley was formed,
since the river could not excavate the valley helow sea level. Similar
thicknesses of the upland débris occur elsewhere—800 feet in San
fedro Valley; 1.000 feet in Sacramento Valley at Yueea, Ariz., and
about 2,400 feet exposed in the blufls of the Colorado River. In none
of these places, however, is hed rock reached. The evidence points
to a general subsidence as the initial cause of the upland deposits.

{2) Local movements. The sandstones and the breecia near Tempe
ad at Mount McDowell, near the head of the valley, are highly
inelined,  The attitude of the sediments in Tonto basin indicates
fulting and tilting to a notable extent, and Ransome® describes an
irea of intense faulting and movement east of Salt River Valley.
.mltuur and block tilting are not easily recognized in ecrystalline
“rmations such as those lmmec‘ll‘ttel‘\ surrounding the valley, and. the

sovering of detrital matter renders the location of possible fuult lines

‘ubtful.  Reasoning, however, from analogy it is pmhll;le that fault-
i and bloek tilting have play ed a considerable part in bringing about
rresent relations in and near Salt River Valley.
The most conspicuous example of a tilted block within the mllev is
“und in Tempe Butte, where the sandstone and its overlying sheet of
sdesite are tilted steeply to the south.  The movement whic b brought
“is hutte to its present position was very recent.  Waterworn bowl-

'E-HNIm\' F L (;wlog,} of th blobuul ;:erln[rut Arizona: i’rul Paper U, S, (xu.-] Survey No.
- L,
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ders, such as compose a large part of the valley fill, are found on 1},
sides of the butte above the level of the valley floor, and although tl,. .

Scale
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Granite, Tava Sandstone Valley fill

FiG. 15.—Geologic. map of Tempe Butte.

lie loose on the steep sides, sufficient time has not elapsed since their
elevation to allow of their finding their way back to the river which

Tempe well

Horizontal scale
300 00 950 foet.

F16. 16.—Section through Tempe Butte and Tempe well.

flowsat the foot of the hutte. The attitude of the formationsand their,
relations to each other are indicated in figs. 15 and 16.
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CHAPTER IIL

PHYSIOGRAPHY.
MOUNTAIN AND PLAIN.

The so-called valleys of Salt and Gila rivers are but parts of a broad
Juin oceupying a large portion of southwestern Arizona. The valleys
e in part surrounded by mountainous areas, and they themselves in
warn surround isolated peaks and groups of mountains which rise
Jruptly from their surface. To the north and east the country
weomes more and more mountainous to the edge of the high plateau,
+hich within a distance of something like S0 miles rises to an eleva-
tion of about 7,500 feet, as indicated in the sketch profile fig. 17. The
~carpment bordering the great western plateau passes through this
zerion.  The surface of the plateau slopes northward, while the
frainage from its face—the edge of the Mogollon \Ie~a—tooether
with that from the broken country to the southwest of the
~carpment * forms Salt and Verde rivers, thus furnishing the water
which supplies Salt River Valley. In a general way the aggraded

. &
& .
SUPERSTITION MTS. é,a(“. SIERRA'ANCHA
&
&
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O.B“\‘b,n,:,)’g“a»a,"_r”=>5° 2522 o P
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Fig. 17.—Sketch profile from the Agua Fria, through Tonto basin and the Sierra Ancha.

plain of which Salt River Valley is a part lies at the foot of the

wscarpment bordering the plateau, and has been filled and graded prin-
“ipally by material shed from the edge of this plateau. Between the
wearpment proper and the aggraded plain there is much broken
country of which little is known. Toward the south and west of the
~scarpment the mountain masses stand out as more or less isolated
'mups, separated by stretches of tairly level pLun\, as, for example,
the Salt River and Sacaton mountains. :
“The plain from which these comparatively small mountain groups
fise has a regular and moderately uniform slope (‘01‘1‘0\1)011\11110‘ to
the gradients of the streams. In some cases the transition from moun-
fin to plain is marked by a series of partly buried hills, which were

- 1i7
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originally outlying remnants of erosion and which have since heen sy,
rounded by débris shed from the mountain slope. This is illustrate.
in a small way south of the Phoenix Mountains (PL. XV). In a lare.,
way the groups of mountains, such as Salt River Mountains, Sacata,
Mountains, etc., are also remnants of erosion partly buried by déhri.,
In other cases the mountains rise from the graded plain or valley flon
with the utmost abruptness, as in the case of Bell Butte (P1. XIII, .1,
and Camelback Mountain (Pl. XVI, A). "Probably the most notahl.
physiographic feature of the region is the abrupt transition from
mountain to plain. _
In the views, previously referred to, of Tempe Butte, Bell Butte,
-ete., the aggraded plain shown in the foreground extends to the abrupt
rocky slopes with little or no transition. Irrigable lands extend to
the foot of the slopes, as indicated in Pl. XVII, which is a view from
the top of Tempe Butte. The explanation of these relations is found
in the study of the material and structure of the valley floor. The
old valley has been flooded with débris and the outlying peaks and
spurs partly or wholly submerged.

- THE MESA REGION.

The Mesa gravels, or older gravel accumulations, were deposited to
an elevation 25 feet or more above the present river bed. . Later these
gravels were cut by the river to a depth of at least 75 feet, and this

F1c. 18.—Sketch sectiorr illustrating the restricted area of water-bearing gravels due to underground
structure. The older accumulation (stage B) was dissected (stage C) and the valley filled
(stage D). :

depression widened several miles. Later still this degraded area was

partly filled. There is, then, an old valley filled with débris in which

a younger valley was excavated, to be, in turn, itself filled with débrix.

. It may be best explained, in this connection, why certain wells are
productive while others in secemingly as good positions fail. If theold .

valley fill—the Mesa gravels—had become impervious by the deposit of
silt or caliche, or from any other cause, and the present rivergravels had
remained unconsolidated, a water-hearing stratum of restricted dis-

_ tribution would oceur, corresponding in extent to the recent gravels.

If the recent gravels had filled the secondary valley and spread over
the older accumulations, wells sunk in the strip covered by the recent
gravels would be productive while wells outside of this strip would be
unproductive. This is illustrated graphically in fig. 18.
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river, the rate of fall averaging about 10 feet per mile. The ..
sections of Mesa Township (Pl. X'VIII), where the wells are numer,: .
indicate that a line projected across the water surfaces in the w..
in any direction is practically a straight line, and furthermore ¢!,
the water level in any well is practically the level of the river i.
at the point nearest that well. THis is modified in certain cu..
near the river, which are desecribed later. So regular is the surfy
of the underground water that the depth to water at any point .-
known elevation can usually be foreseen with considerable accura. .

The water table as here described is not necessarily the same ax 1
water-bearing stratum. For example, the water table at some partic:
lar point may be 30 feet heneath the surface. Water may or may 1 -
be found at that depth. but it found at a depth of 40 feet it will rise ;
feet in the well, and if found at 100 feet it will rise 70 feet in the w¢!

The shallow wells have an annual and a cyclic variation.” Duri.
the dry summer season the water lowers more or less, and the i
lower wells become dry. During seasons of more abundant rainf.
the water level rises again. There are several facts connected with tl. -
annual variation which are worthy of note:

(1) The stage of lowest water is not coincident with the driest
son, but is reached some time after the rains begin.

(2) The water in the wells seems to stand at its maximum heigt:
far into the dry season. '

(8) The variations in water level can not be due to rainfall in tl.
valley for the obvious reason that not enough rain falls to supply ti
quantity of water represented by the variations, even if it all joiw

the underground v ater.

As a matter of fact very little of the water falling as rain in ti-

“valley-can enter the wells, except in certain-localities where wells w:

obviously fed by surface water. The impervious layers of calick
common throughout the valley would prevent a great amount «
surface water from joining the underflow, even if evaporation allow:
an appreciable amount to remain permanently in the soil.

The only supply of water that is quantitatively adequate to expl:¥
the phenomena-is that from the river and from the flood waters ente
ing the valley from the surrounding hills. Waters move throu:
sand and gravel very slowly, and a greater or less time, differii.
according to circumstances, must elapse after the floods enter U
valley before their influence can be felt in the wells. Theoreticail:
there should be a retardation, or lagging of effect, and such is fow
to be the case in the variations of the water level.

The cyclic variations may be explained in the same way, but I
accurate knowledge is obtainable than in the case of the annual va
tions. During the past few years the shallow wells thvoughout t
valley have been lowered repeatedly. South of Tempe, where t
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fwater level is said to have been formerly within 2 feet of the sur-
Hace, it is now 8 feet. At Mesa it has lowered 12 feet in four years;
at the Phoenix Indian School it has lowered 20 feet in ten years
[This is commonly attributed to the drought which has prevailed dur-
iing the past few years. It may be partly due also to the increasing
,numbm of wells in use. - The quantity of ground water is not unlim-
tited and the-operation of a large number of pumps must in time affect
the supply. .

The deep wells whlch draw their water from the lower water hori-
izons vary to some extent, but little is yet known of them. The water
%%l-\'el in Mr. Olsen’s well rose 2 feet in less than three months, Febru-
fay 1 to April 14,1908, The water in Desert well has been rising for
{the past eight years—during the time when the shallower wells of the
iwalley were being repeatedly lowered to obtain water. The deeper
water-bearing beds naturally draw their supply from points farther
aut toward the borders of the valley and the waters may have a greater
i listance to travel through the valley fill than those of the surface flow.
it is possible also-that the zigzag course which the water may follow
ia the valley fill is a-matter of much importance. If the ideal section
diven in fig. 3 represents actual conditions, water from the river
wvould pass laterally six times partly across the valley before reaching
e lowest gravels. At the rate of flow as described later on it might
ke many years for water to make such a journey.. The waters of any
sarticular flood may not reach the deep wells until several years after

‘e flood occurs.

It is likely, however, that the water level in a particular well would

« affected by a flood long before the waters of that flood actually

rrived at the well.  Much as a wave may travel faster than the water

‘mposing the wave, so there may be waves or pulsations in the under-
“w due to the entrance of flood waters. The smaller pulsations—the

mual ones—might and probably do appear in the shallow wells.

tese smalier pulsations may become imperceptible where they travel

r. and may merge into cyclic pulsations, which alone affect wells far

s the source of supply—for example, the Desert well.

On account of these variations of the water table certain allowances
st be made in applying the accompanying maps which indicate by
stours the elevation of the water table and the depth of this table
neath the surface. At a certain point, for example, the depth to
der was 20 feet when the map was constructed. At some future

* the depth may be greater or less than 20 feet according as the
‘ume of underground water may have incre cased or dlmlnlshed

v
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THE RIVER AND THE UNDERFLOW.

The river is considered the most important source of the underflow.
. "It is a permanent water supply in it from the head of the valley to
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122 UNDERGROUND WATERS OF SALT RIVER VALLEY. [vo. 1

the Tempe canal, north of Mesa. Below the head-gates of the Temy,.
canal a short space occurs in which the river is practically dry oy
the greater part of the year. Farther downstream undergroun
water returns to the river bed; that is, the river cuts beneath tl,.
water table and the underflow returns in part, making a surface tlow o
something like 35 second-feet. It is evident, therefore, that from tl
head of the valley to the Tempe canal the surface flow of the river i.
at a higher level than the general surface of the underground water
on either side. Wells sunk near the river indicate that the depression

e
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Fi16. 19.—Index map of Salt River Valley, locating the sections sjhown in Pl XIX.

of the water table from the river laterally is very abrupt. This is
indicated by the contours of the water table as given on the map, Pl
XX, and in the sections of PL. XIX. The fact thata permanent flow
of water exists in the river at the upper end of the valley at an elevu-
tion higher than the surface of the underground water of the valley
in general is of prime importance in understanding how the water
enters the valley fill. : : 7
North of Mesa the river bed is at the same elevation as the water

~table, while at Tempe the river bed ix below the water table.  Thi

explains the return of the underflow to the surface, making a perennial
stream at Tempe, while the river bed both east and west of Tempe i~
dry. - The reason for the approach ot the water table to the surface
near Tempe requires farther explanation. ‘ "
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* COURSES OF THE UNDERFLOW.

At Tempe the river flows practically on bed rock. The andesite
and the red sandstones of the butte are exposed down to the water’s
«dee. The river passes through a narrow channel between Tempe
Butte and the conglomerate hills to the north. From Tempe north-
ward to the Phoenix Mountains bed rock appears at the surface for the
sreater part of the distance.  Where it is not exposed it is encountered
m wells at no great depth. A glance at the contours of the water
ruble of the township north of Tempe (T. 2 N., R. 4 E.) will reveal the
et that this table is 90 feet higher east of the buttes than it is about
2 miles farther west. There is then no free passage for the underflow
worth of Tempe except through the gravels in the immediate channel

f the river.

~wuthwest of Tempe, Bell Butte rises from the level V‘IHCV floor
dout midway bétween Tempe Butte and the Salt River Mountains.
\o deep wells have been drilled between Tempe and Bell Butte to_
ndicate the underground conditions, the nearest being that of H. L.
vhandlef, one mlle south of Tempe. This well indicates ‘that loose
savels and bowlders extend to a depth of at least 186 feet. This
vould seem to indicate a free passage for the underflow between Tempe
nd Bell buttes. On the other hand, there is a sharp decline: of the
sater table-to the west in this region. North of Bell Butte a depres-

on of the water table of 16 feet within half a mile was. observed.

~outh of Bell Butte a still sharper decline occurs, depressing the
sater table 10 feet in less than a quarter of a mile. The line along

hich this depression of the water table takes place is one passing from
cempe Butte through Bell Butte to Salt River Mountains.

Ax previously deseribed in D. B. Heard’s well, situated at the south-
st corner of section 30, bowlders were encountered to a depth of 90
“t. beneath which granite wash occurs, probably from the mountains
" the south.  The wells at the Valley Seedless Grape Company’s vine-
iad, 4 miles south of Tempe, and the two wells drilled in the same
sion by Mr. Heard indicate thut the water-bearing bowlder bed
wlly reaches that point. It is evident, all things considered, that the

drrflow so voluminous and extensive in the Mesa region does not #nd
o passage to the Phoenix region past Tempe.

fw explanation of this, there is a belief somewhat widespread in the
ey that the passage is obstructed by a subterranean dam formed

wi' by voleanic activity or by the formation of a cement reef across

“valley.  After what has been said of the formation of caliche, or
“nt, it seems evident that the continuous passage of the underflow

i prevent any cement from forming across the valley which could

My sense act as a dam, and this postulate may be dismissed without

wt )
‘ier comment.  The s ‘,uggestlon of a voleanic dam finds some con- .
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firmation in the presence of the andesite of Tempe and Bell Ly,
As previously described, the uplift of Tempe Butte occurred in «
paratively recent time, but whether the formations of the lava of Tey,,
and Bell buttes and the subsequent local movements occurred after 1.
excavation of the valley or had anything to do with the obstruction
the underflow remains a matter of conjecture. In the mind of .
writer, the phenomena about Tempe find most rational explanation
_ the change of the course of the river described below. _

& In order to place pumping plants where they will be most productiy.
it is a matter of prime importance to know the nature and course.
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Fia. 20.—Index map of Salt River Valley, locating the sections shown in Pl XXI:

~the underflow. It is believed by some that the water is virtually stag-
nant and held in the gravels as water is held in a sponge. The ‘*under-
ground lake™ is a familiar expression in the valley. A still more com-
mon expression is ‘“ the underground river.” It is scarcely necessary.
after what has been written, to explain that no underground lake and
no underground river, taken in the popular sense, exist. There i~
however, a slow movement of the underground water down the valley.
which is designated as the underflow. Whether the underflow is
wide and as deep as the valley fill, or whether there are certain restric.
tions both laterally and verticaily, directing the tlow in certain courses.
depends entirely upon the structure of the vailey fill.
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There is also to be considered the possibility that the ancient course
¢ the river was not the same as the present course. Enough has been

i .ritten to indicate that there are restriction:;, and that the great volume

IR

o

R e w—————

pr———

“tlection indicates that this is not necessarily the case.

“or reached the saddle of some spur or divide the river

- the underflow passes through a comparatively narrow space. The
Jley, filled as it has been both by wash from the hills and by sands
.1 gravels brought down the river, would naturally yield abundant
ater only where the valley fill is sufficiently open to allow a free pas-
we of water. The wash from the hills along- the outer portions of
o valley, while coarse enough to allow free passage of water in places,
very frequently cemented to a practically impervious mass. Some
olls obtain a good supply from this wash, but there are many that
we failed because they were in the wash. The most productive wells
- in the beds of river gravel and bowlders.

ANCIENT RIVER CHANNELS. =

Since it is always the river that is making the deposits of gravel and
swlders through which water passes most readily, it naturally follows
atthe bowlder beds mark the ancient courses of the viver. It further- .
ore follows that the present course of the underflow is in general the
nrse of the ancient river that deposited the gravels and bowlders in
hich the underflow occurs. It remains, then, to determine the old .
urses as accurately as possible in order to place the pumping plants.
. the most advantageous localities. At first thought this course
ould be in general down the valley, parallel to the river. But a little
As the floor
the river shifted
When the level of the rising valley
1o“hf pass
wer this divide, leaving its former course at one side. This is proba-
v what Salt River ha\ done in comparatively lecent tlmes ‘On this
sint the following facts are to be noted:
i) In the Mesa region water-bearing gravels occur to a depth of at
ast 620 feet (Murphy-MceQueen well) and extend at least as far south
the Chandler well No. 5, 12 miles south of Mesa.
i2) It is in these gravels that some of the best producing wells of
valley are located. : :
%) There.is an obstruction of some kind, as pmwouslv described,
‘\(‘ntmg a free passage of the underflow downstream at Tempe.
“h well records as are avallahlo indicate that the gravel-filled valley
t Tempe may be comparatively shallow.
’r‘ Between Salt River Mountains and Sacaton Mountains is a broad -
{nearly level plain extending without interr uption from the Mesa
don to Gila River. It is an ageraded phin underlain by water-
ring gravels and connecting w ith the water- b(-utmo gravels of the
i, desulbed in a previous paper by the writer.«

“the valley was raised by the deposition of débris,
=m side to side of the valley.

\\ T., Underground waters of Gila \alle\, Arizona: Water-Sup. and Irr. Paper No. 104,

' "ml \ur\ey 1904,
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(5) At a point in Gila Valley where the waters passing as unds-
flow through the gravels between the two groups of mountains j; -
mentioned would naturally be expected to appear underground wur.
returns to the surface in conaide able quantity. At thh point tln
is the somewhat novel phenomonon of a perpetual lake in the midst"
a desert where evaporation is ahout ten times greater than the rainfu;,
This lake is not fed by Gila River, as is evident from the fact tl.
the river is dry for a distance of about 50 miles above the lake durii.
the greater part of the year. It is not fed from flood waters, sin
floods are seldom of suflicient volume to enter it. There is furth.:
more a constant and regular discharge of water from the lake. Tl
only obvious source of supply is the underﬂow of Gila and Salt river.

An attempt has been made to show graphically the undergrou
conditions across the valley at Tempe (Pl. XXI, ) and across tix

space between the Salt River Mountains and the Sacaton Mountain.

(Pl. XXI, (), so far as those conditions are known or can be reason
ably lnfel red from the data at hand. . It should be explained in thi.
connection that these sections are so chosen as to pass through sue!
deep wells ax are known, thus making a section along a broken lnu-
The depth of water-bearing gravels there indicated should not b
interpreted as the depth of the passage open to the underflow. Tl

crest of the subterranean ridge which-is thought to exist is probabl:
about a mile west of the line represented in section A, as indicate!
by the shallowness of the gravels at He ard’s well and the bl‘ll']'

depression of the water table already described.
The evidence at hand leads clearly to the inference that in Torme:
ages Salt River joined the Gila east of the Salt River Mountain-

instead of occupying its present course north of those mountains. It
has been argued with some degree of plausibility that the chemic:
character of the water throws doubt upon this hypothesis. The water-

of the Salt River underflow as’ represented in the Olsen and Hane:

wells, contain much greater quantities of salts than do the waters o
_ the Gila underflow. It has been argued that waters so saline coul:
not feed in any great measure an undertlow such as that of Git.
Valley. It should be noted, however, that the water from thie Chanth:

wells farther to the east isless saline.  For convenience of comparis
there are placed, below, the analyses of four samples of the Gila undv:

flow.  (All water in this part of Gila Valley at ordinary times com

from the underflow.) In the same table are included the analy s

‘waters from the Salt River undexﬂow, so selected as to give as wi

a range as possible within the region which presumably feeds the (i
underflow. It appears from a comparison of these analyses ti:
although the waters from the Hansen and Olsen wells are much mes
saline than the Gila underflow, those from the Chandler wells
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practically the same as the Gila underflow. Itis entirely possible that

the Chandler wells are in or near the course of freest flow where salts
have either failed to find lodgment or if deposited in former times

have been carried away by the comparatively free sweep of the waters,
while the Olsen and Hansen wells may draw from water which, for
<ome reason, is comparatively sluggish and therefore more saline, since
the gravels in which it is held are not freely washed by a constant
inflow of water.

Analysis of water from the underflow of Salt and Gila rivers, Arizona.
FROM GILA VALLEY.

’ i
i ‘ Well

| ! Well at Pres-

Cooperative | | byterian mis-

Lake in Gila Co.'s ditch, | Gila River

Valley. oy 1 seepage. sion, Gila
Gila Valley. = crossing.
‘maptitative (parts in 100,000): | )
Total solids soluble at 110°C ..... - 107.0 106.0 | 127.0 160.0
Chlorine in terms of NaCl (com- : l
IO SATE) s ssimessdss s mpmenss com 61.2 62.8 | 76. 4 110.8
Hardness in terms of CaSQy (sul- : | .
phate of lime)is..covstocncinonen 2.72 13.1 | 12.5 28.4
Alkalinity in terms of Na.,CO;
(black Blkall) oot et ma s

Nitrogen in the form of nitrates..
Nitrogen in the form of nitrites ..
qalitative:

SUlpRetesi e oiomimmmion Elr Very strong. -Sfrong. © Very strong. Very strong.
A 10 15 L SRR SR A S, Strong. Strong. Strong. _ Strong.
Lime..... SO B P - Strong. | -~ = Strong. Strong. Strong.
Bicarbonates.................. ... Strong. Strong. | Pronounced. Strong.

FROM SALT RIVER VALLEY.

Hansen well

i . | i
{ Chandler well Chandler well Chandler well (after several

No. 1 (after No. 1 (after No. 3 (alter

15 months’ 24 months’ thorough | Olsen well. m\‘;ﬁ:ﬁs ?lfu?on'
pumping). pumping). ' pumping). | = in%) p-
‘» :
<antitative (parts
<1100,000) :
Total solids solu-
bleat110°C ... 127.4 179.0 84.8 381.0 442.0
Chlorine in terms A
ol NaCl (com- T
mon salt)....... 75.6 116.8 44.6 235.2 311.0
Hardnessin terms .
ol Ca80y (sul- s -
jhate of lime) ... 23.1 53.3 18.5 59. 84 151.2
“ikalinity in
termy - of  Nay
0, (black al- :
Rally Loo.oo.... None. None. None. None. None.
“drozen in the .
“rmof nitrates. .07 Trace. . 266 1. 2.0 Trace.
“reren in the
" of nitrites. Traces. None. Traces. Faint. .01
ative:
Strong. | Very strong. strong. | Very strong. Very strong.
Distinet. Strong. Distinet. | Strong. Strong.
Pronounced. Strong. Strong. : Very strong. Very strong.
Strong. Strong. | Verystrong. | Very strong. Distinet.
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PRINCIPAL COURSES OF UNDERFLOW.

While it is not probable that the underflow in-this vegion follows .
channel that is in any sense well defined, there arve without doul,
courses along which the flow has a maximum velocity,- and othe.
along which it has a minimum velocity. It is entirely conceivable,
also, that there are places where the water is virtually stagnau
The underflow may be compared with the water of a swamp. It i.
one body of water, but communications between various localities ar
not equally free as in the case of a lake. Noris the flow conceive:
to be as nearly uniform as in the case of a river. The water find.
its way through the gravels along paths of least resistance, sometine.
straight and sometimes circuitous. It should not be inferred, ther:.
fore, from reference to the principal course of the underflow, that
anything like a definite channel is meant.

From a consideration of all available data it seems clear that the
ancient course of the river and the present course of a large part of
the underflow are east of the Salt River Mountains. It is probable
that at a comparatively late stage in the course of the accumulation
of the valley fill the gradually rising floor of the valley reached the
level of the saddle between the Salt River Mountains and the Phoenix
Mountains and found a shorter and easier passage than the circuitous

route around the former. As the valley floor was. still farther raised -

by the deposition of débris, and as the river passed its aggrading
and degrading stages previously described, its course may have
changed repeatedly, sometimes north of the Salt River Mountains
and sometimes east and south of them. While the débris accumulat-
ing along its course is deemed the chief -cause of the lateral migra-
tions of the river, certain changes may have been caused hy volcanic
action and local movements in the vicinity of Tempe, as previously
suggested. - .

This postulate explains in a rational and natural way the peculiari-

ties near Tempe already described. There is probably a subterra-.

nean dam across the present valley at Tempe, which prevents the pas-
sage of the principal part of the underflow. "It is not a dam thrown
across a previously existing valley, but one which was formerly
ridge at the side of the valley and which was buried by débris as the
valley was filled. It is probable that only the waters from the upper
horizons of the gravels of the Mesa region find their way over the
top of this submerged ridge into the underflow ot the Phoenix region.

SO_URCE.S OF THE UNDERFLOW.

One of the most notable features about the valley fill in the Mest
region is the thick bowlder bed covered with impervious clay. It
occurs in the center of the valley, while toward the sides the bowlder-
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qve place to the finer material.

The water in the bowlder bed is

nder considerable pressure, while above the clay which confines it
-cur water bodies of limited extent, forming what is locally known

. the surface flow.

In certain places the surface flow is under slight

ressure, while in others it is under no pressure, but the underflow
ul the surface flow form a single water body, as evidenced by the detfi-

‘o water table. The questions

naturally arise: How are the waters

.nmected? whence do they come? and how do they get into the

oy -ound ?

L4

There are qoverfxl po<s1ble qour(‘e%———(l) rainfall soaking into the

sound; (2) undelground water in the form of springs or artesian

w entering the valley from foreign regions; (3) streams and sheet

wshes entering the valley from
{ abnormal precipitation.

the surrounding hills during times

(1) The rainfall is so slight—an average of little over T inches per

et m the valley—that it could

supply but a very small part of the

ulemx ound water known to exist, even if it did not evaporate before

stering the soil to any great depth.

It is probable, however, that

ttle if any of the water from rains in the valley finds its way to the

There is no known possihilit\' of water entering the

There seems to be little doubt that the underflow is

How much deeper, is impossible to
By some change

cams.. The
River débris accumulated

The coarser material was dropped in the

As the channel became choked with

and howldua of the abandoned stream

nderflow. At best it could only join the surface waters owing to

mpervious clay and cement layers separating these waters from those
~neath.

(2) The hills surrounding the valley are composed principally of
rvstalline rock.

”L\ in any form of artesian flow, and springs from tho h11]~1de
seso small that they may be disregarded.

'I;) The only source which is quantitatively adequate to supply the
-nown amount consists of the streams, chief among which is the Salt,
diver system,
smneeted directly with the river.

In order to understand clearly how the waters enter the underflow
tis necessary to know how the valley fill was deposited.
wes Salt River Valley was a broad, deep valley of erosion, at least 1,305
~+t deeper than it is at present.

v. for no well has penetrated beyond that depth.

« the altitude of the land or change of climate. perhaps both, the
reams were changed from degrading to agerading str
iter could no longer carry all of its load.
~it ix still accumulating.

annel, while the clay and silt aceumulated on the floodplain, and
fent formed near its surface.

“avels and bowlders the stream shifted gradually, covering the clay
1 coment already deposited, while these materials in turn slowly
“umulated over the gravels

IRR 136 '

e a———

In former




Poren

WM“M S s . : P

(=

130 UNDERGROUND WATERS OF SALT RIVER VALLEY. [xo. 12

courses.  As the river swung from side to side of the valley, grave
and bowlder beds were always left in its wake; furthermore—and thi.
is the key to the problem—wherever a bowlder bed was formed
a bowlder train filling the old channel connected and probably stil}

“connects this bed with the mouth of Salt River Canyon, whon( the

water, together with its débris, issued then as it does now.

While Salt River was the main factor in the formation of the valley
fill the tributary streams and sheet washes played some part. Each
stream, no matter how small, left a train of gravel leading into the

valley fill, and in a small way migrated from side to side, as did the

river. Permanent streams, no matter how small, kept a constant con-
nection with the river, and their ancient gravel trains probably still
form comparatively free subterranean passages for water into the gen-
eral underflow. But nowadays the small stream courses, even streams
as large as Queen and Cave creeks, do not reach the river but are lost in
the valley fill. Judging the past by the present, similar relations may
have obtained then. Such streams as Queen and Cave crecks might
form their villey trains from the hills into the main valley for a con-

“siderable distance, and perhaps form a considerable bed of loose mate-

rial through which water would flow readily, but the connection with
the bowlder beds of the main stream might be cut off by imperviors
beds of clay or cement. Such beds might form water pockets in the

valley fill, and under certain conditions yield flowing wells. How-

ever, no water pockets have been found in Salt River Valley yielding
ﬂowmg water.

At the present time, while thé streams are depowtmw their débris
in the bottoms of the valleyse the granitic hills about the valley are
forming granitic sand which slowly works its way down to meet the

advancing accumulation of the river fill. Judging the past by the
present, the outer edge of the valley fill is composed largely of gra- -
nitic sand or arkose. This material is more or less pervious, and the

waters shed from the hillsides sometimes sink quickly into it, Since
it is only on the old flood plains that impervious clay layvers were
formed, these layers, so potent in the middle of the valley, where

‘they are penetrated by the wells, do not exist near. the edges of the

valley, where both clays and gravel beds pass laterally into the

accumulations of arkose. Thus the water, whether from the river, or

from a tributary stream, or from a sheet wash from the hillside, finds
its way always downstream ‘into .and through the valley fill under-
neath the i impervious layers or whuevu the trains or sheets of gravel
lead.

The gravel trains thus form a net\\ ork tlnouoh the valley fill, con-
neeting the principal bowlder beds, and lo.lrhng back in every case
to the stream which formed them. It is evident, therefore, that the
underflow, although scemingly divided by impervious layers, is”one
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oly of water, although the avenues of communication may be ex-

remely tortuous and complicated. It thus results that the water of

e underflow, whether from an upper or an under stratum, rises to a
wofinite level which forms a comparatively uniform ¢ water table,”
e gradient and local variations of the table being due to the varying
istance offered by the gravels to the passage of the water.

THE PHOENIX REGION.

The physical features of the Phoenix region differ in but few im-
-ortant respects tfrom those of the Mesa region. and need he described
aly in so far as they differ in some essential manner. The principal

© art of this area consists of a broad plain, sloping gently southward

o Salt River.  Cave Creek enters the region from the north, and is
wst upon the plain in a manner resembling that of Queen Creek in the
\lesa region. At the western border of the region the Agua Fria and
Vew River have definite channels extending over the plain to join the

o uailas

DISTRIBUTION OF MATERIAL.

At the eastern border of the region granites, lavas, and the older sedi-

" ments occur, as described in Chapter II.  From Tempe westward to

L e ———

e Crosscut canal and thence northward and westward the valley fill
thuts more or less abruptly against the older formations.  The asylum
well penetrates.gravels to the depth of 110 feet-without reaching bed
rack, while 2 miles to the east bed rock appears at the surface. In
the Murphy well, 325 feet deep, 115 feet of valley fill is penetrated,
low which the breccia is encountered. Two miles to the east the
sreceia emerges from the surface to form the buttes north of Tempe.

In the southern portions of the region near the river the valley fill,
«indicated by the well records, is composed mainly of river gravels
nd bowlders. It appears, from the occurrence of gravels in the
Heard and MeCallum wells, that the bowlder bed continues well
-outhward toward the mountains. This southward extension is in
armony with the southward trend of the streams at the present time,
~well as the southward trend of the ancient river, as indicated by
‘e bowlder beds and the undertlow of the Mesa region.  While it is
dways unsafe to make predictions in matters so uncertain as under--
sround conditions, the indications so far as known point to more favor-
“le conditions for pumping south of Salt River than north of it.

A study of the well records in the light of what has already been
“1id respecting surface oscillations, and the resulting stages of degra-
ation and dggradation, leads to the belief that the bowlder bed under-
‘ing Phoenix is somewhat abruptly terminated at the north, as indi-
ded in the section, Pl XXI, /2. The several wells in the vicinity of
“hoenix enter bowlder beds differing in no essential manner from
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those in the Mesa region except that they are, so far as known, con,.
paratively free from cement. Three miles north of the Phoeni
waterworks, the Indian School wells penetrgte no bowlder beds ne.
any material that could not rationally be attributed to the action
small streams from the north and to wash from the. hills. At son
point, therefore, in the 3 miles intervening between the hoenix wel;
and the Indian School there is a transition from the bowlder bed t.,
comparatively fine material. This transition has been shown in th
section as abrupt, since the bowlder bed is regarded as equivalent ¢,

~the younger beds of the Mesa region, while the finer material corre.

sponds in age to the older Mesa gravels. During the stage of degra
dation intervening between the two periods of accumulation it i.
thought that a broad valley was eut in the older deposits similar to
that described in the Mesa regiorf, and that during the later accumula-
tion this valley was not only filled, but the bordering bluts were buricd
by the younger accumulation. ’

North and-west of Phoenix gravel beds are few, and sand, cement,

‘and wash ‘make up the principal part of the valley fill.  While there

are a great many drilled wells in this region, there are few for whick
definite records were kept. . The meager data obtainable are noted in
Chapter I.  Several wells reach gravel beds, but the extent of such
gravels is unknown. Since, with few exceptions, the wells are small.
being intended only for domestic use, they do not penetrate through the
gravel beds. A few wells, such as the Bartlett well, the Kellner well,
and the Indian School wells, have been sunk deep enough,to indicate
that the bowlder beds of the southern part of the Phoenix region do
not-extend far to the north. No accurate record of either the Bartlett
well or the Kellner well is obtainable. It is thought, however, that
had bowlder beds been encountered, their presence would be known,
it for no other reason, because drilling machinery such as was
employed in constructing these wells has proved inadeqiate to go
through bowlders such as are found in the southern part of the region:
It is probable that gravel beds of considerable volume occur, but
they seem to be more or less separated. If water pockets are to
be found in Salt River Valley with water under pressure suflicient to
produce flowing wells, it would appear from theoretical considerations
that the northern part of the Phoenix region is the place where they

might reasonably be- expected: but while many shallow wells have

been sunk in this region, no well -has yet pevetrated to a sufficient
depth to test this possibility. The Burtlett well, 311 fect deep, is the
deepest well put down, and. according ‘to the best account to be
obtained, water under considerable pressure was encountered.
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GEOGRAPHIC CHANGES.

On account of the great.importance of this subject to those who may
consider the-construction of wells for irrigation purposes, emphasis
is put on it at the risk of repetition. During stage B (see fig. 14)
a thickness of more than 1,300 feet.of débris was deposited in the Mesa
region, closing with the great howlder beds.  During the greater part

of thix time, and perhaps until the close of stage B, Salt River flowed
“east of Salt River Mountains.  The Phoenix region in ‘the meantime

was without the controlling influences of Salt River. Its aggradation
was due to wash from the hills and to the débris of comparatively small
streams.  The material thus brought into the valley was comparatively
fine: some of the larger streams formed gravel beds, but no great
accumulation of bowlders took place. During stage C Salt River was
flowing in or near its present course north of Salt River Mountains,
and was cutting away the deposits previously laid down, and at the
same time was deepening a passage through the rock ridge near Tempe.
This passage is narrow, as would naturally be expected, on account of
the hardness of the rock. ) _

During the second' period of accumulation (D) the new channel, or
sccondary valley, was filled, as was the case in the Mesa region, and
since this secondary valléy in the Phoenix region was now the course
of the river, it was filled principally with coarse material, and to an
extent sufficient to bury the bluffs, obliterating from the surface all
The recent river accumulations of the Mesa
region and 4he howlder beds of the Phoenix region are regarded as
cquivalent and directly connected through the comparatively narrow
passage at Tempe. Z

WATER TABLE.

From what has been written it appears that the water table of the
Phoenix region assumes neither the definiteness nor the importance of
the water table in the Mexa region, where there is free communication
between the water-bearing formations. At certain points in the
Phoenix region communication scems to be wanting, as is shown in
the Indian School well; at other places communication is poor. The
water supply in the northern part of the Phoenix region is compara-
tively limited, and yet there is an inclination of the water table in
plices of 20 feet or more to the mile. Such a gradient could scarcely
be maintained unless the passages through which the water finds exit
presented formidable obstructions.
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| o

EXTENT OF BOWLDER BEDS.

e I

The northern boundary of the bowlder bed west of Phoenix ix 3
known. - The Harris well is 7 miles west of Phoenix and 5 miles noyti
of the river; the ostrich-farm well is 9 miles west of Phoenix and 5 mil...
north of the river; and the Kellner well is 14 miles west of Phoeniy.
The bowlder bed of the southern part of the Phoenix region was not

encountered in either of these wells. It is probable that the bowldey I
bed will not be found much, if any, north of the Salt River canal, ¢ tior
Thence northward the chances of finding water suflicient for successfy; et
= pumping plants grow progressively less, (1) because of the increax. = uat
ing depth to water; (2) because of the scarcity of water-tearing mate- | obt
rial; (3) because of the limited supply of water; and (4) because of floy
the evident want of easy communication between the various beds of un¢

water-bearing material.  So far as known the underground water
throughout the Phoenix region is amply suflicient for domestic use.
Certain wells would probably yield a moderate supply for irrigation L
for a time. It is evident, however, that a pumping plant to be perma- ¢ era
nently successful must be in such a position as to draw freely from the
underflow of the river, the only permanent and adequate supply.
Extensive pumping tould soon exhaust the limited supply from the
north. If my interpretation of the underground conditions, as indi-
‘cated in the history of the valley fill and presented graphically in
the section across the valley (Pl. XXT), be correct, it is probable that -
pumping on an extensive scale would not be permanently successtul
anywhere north of an east-west line passing 1 or 2 miles north of
Phoenix.

South of this line, however, there is every indication that pumping
plants could be successfully operated. The known volume of the
bowlder bed near Phoenix, indicates that a similar volume is to be
expected downstream. The great productiveness of the pumping
plants now in operation near Phoenix, described in Chapter I, indicates
an abundant water supply wherever the howlder bed is found. The
readiness of movement evidenced by the large output, and the rapidity
with which the water regains its normal level in the wells when the
pumps stop, indicate conditions most favorable for profitable pumping.
The return of the undertlow to the surface a few miles west of Phoenix
] and thence westward, making a surface flow of considerable volume in | L
i - the Buckeye region, indicates a volume of underflow which promises
permanency of supply.
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CHAPTER IV.
ECONOMICS.

[t remains to inquire into the practical application of the informa-
“on presented in the preceding chapters. The end in view is the
termination of the quantity of underground water available for irri-
.ation, its adaptability for use in irrigation, and the best means of
itaining it. To this end I shall consider the area in which the under-
‘ow occurs, the chemical character of the waters, the volume of the
aderflow, the cost of pumping, and the location of pumping stations.

o
AREA OF PROFITABLE PUMPING.

The utility of pumping plants is determined largely by two consid-
.rations: First, the lift; and, second, the freedom of movement of the

= [

ations . " Doubtful Unfavorable,

Scale
)

Favorable indic

s ) 15 -_20omiles -

716,21, —Map of Salt River Valley, showing area beneath which water is 50 feet or less below surface.

‘nderground waters. The limit of lift, or total height to which the
water may be profitably raised, can only be determined by the cost of
fumping and the value of the water obtained. With certain crops
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water yields larger returns than with others. On the other hand, the.
are localities in the valley, as shown in the last chapter, where punip

ing plants can not secure water from the gravels rapidly enough t.,
make their operation profitable. The underground conditions are «,
variable that the selection of sites for pumping plants must deper
largely on experiment in each case. In fig. 21 is indicated the are,
where pumping plants would probably be profitable and the arey

‘where their success would be doubtful. The line of demarcation cay

not be accurately drawn at present and the map should not be inter-
preted in this regard too literally.

The dehnmatlons dependent on the lift can be drawn with more
accuracy. Assuming a lift of 65 feet as the maximum for economic

pumping, and assuming 15 feet as the average local depression of the -

water table in the wells through the action of the pumps, it follows
that the boundary of the area thus denoted is the contour indicating
a depth of 50 feet to water. The contour maps now available do not

.cover the southern portion of the area indicated. The boundaries

are taken from the contour maps as’ far south as the base line; south
of that line the boundaries are approximately correct. The outline of
the area in Gila Valley indicating an approximate depth of 50 feet to
water is also appended.  This outline is taken from a map included ina
former paper by the writer on the underground waters of Gila Valley.”

CHEMICAL CHARACTER OF GRO UND WATER.

The water analyses quoted in this paper were made for the most
part at the chemical laboratory of the Arizona Experiment Station ut
Tucson, by Prof. R. H. Forbes and W. W. Skinner. In addition M.
Thos. H. Means, formerly of the United States Department of Agri-
culture, has kindly furnished a table of analyses made by himself some
vears ago. In so far as the analyses apply to the waters of Salt River

“Valley they are U(ltheled into the following tables, drmnoeu according

to the methods of analysis:

aLee W. T., Underground waters of Gila Vallu, Arizona: Water-Sup. and Irr. Paper No. 104,
U. 8. Geol. Survey, 1904
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R ) [, i o et it
‘ . tane vt vierte s e aesnr Salt Rccer Valley, Arizonact 7
. (ol
[Parts in 100,000.] : U —
Loeation. | = ‘ Alka.| 3 Qualitative. .
= ' 2 | Total Hardbess, |Jinity, I,\,l,[,r(ij{l
. = 7 |solidsi Chlorine, (,“Q(') S 1NayCO,l Nitrogen in ché
g Owner. = =1 Date. o | solu- | NaClI (com- (:u]l)f{al*v of | (Dlack] the form of |00
= o &= o S | bleat! mon salt). = lgme) g al- nitrites. T Sulphates. Magnesia. Lime. .
g 2| g | 8 2 [110° C. © | kali). ! o
= 3 =1 2 9 trates. PR
7 = [ 7] (| ¢ . : =)
O, . R T G " N N e _ . e b
2
i Fect. . =
-2815 | Perry Williams, Maricopa ........... ..| Mar. 19,1902 85 1109 50.0 24.48 Faint. | 0.20. | Verystrong. | Verystrong. Strong. »2
2816 | Railroad Co., 1§ miles west Maricopa..j..... A prmsps lorrrs 39.8 6.4 5.41 Very faint. . 104 Strong. Strong. Faint. ()
2082 Alhambratownwell] 2N, | 2 K. 26 | Sept. 16,1898 50 | 116.3 B6.0 |ovenennptocee] 3418 focurammasannns 1 R O O N Pl P e P 08 o)
2083 | A.H.Smith......... 2N. | 2L 21 losaes A0 aeman 95 | 130.5 40.0 Strong. 04012 | 1050° o Lsicn e momanmpionis st srestos o distmeisia s aters F—:
2084 ! Frank Alkire....... 2N. 12K, 21 ... do....... 9 | 41.1 10.0 Strong. OOOHHIE ST BT crtsio s o tereie | pis o Bt s s SIS | 12hs sl Tt {;
2085 Barkley...... 2N. | 2E. 7 [ e [ ¢ PR 90 | 340.8 68.0 Strong. s L e A R e -
2086 BOVOL.L s oo fennns - s, ot anoma| nb s (s (o RO 80 | 234.5 149.0 el RO SRR SR A e R R e e S T S e o 3
2087 | W.S. McClain ...... 2N. | 2E. .18 R, A0 e 80 | 117.6 29.0 Strong. |....... 016 7/ I (SRR N TSP | SR S s :_’3
2088 | Town well,Glendale| 2N, | 2 E, 5l..... do....... 90 | 79.2 39.0 -Strong. |....... L0003 e L
2089 Bartlett......] 3N. | 2 &, B0 Lo sai A0 e 140 | 53.1 17.0 SITONE. [ e [rsnmemeppsames 0] s mrome s eis s ALt | e ot e T ’2
2090 | ——— Mosher ...... 2N. | 2E. 91f.... do..... .| .70 | 346.4 112.0 | Verystrong. |...... jiceoeeeeeeenn. 3 1) I (PSP e R
2001 | G.B.Morgan ....... 2N. |1E, | I do....L..| 40| 46.2 10.0 | Strong. |....... . .0028 A L e e e :i
) & -t
2150 | B.A.Fowler........| 3N. | 2 E. 33 | June 30,1899 |...... 80.9 13.2 ST | SR B R | S SRR S SRR IR R =
2619 | W.J. Murphy.......{ ... ... ol oyt June: 8,1901 |...... 115.8 35.6 | 46.11 |.......... s e mcel] e esa a1 Verystrong. | Verystrong. -
2620 | J.B.Doner _....cooifieiiianaaiienai]an.nn do...ooifoaa... 143.6 44.8 93,2 fouesecin|wmman YRy TEICR T Very strong. j Verystrong. | Verystrong. :
2621 | H.B.Lehman ...... 2N. | 2E. G Jowse A0 sarsn|ssmms 91.2 30.8 . 85,8 - cesnsalmsacaine s anenls s Strong. | Verystrong. Strong. =
2622 | A J.Straw.......... 3N. | 1E. P10 R do...oooiiao. 188.6 e U B e 5 el B e e S | R e R Z ‘;mU
2623 | A.W.Bennet...... 1l et st son sy e i | e et (o (o Y, R— 31.0 5.6 |eeeeneaaann, Faint. . Faint. | Faint. s
2624 | E.E.Jack cooveniiofoeiaifonaeoifoannaa]eannn (6 TR §7.9 9.6 jieieiiiaaan Pronounced. Faint. | Pronounced.
MESA.
1506 | H.L.Chandler .....{......io oo feaaaes Nov. 24,1896 |...... 103.6 | Verystrong. f.........ccooi|ooiaa.. (311 0110 (RN, [EPR e
1615. [ AT Chan@ler ... .- < foewesmlosssns[smmass Feb. 1,1897 |...... 166.6 | Very strong. " Faint. Faint.
1517 J..... [ (YUY RN RS R N ceedo 79.4 | Verystrong. l............. .. Strong. Strong. ;
aTaken from tables in The Underground Waters of Arizona, by W. W. Skinner, Ariz. Agric. Exp. Sta. Bull. 46. ' -
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Chemical analyses of waters in or near Salt River Valley; Arizona—Continued. ’c-;o
: o
Location. =4 Qualitative.
i Total ) A]}m- Nitrg» i
- : & - 2 |solids| Ohlorine, I{a(\:x:;ls‘lgss, 'Iql,lln(%f Nitrogen in | 8¢ . g
. E Owner. g 5 g Date. : }si)}u-t NaCl ELth (su]pl‘mt:z of ?b]uk‘l tvhe_{oytn‘l of |tormof Sulnbate X o . g
% 2 ; E" % =) llltjbac. mon salt). lime). al- nitrites. ni- | Sulphates. Magnesia. Lime. =
2 S 5] 2 O kali). trates. =
A ol i a a
MESA—Continued ‘g
e S o Feet. =
2615 .\quphy-l\lcQueen. JIN.|BE. 34 | May 17,1901 1,305 | 133.2 ! §2.0 105 feecismsiais 0.0067 | 0.43 |Verystrong. | Verystrong. | Verystrong. Q
2724 | A.J.Chandler...... 18. |BE. 22 | Aug. 27,1901 | 150 | 174.2 110.7 47.02 ..c.... Slighttrace. .07 Strong. | Verystrong. Strong. o
2775 |.... 5 I 22 | Dec. 65,1901 i...... 176.2 111.1 42.6 None. .02 | Verystrong. | Verystrong. | Verystrong. <
2804 5 E. 23 | Jan. 28,1902 | 51 | 103.2 2L I R e 7.63 . 0094 .21 Strong. Faint. | | Faint, ;
2318 5 K. 22 | Mar. 9,1902 | 705 | 157.4 104.0 39.3 Very faint. .12 | Verystrong. | Verystrong. | Very strong. Q ;
2819 1. 5 E. L fleemed dofiase 146 | 172.2 110.0 45.3 Very faint. .12 IVerystrong. | Verystrong. | Very strong. =
2520 5 k. L2 {6 ¥ AP 236 | 163.8 104.4 44.5 Very faint. .12 | Verystrong. | Verystrong. | Very strong. w
2977 5 E. 22 | Feb. 6,1903 | 240 | 299 6 154.8 20.9 |....... . 01056 .29 | Verystrong. ¢ Strong. Strong. o
2083 5 1. 34 | Mar. 7,1903 | 260 | 162.4 80.4 D2:21 fiiaas . 0061 .27 | Very strong. Strong. | Verystrong. =
51K 22 | June 13,1903 | 236 | 127.4 75.6 23.1 |.c..ces Faint. 17 Strong. Faint. | Pronounced. w
3158 5E 34 |..... [§ (G SR SO 84.8 |1 44,6 18.5 ||-vosswia Faint. .26 Strong. Faint. Strong. :»:c
2138 75 11 | May 14,1903 | 212 | 32.0 PR 0 (R 4.66 | Very faint. .49 Faint. { Very faint. Faint. =
2141l [LEOISen) s ierr A o 18, |5 E 18 [levare do....... 212 | 381.0 235.2 99.8 Fo..iv.s Faint. | 2.0 | Verystrong. Strong. | Verystrong. o]
8144 | P.Mets oo iisneeis IN.} O E. DOl (0 () TR 56 | 167.8 o L4 ) R 9.33 | Very faint. .38 Strong. Taint. Strong. :]
’ 5145 | Alhambra Hotel....| IN. | 5 E. 22 |..... do....... 51 | 152.0 89.6 |eereececannnnn 5.51 | Very faint, .33 Strong. Faint. Strong. =
5146 | Dorman Bros....... IN. | 6E. 83 |.ceerllOincizai 100 | 114.0 T4 | csesmesnemarntas- N IR AU Strong. | Veéry faint. Strong. o
PHOENIX. . ;
1819 | Fowler Bros...... L IND|TE 1| Apr. 30,1897 |...... 399.8 | Verystrong: . cccesssssunisslove s soralsnsiivmnpie scesiese ssems Very strong. Strong. Faint. E
2017 ij Mgy W, Jo MUrPHY-|.sowie| s wbiom | smersias Aug. 15,1898 |...... 334.3 1 (17/8(U8) (SRS SO, R R .05 10.0 34.83 3.64 10.5 =
2067 | North Central Ave- : "4
I 1LL TP A ISP I, Sept. 15,1898 |...... 117.7 66.5 |eeeenineneneifaraanns None. 5.3 [T Ot (SR :
2068 | School,Central Ave- ' '
- nue JJ1IN.|3E. 216.1 150.0 .20 |. I
: 2069 2N | 3E. 229.0 1410 |... Faint. |. &
‘ﬁ 2070 1. ..., AO e LACNJI3E D 2., AB) 520 mirs 60 ! 362.3 258.0 Strong. ....... 0028 .30 b
o e " Dor oI S SR SR I, I SICTAN- AA  S—— om— e s e e . — i i
1 OS5 Fere - i 7 APy i2N. | S E. | 20 ; Mar, 7,1903 | 49 1 24H. 2 160.8 21.8 f...con0 Faint. L0 Verystrong., Verystrong, © Very sitong. 15
j co82 |..... 6mmonnoii ] 2N l3x~:. f I 145 | 230.0 L um[ e b s Rt (I

S




3158 [..... O e ivciminmimimmnisnn 18, 6K,
3138 | Desert well. ... ... 18, | 7L,
3141 | E.Olsen o........... 18, | bR,
3144 | P.Mets coeninann.. IN. | 5E.
3145 | Alhambra Hotel....| IN. | 5 E,
3146 | Dorman Bros....... IN. [ 6E.-
PHOENIX, -
1819 | Fowler Bros........ IN. |1E. 1| Apr. 30,1897
2017 | Mrs, W. b, Murphy . |......].. PN | SR B Aug, 15,1898
2067 | North Central Ave-
TP (USRI SN P | PRSI A Sept. 15,1898
200 | .~fr'!|nnl,l‘umrnlA\'«-,»! . ! . .
i [IEH an i E 0 AR b}
COETURES £11 tasd 2R 1 N U]
e ¥ e
r o B - . P ————
N2 iu
2071 ‘ Ida E. Lawrence ... . 8 20
2073 | Cawthorn....| 2N. | 8 E. | 29(?)
2074 | Orangewood ... 3 L. 4(7)
2075 | J. A Wieder... ... .| 8E. | 382
2076 | W. R. Beshier ...... 2N. | BE. | 20(?)
2077 3. | 20(7)
2078 3 1. | 20(7)
2079 | M. Morrison........ 2N. | 31, | 37
2080 | Wm. Christy.... IN. | 2E. 1
2081 | G. R. Brewster ... .. 2N. [ 2E. | 36
2095 | Phoenix city sup- i
ply. o, 3 K. 4 | Sept. 18,1898
2840 [..... do 3 E. 4| May 9,1902
3139 ..... do 3 K. 4 | May 14,1903
3140 |..... do 3 K. L P : [ s
2143 | G. R. Brev 36(?)] June 30,1899 |.
2215 | D Dutfield .. oosecale sviss oo waes Oct. 24,1899
2216 |..... Bkilerin o manne enane maneno e erna nso oo e opmr. do.......
O, Wi Perkins ..ccqa 2 N. | 3 E. 23 | May 10,1901
W.J. Murphy ... | ST NN June 8§,1901
..... A0 ecmosns wbsnsolmssmaviatas salrmasss) JBIY 851901
B.Smith cooveieaaie T Oct. 14,1901
Thomas Murphy ...} 2N, [ 4 E, 30 | Apr. 22,1902
..... A0 eheiininee.d 2NU 4 E, 80 [.....do.......
..... do.....ococe .M 2NC[4E D B0 doollo o
P A0 ceeeaainnn, 2N, [4E. | 30| May 9,1902
2845 1 J, Miller............ 2N. | 2E. 33 | May 27,1902
2840 I Asylum............. IN. | 3E. 2 |'June 12,1902
2049 |..... [§ T T 3 E. 2 | Oct. 31,1902
2960 | Sonp Springs, '
: miles north...covefevecac]onnasadionid Jan.! 5,1903
2970 | A. C. Bartlett.. 3 E, 82 | Jan. 2,1903
23402 03, J. Harrs......... 2E. | 61 May 14,1903

212
212
56
51
100

103

| 32.0
381.0
167.8
152.0
114.0

399,38

-4 B
2. 0
413.1
97.6
44.9
76.1
126.9
2814, 6
531.8

150.6
122.5

116.8
102. 4
132.0
136.0
103. 4
75.3
68.8
83.6

- 28,2
27.6
235. 8
380. 4
303.2
388.0
325.8
239.0
120. 4

126.4
272.2

164.0
268.0

287.5

14,6
5.2
235.2
108.0
89.6
74,0

Verystrong.
©107.0

66.5

150. 0
10,0

A

@ gt o
Stpong

Faint.
Very faint.
Faint.
Very faint,
Very faint.

REL

(LER

R
oo .5
285.0 Strong.
61.0 Strong.
16.0 Strong.
31.5 Strong.
48.0 |oeieeiiaiL,
103.0 Strong.
179.5 Strong.
203.0 Strong.
81.0 Strong.
405 |l
72.5 Strong. |....... . 0007
' 54.6 8.98 |... L0045
© 7.6 Bl e ines Very faint,
80.8 L0 7 J L021
36.5 .. . 0006
35,0 foeevaiieat 23
7 I (1) [
30.8 L0871
S e e T b e e
£ %6 O O R S T 2,42 Faint.
153.5 12,30 |.neniis L0029
140..0 10.88 J.ccncin .40
136.0 26.65 {....... .80
105.0 |.ceeeneno.oo. ! 4516 . 0666
123.4 B2 1 wre ket L0073
89.8 fecrcnmtonercnc]ecransalonnansaanenman
79.2 B2 Pcenss Faint.
78.8 13,6 |ionstius Very faint.
[ U R L [ S
102. 8 Faint.
185.0 Very faint.

o0

Faint.

Very
faint.

Strong.
Faint,

Very strong.
Strong.
Strong.
Strong.

[ ]
Very strong.
34.3

Faint. Strong.

Very faint. Faiut.
Strong. | Verystrong.
Faint. Strong.
Faint. Strong.

Very faint. Strong.
Strong, Faint.

3.64 10.5
.............. f....--...-‘.,.

Verystrong.
Pronounced.
Pronounced.

Verystrong.
Faint.

Very faint.
Very strong.
Very strong.
Very strong.
Very strong.
Very strong.
Very strong.
! Very strong.

Very strong.

Strong.
Very strong.
Strong.

Very strong.
Pronounced.
Pronounced.

Strong.
Pronounced.
Faint.
Verystrong.
Verystrong.
"Very strong.
V({,ry strong.
Verystrong.
Very strong.
Very strong.

Strong.

Faint.
Very strong.

Strong.

Verystrong.
Strong.

Strong.
Faint.
Faint.

strong.

strong.
strong.

Very
Very
Very
Yery strong.
Very strong.
Very strong.
Very strong.

Strong

Faint.
Strong.

Strong.

Very strong,
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Chemical analyses of waters in or near Sult River Valley, Arizona—Continued. I:
S g S _ R ‘ St BBl - reieae e . <
_ Location, - i Qualitative.
: . | motal Alka- I Nitrgs e c » -
. : = : 2 |solids| Chlorine, H’(',l;?\,n(fsg' .111:"(1’(‘; Nitrogen in g?l‘] é“ F
= Owner. = . a Date. S solu- | NaCl (com- (%ulﬂ)l;ltt‘ of ‘(1‘)1:!'1;:]? the form of {g 0" el 2
= a o kS < |bleat! mon salt). |V llim(e) 4 al. | nitrites. i Sulphates. | Magnesia. Lime. E
3 - o (Y . - 1
E & gl 2 S {110°C. kali). trates. EC
P = 1] @ a [
SR S S —_ il —— _ S S - ol = i
PHOENIX—Cont'd. | Fect. . S
3143 | H. Thompson ...... “2N. | 3E. 8 | May 14,1903 | 104 | 26.0 E | 4.88 0.126 0.33 Faint. | Very faint. Very faint. ,/
3187 | Mission (Presbyte- ) ! 'C:’
rinn), Gila Cros i
NG e srmssnns TR R NP I Aug. 25,1908 |...... 160.0 110.8 28. 4 SN PO A Very strong. Strong. | Strong. =
3181 | Lake mear - Gila . ,,‘
(6] {0:-11) {EANNNSI G, TR TS i R f3 (VR P, S 107.0 61.2 2,72 10 Jretne dsiee s s e o s m e Very strong. Strong. Strong. =
3185 | Cooperative diteh, =
Gila Crossing ..o foo oo foeeiiiloeiinioaiad 4 [o JRPRSUIPY RO 106.0 62.8 13.1 20 Jossdmsasnnnn i son: s Strong. Strong. Strong. i
3186 | Gila River at Gila
Crossing . =
U] I 127.0 76. 4 12.5 0 SuE s s e le s e e Very strong. Strong. Strong. =
3204 | S. W.Nigh.......... 2N. |4 E. 36 110.0 GO0 e s e e e e e e Pronounced. | Very faint. | Pronounced. o
3203 | N. J. Murphy....._. 2N. [ 4 L. 30 193.0 THO] onsvnntosmrmdll vubeangie s conadessesfiateimes Verystrong. | Very faint. Very faint. -
3202 — Underhill....] 2N. | 4 E. 22 189.4 LS e R ST (R R R (D Very strong. {Pronounced. Strong. !
3201 ~ Warner .....e 2N, |4 E 8 52,0 17.0 iPronounced. | Very faint. | Pronounced. ]
Geo. U, Collins ..... IN. 2L 15 L0 94.8 i Strong. Strong. Strong. o
L. Kunz.. 3 E. 18 0 146.8 | Very strong. Strong. | Very stroug. [-é
J.Heaton....._..... .| 1TW. 15 8 5.2 Pronounced. |Pronounced. | Pronounced. S
2092 | H. L. Underhill ....{ 2N. | 4 K. 22 50.0 : .......................................... “
2093 | Geo. Blont.......... 2N 4B | 2% 90.0 S SUPETONIS. JINS SUPD SO >
2795 | Winfleld Scott...... 2N, | 4E. 238 | Jan. 9,1902 67 100. 8  Verystrong. | Verystrong. | Very strong. =
2796 | Paradise Valley ... s e ool mmmanfs oo ez A0 s wsealfon s e b2 Faint. [Pronounced. ; Pronounced. §
2961 | Winfield Scott...... 2N. | 4E. 23 | Dee. 5, 1902 60 91.2 . iVerystmng. Very strong. Strong. 2
' TEMPE. . i ' _
525 1 J. W, Johmsore ... IN. | 4E. | " 27| Mar. 15,1897 11| 79.2 Strong, {.ssvestsseczna Faint. |. j
2110 i Hougl's ¢creamery..l IN. 1 4 E. 23 | Dec. * 2,1898 J..csaa 103.0 67.0 SERONZ:. Liciams s zias e aus s sammtintobaen o st s R A -
S — S—— — .
2111 i H’uu}‘;h's rRnehl . e s s ls oo [ ...... [ Dece. 2,1808 ¢ 5 ; ln*.') i 109.0 | Strong. {....... . 0001 \ '.‘1.0
o112 | 1 W Wolf. ... 1N. [ 45 o3 ..., A0 euenn.. 15 | 160.0 | 94.0 Strong. foeeen.. L0012 20




s L

2092
2093
2795
2796
2061

i i
2113
2114
2115
2116
2118
2363 |

2504 ;

23:

2748 |
" Normal School .....
A, R, Fenkins..cv...

2760

2006 °

2957 ¢

2968
2080

2064

2073

3118

3119

i L. Kunz

; Winfield Secott

. Chandler.....
Tempe city supply .
Valley Sceedless

GERPE GO, sarisemeh

Coanatasaia..,.,

-- Warner
Geo. U, Colling

TEMPE,

Mhoosehs ~ ranic by

LW, Wolloooooe. i
J. B. Mullen
W. T. Fowler..
Niels Peterson
A. P. MeKern
Woll & Jones .......

Hotel Casa Loma...

Geo. Kinney........ }

St RIVEE pmsmeimas b
AR Jenkins diteh.

Salt River scepage,
Phoenix....... ..
Salt Riverat Tempe.

Salt River at Ari-
zona dam.........

gua  Fria’ undcr-

Lewis Wetzler......

H. L. Underhill ....
Geo. Blont. ...
Wintiéld Scott
Paradise Valley ..

Frathery, .

139, 4
52.0

223.0
28.0
84.4

159.4

167.4
25.6

171.4

0.0

Ins
160. 0
287.6
163.1
221.8
171.5
128.8
190. 4
169. 8
202.6
219, £
217.0
223.0
509. 0
116.8
2210
103.0

115,
160.
134,
189,
216.
182.0

30.0

33.4

2l <IN &

1 130.0
118.0

102,

78.4
185.0

14,0

1500 -

v3.u0

4.8
146. 8

=

Strong.

(e}

120.
105.
130.1

86.4-
79.6

68. 4
32.

121.
86.

[=IV AN &

i
IPronounced. {Pronounced,

i
|
1 Very strong. 1 Very strong.

Very strong. Pmnmmced.

Strong. Pronounced.
Very strong. strong.
Strong. Sltrong.
Very strong. strong.
Strong. strong.
Strong. Strong.
Strong. Strong.
Strong. Strong.
Strong. Strong.

15

v\'vr\ strong. ‘I’mnmnu ed, |
.

l'mnnumu] ] Very faint, !
Strong. | Strong. 1
| Very strong. Strong.

Strong,
Pronounced.
Strong.
Very strong.
Pronounced.

|
|
Fuint. lmnnum'vd I‘

; Very strong. | Very strong.

Fuint

Strong. ! Verystrong.

Very strong. ! Very strong.
Very strong. -Strong.
Very strong. . Strong.

Verystrong. | Verystrong.
Verystrong. | Verystrong.
Verystrong. | Very strong.

Strong. strong.

Strong. {Pronounced.

Verystrong. | Very strong.’

Pronounced.' Very laint.

Very strong.
Pronounced.

Strong.

Very strong.
Strong.
Very strong.
Strong.
Strong.

Very strong.
Very strong.
Strong.
Strong.

Strong.
b‘trong.'
Very strong.
Strong.
Very strong.
strong.
Strong.

Very strong.
Very strong.

Strong.

Very strong.
Strong.
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Chemical analyses of waters in or near Salt River Valley, Arizona—Continued.

Location. - Al = Qualitative.
> . a- Nitro- .
g 5 onat| Chlorine, | Harduess, |linity, | yioo0on o fgen in | g
g Owner. K] . Date. 3 | solu- | NaCl (com- (Sll]Cl;)i(gé of Fﬁ;’&(ﬁv‘ the fomm of fo?x?:nf | 5
-g 4 E o } b b]cont mon salt). l[i)me) e nitrites, i Sulphates. | Magnesia. | Lime,. =
= - L .
= > 5 3 & 1= C. kali). trates. } w
1 3 [ 1] [=] ; @
FEra— —— —_—— = i w
) > @)
TEMPE—Cont'd. Fect. . i a
3154 | C.T.Sharp,Sacaton.i......j......[...... May 20,1903 30 | 132.6 66.8 2004 Lo.onis 0.031 0.083 | Very strong. Strong. | Verystrong. Z
3156 | Beet-sugar factory..! 2N. | 2 E. 8 | June 10,1903 | 112 | 54.6 15.6 | 0.0 1.99 .08 1.24 !Pronounced. Faint. ‘ Pronounced. =)
3236 | Ostrich ranch ...... IN.  1E. 3 | Feb. 16,1904 | 170 | 130.0 76.0 8.2 0.00 Loenmeeeiiaaianaaan, Very strong. Distinet. |~ Strong. 3
3230 | Bartlett-Heard ..... IN. | 4E. 30 | Feb. 4,1904 | 100 | 194.0 126.0 5,44 0.0 0.0 0.0 Strong. Strong. . Strong. b
3237 D.B. Heard ........ | EEERRAE RSP e Feb. 16,1904 |...... 185.0 111.6 13.6 0.0 Strong. Strong. | Verystrong, g
3238 | Bristol Flummerfelt! 1-S. | 4 E. 11 61 | 186.0 . 122.0 | 13.6 0.0 Strong. Strong. | Verystrong. )
3239 | Robert Bowen ..... 128 |9E. | (O 212 | 54.0 24.0 | 16.3 0.0 Distinct. Distinet. Strong. «
i ’ 1 .
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[Parts in 100,000.]

4.

3
1y

Y

B | R
= 5 bl g
Location. = 2 &6 S %
g & E] g2 SE ] &
= = = Ad = 3 -
T S & | T8 S 2 @
g ; = S i
Ownerof well. S Z .‘ﬁé 2 < = 5 E Qualitative.
2,1 |%|3°| 8 |e8 | 2| g | &
Z g e | s s =2 SZ4 | 9 |
= B0 = = — — =g = O = =
z 5 s a | & S |2gs! 2aq ] 3
S 3 o o 2 ] =Fs | g= 2 3
= &= ] a = [&] o &} 973 @
) . Feet, .
Phoenix city supply......... IN. |3 E 4 42 | 116.8 1.0 22,0 T2H0N S e e 1.0 | Magnesium sulphate.
A.P.MceKern co.oooiiille 1N.|3E. Ui lezssas 171.46 il'5 32,65 [ 110.0 |........ .06 | Magnesium chloride and sulphate.
—— Thomas..ccooveeeiieiifnean | ieeaae]enennn 30 | 117.65 1.35 | 14.60 66,5 |.avnnn.. i Do.
School building ............. IN. [3E | 216. 10 5.60 | 23.05 | 150.0 [Trace. | .2 ;| Magnesium sulphate.
Indian School.......... ... 2N. |3 E. 20 15 1222000 {isecnin 26,60 | 141.0 | 83.36 |...... Sodium, magnesium, and potassium sulphates.
) D 1 S R P E SP 2N. | 3 E. 20 60 | 362.25 | 29.95 | 27.45 | 258.0 |........ .3 | Caleium chloride, magnesium chloride and sulphate.
Well south of W.S. Law- |......|.c..oifaeaen. 30 | 413.10 5.45 1 47.75 | 285.0 |........ .6 | Magnesium chloride and sulphate.
rence s places, .
Well at middle one of W.8 | ... | ]...... 24 1 370.80 |........ 22,15 | 176.5 | 23.59 | .3 | Sodium and potassium sulphates.
Lawrence's places X
—— Cawthorn. ..... .cc... SN 3K [ 29(?) 65| 97.60 1.60 | 11.35 61.0 f........ .4 | Sodium and magnesium sulphates.
Blaine ... 2N. | 3 L. 4(?); 105 44.90 1.85 5.35 16.0 d-ssieesa .8 | Magnesium sulphate. !
Jo Ao Wieder. .. .oooiciaeinnen 3N. | 3L 32| 146 | 76.1 1.20 | 15.75 35 feuen.... 7 | Caleium chloride. magnesium chloride and sulphate,
- Beshier ..........o.... 2N. [ 3E. | 202)] 36| 126.90 .26 5.05 43.0 | 39.22 | .1 | Sedium and potassium sulphates.
ehurchillica oo oec et 2N, | 3E. ;207 92 281.60 7.15 | 21.10 | 103.0 |........ .8 | Magnesium sulphate. -
B MOBEISON iaieew ors v v v e 1 2N, | 3E. | 32(?)] 28] 287.50 | 19.30 [ 16.656 | 203.0 j........ .8 | Calcium chloride, magnesium chloride and sulphate.
Col. Wim. Christy............ IN. | 2E. 1 22 | 150. 60 2,65 | 20.45 84.0 ... .. .05 | Magnesium sulphate,
G. R. Brewster............... 2N. | 2K 36 35 | 122.46 .21 10. 60 4.5 | 33.63 .4 Sodinm and potassium sulphates.
Blacksmith shop 2 K. 26 50 | 116.30 .22 9.15 56.0 [ 34.13 ) .05 Do.
A H.Smith ..., N. | 2L 21 95 | 130.50 6.8 11.65 4005 e e 10.0 | Calcinm chloride, magnesium chloride and sulphate.
Frank Alkire.... 2E | 2 96 [ 41.10 2.2 8.7 OORlEaselrs 1.5 | Magnesium chloride and sulphate. '
——— Barclay............... laN le2m | 17 90 | 340.80 | 56.90 | 12.25 68400 Loz s 16.0 Do.

a McClatchie, Alfred J., and Forbes, Robert }L., Ariz. Agric. Exp. Station, Bull. 30, 1899,
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Amaluses of water from Salt River Valley—Continued. =
A
5 S TR - T
Location. = b s 2 2. *:*;
I 2 | BR L] 2 ] a
3 £ v, |l $a 2 = =2
) | - =g |3 g 263 > ] L -
Owner of well. a0 = =0 @ < g w 2| i = Qualitative. =
. = : 3 R =
s | 132 B |Be.| 88| &8 | & X
£ & =) =} = = =78 B5C. = 2 Q
215138583 % |&Rs | Z%2 [ % |8 =
gl & & |& & S S &) & @ )
5 T =
Feet . :é
BOVEE niisio tuioseisisinthinis 2N. | 2E. | 18(?)] 80| 234.45 | 21.30.] 10.85 | 149.0 {........ 0.6 ! Calcium'and magnesium chlorides.
W, S MeClain. ccaaessesassss 2N. |2E 18 | © RO | 117.55 1.2 11.75 29,000 1o e hmas 7.0 | Sodium and magnesium sulphates. ° 2
Glendale town well .. J2N.|2E 51, 90| 79.2 2.8 20.0 89.0 focsccdualosacas Sodium sulphate, magnesium chloride and sulphate. :
Bartlett. . ccesesvsnaes 3N. | 2K, 30 | 140 | 53.05 2.0 6.95 17.0 feeeee... .8 | Magnesium chloride and sulphate. =
Mosher ....o.o.oo..... 2N. | 1E. |© 9 70 | 846.40 | 111.50 | 13.85 | 112.0 i........ 1.0 | Sodium and magnesium sulphates. C’Jg
J. B. Morgan i) 2N 1L E ] 10 | 46,20 | +1.45| 16.75 1080 [eieeiesiase .4 Do. .
H. L. Underhill..........o... 2N, |4 E. 22 61 84.4 1.65 | 12.80 800! 1z s sswas .15 | Magnesium chloride and sulphate. g
George Blount...... R 2N. |4 L. 26 40 [ 189.35 | 20.90 | 22.40 90.0 |........ .4 | Sodium and magnesium sulphates. .
Arizona Falls canal wutél, ........................ 93. 30 1.0 13. 60 Do. gJ
taken Sept, 17, 1898. . 5 =
Arizona Falls water taken |...._ .f......0...ou]eee.n. 464 foieteies 16.3 . =
Jan.  to Jan. 31, 1897. ' ol
F. A Honghs:..ocsvrmssenses IN. |4 E. 23 22 1103.03 | .9 16.35 Magnesium chloride and sulphate. 2
J. W. Woolf . LIND 4R 23 15 | 159.96 1.90 | 32.90 Magnesium sulphate. b
JoB. Mullen...oooooooooa.. 1N. | 4E. 35 13 | 287.56 4.0 40.46 Magnesium chloride and sulphate. =~}
W.T. Trusler .......... “ee../ IN. 14 E. 27 12 | 163.10 A3 12,0 88,51 26.82 | .3 | Sodium and potassium sulphates. <
Nels Petersc m.. .{1IN. [ 4E. 29 20 | 221.80 66§ 15,30 | 141.5 | 24.91 | .2 Do. * >
Canaigre ranch, 6 miles [.... ..o oo 31 | 171. 40 1.60 | 29.05 | 108.5 |........ .2 | Magnesium chloride and sulphate. ;
southeast of Phoenix. * &)
]
: T
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SALT RIVER VALLEY. [xo.,

Magnesium chloride and sulphate.
Magnesium chloride and sulphate.
Magnesium chloride and sulphate.

Magnesium sulphate.
Sodium and potassium sulphates.
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2] CHEMICAL CHARACTER OF THE WATER. 145
Analyses of waters in Salt River Valley by electrical method.
[Data furnished by Thos. H. Means.] .
- |
gource of Location. D%gth . l;ﬁxiq(())f \I{’);}r{tiq\ (1)1&
sample. water. [in 100,000., 100,000.
. Feet.
vempe diteh...t 1 mile south of TeIPE ... uuveronaionomnisiomesnsiaasaseselesaanas]esonsesbme 105
sikins diteh . 2 mile east of Bell Butte ................ EOR SO R R 209
S 1P AT 5.8 195
211
258
115
Sec. 3, T. 1 8., R. 4 E., { mile south of date ‘orchar(l ....................... 251
Sec.27,T.18.,R.4 E,, Harmon's place. ................... 5 10.5 160
Sec. 19, T.1N., R. 4 E.,Reed'splace.............cceennn. 16 [ eeennnn. 265
.l Sec. 27, NE.1 NE. £, T.1 N., R. 4 E., Rice place. .. 9 209
Sec. 35, 8E. 4 SW L T.18,, R4 Bunccivnnsinnncnmennnans 167
111
179
161
213
99
- 436.
I Pumping plant below Highland canal, east of Mesa .... 60 Jocecaannn 92
.} Sec.13, T.1 N., R. 4 E,, springs.along Salt Riverseeping |.................. 167
| from gravel.
Sec.13, T.1N.,R.4E 152
! 123
. Sec.13, NE. £ NW. 4, T:1N,, R.4E 159
salt River ..... Above intake of Tempe canal 113
wellooooeenn... ‘ Sec. 9, SW. 1 SW. L T.IN, R 4E................. Fonl 158
1 8ec. 23, T.1N., R.3E., southgide...ccocooiovaciomians]ioinnueafonnnnainens 150
-4 Southwest ONPROCTIX] . .- s e oieisicm sivivis orewisietsiom Soinmmiols| 2 2tin 5o e imi o 135
. 8ee. 6, SW.corner, T. 18, R.6 E .. ooiiiiiiiiiaaaans. 0 ... 184
.l Sec. 9, SW. L SW. &, T.1 N., R. 3 E., brickyard.. T S 179
-1 Sec.19, SW. corner, T. 1N, R. 2 Eeevoiniiiiniiiiniaiiii e 131
.} 'St. Johns canal, meridian, line . . .coeor somesamancion mcnom o s s basdamess < 144
! See. 9, T.1N., R.3 E., south of & P. depot. . 177
Do B R R B e e o e o .. 305
DO e s o <] Setn 13, NW. 28W, 4, T.INL, R LE ccsmecnsaaiiiemsen 77
L i Emptying into Gila River 2 miles above Agua Fria 258
At initial monument........ ; S L RER NI 169
.| St.Johns canal: . sesnesiscamaan o 159
‘ 4 mile north of initial monument .... ... ... .. . .. 213
vila River..... | 1 mile west of initial monument.......................o oo 158

a I-{ises to surface.
ORIGIN OF SALTS.

SALTS IN WELL WATER.

An inspection of "the chemical analyses of well waters and a com-
parison of them with analyses of the river water given helow reveals a

remarkable similarity in the salt content.

Since the débris contributed”

v Salt River is the principal source of the valley fill, we naturally .
look to Salt River as the source of the salts found in the sediment.
e accompanying table by Professor Forbes® indicates the character

N Forbes, R. H., The river irrigating waters of Arizona: University of Arizoha Agric. Exp. Sta. Bull-
Yo, 44,1902, p. 174, )
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146 UNDERGROUND WATERS OF SALT RIVER VALLEY. [0 1un

of Salt River water. The salts of the vailey fill are regarded ax con-
centrations by evaporation from the river waters. A study of the
conditions as. they exist in and near the river bed at the present tim.
throws some lwht upon the manner of concentration.

.
Composition of the I”lft/ s of Salt River.

[Samples taken at the Consolidated Canad Company’s office, Mesa, Ariz., represesiting the Arizony
Canal dam supply.]

PARTIAL ANALYSES.

|

Zes g iz
2EE =27 o2
2 : IS 2=
gE 2% 3
SR = @ =
EZERES 58
E :3 mﬁ. ) -]
ZESHEED | E
ErES &8 pot
CEE2=g g
~c2n © s
R AR a3
5T 2L B
. = = ,;} =z =
i ! e
Silt, per cent by weight.............. e 0.32 1 0.95| 0.096 | 0.714 ‘ 0.025 | 0.024 0.026
o Soluble solidseparts in 100,000............... 79.40 | 110.00 114.20 | 95.10 1102.64 ‘IOb 90 | 139.15
Containing chlorine stated as common | | ‘L t l !
salt, NaCl :: ccocnsecccmsnavovas B m arE 46.2 | 52.1 |72.9 61.9 1(57.6 | 72.2 ! 98.1
Containing alkalinity stated as sodium ! . ‘ ! !
earbonate; NasCOyg.vsve-ticsinanesasmaimas X 1.80 |.xvns P (R P L otets otatoie loonsions
Containing permanent hardness stated ! ’ ! |
as calcium sulphate, CaSOy............ 159 foeeeennn 2.79 2.45 } 2,12 | 5.43 | 13.70
Nitrogen, parts in 1,000,000: | ‘ i
Total nitrogen in silt and water......... 6.94| 267 | 4.3 |12.19 | 1.96 [ 148 | 130
Nitrogen in nitrates................ ... o3} 1.2 1.90 [~1.52 i 1.21 | 7 | .78
Nitrogen in nitrites ........... e J' Traces nearly, always.
COMPLETE ANALYSES .OF SOLUBLE SALTS, STATED BY IONS.
[Parts in 100,000 of water.] ’
SOAIRIT, N vv e eeeeeiinnaeeeeeeeaeannns 122 | 183 2745 . 30,99 | 82.7 [ 0.7
POLASSTUNY, K et v e 2 wimin s immioe s wimins | 129, 141] 1 1..53% L2 L2
Calcium, Ca : | 679 102 | 724 4.021 437 6.5l
~ Magnesium, ) 174 2330 279 . 2.84 | 2,92 3.8
S OA Ty ot T R s | 27.99 | 3157 44.11° 40.96 | 43.75 | 59.44
BUIPhUTIC; 8Oy o avn s smsn winms s ame s sumsns [ 979 4.8, 7.2T . 7481 7.647 9.1
Carbonic, COy «-wvvmueeeemeiieaaeeanns T IS ERLY 4 1l o1s 11
Silicic, S10g. .- ot | 206 111 58 ........ | 465 5200 3.5
j | | i | i !
COMPLETE ANALYSES OF SOLUBLE SALTS CALCULATED TO COMPOUNDS.
[Parts in 100,000 of water.]
Sodium silicate, Na.Si0; RS 850 | 5.69
Sodium ¢hloride; NaCl......oeundeiomnais o284 72.16 | 98.04
Sodium sulphate, Na.SOy 3.46 1 .07

Sodium carbonate, Na.CO ,.
Potassium chlogide, KCL ccnee e nr vrcnanns]
Potassium sulphate, KsS0,
Magnesium chloride, MgCl,
Magnesium carbonate, MgCO; .......
Calcium chloride, CaCly.....o.oene...
Calcinm sulphate, CaSOy. o ..o
Calcium carbonate, CaCO;

——
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F BIVER VALLEY. - [xu, 3 wn.] CHEMICAL CHARACTER OF THE WATER. 147
lley fill are regarded ax (... In certain localities along the river the surface of the underground
er waters. A study of i water is so near the land surface that evaporation takes place readily.

iver bed at the present (;,. Water from the river directly or from the underflow is continually

wcentration. Rt . 2 . . ;
! ) inding its way into these localities, bearing its burden of soluble salts,

Sl R *  .nd escaping from the surface by evaporation, leaving its load of salts

& Mesa, Ariz., representing the A nehind.  Localities which have heen thus affected are found near

Tempe (Pl. XXIII, ) and in many places in Gila Valley. Floods
may remove these deposits of salt or may bury them, according to
circamstances. At the present time both results are being accom-
plished. The constant shifting of the river channel causes a corre-
sponding shifting of degradational and aggradational localities.
Where the aggradational processes predominate, a notable amount of
the accumulated salts are necessarily buried.

SALTS IN RIVER WATER.

0.0 | 0.712) 0.3 | o001 ¢ The origin of the salts contained in the river water presents a dif-
z i 0.714 , 0.025 . 02 o i .

1420 | 9.10 102.6¢ 106.00 .. . ferent problem. -It has recently been demonstrated by M. O. Leigh-
§ | ton and his assistant, Sheldon Baker,® of the United States Geological

72,9 |69

sl e " Survey, that the common salt so abundant in Salt River is probably
"""""""""""" | due to large salt springs. Several springs were found along the upper
279 | 245 | 212 | 543  qun reaches of Salt River whose water is described as a weak brine. The
M ; Lo : s | pa f water.is also stro'ng iq .carbonates? as ex:idenced by lzu-g-e travertine
190 |~152 | 121 .67 i deposits at the point of issuance. Iren is also abundant in the water
Iraces nearly. always. ' § and is deposited near the springs as red oxide. The carbonates con-
i tained in the waters are probably due in part to the limestones drained

[S, SEATED BY IONS.

by Salt River and its tributaries and in part to the decomposition of
the granitic rocks in its basin. The sodium carbonate, or ** black

} : :
2:;;1 """" i 3;)92 32:; " alkali,” seems to be due to the decomposition of the igneous rocks.
et B 4:82 : i;; L It will be noted that the river water is ordinarily lacking in black
2.79 2.8 292 oo alkali, but that it is contained occasionally in flood waters. It is the
. 0.9 4.7 o helief that this is due to the fall of rain upon some alkali-charged slope -

or mesa which is seldom visited by rains in suflicient quantity to carry
away the soluble salts. Specific examples are given by, Professor
Forbes? as follows:

For the period from September 2 to 17, during which a flood occurred, the salts
were greater than in the low water preceding and following. The alkali in this
water was also distinctly black in character. These circumstances indicate that this

- flod, which .was due to heavy rainfall on the lower half of the Verde River, washed
large surface accumulations of salts from a black-alkaline district into the drainage.
To a less degree the same holds true of the small flood from August 16 to 22. In
most instances, however, during tlood time the soluble salts more or less abruptly
decrease oppositely to increasing sediments. Mountain rainfall such as was that 6f
August and October, 1899, and May, 1900, is evidently responsible for this freshen-
ing of the water. Mountain rainfall in southern Arizona iz more abundant than
1pon the level, lower deserts. The higher watersheds, being better drained, afford

a Personal communication. b Forbes,R.H., op. cit, p. 165.




148 UNDERGROUND WATERS OF SALT RIVER VALLEY. [vo. 174

fresher water. The less frequent, though often copious, floods which sweep the
lower levels carry much accumulated soluble salt into the drainage, which is oftey,
thus rendered strongly saline.

EFFECT OF SALTS ON VEGETATION.
EFFECT IN ARIZONA.

There is a widespread opinion among water users of Salt River
Valley that the waters of the underflow are injurious to vegetation,
The evidence on this question is conflicting. It is probable that too
little is known of determining conditions in Salt River Valley to draw
any general conclusion at the present time. The character of the soil,
the manner of manipulation, and the kind of crop should be considered
as well as the character of the water. Professor Forbes? has studied
this question and concludes that waters containing more than 100 parts

of soluble salts in 100,000 parts of water “*are liable in a few years

to cause harmful accumulations of alkali.”

On the other hand there are many instances of land irrigated with
pumped water alone where no detrimental effects can be detected.
The Collins well bas supplied land entirely with irrigation water con-
taining 150 partsof soluble salts in 100,000 parts of water, for several
years, with no detrimental etfect that can be detected. Doctor Kunz's
garden has had no water for five years other than well water contain-
ing 223 parts of salts. The court-house yard in Phoenix has been
irrigated for about twenty years with well water alone, containing
from 102 to 136 parts of salts. The Indians at the western end of
the Piina Reservation have used the seepage water from Salt River.
containing about 200 parts of salts, for many vears. Land upon which
this water has been used continuously at least since the Indians came
under the supervision of the white men, about thirty years ago, is at
the present time the most productive land on the reservation.

The sodium carbonate (black alkali) is the salt most feared by those
who object to the use of pumped water. It will be noted from an
inspection of the tables that no sodium carhonate is found in the under-
flow from which the great proportion of the pumped water is to be
secured. The sodium carhonate is found only in the comparatively
unimportant surface waters in the Mesa region and in the Phoenix
region and is north of the area in which irrigation waters can probably
be pumped with protit. It is evident, therefore, that the quantity of
this salt which would probably find its way into waters pumped for
irrigation is too small to be seriously considered.

The effects of accumulation of salts in the soil is plainly marked in
certain parts of the valley. . A considerable part of the land south of
Tempe is barren in places and covered with white incrustations of =alt

a Forbes, R. H., op. ¢it., p. 166.
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(Pl. XXII1, .1). Some of this land has been under cultivation, and
has been abandoned on account of the accumulations of alkali. It is
in this region that the Bureau of Soils has leased a tract of land for the
purpose of demonstrating the methods of reclaiming alkali land.

EFFECT IN EGYPT.

Waters much more saline than those of Salt River Valley may be
used for irrigation it used properly, as is shown by the followin
g properiy, g g
extract from a circular by Mr. Means: ¢

During the summer of 1902 a representative of the Bureaun of Soils visited the
oazes of the Oued Rihr country in the Desert of Sahara in eastern Algeria. In these
oases artesian waters carrying very large quantities of soluble matter are used sue-
cessfully for.irrigation.  From the information gathered there,-and from experience
in this country, it seems that the amount of soluble matter allowable in an irriga-
tion water has been greatly underestimated by American writers, and that many

sources of water which have been condemned can be used with safety and success, .

provided the proper precautions are taken to prevent the accumulation of the salts.
As the precautions are those which should be taken by every irrigator, even if pure
water is used, it seems an important matter to bring before the American people the
methods in use in the Sahara.

The staple crop grown by the Arabs in the oasis country is the date, the fruit of
a palm tree known to be one of the plants most resistant to alkaline or saline condi-
tions of the soil, but in addition to this considerable quantities of the deciduous
fruits, garden vegetables, and alfalia are produced for home consumption.

Some of the vegetables successfully grown are those considered sensitive to alkali,
and yet they were being irrigated with water containing in some instances as much
as 800 parts of soluble salts to 100,000 parts of water, sometimes as high as 50 per
cent of the salts being sodium chloride. '

The limit of concentration for irrigation water in the United States, even where
only the most resistant field crops are to be grown, has been placed by some author-
ities at 30 parts sodimm chloride (common salt) or sodium carbonate (black alkali),
and at from 170 to 300 parts of the less harmful salts, per 100,000 of water.

L% “x % * * * *

The fact that the Arabs in Algerian oases are actually growing sensitive plants by
the aid of irrigation waters containing from 400 to 800 parts of Soluble salts, in some
instances 50 per cent sodimm chloride, shows that the Bureau has been on the con-
servative side in its estimates and should encourage a more hopeful feeling among
the people occupying areas where only alkali water i< available for irrigation.

The prerequisite to the use of water of high salt content in irrigation is the knowl-
edge that the methods employed are opposed to the teachings of most American
writerS on the subject. Those who place the low limit of safety for alkaline irriga-
tion waters have taught that where water was badly alkaline irrigation should he
sparing.  They have not insisted on thorough drainage, and they have warned irri-
zators against too frequent irrigation. With such practices the limit of concentration
which they set ix probably high enough, and even then all except the most sandy
suils or those with exceptionally good natural drainage would ultimately e damaged.

The niethods in the oases are quite different.  The Arab gardens are divided into
=mall plats, about 200 feet siuare, between which run drainage ditches dug to a depth
uf about 3 feet. The soils being very light and sandy, this ditching at shortintervals

“Means, T. H., The use of alkaline and saline waters for irrigation: Bur. Soils Circular No. 10, U.
Dept. Agric., 1903. K J
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QUANTITY OF [NDERGROUND WA TER.
THE UNDERFLOW. h
WATER EXNTERING THE VALLEY.

In order to secure a measure of the water entering the valley fill as
underlow, it would be necessary to measure all streams, hoth perma-
nent and intermittent, as well as the occeasional waters entering as sheet
wash from the surrounding hills. It would be necessary, furthermore,
to measure the quantity of surface water escaping from the valley.
The greater part of the supply is from Salt River and the total quantity
entering from this source is known from the records of the gaging
stations on Salt and Verde rivers. The amount taken from the river
by the canals is known, but the loss from the valley during times of
flood is unknown on account of the want of a gagine station at the
outlet of the valley. It is, therefore, obviously impossible to arrive
in this way at even an approximate measure of the water entering the
underfiow. Other methods must be resorted to in order to obtain a
quantitative estimate.

RETURN WATER.

The Tempe canal diverts all the surface water of the river north of
Mesa.  Near Tempe the. underground water returns to the surface,
making a flow of about 35 second-feet. West of Phoenix the under-
ground water again returns to the surface. It is not possible at pres-
ent, however, to state what proporticn of the seepage water comes
from Salt River, since its undertlow joins that from Gila River. It is
probable, however, as previously stated. that the underflow of the
Gila s fed in large measure by the waters from Salt River passing as
underflow east of Salt River Mountains. In Gila Valley west of
Florence all the waters diverted from the river. except during occa-
sional floods. are seepage waters. The flow in the Gila channel and in
the Indian ditches at Gila Crossing was 800 inches when measured on
Aungust 17, 1902, Mr. M. M. Murphy estimated the water diverted
by the Indian ditches east of the junction of Gila and Salt rivers in
January, 1903, as 500 inches, leaving 1.000 inches in the river. The
smaller canals of Salt River, between Tempe and the Buckeyve, divert

water as follows: »

f
)
|
|
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| Water veceived by canals awest of Phovuir. Ariz: \ ccordi

- { 3
L i Information furnished by M. M. Murphy.] ! whereas t
= { There i«

o —

! N o VU, BN, | Tenein i canals div
) ik e age water
| L T I 265 Noue ' then, accor
: Peninsula. ... 35 2 | something
Lambeye ... 74 ’ : ‘ acre-feet
Meridian ... 153 180 If Code”
| Indian ..o 82 | canalisson
‘ - i this 1s ret
| LOREL oo ccvavcnsinmmanns sosnsinns snneas o s mas 609 I the natura
N . - I of it is fi

e er flow is about double the above -ailable ; : » head of s av

. S ‘IIIHII\'\:l‘t-:l:-“Il: i\‘\ ; Hn j”:_lil‘!.l. ible the above.  Available summer flow at the head of ’ Kg’\‘m L
Maximum winter flow (not flood ) at St. Johns is 800 inches, The se E
- Indian ditches on the lower Gila take a minimum of 400 inches. those retu
The amount taken by the Salt River and Maricopa canals— joint ;i..(k(n‘.:l|ljllg‘.;-‘-
head—for June, 1903, averaged 1,344 inches.  This is slightly more t (iw(llu::‘zlll

than usual. ‘
end of the

IS 4 meast
the valley

The amount diverted by the Buckeye canal is given by My, W. A.
Apgur, as follows:

Flow in l)’f{f'i’:‘r"ﬁ,‘a eanal,

Second-fect undertlow

. [ ) -
: R L e 8 year.

U 80
B LSRN E AL 1 R 129
Davis® says: The mo
= ) . . tive estim
The amount of scepage water was measnred by Mr. Cyrus C. Babb in June, 1896, I ) 1
and the results showed in one ease an increase of over S0 second-feet in a distance i the appix
of 7 miles, ' tance of
.
W " 6 . : " { undertlow
Code® states that *~the return flow picked up by the head of the e
o v A & s o o . 1 ns s i
Maricopa and Salt River canals in ordinary vears is found to approxi- | l‘l.“ .
; s a b \ s " L d1scus=slot
mate b0 cubie feet per second. This flow has naturally decreased S
. : " . . S s | waters, 1
during the past summer owine to the seanty irrigations received by the | e
Mesa, Utah. and Fempe lands above, and to the cradual loweringe i LOrH
of the underground supply.”™ He states further that e
) H
at the head of the Buckevs » 24 miles farther down the g a |
found a volume approximati nary summers 150 enbic - second | In this fur
* Some 20 miiles heloy eve, Lam told, another tlow of approximately i sand in ¢
20 cubie feet per secotnd is to l up the hewl
— - — — — . - i of the cro-
r I*he X r W r-Sap. and Irr. Puper No, 2, 17, S, Geol, Survey, i astichter
Geol, sury
5 er Valley, in Report of irrigation investigutions for 1900, No, 2:
I3 1, 1901, p. 10 i
1
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According to Code’s estimate the return water is 210 second-feet,
whereas the estimate civen above is only 150.

The re is no time for which measurements are available for all the

P canals diverting seepage- water.  The amount. however, of the seep-
nwe water does not vary to any great extent. The average amount,
o5 \ thensaccording to the best measurements and estimates available is
5 < Illll‘lilill"' over 150 second-feet, making a total of more than 100,000
-y L aere-rect In' Yea
," : II Code’s estimate be accepted the return water east of the Buckeye J
&9 5 canal 1= somethine over 150,000 acre-feet per vear. A small part of
- h this is return water from irrigated lands, but the greater part is from
L bz the natural lllllfvl'_:‘l'llllllti flow. A ('un.sitlt'!':lil]l' hut u!!ilt'h'l'tllilu*d l):ll'l
of it is from the Gila underflow, but the greater part is from Salt |
wat the head of River. )
The seepage waters estimated at 100,000 acre-feet per year are only |

those returning to the surface east of the Buckeye canal, and take no ,

e account of a large guantity of return water diverted by the several
nals 0 o . " . .
' el canals farther down the river. Furthermore no account is taken of
~liohitly mor

|
|
. . 7 |
(quantity passing as underflow through the eravels at the lower i
end of the valley, at the Buckeve head-gates.  The 100,000 acre-feet !

M. W ; ; o : ; 5
- Is i measure of the spill from thé top of the underflow—water which
the valley f1l for some reason is unable to hold. The total volume of
Second-fect underflow is therefore something greater than 100,000 acre-feet per

|
vear. |
{ !
i MEASURING THE UNDERFLOW., !
| @
l SLICHTER'S METHOD. |
| |
' The most elaborate and scientific method of arriving at a quantita- :
|
s Fane. 18 tive estimate of the unde aeround waters of the vy alley is obtained from ! -
’ 1 June, H i
B T distaniy the application of Slichter’s” method. On account of the great impor-
tance of arriving at as accurate an understandine as possible of the
it"id “r li" ”'lll!'r”l‘\\ :llll] i[- ])[vuh'l' lc \n|[[[|)¢ [ |]|l||[| 11[,|“ lll!'- [hl]?ll Sue h PU['
4 |
to approxi tions as apply to the prine iples and methods of procedure. Aftera
decreased discussion of the principles relatine to the movement of unde roround
cived by the waters, Professor ‘*Il« ‘hter proceeds: |
al lowerine Formula.—The formula which the writer has devised for determining the flow
of water through a column of g as follows:
s ‘ ) :
i 7=0.20127 , -« i per minute. : |
per secon:d In this formula ¢ stands for the quantity of warer transmitted by the column of
tpproxinstels “and in one minute; p is the difference in pressure at ends --1' the columns, or ;
the head under which the flow takes place, measared of water; #is the area |
s of the eross sectaon of the gand column, measured in the leng gth of
~ lsen sury

tSlichter, Charles 8

* motions of underground waters: Water-Sup. and Irr. Paper No, 67, U, S,

reol, Burvey, 1902, 24-30,
= fur 1900, No. - = pp-
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170  UNDERGROUND WATERS OF SALT RIVER VALLEY. [xo. 1a
-
COMPUTATIONS OF VOLUME.

Since the maximum velocity previously quoted is 3.6 miles, or 18.90%
feet per year. it seems probable in view of the ereat freedom of move
nrent of the underoround waters in a number of pl'n:-x in Salt River
Valley, as shown by pumping tests and otherwise. ths it the effective size
may be much greater in places than 0.72 mm. .mnl the porosity may
be greater than 40 per <vn! with a rate of movement corre spondingly
greater. It is reasonable to suppose that in material of such var ving
size as that of Salt River Valley accumulations of the coarse gravel
and bowlders in places oceur with little sand and silt.  Such beds would
offer little resistance to the underflow and a veloe ity even exceeding
the maximum quoted above (3.6 miles) might easily oceur. It is evi-
dent from the quantity of return water—more than 100,000 acre- feet
per yvear—that the underflow of which this return water is a part may
easily amount to lllu 148,196 acre-feet per year indicated by the appli-
cation of Slichter’s formula, and may possibly be much greater. Let
it be remeinbered, however, that the 100,000 acre-feet of return we iter
is from Gila and Salt rivers combined, there being no w ay at present
of separating lIn- two.

It may be useful to compute the volume of underflow for several
possible velocities, bearing in mind always that since the actual rate
of underflow is unknown. the results are only pnwlhlhllvx and have
only illustrative values.

Ina former paper” on the underground waters of Gila Valley cer-
tain estimates of the possible quantity of the Gila underflow were
made.  Much less is known of that valley than is known of Salt River
Valley, and the estimates arve less likely to be correct than those for
Salt River Valley. Since the two underflows join and their relative
values are not determinable, the estimates made in that paper are
quoted for comparison with those herein eiven. The two underflows
should be considered tocether for the reason that the only reliable
measure of the quantity of underflow at hand is the return water of
Salt and Gila rivers combined.

Quantitative estinales of underflow of Salt and Gila rivers

1,3¢ W 1 mile per 2 miles per
Car., Near
alt River....__....... 11, 880, 000 148, 196 287, 760 375,520 1. 151. 040
Gl B .o oo oo 2,872,320 35, 830 69, 564 139. 128 378. 256
Potal . covaannlismeaion L. 184,026 | 357, 324 714, 648 1, 529, 26

ud waters of Gila Valley, Arizona: Water-Sup. and Irr, Puper No.
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QUANTITY OF WATER. 1 & |
It will be observed that with the given eross sections and a porosity
of 40 per cent a velocity of one-half mile per yvear yields a volume of

357,524 acre-feet per year.

lllt;_lli W acre-feet or

Considering the ereat volume of return

viters more east of the Buckeve canal and a

large though unknown volume west of that canal—and considering
also the coarseness of the water-bearing material and the freedom of

pumping plants, it seems probable

movement evident at many of the
that the rate of movement THA be orcater than the t'um;nlh'll rate of
1.360 feet per yvear, and that the average \t-]nvil_\' nay be more ]ll‘:ll'l.\'
one-half mile per year. making a normal volume of underflow of
287,760 acre-feet per year in Salt River Valley and 69,564 acre-feet per
vear in Gila Valley, or a total of 357.324 acre-feet of water entering
the underflow each vear.

THE RESERVE.

The computations thus far have dealt only with the flow—that is,
with the volume passing through the assumed cross section during the
vear: they take no account of the water alveady in the valley-fill.  An
estimate of this wmountumay be instructive.

There are in Salt River Valley, north of the Pima Indian Reserva-
tion, about 525 square miles (fig. 21) beneath which underground
water occurs less than 50 feet below the surface.  About 275 square
miles of this area are underlain by bowlder bheds. These heds are
known to be thicker than 150 feet, but how much thicker can not be
stated.
cated in the map, but to what extent remains unknown.

They are known to extend hevond the limits of the area indi-
Over
siderable part of the 525 square miles the water is only 10 to 20 feet

a con-
beneath the surface.  Assuming the limit of lift for pumping as 65
feet, and allowineg 15 feet for the local tit-[)l‘l-.uiun.uf the water table
due to the action of the pump. it is evident that pumps placed in the
lower portions of the region might permanently lower the level of
underground water 35 feet and still obtain water within the limit of
cost. It is furthermore evident from the readiness of movement of
the underground waters that pumps placed on the lower grounds
lzli;_"}:t !'l,‘il{lil_\' draw from the whole l'l-_-__"iﬂn and fls-]rr'i-“ the water table
uniformly.

[t is thought that water contained in the vast quantities of material
beyvond the 50-foot contour will much more than compensate for the
area in which the finer material predominates, as indicated in fig. 21,
and that it is safe to assume a porosity of 40 per cent for the material
In order that the
water table shall be permanently lowered 35 feet the gravels must part

over an area of 525 square miles as a working basis.

with the water contained in the spaces, amounting to 40 per cent of
the volume over an area of 525 square miles, or 336,000 acres, and 35

feet deep. This amounts to 4.704,000 acre-feet of water.

|
i
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172 UNDERGROUND WATERS OF SALT RIVER VALLEY.

Viewing the problem from another standpoint, there is available 1,
pumping in the gravels at the present time, provided none eseit e,
water in sufficient quantity to cover the 336,000 acres to a depth of |4
feet. This water if applied to 200,000 acres, the estimated aren el
vated in Salt River Valley, would supply the entire area, allowine |
acre-feet of water per acre per year. for nearly 40, years.

It should be stated in this connection that the immense quantity of
water contained in the gravels is continually moving down the valley .
While the water table remains constant, the inflow at the head and
sides of the valley equals the outflow or discharge at the lower end.
The total -pmnlily_. therefore, should be considered as a reserve ruthi
than an available supply. The quantity entering the underflow repre
sented by the volume of flow is the maximum amount which can 1
considered as permanently available for pumping. This amounm
might be withdrawn continuously if the pumps could be arranged in
such a manner as to secure the whole flow. Since this is obviousl
impossible, something less than the normal flow is permanently avail
able for pumping. A greater draft will draw upon the veserve and
continued use of the reserve may lower the water table in time to
horizon too deep for pumping. e

From the quantity of the reserve it is evident that pumps might he
operated for years before the reserve was exhausted, provided the
natural escape of the water from the valley could be prevented.  But
since this escape is great and constant—more than 100,000 nere-feet
per year (besides an unknown quantity passing as underflow in the

Buckeye region as previously described)—any great quantity of water
extracted by pumps would probably cause a material depression of the
water table.

The elevation of the =urface where the undertflow returns in part.
west of Phoenix, is about 200 feet lower than at Mesa.  Should the
inflow cease the surface of underground water must eventually lower
to the level of the ]Jrnill[ where the water escapes. It is the friction
due to passage through the sands and gravels retarding the tlow,
coupled with the supply from the inflow, that maintains the water
gl'l’ldil'ilf. When this balance is disturbed, a disturbance of the water
table must result. The practical question is: How much of a disturb
ance in the way of pumping can be made and still have water within
pumping distance?

It is evident that, other thines !'qll:tl. an inerease of water entering
the valley will raise the water table and a decrease will lower it: a
increased draft at the lower end of the vallev, whether by escapie it
seepage or by the demand of pumps, will lower the water table:
water withdrawn by pumps at any point in the valley will aflect
the water table, particularly below the pumps and in general ovel
the whole valley, by disturbing the equilibrium established in nature.
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gk QUANTITY OF WATER. 17¢é

\ lowering of the water table of <overal feet has taken place during
the past few vears. lHow mueli of this lowering. if any, is due to the

peration of pumps and how much to the scarcity of water during

e past few vears, owing to the scant rainfall, is not determinable

! pn-su‘nl.

The underflow. even though the volume be great, should not he
onsidered as inexhaustible. There is a large quantity of water,
wailable; a quantity well worth the necessary expense of pumping
plants for securing it.  But it is fairly certain that a large number of
pumps run continuously will cause a permanent lowering of the water
rable, and pumps established on high ground may find the lift too great
for economic operation after a few vears. g

Probably the most satisfactory way of utilizing the underground
water is to withdraw by pumps no more than the normal flow, leaving
the gravels saturated as a reserve to be used in times of need and
replaced in times of plenty: in other words, to use the water in the
valley fill as a reserve supply rather than to exhaust it quickly in
the extension of enltivated land, with the consequent loss of property
when the water level fulls beyond the reach of the pumps.

PRACTICAL POROSITY.

The proportion of voids given for various diameters of sand grains
nsually assumes a comparatively uniform size of orain, [t is obviously
erroneous in heterogenous materials to make computations for any
colocted size or even for an average size. The finer material paeksinto
the interstices of the coarser. It would be entirely possible to have
«uch materials packed in such a manner as to hold very little water.
No doubt such cases oceur in the valley fill. There is also no doubt
that places may be found where coarse material occurs apart from the
fine. and also where. although coarse and fine exist together, they are
loosely packed and allow a free passage of water.

[t is furthermore obvious that sinee the sands can not be pumpec
dry, much water might be held by them which is properly a part of
the underflow. but which is not available for pumping. In order to
arrive at an approximation of the guantity of water available for
pumping in the mixed gravels of the valley. a series of measurements
were made by filling a barrel with oravel and sand and measuring the
quantity of water which could be poured into it, assuming that this
quantity would be a fair measuve of the quantity that might be with-
drawn by pumping. In order to obtain representative material, the
measurements were made at a well east of Phoenix (G. W. Smith’s),
where the :ll:lh'!'i:ﬂ thrown from the well lies lllllrl\llll'lh"]. The barvel
held 462 eallons measured by a standard eraduate.  Such material
was first selocted as seemed to be a fair average of the water-bearing
materials observed throughout the valley. It was sand, pebbles, and

P ———e e e - ———————— e ey —— MP——
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174 UNDERGROUND WATERS OF 2ALT RIVER VALLEY. [xo. 156

bowlders up to S inches in diameter. The sand was slightly moist
from a shower which fell the day before the measurements were
made. The material was carvefully packed in the barrel i order to
\":][l'l' was

then poured slowly into the material until the barrel was full. [t

approximate as nearly as possible the natural conditions.

was found that 10§ gallons of water could he poured into the barrel,
1'0[)1‘1'\t‘!|lir|_‘_:' 20.5 per cent of the total space.  These gravels might
easily be packed more closely in nature than they were in the experi-
ment, and the amount of water that could he pumped from them,
leaving them damp since all the water could not be withdrawn. would
be something less than 20 per cent of the total bulk.

For a second experiment a place was selected where only coarse
gravel and bowlders oceurred, varving in size from half an inch to s
With this material in the barrel, 162 callons of
water were added to fill the burrel, or 35.8 per cent of the total space.

inches in diameter.

In this case, as in the former one. the percentage of voids in nature
would be something less, owing to the closer packing of the gravels.
The actual quantity of water available for pumping in this case is
something less than 35 per cent of the volume.

Volume of water eontained in saneds aid gravels of diffevent juuuu\':'!la,t 33 feet '!""1"

[In acre-feet.]

Porosity.

Valley. '\r"f' <l =
o neres
15 per cent, 20 per cent, 25 per cent, 50 per cent, 35 per cent, 40 per cent
Salt River..... S36, 000 1, 764, 000 2, 352, 000 2, 940, 000 3, 528, 0004, 116, 0004, 704, 000

Gila River ._..| 224,0001, 176, 000 1, 568, 000 1, 960, 000 2, 352, 00012, 744, 000 3, 136, 000

Total ...

It is evident that the estimated volume of the reserve previously
stated as 4,704.000 acre-feet is much greater than the volume which
could actually be withdrawn by pumping. In order to have some-
thing tangible to consider, the preceding table has heen so prepared
as to show the volumes of water contained in a given volume of sand

and gravel with assumed porosities. The area is chosen to include

only the land beneath which water is 50 feet or less below the surface.”

and where the water level might be lowered 35 feet and still be within
pumping distance.  Sinee there is a large arvea bevond the 50-foot con-
tour beneath which water oceurs which is left out of account. it is
evident the volumes f_"i\"ll in the table are smaller than the actual
quantity within reach.

The quantitative estimates for Gila Valley are inserted becanse of
the close association of the two vallevs,

D e L T
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QUANTITY ®F WATER.

It is probable that the practical porosity—that is, the percentage of
volume consisting of water actually available for pumping—is some-
where between 15 and 30 per cent.

A pumping plant of average capacity, such as those of the Consoli-
lated Canal Company. throws a continuous stream of about 200 inches.
If operated without stop, one pump would raise 3,620 acre-feet of
wiater per yvear.
repairs, ete., it is assumed, for convenience, that one pump will raise
The number of pumps required to
raise the possible volume of underflow are as follows:

But since there is alwavs 'more or less stoppage for

ahout 3,000 acre-feet per vear.

Number of puinps vequired to raise the water @ of the underflow.

0 Volume of under-

flow in acre-feet.

Year capacity.

30 148, 196
96 287, 760
192 579, 520

1,151,040 |
|
a For volume, see tables on pp. 170, 174, _

It a volume of underflow of 287,760 acre-feet per vear be accepted,
as previously suggested, it is evident that 96 pumps would lift the
entire flow, provided it could all be secured. It is evident. however,
that it could not all be secured. A withdrawal of the supply in any
large measure must lower the water table, sinee the escape of the seep-
The withdrawal of the total
supply, if that were possible, would cause a lowering of the water
table in time to the level of the outlet, a distance of about 200 feet for
Any depression of the water table due to the loss

age waters below can not be prevented.

the Mesa region.
by seepage at the lower end of the valley will in turn depress the
water table in the pumping region. It is therefore evident that, with
an inflow of 257,760 acre-feet per year, 96 pumps would soon depress
the water table bevond easy reach. In other words, in orvder to
maintain conditions such that the underfiow may be permanently and
regularly useful. the pumps must be limited, under assumed con-
ditions, to a number notably less than 96.

It is imposs<ible at the present time to give more than arough estimate
of the quantity of water now bemmg withdrawn from the undertlow.
Few of the pumps run continuously and there are many that run only

.l.lll'

most accurate cstimate possible at present (summer of 1904) of the

occasionally to sccure irrgation water when other sources fail.

water pumped is 4,000 inches.

the summer,

This amount is pumped only during
Should the pumps now inoperation be run continuousiy

AT e T
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176 UNDERGROUND WATERS OF SALT RIVER VALLEY. [x0. 126

at the estimated rate (4,000 inches) they would supply about 54,000
acre-feet of water per yvear, or more than one-third of the tllilli!nl:n;
estimated volume of the underflow.

If the reserve be considered as a part of the available supply for
pumping, a much greater number of pumps might be operated for
some time before the water table was lowered beyvond rveach. The
pumping area described is about 36 miles in length. At the assumed
rate of underflow, water entering at the head of the valley above Mesy
would require seventy-two vears to make the journey to the mouth of
the Agua Fria. At this rate of movemént water not only to the
amount of the inflow but also large quantities of the reserve might he

Scale
I —3
F1G. 24.—Map of Sult River Valley, showing location of pt

withdrawn for vears before the water table was permanently depressed
l)p‘\'nn(l the limit of lift. Itsrecovery, however. would bvm_;ll:l”_\' slow.
If the pumping project is pushed too far, it is inevitable that the more
ineflicient pumping plants, especially those on higher ground, mmnst
be abandoned. owing to increasing lift as the water table is prrn«t--i.
In this. as in other cases of competition, only the fittest can survive.

If it be objected that the assumed velocity of half a mile per year is
too small, and that 1 mile or more per yvear is the rate of movement.
then the volume of flow is correspondingly greater and the number of
possible pumping plants will be greatly increased.
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£E.] ECONOMICS. 1

COST OF PUMPING WATER.
SALT RIVER VALLEY.

Comparatively little has been known up to the present time of the
wtual expense of pumping water in Salt River Valley. The pumping
tests described in the first chapter and summarized below, deal with
onditions as thev actually exist. In most cases these conditions ave
far from ideal. Indeed there are few pumping plants in the valley
which are working with the efliciency that could reasonably be
expected. There have been no experiments until recently tending to
<how the most economical method of pumping water, and there is no
agreement among those using pumped water as to what %«ind of pump
or what power is best, or even how to construct a well in order that
it may ;_"i\'«' the best permanent results. It s Tiiﬂll}_"lll that the com-
putations of cost of raising water at the various pumping plants just
as they exist with all their imperfections may be of value by way of
comparison with guaranteed cost, which is usually based on ideal
conditions.

I have excluded from the list all computations except those which I
have reason to helieve are essentially correct.  In some cases certain
elements are doubtful: for example. at the Collins well the exact
amount of wood used was not obtained. It should be stated also that
the test runs upon which the computations ave hased were short, vary-
ing from one to three hours.  The figures comsequently show the rate
irrespective of stoppage for repair or for other cause. _

In making the computations I bave included in the cost of the acre-
foot interest at 7 per cent per annum on the investment, the legal rate
of interest in Arizena, and 10 per cent per annum depreciation, the
time in each case being the time required for pumping 1 acre-foot of
water. In each case the expense
for oil and incidentals is estimated at 5 cents per acre-foot.

Noallowanece is made for stoppages.

Records of pumping plants in Salt River Valley, Arizona, on which proanping tests were made.

m, 1 Amount
. - P L otal  Depth t ! = ;
Name. Kind of well. Size. .]Ir;l.t’“ ! “i" rl.]r,” of lower otal lift.
Feet, Feat. Feel
23 19 i
36 15 50. 65
37 11 +7.56
30 1.5 17
23 14 249
17 1 18
18 18
1 : =
16 5 21
|
| g

IRR 136—05——12
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Records of ].um‘,u.‘n‘;,u plants in Salt Rirer Vallew, Avizona, on which praping lests wor,
made—Continned.
® Name, Kind of Power
0
= [Steam and ( ;“_‘ 25 0.0
Murphy-McQueena................ Centrifugal . 5, 0 "
| wood 2.9i Ui
Consolidated Canal Co,
8%, 000 2 ('
5, 000 =2 : [15%]
. 1) s
700 14 'f-- 05
] 61
50 a2 ™
Geo. U..CoIMNS. ..cooicaaaiiiininies Centrifugal. pueamEngi} 1. 500 2,200 I 07
| wood { 124
Nelson & MclIlwaine.......... S TN [ EE e Gasoline. . 2,200 900 157
500 120 3.87 138

John Heéaton ........ cccoeveunnn.. Plunge ..... .... do....

@ Cost does not include interest and depreciation,  If this be added, the total cost becomes approxi-

mately §2.97 per nere-fool or 6.8 cents per fool per acre-foot,

It has been estimated that electrie power eq
not exceeding S50 per hnr'w]m\\'«-]' per vear,
ing plants previously  deseribed  the horsey

pumping station is accurately known. Since

n he furnished at a cost

In three of the pump-
ower consumed at the
these three use electric

power, direct comparison can he made as in the following table:

Cost of pumping with purer furnished at S350 per horsepower per year compared with

present cost,

Cos
. REre
Present z N
cOst 'l"r

aere-foot.

][.:r\.-Im“.-r
consumed.

Name,

Consolidated Canal Co.:

Cost peracre-

t per
: I}----l Present
power

..wn-[ per power at $50

per he
power per
Year.

‘T

R e 12, 88 $2.84 £0. 60 30. 056 £0.012
1,1 S 42. 88 2.69 .59 . 054 L0118
Tempe waterworks........ 31. 51 14.55 3.62 . 058 0144

The experiments upon which these costs are based were performed |

by Engineer P. E. Fuller, and are thought to be very-accurate. For

irrigation purposes the first two are most

pumping stations established exclusively for irrigation.

ance has been made for loss of time for

:1”0“’:1!!1‘“ Ilh’ E"'il'l‘ }H-l‘ I'uu[ [n-l’ :‘.t‘l‘t‘-f““f

h(‘ll'wpn\\'vl' per vear will be slichtly more than 1.2 cents.

reliable, sinece they are
,\-ll :[“ll\\-
With such an

with power at 250 per

l‘l'[):lil"-.
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\
preanpririgg o to the careful and painstaking experiments of Mr. Fuller this rate |
can be stated with considerable contidence.
FL. As previously stated, there are places, for example near Tempe,

e st where the water table is less than 10 feet beneath the surface. Allow- .
ing a local depression of 15 feet due to the action of the pump, or a |
total lift of 25 feet, water can he raised for 30 cents per acre-foot, a [

§ price much lower than the present cost of canal water.
The actual cost of canal water in Salt River Valley at present is ;
2,51 e somewhat dificult to estimate. owing to the manner in which water is i
z 2.69 : <old. The price nominally paid is much less than the actual cost, for ;
““ the quantity nominally paid for is seldom received. It is probable l
2,91 ! that the actual cost of canal water at the present time is little, if any, i
13 below 51 per acre-foot.  With a lift of 65 feet, which has been assumed
e l?l T as the present limit, an acre-foot of water would cost 7S cents. The '
“ 2,88 127 Consolidated Canal Company finds it profitable to pump water at a
) ' cost of $2.84 per acre-foot while others are pumping at a cost as high ' :
| cost hecomes uppros | as 83.87 per acre-foot, At the rate of 1.2 cents per foot, water could
' be raised with profit from a depth much greater than 65 feet, and
R ahad i vt the pumping are: indicated in the map (fig. 21) could be greatly
cooof the pump extended.
msumed at the COST OF PUMPING IN OTHER REGIONS. T
iree use electrie It will be instructive to compare the cost of pumping water in Salt |
ing table: tiver Valley with the cost as determined elsewhere. The following i
wear compared with extract contatns some data which may be useful:®
= COST IN ARIZONA., WISCONSIN, AND CALIFORNIA.
| Cost per e
!:.';‘”hlu'{ Fite The reports of 1'<.Jr1m_-|' yvears and 1I.|i~‘ report have given meager returns from a few
power nt S pumping plants, showing the cost of raising water. Mr. Code reports the details of .
}_“_f" e tests made by him, and gives as his general conclusion that with wood at-§4 per cord
year water can be lifted 45 feet for $2.50 per acre-ioot, and that with power delivered to
the pump at 360 per horsepower per annum water can be lifted 45 feet at a cost of ‘
¥1 per acre-foot. Both these estimates include the cost of attendance and a fair rate :
0. 058 &0, 012 of interest on the investment.
054 p_— [‘T‘ll.t.‘?-"-'l'r i_{i_n;: gives l]lr‘c'-.):-"[ of raising water in }\'iw-nmin 7 At :\[:l'éi_.'--'!l water
» was raised 25 feet at a cost of $2.64 per acre-foot, using coal which cost §5 per ton.
058 L0143

3 =)

At Stevens Point water was raised 33 feet at a cost of 83.32 per acre-foot. using a
g

gasoline engine, with gasoline at 11.48 cents per gallon.
Professor Chandler gives the cost of an acre-foot of pumped water in the Tule River

vere perforned _ == o ; SE e 4 . e
vere perforn Valley at from $5 to $7.40, with a lift of 71 feet and power costing 350 per horse-

e
daecurate, I power per annum. :

since theyv are The following table gives all thé data regarding the capacities of various kinds and
m.  No allow “izes of pumps which have been included in all the bulletins published by this office:

With such
wer at Sa0 T

cents. Owing

a Report of irrigation investigations for 1901, No. 1: U. 8. Dept. Agric. Bull. 119, 1902, p. 3.
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f_'rr.nr.'t't'fl.' U_f pumps.
Pump. .I'mn-r. Lift. ‘tTi"l‘x-::;\v' f
Feet. | Acrefert.
2 5-inch Lawrence centrifugal . .| 5-horsepower gasoline _._..... ... .... 0. 264
5-inch Krogh centrifugal. . ____. 12-horsepower gasoline ....... 30 1. 32

{2 T Lty e A0 cacissasrvessseenvsnsslecsaayaa 99

5.5 by 8 inch triplex-acting |..... d0 cosssrmsesarasacunan 125 .94
pump.
Sinch centrughl - oo ccaccsicnilisnsssnesnasmssnrrasissaassns|saneesus I 8. 80

O K S e o e T P e S o) PP o 6. 60

IO s i o o T it e T s e 19 7.26

DO ci son i ssmasssasnscasE R S S SRR SR R B B s | e e 7.04

Db ssiessss it sarmsei e sh s R e R A S SR SR T e e s 14 8. 80

1, L T 18-horsepower engine (burn- [........ e 4.40

[ ing wood).

1, O T T e g |18 7.70
8-inch Krogh . .curorrceeeelecreeeccccccacccccccancacnann- ‘ 32 - 6.60
10-inch centrifugal ............ 80-horsepower engine......... | 39 17. 60
12neh ePHtH gl cevrrasnssalivas s i cui s s ees s 23 15. 40
16-inch centrifugal .. _........ 80-horsepower Frick engine. __ 14.5 35.20
13-inch centrifugal ceceiceacnaloconcannccsnccmesrissarsstanani —— 44,00
O0:-ineh cEntrIiEal <o v s vmananm b e a s o 15 44. 00
Double-eylinder 6-inch pump .. 4-horsepower gasoline ........ ..... .. . 396
Triplex pump, 5.5 by 8 inch -'-h(lI'SL‘]V‘\\.'V!‘ rasoline ........ { S L5904

plungers. :
Compound duplex pumping = 80-horsepower boiler ......... ! ........ 132.00
engine. ¥ -
Worthington compound duplex .._.. s Fo RS RIRE TEC SO RO SO O SRS VN 176. 00

steam pumping engine.

COST OF PUMPING IN NEW MEXICO.

An instructive series of experiments has recently been made at the
New Mexico Agricultural Experiment Station caleulated to show the
comparative merits of several makes of pumps. The most economic
speed was determined for each make of pump tested, and the cost de-
termined per acre of irrigating 3 inches ~1H']:. using wood for fuel at
$2.25 per cord. In order that the table may correspond with those
I)I'i‘\'iilll~|)' _(_:'i\ en. the !i'_-'ll:‘n-- have been altered to read in cost per acre-
foot. Otherwise the figures are those given in the various tables hy
Vernon and Lester,” except those in the last column; there the cost

is reduced to unit of lift.

a Vernon, John J.. and Lester, Francis E., Pumping for irrigation from wells: N. Mex. Agric. Exp

Sta. Bull. No. 45, 1903
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of pumps. Cost of pumping ut New Mexieo Agricullural Expe riment Station.®

-
‘ Pump run-

Power. Li Cag ning at most " ¢
T~ " 5’ Name of pump. ' “;:‘”":;"‘i’“ e sorl Lift. L‘-‘:frt]rl];-tlx-l.;{?t
Pt 4o et o
wower gasoline .. ... .. _ . .. | Y I
bpewer gasoline ... ) % Ft. in .
____________________________ et WG o o wom ik nem SRR RS R 2| 600 $2.05 | 27 10} $0.073
______________________ . R . I—. 600 259 28 & 092
Kinesford. . ceoecccanaenmaenaameanne] 824 2.39 34 5} . 069
----------------------------- .~ Bryon JacKSON < cccansssaacsansnnaws 2 944 2.46 36 8} L 067
----------------------- hote Fairbanks-MoOTSe . ..cceaneaooansnmanns] 824 2.47 35 8% | . 069
...................... 19 - P e N TR | SRS S—
______________________________ - a Fuel is dry tornillo wood at §2.25 per cord.
"""""" 1 i COST OF PUMPING IN CALIFORNIA.
power engine (burn-"........ 13
0od). The principal expense of pumping is the fuel, and the great cost of
---------------------- | 18 i fuel is responsible for the high rate of cost of pumping in Salt River
---------------------- | 2 (g Valley. In order to compare this with the cost where fuel is inex-
'pOWer engine. .. ...... [ 39 171 pensive, I give the following table of costs from pumping plants in
e g e i 3 (alifornia. The data were furnished by Thomas H. Means, of the
epower Frick engine...| 145 & Bureau of Soils, having been collected by his assistant, W. H. Knox.
........ PR W [N Hooe [t appears from these data that water is pumped with crude oil and dis-
...................... | 15 Y1 tilfate as fuel, at a minimum cost of less than 1 cent per foot per acre-
power gasoline ........|o.o..... ; foot, as compared with a minimun of 8 cents in Salt River Valley,
power gasoline el || S 0 using distillate, and 5.4 cents, using electric power. [t appears, also,
| that with fuel at the price paid in California, water is pumped cheaper
spower boiler _.......foo...... 12 than the estimated cost with eleetric power at 850 per horsepower per
‘ year, the minimum being 1.18 cents for electric power and 0.5 cent
"""""""""""""" e BAM for erude oil. It should be stated, however, that allowance is made in
______ ’ the California rates for little besides fuel. [t is thought that due
o . alowance for interest, depreciation, ete., would bring the rute up to
G IN NEW MEXICO. at least the estimated rate for electric power.
nents has recently been made at Cost of pumping in California.
ment Station calculated to <how ! [Data collected by W. H. Knox, of the Bureau of Soils of the Department of Agriculture.]
itkes of pumps. The most ccor - — =
ike of pump tested. and the cost Owner. Location. Kind of pump used. ".l:']'[r.;;'lh)."'[ Total lift.
inches dl'l'[l. H‘ii'l:._i_" wood for f S — -
he table may correspond withi 1 _ 1 Feel.
been altered to read in cost pet M. T. Ireland...| Fowler, Cal........ Burton, 4-inch......... Pond.... 15
those given in the various r il J. Vincent...... ... A0 ssesesscusea Krogh, 5-inch ......... Well _... 22
¢ i the last column: there thre J. S. Brander...l-.... RO onnrmmssese Krugh. 3 ve] , I =i 20
John Hartly ... Fresno, Cal........ Richardson, 5-inch ... Well .... 15
- J. H. Marsh .... Lone Star, Cal ... Krogh, 6-inchi . cooooan cvn 00— 25
aping for irrigation from wells: N. Mex. 55 \ug, Ganfraw... Sanger, Cal ... . j..--. s [ WIS =S et Slough .. 36
L. C. Jolley...-. Del Rey, Cal....... Sampson, 6-inch....... Pond...-. 15
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Cost of puwmping in California—Continued.

Owner. Fuel used Remarks,
Cents. Cents
M. T. Ireland... 0.115 Distillate.... 6to 7.5 4.3
J. Vincent....--  {) SR do .-ozes 17 7.7 | Plant not yet regu-
lated for best re-
sults.

J. 8. Brander... .75 Crude oil ... 12.5 .8 | Has been operating

two years.

John Hartly .. _. .207 Distillate . ... 10~ 1.1 | Distillate costs 10

cents per gallon.

J. H. Marzh .. .. i ¥ T do ...... Bto 7.5 2 lf'llijrsvi)n\\'i'l‘ en-
| gine—cost of fuel
| thought to be un-

derrated.

Aug. Ganfraw. .. X Crude oil .. _. al0 9

L. C. Jolley....0 .4 Distillate . .".. 5 S 1.8

u Estimated.
COST OF PUMPING IN EGYPT.

It may be of interest to know the cost of well-established pumping
plants abroad. - Thomas H. Means, of the Bureau of Soils, who is
familiar with irrieation operations in Egypt, has kindly furnished the
following information for this paper:

Cost of pumping draimage water at Mex, Faupt.

e e o
T srine of pan] COStperacre.
Season. Acre-feet | Priceof coal g ot per foot

pumped. per ton. of lift.

Cents.
IB0G0 . . i ssce s ECE R PR R e R 141,750 |.ccccaaaas 2.42
I B e s e e e e e T j 2, 31
18708 o eeecececcccecccmecececeaee 187.900 | oo -. 2. 36
180800 e e —m e —mmm 230, S00 $6. 19 1. 87
I1S99-1900 . . .t i e ieccesscccacam—a—ann 164, 430 8. 39 2.87
Gt T T L TP B 255, 960 8.73 2.9

Equipment consists of five Farcot direct-acting ecentrifuy 1d two 48-inch

* leel per second, thoueh

centrifngals, with a total 1 capacity of 1,400 ¢t

the normal outpu 1,125 cubic feet per second;
10 feet. This is one of the lare

Estimated cost of

of two 30-inch centriiue
Total cag

$20,000 per year, making cost of lifting about 4.8 cents per acre-foot per foot of liit.

shontt

engines, 8% cubice feet per second

. expenses of plan

o —  —— e ———— )
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1902,
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Hnntitiied VALUE OF WATER.

i Having ascertained the cost of procuring water by pumping, it is well

ot faet Hexuasy - know what return can reasonably be uxln}r[wl from its use. Prof.
\Ifred J. McClatchie, of the Arizona Agricultural Experiment Statdn,
Conts sas published a paper dealing with this problem.* The following table
b 4.3 fable VI of McClatchie's puper) gives the returns realized from the
.7 Plant pea ) e of water:
Lates] 101 .

stilt= ‘,':',.,JJ-JF..,‘r‘!;,'ani';!lf.‘fl'p'l;!l\‘ grown on the farm of the Arizona Erperiment Station during

h 5 Has lwan . 1901.

TWar Vasars

1.1 Distillag . =3 2
CONIS juer : =
= e =
- 12-horsepomner = = =
BN — ) : = E
thought t " = —f_‘ 4
derruteld £ b -
i g s 3
1.8 - 2 ::
Feet Feet. | Fret
Wheat sown in moist soil .| 0.6 XNov. 26 | Mar. 4+ Apr. 6 3 1.6 | 2.2
EGYI'T. Wheat sown indrysoil.. ..o oao. do ...| Dec. 8 |....do .. 4 2.6 2.5
Wheat sown in moist so1l .. 6 Dec. 5| Mar. 5 Apr. 11| 3 1.6 | 2.1

f well-established pum . '

e Bureau of Soils, wl . '

pt. has kindly furni=hicd

t Mer, FEgypt. TomAtoes . .o oo e e ceaamnns .6 | Feb. 14 | Feb. 26 | Qct. 28 | Zi 3.7 4.3

S5 =
Strawherries .. ... ..... .7 Feb. 16| Feb. 16  Dec. 26 36 ' 5.5 6.2
Acrefeet  Priceof cond | " y Melons . cxucscssssssacaess .7 Mar. 16 | Mar. 26 July 8|12 2.6 3.3
. pumped, per ton -
Fgyptian cotton. .......... 7 Mar. 30| Apr. 11 Oct 3.1 13 £.3 | 5.0
! (117 7 - (RO~ 6 Aug. 3| Aug. 9 Oect 7 ) 1.5 | 2.1
B a0 |ocancoases - 4
. | 1MeClatehie, Alfred J., Irrigation at the station farm, I808-1%01: Ariz, Agric. Exp. Sta. Bull, No. 41,
IS s - L
IST, 900 .. .._... i
230, 800 . 19
164, 4350 8. 34 =
255, B0 8.7

ntrifugal pumps and twe s
K cubie feet per seeon

b cubie feet per secomld

n the world

sty Eyupt.—Eauipiient
ircet-connected donbile-ex

= lr!l‘i_ CX et

Nts per acre-loot perd ol

e e i —




r—-‘ - SR—— P il e il ST —— i i, P T—

184 UNDERGROUND WATERS OF SALT RIVER VALLEY. [0, 136 | LEm]
.y Record of principal crops grown on the farm of the Arizona Erperiment Station during tions knos
1501 —Continued. i rosont i
" - . : ! each well.
s { s all wat
- 5 5 water; it
5 E | vield wat
. & |  heavy lin
f; = water beu
E—— - I = . I water rep
- Pounds. | tion of N
Wheat sown in moist soil.. May 22 2,150  $22.55 ! $10.25 | $12.30 $5. 60 a lowerin:
Wheat sown in dry soil.... ___. do .. 1.850 19.40 9. 65 9.15 3.65 I
Wheat sown in moist soil .. May 24| 2,120 22,25 | 10.20 | 12.05 5. 74 |
DO <oz gisicsssssaani May 30| 1,920 20.15 9.95 | 10.20 4.85 i
Potatoes . vaeicioiadln. do...| 3,200 80.00 35.00 | 45.00 18.75 i
Dissmemsa May 25| 3,600 85.00 3430 | 50.50 I
1[5 S SN May 30 3,000 | 70.00 34.50 35. 50 17.75 '
TOMAORR = s vaway s ”,‘"'{‘ i; }-]‘_‘,:-IHU 225.00  75.00 | 150.00 |  34.90 :
Strawberries.............. fAPr. 15\ 5 600 | 500.00 | 150.00 | 350.00 | 56,45
July 15 | 2 e '
Melons - . oo oonennannann .. H:]‘;‘\‘ll‘: }e.‘.m:u 140.00  26.00  114.00 3455
Egvptian cotton........... Dee. 14 400 68.00 48.00 | 20.00 4. 00 i
{ B0 s cusisvassssssnngs Dee. 10 | 1,735 | 18.00  9.50 | 8.50 4.05
| - ~ |
i LOCATION OIF PUMPING PLANTS. |
From the information previously given it appears that the best |
places for pumping plants are in the region south of Tempe where |
{ water is but a few feet beneath the surface and on the lowlands alone { F16. 2
: the river in the Phoenix region. Unfortunately the lands upon which L el o
| pumped water would be most useful do not lie at a lower elevation ' \ ssume t
3 than the areas where that water is most easily obtained. The eleva- il:;\:(_ A0 N
tion of the land to be irrieuted therefore enters as an important factor. C TR
! sented !
{ In order to flow water over a certain tract of land it fl'rllllwllll_\' |1:l]‘- is oravel
! pens that pumps must be placed on comparatively high land back from b well A on
the river. The farther a well is from the axis of the oravel beds—not (6) Assw
necessarily coincident with the present river’s course—the more likels . inloweri
it is to encounter unfavorable conditions. ) ) | abi. whil
i | The irvegular distribution of materials in the valley fill gives rise to ki hf:
many annoying surprises in constructing wells.  Certain wells have ‘_'\.\ A
entirely failed where every known condition promised success.  On stated: (!
the other hand, wells have heen successful in loealities which ouve lit sarily !
tle promise. It is obviously impossible to foresee in more than a wen- together:
eral way what conditions are to he met with in sinkine well<.  The preted (e
figures which follow are diaorwnne e Hustrations explaining condi place wrv

T ————— e ————— —r ———— e — . " rm———
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S10.25 | S12.30 <
9. 65 9. 15
e e 10, 20 12,05
20015 9. 95 100 20
S0, 00 35. 00 15, (0
83,00 3450 0 50,450 .
70.00 34. 50 35,50 ]
225.00 75.00 | 150, 00

A0 00 150, 00 350, 00

140 00 26,00 | 114. 00

68, 00 48. 00 . 20, 00

18. 00 9.50 |  8.50
|
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rions known to exist in Salt River Valley. Infig. 25 let A and B rep-
esent two wells with the water standing 20 feet below the surface in
each well.  Assume (1) that the material in which they are put down
<all water-hearing gravel with one-third of the space occupied by
water; it is plain then that a lowering of 30 feet, for example, will
vield water represented by one-third of the space « b 4 F—the space in
leavy lining. (2) Assume that « ¢ ¢ is impervious clay and a ¢ £ is
water bearing: then a lowering of 30 feet in either well would vield
water represented by one-third of the space @ / 4 F—the shaded por-
tion of No. 2. (3) Assume that « ¢ ¢ is gravel and the rest clay; then
a lowering of 30 feet in well A will vield water represented by one-

()

F1G. 25, —Disgrammatic illustrations of underground conditions uffecting yield of wells

third of the space « & 7, and well B will vield nothing (No. 3). (4)
Assume that / ¢ 7 is gravel and the remainder clav: then well A will
have no water and well B, in lowering 30 feet, will yield water repre-
sented by one-third of the space 2 j 4 F (5) Assume that « ¢ ¢ d
is gravel and the remainder clay; then well B will yield no water and
well A only so much as is represented by one-third of the space a i j &
(6) Assume that « ¢ ¢ d is elay and the remainder gravel: then well A.
in lowering 30 feet, will vield water represented by one-third of space
b4, while well BB will vield water represented by one-third of the space
kjh £ and the waters may differ in quality as well as quantity. .

As a matter of application from the furv:nin;‘ tllustrations it may be
stated: (1) That a civen sct of conditions in one locality will not neces-
“arily be repeated in another, although the two localities are close
together: (2) that favorable conditions in one phice are not to be inter-
Preted too freely, and, vice versa, that unfavorable conditions in one
Place are not to he considered entirely discouraging.

N e S— e —— e pr—— o ——
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RESUME.

Some of the more important facts and deductions presented in this
paper may be stated as follows:

1. The geological formations which are of most importance in and
near Salt River Valley fall naturally in three sroups:

(d4) Pre-Cambrian rocks, consisting of Archean granites and pre-
Cambrian quartzites and argillites, in which Salt River Valley was
originally formed.

(B) Extensive bodies of eruptive rock associated with a limited
amount of massive breccia, apparently of Tertiury age.

(€) Quaternary and rvecent formations, consisting of waterworn
bowiders, gravel, sand. clay, etc., which partly fill the ancient valley,
and are known as the valley fill,

2. The valley fill, at least to a depth of several hundred feet, is
regarded as upland or fluviatile accumulation and consists of

(1) River débris, composed prineipally of waterworn bowlders and
gravel of quartzite, quartz, chert, eranite, ete.

() Wash or angular material derived from near-by hillsides.

(€) Chemical precipitates, of which caliche is the most important
from a geological standpoint. The ealiche occurs in more or less
impervious layers throughout the valley fill, and serves in many cases
to confine the underground water under more or less pressure.

3. The valley fill is not the result of a single period of aggradation.
Its accumulation is due to at least two periods of aggradation, perhaps
more, separated by a period of degradation.

4. The alternating periods of aggradation and degradation in Salt
tiver Valley correspond with similar periods in other parts of Arizona.
Detfinite correlation of the similar, but \\‘iih']“.' -n-]ml‘:l[rl!. lil'])thil‘- is
impossible at the present time. but uniformity in character and suc-
cession over wide areas suggests uniformity of cause.

5. The cause of the accumulation of upland deposits and of the
l']l:m_:_fc'-' from degradational to averadational condition of streams and
vice versa is regarded as due (1) to changes in elevation of the land.
and (2) to climatic changes.

6. Salt River Valley is a part of the wide aggraded plain lying
southwest of the oreat continental ill:lll':lu. Between the [Jl:LIl-.‘lll and
the plain is a mountainous area in which faulting and loeal crustal
movements are numerous.  Some of these movements have probably
affected Salt River Valley.
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7. The isolated peaks and mountain groups in and near Salt River
yvalley may be due in partto upthrust of crust blocks. but are regarded
mainly as remnants of erosion.
8. The plain of which Salt River Valley is a part is due principally
to upland aceumulations.  In the process of accumulation the lowest

\-‘..["\[}i"‘,_ outlying hills were buried and the higher ones, being only partly
puried, are now found rising abruptly from the level plain.
acts and deductions presented in 9. The valley till is saturated with water, and the various beds of
sravel are so intimatel) connected that the water rises to a definite
vhich are of most importance in jevel forming a well-defined -water table.
uly in three groups: 10. During the early part of the accumulation of the valley fill Salt
isting of Archean granites and River joined Gila River east of Salt River Mountidins, forming in that
tes. in which Salt River Valley w region the bowlder heds through which the main course of the under-
dow now finds its way. butata later stace of the accumulation the river
htive rock associated with a it changed to its present course north of Salt River Mountains, forming
rently of Tertiary age. the uncemented bowlder heds of recent origin, in which the undertlow
ormations, consisting of waterwo pecurs in the Phoenix region.
.. which partly fill the ancient vuil 11. The underground waters are derived mainly from Salt River
and to a less extent from the occasional foods entering the valley from '
a depth of several hundred feet. the surrounding hills.
weumulation and consists of 12. The valley fill of the Mesa recion, to a depth of over 200 feet,
rincipally of waterworn howlders wd consists mainly of river aravels with.a cubordinate amount of finer
t, granite, ete. material.  In the Phoenix region the valley fill consists mainly of fine
derived from near-by hillsides. ' naterial with a subordinate amount of river gravels.  The river
which ealiche is the most importa: eravels of the Phoenix region oceur parallel to the river, and were
The caliche occurs in more or | deposited in a secondary valley, cut in the finer materials of the first
ie valley fill, and serves in many cis period of accumulation.
b under more or less pressure. 18. The valley fill is more or less impregnated with various salts
sult of a single period of aggradativ derived from the waters of Salt River in former ages and deposited
it two periods of aggradation, perhiy with the detritus.
Heoradation. 14. The distribution of the oravel beds and the depth to the water
aggradation and degradation in Suit table are such that pumping for irrigation can probably be carried on
milar periods in other parts of Ariz with profit over an area of 525 square miles.
ilar, but widely separated. deposits - 15. Although some of the undereround waters of the valley contain
but uniformity in character and alts in quantities w hich may be harmful to land under certain condi-
uniformity of cause. tions, it is prohable that with proper manipulation all of the waters
lation of ll[)l:i.n'l ll-']m-ib- and of 1 can be »:llll'l}' ed.
weradational condition of streams 16. The underflow returns in part to the surface in certain places in
L) to changes in elevation of the b the valley. making a <urface flow estimated as something over LU0, 000
acre-feet per year.
it of the wide aggraded plain | 17. The principal water-bearing horizon is about 15 miles wide in
tal plateau. DBetween the platea o the Mesa recion, and extends to a “-'plh of over 200 feet.
v in which faulting and local 18. The quantitative extimate of the underflow, based on experi-
hie of these movements have pro ments. indicates a volume of flow of 142,195 to 287,760 acre-feet per

vear., At this rate something less than Y6 pumping ill:lllt- of the
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average capacity (200 inches) could be operated continuously and
retain the water level within pumping distance of the surface.
19. The reserve, or the quantity of water contained in the valley

fill at any one time within pumping distance is very much greater

than the volume of flow. Conservative estimates place the volume of
the reserve of Salt River Valley at from 2,500,000 to 4,000,000 acre-
feet. .

20. The cost of pumping water in Salt River Valley varies from 5.4
to 13.8 cents per acre-foot per foot of lift, or a cost per acre-foot of
pumped water of from $2.50 to something like $5.

21. Since fuel is the great item of cost, the cost could he greatly
reduced by the use of electrical power, which might be furnished for
about 350 per horsepower per year. At this rate the best pumping
plants of Salt River Valley can raise water at a cost of 1.2 cents per
acre-foot per foot of lift, or at an average cost per acre-foot of pumped
water of something like 75 cents for the present lift.

22. The value of an acre-foot of water applied to irrigzation in Salt
River Valley varies from 53,65 to 356.45.

23. The volume of underflow is large, but not inexhaustible by the
operation of pumps. It is capable of extended development, but there
is danger that a greater draft will be made upon it than is consistent
with the maintenance of the water level within practicable pumping
distance.
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