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Yatar regources of the Verde River Vallev near Fort licdowell, Arizors

by
Y. R. McDonald 2nd H. D, Pedzett
ASSTRACT
The Verde River is a perennisl ctreszn thet ricee ghsut 20 riles north of
Prescott, Arizons, ané flows southescest znl then south to its Junction with
the Sa1t River about 20 miles northe=st of Phoenix, Arizona. The ares consid-
ered in this report is the lower nart of the Verde Vslley, below Bertlett Dem.

Ir this area the Verde Valley is cvt in valley-fill denosits that occuny 2

basin forred ty downfaulting in zucient crystalline rocks. The Salt River

prroxicates the southern boundary, the eastern boundery is a line through
Stewart Mountain, the 210 Verde Ranzer Station and Sheep Hesa, and the
licDowell Mount~irs form the western bourniery. About five riles below Bartlett
Dam, Cormp Creek, an intermittent stresr, enters the Verde Hiver from the
northwest., Cpposite tke corminity of Fert McDowell, Sycsrore (Creek, also
an intermittert stream, joins the Verde from the erst,

Tre flood plein of the Verde fiver ranges in width from one to three-
ciarters of z wile, 2x’ the main channel ie from 1,000 ts 1,700 feet +igde,
At the surfece of the flood plein on elther side of the rein chernel is either
zrevel znd s2nd, or sandy silt overlying cosreer rmaterial, The river gravele,
viich vzderlie tne flocd plain to a meximur denth of ebout 3C feet, cccuny a
wile zné irreguler %roush cerved by the river in tne older velley-fill decosits,
The river cheamnel swirss fror one <ide of the flood nlein tco the other in its
course from 3artlett J=r tn its Junction vith the Salt Aiver, forring

isoleted aress of flood nlein., These flcod-nlain sesuente =re rather steble,

and the vell fields of the City of Phweniyr have been develoved on two of them
west
ot tae/ side of the river. Wster is swnlied to the wells % <the underlying

oy

scturated grevels, taro-izh vhich wster is transmitted 2irccily frox tre river,



~

Priov {0 1G22 the city okbtzined its water suemly from welle in the S=1t

-

~iver valley. Ir that year an Infiltration 3z2llery wes constructed on the

flood plain of tne Verde River. The water thus obtained reeched the cityr by
gravity through a nipe-line znd two tunrels. The cuelity of the veter wo
for superior to that of the weter from the city's original wells, and fronm
deeper welles drilled more recently in the Salt Hiver valley. About 1627 the
reed for additional water led to the drilling of four wells in the ares now
¥nown as the upver well field. Leater, several wells were drilled sbout three
riles south of the first ones, end this z2rea is ncw called the lower well field.
Bartlett Dam, which is an the Verde River about 1% riles upstrean from the
city's present zellery and weils, was built primerily to store flood waters
- Tor release to the Sslt River Valley Water Users Association for irrigestion.
Zzch year, when the reservoir is emptied, the silt denocits in the reservoir
cre exposed ts crosion by the river. During the pnericd of low flow 2 wart of
the eilt is reroved from the reservoir 2nd redevosited in the chennel downstream.
These denosits rre highly effeciive in sesling uvn the sore smaces in the river
<ravels thet sunnly weter to the Verde wells., When the flow of the'river is
increassed sufficiently to nroduce scouring action in the channel, the silt
is carried ewsy znd fovorable rechsrge conditions rre restored,
The princivel source of weter for the city's Verde wells ie recharze
from tas surfsce flow and underflow of the Verde River, although scme weier
is received frzz the older valley-7ill deoosits borieriz: the velley. The
Tecincrge nrea f3r the river grevele tast supply tcee wells lies detween tre
cityls present hrush diversion dei, nesr the mouth of Si-cerore Creek, and o
noint 2bout 1,000 feet southeast of the detritor, st trhe southern nart ¢ the

lower well field, The maximum rate of infiltration froo the river, as

ceternined fror teste mede unler favorsble conditinons, is two feet s dey over



the wetted ares. The maximun effects of silting ocewr during wseriods of
low flow in the river., Seepage measuremnents neée under different conditions
of silting indicated that, with the seme flow in the river, the rechesrge is
ror'e then twice as great mder concditions of minimum silting as when the
effect of siltirz is at 2 maximum,

iutual interterence among wells in the lower well field is too small to
be of any practical immortence. Interference among wells in the umper well
field during neriods unfavoreble for recharze is so great that only two of
the six wells should be overated. Also, at such times, the interference of
these wells with the infiltration gzllery is serious. Iz 1944 the yield of
the gallery declined from more then 5 million gallons a day to less then half
a million gallons 2 dsy during the veriod of msxirum silting of the river
grevels,

It is estimeted that if the water table we:e lowered 10 feet cver the
2,960 acres comprising the upper and lower well fields, 152 millicn gallons
of water would be released from storzse, which can te removed by the existing
wells =2t & maximum rate of only 7 or 8 million gzellors & day. This stored
water represents =2 reserve swoly vhich is largely unvsed excezt during the
relatively short periods unfevorable for recherge. Zven at such times all
veter puiped from the existing wells in excess of a2bocut 8 millisn gellons &
day must te derived from recharge.

Lerge cusntities of water are stored in the river gravels s=and the older
fill frowv. the usner end of the velley to the Sycamore staff gazze, near the
mouth of Syczrore Creek. For each foot that the water table is lowered in
this area about 236 rillion zellons of wzter is yielded from storage. It

is believed that atout 10 feet is the sreatest smount that ithe woter table



could be lowered in +this stretch by mesns of eny frasivle sysvem of wells,
Tests —ade on the effects of silting indicate that cormlete sealing will
never occur, and therefore that some récharge frem the river will always
occur t sunnlement the stcrage.

Georhysical probes rmade wita the Gish-Rooney electrical-resistivity
annarztus indicate thet »nroductive water~-beesring sands and gravels underlie
two 2zreas in the Verde Valley urstrezr from the opresent well fields, snd that
additional public-supnly wells could be érilled in these areas. Test wells
mist be drilled and pumped bhefcre the yield of well fields in these areas cen
be estirmeted.

Artificial methods of recharse sre practiced in the present well fields,
by diverting weter from the river to channels dug nesr the wells, These
wrectices sahould be continued in the nresent well fields anéd should be
undertaken in any new well fields thet may be develoned. Present nractice
could be irproved by cereful over=ztion of the diversion gates to wnrevent
silt-leden water from entering the artificial recharge channels,

It is believed that tne city could develov 2 vermenent suonly of at
lerst 55 million gellons a day frow wells wroverly snaced alcng the Verde
River from Bartlett Dem to its junction with the Selt River. Additional

cuentities nay be develomed by increasing the minimum flow in itre river end

5y artificilal recharge in chanticls kent free of silt-laden water,



INTRODUCTION
Cooperation

A cooperative agreement between the Clty of Phoenix and the United
States Geological Survey was signed in May 1oky, calling for an intensive
investigation of the ground~water resources of a vart of the Verde River
valley near Fort McDowell, Arizona. Geologic and hydrologic field work
was started immediately and was substantially comvleted by July 19u5,

Cwing to difficulty in obtalning a well driller, the exploratory test wells
have not all been completed. Results of the test drilling will be reported
as soon as possible.

The work was under the general direction of O. E, Meinzer, geologist
in charge of the Divislion of Ground Water in the Geological Survey, and
under the immediate direction of S. F. Turner, district engineer of the
Divieion of Ground Water in Arizona. Mr, Benjamin E, Jones of the
Geological Survey began the geophysical explorations at the start of the
project. ¥rs. Theda P, Shelley assisted with the pumping testes and in
checking computations. Miss Mary Scott assisted with the preparation of
the mamuscerivt, and Miss Geraldine Morris vnrevared the illustrations.
Messrs. S. F, Turner, T. W. Robinson, J. F, Hostetter, and J. Z. Thompson
took part in the field work.

Acknowl edgements

The writers are grateful for the valuable assistance given by the
Eonoratle J. R. Fleming, Mayor of Phoenix, Mr. J. Roy Heyne, city manager,
and Mr, Richard 3ennett, city engineer. MNr. John Smith, pumv foreman,
cooperated in every way to facllitate the work., An exnression of gratitude

is also due the several ranchers in the surrounding area, the Tribal
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Council of the lohave-Apache Indians, officiale of the Indisn Service and
of the Salt River Valley Water Users Association, and others for their
heloful cooperation,

Previous investizations

The only nrevious ground-water investigation of this areaz known to the
writers was conducted by the consulting-engineering firm of Black and
Veatch, Kansas City, Missouri, in 1928, It included a study of the Verde
infiltration gallery, wells, and vipe-line. Several test wells were
drilled on the Verde in search of locations for additional wells to supply
the City of Phoenix, and studies were made of water levels and quality of
water in the Indian Bend country of the reentrant zone in the Paradise
Valley. Several independent problems, primarily concerned with increasing
the amount of water discharged by the Verde infiltration gallery, were
investigated by the City Engineering Department. It was found that by
diverting part of the flow of the Verde River to the west bank of the
channel, recharge to the aquifers supvlying the wells was increased.

This vractice has been maintained to the present time.

Purpose and scope of present investigation

The primary purpose of the present investigation wes to determine the
nermanence and adequacy of the water sunply of the Verde River gravels for
municival suonly for the City of Phoenix., The following vroblems were in-

vestigated:

1. The source, rate of movement, and direction of flow of the
ground water in the Verde River valley below Bartlett Dam,
2. The rate of recharge to and the quantity of underground storage

in the present well fields and in the velley, and the effect of silting on

the recharge from the Verde River.



3. The interference between the existing wells and the best svacing
for new wells,

L. The sites for new wells that may be drilled to furnisn adequate
water. /

5. Utilization of the ground-water supply of Paradise Valley.
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GEOGRAPHY

Location

The area considered in this report is the Verde River valley below
Bartlett Dam, The valley is in Maricova County, Arizona, and is a part of
the Mexican Highland section of the Basin and Range province. The Verde
Piver flows southward through a broad intermontane trough and enters the
Salt River, which flows westward across the lower end of the valley. The
valley is bounded on tne north by Bartlett Dam and the rugged, hard-rock
country northwest and southeast from it, at approximately 33°50' N. Lat.;
the Salt River approximates the southern boundary at about 33°33' N. Lat.;
the McDowell Mountains form the western boundary at about111°50' W. Long. ;
and the eastern boundary is a line throuéh Stewart Mountain, the Rio Verde
Ranger Station, and Sheep Mesa, at approximately]lf>35' W. Long. (pl. 2).

The Verde River is a perennial stream rising in T. 17 N,, R. 2 E.,
about 20 miles north of Prescott, Arizona. The first half of its course
is in a southeasterly direction and the remainder in a southerly direction,
The mean dally dischargze of the Verde River below Bartlett Dam, where the
drainage area is 6,168 souare miles, for the period 1903-Ul, inclusive,
was (80 second-feet. The minimum natural flow during the above neriod was

32 second—feet.-jThe channel is characterized by a series of pools

/

-
Surface water suomnly s5f the United States, Part ¢, Colorado River Basin,

U, S. Geol, Survey water-supply vapers listed in biblissrashy.

separated by rapiis, and averages about 150 to 200 feet wide with a dis-
charge of 000 sezond-feet. Since 1939 the flow throush the valley has been

controlled by Bartlett Dam, which was constructed for and is overated by the
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Salt River Valley Water Users Assoclation for the purpose of impounding flood
waters for irrigation use. About 20 miles upstream from Bartlett Dam the
Horseshoe Dam is now under construction by the Defense Plant Coryoration to
provide additional storage for flood waters to be used by the Salt River
Valley Water Users Association ia exchange for water taken from the Gila
River near ¥orenci, Arizona, by the Phelps-Dodge Corporation.

The Verde River leaves Bartlett Dam at an elevation of 1,600 feet
above mean sea level and enters the Salt River at an elevation cf 1,320
feet. The distance along the stream between these voints is 22 miles,
which gives the Verde a gradlent of about 13 feet to the mile in this area.

Five miles below Bartlett Dam, Camp Creek, an intermittent stream,
joins the Verde River from the northwest. Its gradient is about 100 feet
ner mile., Opvosite the community of Fort McDowell another intermittent
2tream, Sycamore Creek, enters the Vercde from the east. Sycamore Creek
criginates at the foot of the west slope of Mount Ord and flows in a
southerly direction to the Ranger Station, where it turns and flows south
of west to enter the Verde. The gradient is about 50 feet per mile in the
lower reach.

Fort McDowell, approximately in the center of the area, is 22 miles
east and 13 miles north of Phoenix, Arizona, and 9 miles east and 16 miles
north of Mesa, Arlzona,

The Camp McDowell Indian Reservation is a strip of land U4 miles wide,
about 2 miles on each side of the Verde River, extending about 10 miles
northward from Mt. McDowell, with an area of 25,688 acres. Adjoining the
reservation on the south is the Salt River Indian Reservation, and on the
north and east is the Tonto National Forest. The land bordering the Camp

I{cDowell Indian Reservation to the west is privately leased range land.
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Maps and surveys

The area is covered by topographic maps issued by the Geological
Survey, United States Department of Interior, as follows:

The main part of the valley is shown on the Fort McDowell guadrangle,
but the extreme western part is shown on tne Camelsback cuadrangle, which
adjoins the Fort McDowell quadrangle on the west., Both of these are
mapved on a scale of 1:62,500 and with a contour interval of 50 feet, and
were surveyed in 1904, The northern part of the area is in the Cave Creek
ouadrangle which was mapped on a scale of 1:125,000 and with a contour
interval of 100 feet, and was surveyed in 1930. These maps were used in
manping the geology.

The Office of Indian Affairs, United States Devartment of Interior,
has made two large-scale topographic maps of the irrigable portions of the
reservation, and these have been used to compile a base map showing the
wells, geonhysical probes, and other features within the reservation.

The Forest Service, Unitgd States Department of Agriculture, has com-
piled a small-scale map of the Tonto National Forest and surroundinz areas
which includes the lower Verde River Valley and shows section lines, roads,
drainage, settlements, and other cultural features,

The City of Phoenix has detailed mans of its present well fields and
vivne-lines, and has slso made aerial nhotogranhs of the flood nlain of a
vart of the lower Verde River valley on a scale of 1:2,400.

The Salt River Valley Water Users Association has aerial vhotograohs
of the entire flood plain of the Verde River to the scale of 1:190,000.

The State Highway Commission hes issued a map of Maricovna County to
the scale of 1:63,360, which shows section and township lines, drainage,

cultural features and, to some extent, the tonography.
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Routes of travel

The lower Verde River valley is accessible by two routes. The
principal route is a graded road that enters the southern end of the valley
through the Salt River Indian Reservation and the McDowell Mountains, The
other route is a graded road that enters the northern end of the valley
from Paradise Valley, around the nortnern end of the McDowell Mountains,

A little-used road runs the length of the valley and coniaects the two
roads mentioned above.

Bartlett and Horseshoe Damsg on the Verde River are reached by graded
roads from Phoenix, by way of the settlement of Cave Creek,

The area is skirted on the east by the Bush Highway, a graded road
that leaves U. S. Highway 70 eight miles east of Mesa, Arizona, running
north to Granite Reef and Stewart Mountain Dams and thence to Sunflower
and Payson. Several other roads used by ranchers enter the lower Verde
River ®iver Valley from the Bush Highway.

Climate

The climate is desert, with low humidity and little nrecivitation.
There are two veriods of rainfall during the year. OCne is in January and
Febraary and the other, characterized by thundershowers, is in July and
Aazust. In general it is cool and dry in winter and very hot and dry in
summer.

A sammary of the climatologlcal records at the Granite Reef Dam
annears in table 1 below and can be considered to apoly to the lower Verde
River valley. A station has been maintained for five years at Bartlett
Dam, out tne short period cf the record limits its nresent value. However,

there is a similarity to the Granite Reef record.
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Vegetation
On the flood plain and low terrace along the Verde River the

vegetation consists mostly of mesquite, cottonwood, and willow trees,
baccharis brush, and some annual grasses. Along the dry washes in the area
mnesouite, nalo verde, and ironwood are most abundant, On the rocky sloves
and high terraces mesquite, creosote bush, cholla cactus and saguaro or
ziant cactus, and ocotillo are abundant, with annual and some vperennial

grasses,

Agriculture .

Within the reservation about 250 acres of the Verde River flood plain
and low terrace is cultivated, the chief crops Peing wheat, barley, corn,
pumpking, and melons; some maize and a little hay are also grown. The
rest of the reservation is range land, which in normal years supports about
700 head of cattle; in dry years this mumber is greatly diminished,

The valley outside the reservation is nractically all range land, of
which less than 50 acres is under cultivation,

Settlements and population

Fort McDowell, the only settlement in the area, consists of a church,
school, Indian Service Agency, and severzl residences., About 200 Indians
of the Mohave-Apache tribe live on the Camp McDowell Indian Reservation,
chiefly on the flood plain west side of the river in the stretch from
atout two miles below Fort McDowell to four miles abovse,

Cutside the reservation about five ranchers and their families, less

trar 30 meople altogether, comnrise the balance of the povulation.
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GEOMORPHOLOGY

Prior to the series of events tnat produced the opresent structure zand
land forms (see vl. 2) the area was underlain by crystalline rocks, rrin-
civally granite and schists. The surface was of moderate relief, and it
seems likely that sedinentery devosits accumulated only in local areas;
probably deflation proceeded at about the same rate as weathering and
disintegration, exceot in the deeper depressions.

In Late Tertiary time a considerable thickness of volcanic material was
devosited on'this surface. The first devosit was volcanic ash, but the
material consists vredominantly of lava flows. 4ll the area was covered by
these flows, with the possible exception of the higher parts of the McDowell
Mountains,

A period of deformation involving considerable displacement followed,
nrobably in nre-Miocene time. The block of crystalline rocks whose axis
trends anproximately soutbeast from Bartlett Dam, parallel to the axis of
the McDowell Mountains, was tilted downward 2long ite western edge, where
the displecement is probably at least 2,000 feet. Although this tilted
block moved bdroadly as a unit, it was comvosged of a group of smaller fault
blocks which were displaced in different amounts and tilted in slightly
differeat directions, to establish the general trend of the composite block.
Steo farlting and faulting across the general trend were the dominant nro-
cecses in forming the structural trough that underlies the valley. The
disnlacement was progressively greater toward the west and is presumed to

have reached a maximum somewhere east of the McDowell Mountains.
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The deformation resulted in an enclosed basin, in which stream and
lake seliments were deposited. The fluviatile detritus consists of
fanglomerate at the edge of the velley, grading into finer material toward
the center of the valley, where it interfingers with the playa denosits
occunying the central part of the valley. The valley fill culminated in a
playa surface at least 500 feet above the present river level at Fort
McDowell.,

Through drainage was established during the Pleistocene epoch, and its
advent ended the accumulation of valley fill. The nresent valley was carved
out of the largely unconsolidated valley-fill deposits. The process of
downcutting was retarded for long veriads of time at three different levels,
and remnants of the three resulting terraces are clearly defined in many
vleces. The lowest terrace is separated from the vresent flood plain by an
escarpment that averages 25 feet in helght and is capped by water-worn
gravel, sand, and boulders with a considerable range in thickness and
degree of cementation. The middle terrace is separated from the lowest by
& definite escarpment in some places and a gentle slope elsevwhere, the
difference in elevation averaging 30 feet. The surface of the middle
terrace is underlain by a conglomerate of differing thickness and degree of
cementetion, composed of well-rounded particles. The surface grades into
the upland slope that reaches back to hard rock, except where this slope is
broken by the group of hills that lie along the western boundary of the
reservation. Capping these hills are remnante of the uvwner terrace, underlain
by a well-cemented conglomerate that has an average thickness of 25 feet and
lies 250 feet above the vresent river channel, No remnants of this terrace

were observed elsevhere in the valley.



18

West of the river the upland slope between Camp Creek and the socuthern
boundary of Tonto Fational Forest is an umisually smooth pledmont alluvial
vlain, This surface is underlain by a partly cemented caliche conglomerate
that thins gradually toward the center of the valley. South of this area
comparable pediments appear to have developed on both sides of the river,
but owing to the proximity of the Salt River and Sycamore Creek and to the
narrowing of the Verde Valley, they have been thoroughly dissected.

The valley-fill sediments at one time covered the hard rocks at the
edges of the valley to a higher elevation than they do now. The drainage
system was developed on the unconsolidated sedimentary material, and as
downcutting of the main valley progressed the tributary streams held their
previously established courses across hard rock barriers that normally
would have resisted erosion. This may be seen in several of the washes
that enter the Verde River from the east,

The present flood plain of the Verde River below Bartlett Dam ranges
in width from one- to three-quarters of a mile and the relatively narrow
stream channel swings from one side to the other. At the surface in the
flood vlain is fine material, largely silt, which overlies gravels and
sands lald down in former channels of the river. The river has not showed
mich tendency to cut into and destroy the areas of the flood vplain lying
outside the present ohannel; consequently these areas have been developed
for human use. Muck of the farming is done in these areas and the entire

water suvply for the City of Phoenix has been develoved in them.
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GEOLOGY

Structure

The lower Verde River valley is a structural depression caused by
sten faulting, the total displacement increasing vrogressively toward the
west gide of the valley. No faults were actually observed, but the
indirect evidence appears to be conclusive. The principal evidence is the
occurrence of mumerous tuff-and lava~capned knolls and mesas with dips of
5 to 30 degrees toward the west.

The valley-fill material divs toward the center of the valley at
angles of 1 to 5 degrees. The higher angles are found in the fanglomerate
around the edge of the valley. The dips decrecse toward the center of the
valley, and become too small to measure some distance before the lacustrine
material is reached. The exposed section is conformabdble throughout, and
has not been disturbed since it was deposited. The sediments overlap the
hard rocks in a depositional contact. In the central part of the valley,
the bedrock has never been reached ir drilling. In the vicinity of city
well 8 a geophysical vrobve (No. 3) indicated material thought to be bedrock
at a depth of about 350 feet. Another probe (No. 17) further upstream

falled to indicate bedrock to a depth of more than 70O feet.



Crystalline rocks

Crystalline rocks enclose the valley continuously exceot at the
. southeast edge, where they are covered - but probably not deevly - by
alluvium, ZExcept for the southern three-quarters of the McDowell
Mountains, which is made up of metamorphic rocks, chiefl& gneiss, the
crystalline rocks in the area around the valley are granite. In the
geologic mapping the crystalline rocks were not differentiated. The
granite is almost everywhere coarse~textured. The feldspar crystals
commonly are half an inch in diameter and sometimes an inch and a half,
Veins and pipes of massive quartg are numerous,

The pre~-volcanic surface of the crystalline rocks is preserved
beneath the volcanic cover at many places; however, good exposures of the
crystalline-volcanic contact occur at only a few places. From these
limited exposures it apvears that prior to vulcanism and deformation the
surface was a penevlain. From Bartlett Dam to the volcanics at Brown's
ranch a conslderable thickness of detrital material, at least 100 feet,
accumulated prior to the volcanic activity. It appears to have dis-
integrated in place. 7This is the only area where an appreciable amount of
detritus is known to have been preserved at the crystalline-volcanic contact.

One granite knoll occurs well within the valley, a cuarter of a mile
east of the Verde River and half a mile north of the Indian reservation,
Cthers protably willl be shown to lle beneath the surface when further
geovhysical exploration is done on the east side of the river. One well,
(No. 8. pl. 1) is reported to obtain water from a joint in the granite that

was encountered at a derth of 113 feet.
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Valcanic rocks

Lying upon the crystalline rocks at many vlaces around the valley is
z series of volcanic rocks. The basal unit is an even-bedded to massive
feleite tuff, ranging from 10 to 100 feet in thickness. It is tan in fresh
exposures and weathers to a buff color., In some placee the tuff contains
beds of coarser pyroclastic material. The greatest thickness of tuff was
noted at Brown's ranch, T. S N., R. 5 E,, where it is about 100 feet thick.
It has a 30-degree dip to the northwest, is evenly thick-bedded, and is
capped by several successive flows of vesicular lava aggregating 75 feet in
thickness., ZElsewhere in the valley the tuff is thinner, averaging about
30 feet in thickness.

At Brown's ranch a well 204 feet deep penetrated fill and tuff to
within a few feet of the bottom, where water was encountered under »ressure
in a fissure in lava and rose within 75 feet of tne surface. The massive
tuff at the ranch was once quarried for building stone and is reported to
have ylelded fossil footprints.

Overlying the tuff are successive lava flows of differing composition,

aggregating 25 to 350 feet in thickness in the vicinity of the Verde Valley.

Tertiary sandstones

Mount McDowell, near the southern end of the Verde River valley, is
comnrised of more than 1,000 feet of sandstones, siltstones, shales, and
interbedded tuffs and lavas, the sandstones largely predominating. The
color of fresh exposures is buff to tan and weathered surfaces are brick
red. Sorting is poor to fair, and the beds are distinct and range from
2 or 3 to Y0 feet in thickness. The rocks strike north 15 degrees west
and have a dip of about 10 degrees to the west. The formation rests upon

coarse granite. In addition to this large exvosure there are scattered
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smaller outcrops as much as a mile to the northeast and 3 miles to the west
and northwest, too small and discontinuous to map. The formation occurs in
several cther places in the Salt River Valley, wkhere it was mapped and

described by W. T. Lee, -/ who states that at some time in the Tertiary it

/

pu—
Lee, W. T., Underground waters 5f the Salt River Valley, Arizona: Geol.

Survey Water-Supply Paper 136, pp. 99-100, 1905.

had a wide and continuous distribution., It seems likely that at one time
the formation was present in at least a part of the lower Verde River valley,
but no deposits are known to remain and the relation to the fill in the
Verde Valley is not clear. Both the sandstones and the fill are barren of
fossils.,

@ila formation

The lower Verde River valley is filled with detritus of fluviatile

_

and lacustrine origin, comprising the Gila formation described by Morriso

Turner, S. F., and others, Geology and ground-water resources of Safford
Valley, Arizona: U. S. Geol. Survey water-supply paper, in orevaration.

in a report on the Safford Valley. The three phases recognized and
described by Morrison in the Safford Valley occur in the lower Verde River
valley in a similar fashion, There is a peripheral phase of rudely-
stratified fanglomerate, coarse and poorly sorted, derived from the border-
ing hard rocks upon which it overlaps, This vnhase differs in composition
according to the bordering hard rock,meterisr so that it may consist of
volcanic, granitic, or metamorvhic material. The fanglomerate phase

graies into finer material that 1s better sorted and stratified, and
ultimately reaches an intermediate vhase in which beds of fine sand, silt,

and clay alternate or interfinger. As the distance from the hard rock
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increases, the sands and sandstones become thinner and fewer. Only a few
beds of sand occur among the thin- to thick-bedded clays and silts of the
central or playa phase,

The conditions of devosition of the Gila formation have been well

stated by Morrison—/ in connection with the Safford Valley, and as the

B
Turner, S. F. and others, op. cit.

conditions are quite similar in the lower Verde River valley, part of his

description is quoted:

#, . . torrential floods, resulting from the rapid runoff
of occasional down-pours, played a large part in the trans-
vortation and deposition of the Gila sediments, As these floods,
heavily loaded with debris, left the steep and narrow mountain
canyons and emerged on the alluvial slopes of the basin, they
quickly dropped the coarser portion of their load. This resulted
in the deposition of a steep fan of coarse debris at the mouth
of each canyon, Stream channels, radiating from the canyon out
over this fan, shifted their courses with each large flood, as
their channels became choked with debris.

"Farther down the alluvial slopes, as the gradient decreased,
the stream channels became less well-defined, and the water tended
to spread out in sheet-flood faghion and deposited the fine sand
and silt of the transitional facies. In this zone the sides of
individual fans joined to form a concave pledmont plain sloping
toward the interior of the basin, In the narrower portions of the
basin the pledmont plain on one side of the basin met that of the
other along the axis of the basin; in the broader portions of the
basin, however, the piedmont slopes flattened toward the interior
of the basin until they merged with an almost level interior plain
bordering the central playa. Silty sediments were deposited by
sheet-floods on the outer margins of this plain, and the clays were
finally drovped in the playa. The playa also recelved the dissolved
salts, which were deposited as salines, such as salt and gypsum,
during stages wnen the lake was almost dry,"

The width of the fanglomerate phase ranges from one to three miles.
The intermediate ohase is much narrower, averaging between a quarter to

half a mile in width,
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The most extensive exmosure of fanglomerate occurs at the north end
of the valley. Here it is well cemented with caliche and forms steep—-
walled canyons and bluffs., The thickest sandstone cutcrooping in the
valley is an exvosure of 50 feet of cross-bedded, evenly fine-grained
friable tan sandstone vhich occurs for a mile along the river in the
vicinity of the granite knoll just above the north boundary of the Indian
Beservation., From this outcrop the sandstone becomes coarse to the east
and grades into fanglomerate that overlavs on the bedrock. Downstream,
at an increasing distance from the bedrock, the sandstone interfingers
with beds of clay and silt that pass into massive beds of clay and silt.

Although a total of about 500 feet of lacustrine clay 1s exposed in
the valley, the exposures are discontimious and scattered. Several thin
beds of tuff and several thin layers of sandstone with ripple marks were
noted, but no fossils were found in the valley, The dbulk of the lake or
vlaya beds seems to be an impervious, buff-colored clay that contains an
appreciable amount of silt and is thin-bedded to massive.

It is likely that coarse water-bearing material underlies nearly all
the valley in the form of basal conglomerate or buried fanglomerate., Above
this are probably lenticular beds of sand and gravel. At least two wells
have ;enetrated considerable thicknesses of clay to find water-bearing con-
zlomerates beneath (see logs of wells 4 and 114, v. ). Other wells,
nearer the edge of the valley, have venetrated Geenm into fanglomerate and
found only the lower part saturated (see records of wells 6, 7, and 12 and
pl. 2). With one exception, all the wells located far out on the lake beds
toward the center of the valley have failed to reach an aquifer, dut they
nave not reached the base of the valley fill. The one exception is
narticularly interestinz because it is an artesian well remorted to be 540

feet deep (well 206, »l. 1), and at one time had sufficient pressure to flow
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at the surface. Thls well vroves that artesian conditions exist in the
central vpart of the valley.

The only spring in the valley at vresent is in the SW% sec. 17,
T. 5 N., R, 7 E., in the bank of a wash that has cut about 20 feet into
alternating coarse and fine beds of the intermediate phase of the valley
fill. The spring has been made to nroduce avnroximately 5 gallons a minute
by trenching into the vermeable layer of fine sand that transmits the water.

Although it is barren of fossils, the conditions of devosition and
other characteristics of the valley fill so closely resemble those of the
Gila formation found elsewhere in Arizona that the Lower Verde River valley
fill is assigned to this formation,

Recent alluvium

The flood plain of the Verde River ranges in width from one- to three—
anarters of a mile, and the main channel is from 1,000 to 1,500 feet wide.
The flood-plain surface on either side of the main channel is underlain
either by gravel and sand or by sandy silt that overlies coarser material,
The river gravels that underlie the flood plain occupy a wide trough
carved by the river in the valley-fill deposits. That the surface of the
fi1l wvoon which the river gravels rest is highly irregular has been
demonstrated by test wells and zeonhysical vrobes. The river swings from
one side of its channel to the other in its course from Bartlett Dam to its
Junction with the Salt River, so that isolatel areas of flood plain alternate
with the maln channel. Tnese flood-plain seguents are relatively stable.
The two well fields of the City of Phoenix heve been developed on two of
them, on the west side of the river, and water is produced from the

saturated gravels through which water is transmitted from the river.
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The gravels that underlie the flood vlain were laid down in former
times under conditions similar to those which nrevail today, and therefore
consist of buried channels having far greater longitudinal than lateral
nersistence. As a result, water moving toward the wells from the river
does not follow a normal at right angle to the river but enters the buried
channel at some point upstream from the wells, where the former channel
intercepts the nresent channel. This is indicated by wide differences in
the capacities of closely-spaced city wells, by test drilling, and by
closely-spvaced shallow geophysical probes made on the flood plain on the
west side of the river.

Several test wells were drilled east of the Verde River in the vicinity
of HYcDowell Mountain to obtain a profile of the bedrock when this locality

was belng corsidered for a damsite—/. The nrofile shows a maximum of 90 feet

" Lee, ¥. T., ovn. cit,, p. 101.

of river fill., Inasmuch as the river was a2vle to cut 90 feet below its
present cnannel at this point, into granite, it is probable that it cut

that far below its present channel throughout ite course over unconsoclidated
gsediments, and that on any cross-section of the flood plain there will be
some voint where the older valley fill lies about 9C feet below the nresent
stresm channel, at any given section, however, the voint of maximum cdenth
ie ag likely to be east of the river or beneath the river as to be on the
west eide., OCnly on the floodé-vlain segment west of the river in sec. 20,

T. 4 ¥., R 7 E., was the maximum thickness of river alluvium indicated by
geovhysical probes to be present and here the deeply~buried channel seenms

to be lying on a sandstone or conglomerate bed of considerable extent.
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Four test wells described by Black and Veatch—/, 2% feet avart in a line

~ Black and Veatch, Umpublished remort on the water works system, Phoenix,
Arizona, 1928, v. 63.

rnning across the river channel eastward from municipal well U4, show that
there is some possibility of finding a deep channel buried under the wide,
silt-covered flood plain of the river. No geophysical probes have been
made to date east of the river, but such protes should be made to determine
whether a deep channel exists,

GRCUZD WATZER

History of use of ground water in the Lower Verde Valley

Fort McDowell was established by the U, S. army on September T, 18657/

~ Barnes, Will C,, Arizona place names: Univ, of Ariz. Gen. Bull. 2,
vol., 6, No. 1, p. 2R8, Jan. 1, 1935,

for orotection of travelers and settlers against the roving tribes of Apache
Indians. The post was named after General Irvin McDowell, who then comranded
United States troons in Califorrnia and arizona. The army troops consisted of
five companies of California volunteers. On April 10, 1890, the fort was
abandoned. On March 2, 1891, the ares was established as a2 reservation for
the Mohave~-anache Indian trive. At some time during the occupation of the
fort a well was drilled on the banx of the river to an artesian aquifer.
According to different remorts the dentn of the well was tetween 280 and 570
feet and vase ebanconel because z string of tools, lost in the well, snut off
the flow. The well is e¢till in existence, but the flow is negligible. The
cisirtegrzted casing has been revlzaced by a 3/&—1nch vine extending severel
feet beneath the surface and secured at the surface by masonry. A centrifugal

pump installed on the well during the summer of 19LL produced only two or
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three gallons a minute. When this well was abandoned another well of unknown
devth was drilled a few feet south of the fort, but wae abandoned and filled
when it failed to supply sufficient water. In recent years anotker well was
¢rilled in the gravels near the river and this well is now used by residents
of Fort McDowell for domestic supply.

Several wells have been drilled in the river gravels upstream from the
fort, and cthers have been drilled on the terraces that border the valley, to
furnish water for stock., These are discussed elsewhere in this report.

Develooment by the City of Phoenix

The municinal water supovly of the City of Phoenix was originally
obtained from wells in the Salt River valley. In 1915 the city filed an
application with the U, S, Commissioner of Indian Lands for an appropriation
of 1,100 miner's inches of water from the underflow of the Verde River.
Subsequently the construction of an infiltration gallery was undertaken, It
consisted of 3,627 feet of reinforced concrete open-~joint pipe, 60 inches in
dizmeter, and 7,863 feet of closed-joint pive, lzid level in a trench a few
feet beneath the water table., The pire was then buried throughout its length,
In February 1922 water from the Verde infiltration zellery was first turned
irto the city mains., The aquality of the water was much better than that of
the water from the original wells and from deeper wells drilleé more recently
in the Salt River valley.

During the summer of 1922, when the water table declined ag a result of
a cecline in river stage, it became evident that the gallery as installed
would not supply enough water. Later in the same year an additional 576 feet
of pive, 00 inches in diameter, was laid. Apparently the supply was still

inadeouate, for in 1924 an additional 145 feet of 36-inck pipe was added to
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the uover end of the gallery and extended toward the west bank of the Verde
River, This met only a part of the need for more water, and a further
effort to increase the supply was made by diverting a portion of the flow
of the river against the west bank. This afforded a greater recharge area,
nearer the gallery, and infiltration was materially increased. However,
the system still had a decreased and lnadequate discharge during the summer
months, and additlonal recharge was sought by pumping water from the river
into a shallow surface basin dug adjacent to the gallery. Moss and algae
were so effective in sealing up the sand and gravel on the bottom and sides
of the basin that the 1dez was abandoned.

About 1927 the need for additional water led to the drilling of four
wells, south of the lower end of the open-joint section of the infiltration
gallery in the area now known as the uoper well fleld. These wells were
good producers, They discharged into the closed section of the 60-inch
pive. The back pressure on the gallery, thus produced, necessitated the
construction of a sump and the installation of a booster pump to raise the
water at the lower end of the open~joint section. This arrangement is
sti1ll in use today. About 1930 additional wells were drilled two and a
half to three miles south of the four drilled in 1227, in the area now
known as the lower well field. These wells dicd not have capacities as
large as the original four, but they added materially to the production of
the Verde installations., About 1940 two additional wells were drilled on
the flood vlain of the Verde River east and north of the four original
wells. One of these (city well 5) venetrated a fairly thick section of
saturated gravel and is a good producer. The other (city well 6) was not
so productive, but was sufficlently productive to warrant the installation

of a pump. At about the same time city wells 12 and 13 were drilled in
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the lower well field, and although not varticularly good producers they
helved to relieve the load during the sumrmer months. Several test wells,
all unsuccessful, were drilled downstream from the present lower well
field., This was the last development work up to the present time. Table 2
shows the logs of some of the wells drilled by the City of Phoenix.

Reinforced concrete pire extends from the infiltration gallery and the
two well fields to the detritor., The detritor, as its name implies, was
built to remove materials carried in suspension in the well water. It
consists orincivally of a settling basin that may be emptied periodically.
The seven b-foot sharp-crested rectangular weirs form a convenient means of
measuring the combined flow of water from the Verde installations. A water-
level recorder is now maintained in the settlement basin and gives a con-
timious record of discharge. Flow from the detritor to the city's
reservoirs, which have a combined capvacity of 35 million gallons, is by
gravity through a pipe-line and two tunnels. Chlorination and ammoniation
are controlled antomatically by apparatus housed at municipal well 1.

Power is furnished to tte electric motors on the pumps by the Salt
River Valley Water Users Association through a high-voltage transmission

line.

Construction of Bartlett Dam and its effect on the regimen of the Verde River

Bartlett Dam, completed in 1939, is on the Verde River about 15 miles
uostream from the Phoenix gallery and wells. The dam was bullt primarily to
store flood waters for release to trhe Salt River Valley Water Users
Association for irrigation, Release of water from the reservoir is
syncnronizec with tre needs ¢f the Association and with the amount of water
being released on the Salt River system for both power nroduction and

irrigation. Consequently there is little uniformity in the rate of dis-



Table 2.
Thickness Depth
(feet) (feet)
Log of well 12
Dick Robbins, owner., NE:
sec. 29, T, 4 N,, R, 6 E,
Wash material - - = = = = 10 10
Conzlomerate,
provably caliche - - - - 186 195
Log of well 52
City of Phoenix well 5,SWi
sec. {, T. 3 N,, R. T E.
Loose gravel, boulders- - 7 7
Fine sand - = = = = = = ~ 3 10
Large boulders - - = = = 2 12
Larze boulders =- - - - - 4o 52
flay = = = = = = = = = = 1 53
Coarse gravel = = = = = - 1 54
Sandy brown clay - - - - 18 72
Log of well 55
City of Phoenix well 4,SW3
sec. 7, T. 3 N., R. T E,
Sandy silt- - = = = = - = 18 18
Coarse gravel, boulders 47 65
Clay, 4Ty = = = = = = = = 178 2u3
Log of well /7
City of Phoenix well 3,SWi
sec. 7, T. 3 ¥., R. TE.
Sandy 8ilt = = = = - - - 15 15
Coarse gravel, boulders - Ll 56
Clay = = = = = = = = - - 10 66
Loz of well 58
City of Phoenix well 2,5W:
sec. 7, T. 3 N., R, T E,
Sandy gilt - = = = = = = 9 9
Boulders = = = = = = = = ) 15
Boulders ané coarse gravel 25 Lo
Clay = - - == - == -~ S L9
Loz of well 59
City of Phoenix well 6,SE3
sec, 7, T. 3 N,, R, TE.
Sand, gravel, and boulders 28 28
Clay = = = = = = = = = = 687 715

Well logs, Lower Verde River Valley, Maricova County, Arizona
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Thickness Depth

{feet) (feet)
Log of well 62
City of Phoenix well 1,NW}
sec.18, T. 3 N., R. 7 E.
Sandy silt = = = = = - = 9 9
Fine sand, silt = - - - 6 15
Coarse gravel, boulders- 22 37
Coarse gravel =- = - - - 10 47
Clay -~ = = = = = = = = = b1 108
Log of well 77
City of Phoenix well 7,NE}
sec. 19, T. 3 N., R. T E.
Silt = = = = = = = = = = 12 12
flay = = = = = = = = = = 4 16
Coarse gravel, boulders 29 u5
Clay = = = - = = = = = = 17 62
Log of well 8U4
City of Phoenix well 8,SW%
sec. 19, T. 3 K., R T E,
Sand, gravel - - - - - = 12 12
Gravel, boulders = = - = 36 Lg
Clay = = = = = = = = = = 14 62
Loz of well 85
City of Phoenix well 13,SE}
sec. 19, T, 3 N., R. T E.
Silt, sand, and gravel - g g
Gravel and boulders,
slightly cemented - - - 23 31
Dry clay = = = = = = = = o4 55
Log of well 96
City of Phoenix well 12,NE}
sec. 30, T. 3 N., R. 7T E,
Sand and silt - - - - - - 3 3
Coarse gravel, boulders - 27 30
Fine grained clay, dry - 53 g3
Log of well 103
City of Phoenix Detritor
test well, NE% sec. 30,
T. 3 N., R. 7T E,
Boulders and gravel - - - 9 9
Large boulders and gravel 20 29
Clay, red with white
strealtg8 = = = - - - - = = 32 61
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Table 2. Well logs, Lower Verde River Valley, Maricova County, aArizona - Cont.

Thickness Depth
(feet) (feet)

Log of well 105
City of Phoenix well 9, NW}
sec. 30, T. 3 X., R, 7 E,

Sandy wash material - - - - 1§ 15
Fine sand = = = = = = = = = 1 16
Coarse gravel, boulders - - 31 47
Clay = = = = = = = = = = = = 18 65

Log of well 106
City of Phoenix well 11, Nwi
sec. 30, T. 3 N., R. T E,

Silt and clay = = = = = = - - 14 14
Gravel and boulders — - - = - 26 ko
Clay - = - - - - - - - -~ - 25 65

Log of well 114
Dick Robbins, owner, SWi
sec. 10, T. 3 X., R, 6 E,
Wagh material - = - = - - - 27 27
Clay, streaks of dry sand - 303 330
Cemented boulders, water
bearing - - - = - = - - - 55 385
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charge from Bartlett Reservoir (see fig. 1), but it is usually emptied
sonetime between July 1 and September 15, When the reservoir is emptied,
the silt deposits in it are exposed to erosion by the river. Occasionally
the operating officials, in order to prevent the flood gates from being
buried, have sluiced out the silt by vlaying a jet of water on the deposits
from & barge eguipped with pumps. Thus, each year large quantities of silt
are removed from the reservoir during the period of low flow (see fig. 2),
and because of the low velocity of the water this silt is deposited in the
channel downstream from the dam (see pl. 5). These silt deposits, as shown
later, are highly effective in sealing up the pore spaces in the river gravels,
In the reach of the Verde from Bartlett Dam to the junction with the Salt
River the channel is characterized during low flow by a series of pools and
rapids, The raplds are relatively short when compared with the pools. The
pools range in length from 200 feet to more than a quarter of a mile.
Although the average gradient of the river in the vicinity of the well
fields is about 15 feet per mile, deposits of silt up to eight inches in
thickness were observed during September and October 194l (see pl. 3).

The thickest deposits were, of course, in the pools and the thinnest were in
the rapids (see pl. 4). Because the surface flow is regulated, the low flows
with high suspended silt loads may last for several weelks each year. Under
natural conditlions, before tne erection of the dam, the silt load, though
high during floods, was not as constant and the high velocities of the flood

waters impeded silt devosition in the channel,
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Silting of the channel may be decreased a few years hence if Horse-
shoe Dam, now heing constructed a few miles upstream, reduces silt denosi-
tion in Bartlett Reservoir, The effect will be delsyed, however, owing to
the large amount of silt now stored in Bartlett Reservoir,

Exceot for the silt problem, the regulztory effects of the two
reservoirs on the Verde River would be beneficial as far as recharge of the
river zravels is concerned. ZEven under favorable recharge conditions, as
showvn later, the natural flow of the Verde River would be insuffiecient during
low flows to recharge the river gravels at a rate equal to the discharge of
the city wells. If, however, flood waters stored in the reservoirs were
released during the period of low flow, recharge to the river gravels would
be increased.

Recharge and discharge of ground water

Source anc movenent within the valley.~The Verde River from Camp Creek

to the junction with the Salt River is usually an effluent or zaining
stream, excent in the immediate vizinity of the Phoenix well fields. In
otner words, the Verde River receives a part of the water whica falls as
rain ¢r snow oxn the terraces and mountain areas east znd west of the river.
This contribution of water consists of underflow from some of the larger
wasnes end water that percolates throusn the crevices of rocks and vorous
sanis and gravels to the saturated zone near the river in the stretcnes
deiwreen the washes, The effluent condition of tne river is shown in
fizure %, which indicates the position of the water-table contours on

Hovember 11, 1044, after a veriod of very low flow in the Verde River,
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Within the cone of deoression of the well fields the river is influent,
that is, it contributes water to the river gravels, During favorable re-
charge conditions when silting is at a minimum, the cone of devression is
relatively small and the water table is, for the most part, in contact with
the river. When the silt is of maximum thickness and extent the cone of
devression is relatively large and the water in the river is nerched with
respect to the water table. Infiltration from the river then produces a
greund-water ridge. This condition is illustrated in figure 5.

The ground-water inventory.-In defining the term "ground-water inventory"

Tolman‘/ states:

~ Tolman, C. F., Ground water, MeGraw Hill Book Co., Inc., p. 467, 1937.

WThe ultimate goal of quantitative hydrologic measurements
is to determine additions of water to the grounde-water reservoir
of the area under investigation from all sources (ground water
increment) and discharge of every kind from the ground water body,
(ground water decrement). The valancing of one against the other
is called the ground water inventory."

Inasmuch as measurements indicate that the various factors of the ground-
water inventory fluctuate from year to year and month to month, it is advisable
that trial balances for a short veriod be used. Cnly short-period trial
balances could De obtained on account of the large and irregular releases of
water from Bartlett Reservoir, the orizcival source of recharge to the Verde
River gravels, Cnly the zart of the valler from Sycamore staff gage to the
Detritor staff gace (see pl. 1) was sed Decususe all recharge to aquifers

suoplying the municinal wells occurs in tnis area.
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Two unknown auantities in the pumpage inventory - evapo-transriration
and water contributed by the mountaln areas - affect the ground-water
reservoir, However, their effects would be relatively small and in opvosite
directions, and hence would not materially affect the values of the
inventory. The difference in channel storage at the beginning and end of
each period was small and was also neglected.

Surface flows in rivers or streams cannot be measured, even under
excellent conditions, with an accuracy greater than 3 vercent. Thus with a
flow of. 1,000 cubic feet ver second it was not vossible to measure the losses
bty seevage with an accuracy greater than 30 cubvic feetpnfsecond, which 1s
approximately the maximum estimated rate of recharge to the Verde River
gravels., Reliable measurements of recharge, therefore, could be made only
during veriods of low flow. Fortunately, two veriods of low, reguilated flow
occurred during the investigation. The first veriod of low flow was in
July 1944 and covered a meriod of four days. The second was in November 194k
and lasted 14 days. Seepage measurements were made during these two periods
ané are discussed in detail in later paragraphs,

Because the cross-cectional areas and gradients are about the same, the
underflow vassing Sycamore staff gage is estimated to be equal to that
vassing Detritor staff gage, and the water equation for the reach between
tre two staff gages may then be written: recharze (from surface flow of
the Verde River) ecuals water pumped, vlus or minus the change in storace.
Tre change in storzge equals the volume of material unwatered or saturated

multinlieéd b the average specific yiell of the material.



For the veriod July 28 to 31, 19Ll, inclusive:
Surfzce flow passing Sycamore staff gage 329.5 acre-feet
Surface flow vasgsing Detritor staff gage 131.5 acre-feet

Difference, or amount available for recharge

to river gravels 198.0 acre-feet
Pumped from upper and lower well fields 287.1 acre-feet
Difference, or amount derived from storage 859.1 acre-feet

Tre city welle had been numpeé continmuously for severzl weeks before
the beginning of both the U-day anc the ll-day tests, so that the cone of
depression was well established (see fig, 3). Measurements made on wells
within the cone during each of these periods indicated the amount of material
unwatered between the two cones, tke original one, and the new (larger) one
formed during the tests. From these measurements it was noted that during
the Y-day test the new cone was deever than the original one by a layer
0.5Y4 foot thick, that is, it deepened at the rate of 0.135 foot per day.
Projecting the area between the cones to a horizontal plane, it was estimated
that the change in water level covered an area avproximately 5,600 feet long
and 4,350 feet wide. Comnuting this area in acres and multiolyineg by the
total change in water level, the average svecific yield of the material was
computed as follows: Area unwatered (1,110 acres) times average change in
water level (0.54 foot) eauals 603 acre-feet of material unwatered,

33.1 acre-feet of water drawn from storage

. = -
o003 acre-feet of material unwatered 1-.8 vercent, average

specific yield of
material unwatered,.
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Tnis figure is comparable to the svecific yields obtained by tank tests

described later in this report and with results obtained in other areas™ ,

-/

Turner, S. F., and others, Water resources of Safford and Duncan-Virden
Valleys, Arizona and New Mexico: U. S, Geol. Survey (mimeographed). . 27
and table 22, Oct. 13, 1941,

Turner, S. F., and Robinson, T. W., A laboratory method for determining
the physical vroverties of unconsolidated material, with special reference
to specific yield; U, S. Geol. Survey, report in premaration.

Eckis, Rollin, Geology and ground-water storage capacity of valley fill,
South Coastal Basin investigation! California Division of Water
Resources, Bull, U5, pp. 85-9L, 1934,

A secord and longer perioc of small and relatively constant flow in the
Verde River afforded an ovportunity for another determination. For the

period October 31 to November 1%, 1QUL, inclusive:

Surface flow passing Sycamore staff gage 362,1 acre-feet
Surface flow passing Detritor staff gage 147.5 acre-feet
Difference, or amount available to recharge

river gravels 2/{4.6 acre-feet
Pumped from upper and lower well fields 518.9 acre-feet
Difference, or amount derived from storage 3C4.3 acre-feet

Measurements of water level in observation wells indicated an average
decline of 0.065 foot per day or a total of 0.91 foot during this period.
The area affected was aporoximately 4,250 feet wide and 26,400 feet long,
vlus an area estimated as 320 acres near the Junction of Sycamore Creek with
the Verce River, or a total of 2,900 acres. Multivlying this by the total
change in water level, the average svecific yleld of the materials was com-
ruted as follows: 2,960 x 0.91% 2,700 acre-feet material unwatered,

UsL,3 acre-feet of water drawn from storage

2,700 acre-feet of materizl unwatered = 13.5 per cent svecific
yield

This is a reasonable check on the result during the first vperiod.
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Underflow.-The coefficient of vermeability (Pm), as used in the
hydrologic work of the Geological Survey, is expressed as the rate of flow

o}
of water at 60 F., in gallons a day, through a cross section of one square

foot under unit hydraulic gradient. For field use the coefficient of
nermeability (Pf) is expressed as the rate of flow in gallons a day, through
each foot of thickness of water-bearing material in a width of one mile,

for each foot per mile of hydraulic gradient., In a section of the Verde
River, above the upper well field at Sycamore staff gag;. underflow of the
shallow agquifers may be comvputed as follows:

Q=Pf x S x A (by definition)

Pf= 7,500 gallons mer day per square foot (determined by vumping tests
described later in this report)

Q -~ discharge, gallons per day

S = hydranlic gradient, in feet pver mile=15

A mcross-sectional area (average thickness of 25 feet x average width of
0.82% mile, based on geophysical probes and
well logs)

2=7,500 x 15 x 25 x 0.825= 2,320,000 gallons per day, or 3.0 second-

feet., Similarly, the underflow of the Verde River at Mount McDowell, near

the Richens staff gage, may be computed. 3Borings revorted by Willis T, Lee—/

" Lee, Willis T., ov. cit., p. 101,

show a maximum depth to bedrock of about 90 feet below the stream bed. The
width is about 0.25 mile, the average thickness of saturated material is
estimated to be 60 feet, the hydraulic gradiert is about 15 feet ver mile,
and the coefficient of vermeability is 6,400 gallons ver day per souare foot,
as determined by pumping tests described later, From the above the underflow

leaving the valley is comouted as 2.2 cubic feet a second. These comoutations
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indicate that the capacity of the lower section at the existing gradient is
1.4 cubic feet per second leés than that of the upper section. It is
believed trat the cross-sectioral area of the river gravels remeins nearly
the same from the Sycamore staff gage to the Detritor staff gage, dut the
chanrel narrows below the latter. This constriction in cross-sectional area
forces a part of the underflow to the surface tetween the Detritor and
Richens staff gages. The average increase in surface flow from the Detritor
staff gage tc the Richens staff gage, determined by 1% measurements, was
1.0 cubic foot per second. This checks as closely as could be expected with

the computatlons of the underflow.

Recharge to the valley alluvium from mountainous areas and terraces

bordering the valley.-That water occurs ir the interstices of the sand and

gravel devocits lying along the base of the McDowell and Mazatzal Ranges 1s
evidenced by several wells that supply water for livestock. The surface
runoff from the mountainous areas is rapid, owing to the relatively steep
slones and the large areas of barren rock exposed. However, a part of this
runoff and some of the rainfall finds its way into the coarse stream-laid
deposits near the mountains and in the beds of the larger washes and
nercolates downward until it reacihes impermeable beds of rock or clay.
Thence, it percolates toward the river with a zgradient less than that of the
lzand surface, so that the depth to water in wells near the river is lese than
hat in wells near the mountains. In some areas water becomes nerched above
an imvervious stratum and travels alonz the stratum until it is a2btle to move
downward to the maln water table or issues at the surface as a seem or srring,

like the Williams Soring near the river, Undoudtedly a vart of thls
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vercolating water recharges the river gravels, and foras a part of the
nnderflow of the Verde River. However, such recharge is not believed to
constitnte an important source of water fcr the aquifers tapned by the

nresent city wells,

Seepage measurements.-During this investization only two oeriods

occurred when the river flow was constant and low enough for runs of seenage
measurements to have any significance, These flows came at times of
approximate maximum and minimum silt deposition, respectively. The first
neriod was of short duration (July 28-31, 1944) and occurred when practically
all the silt devosits of the preceding year had been carried downstrean,

Tne second neriod, coming after the pealr silt discharge, showed how the silt
retarded recharge to the aquifers supplying the city wells. During the runs
of seepage measurement the mechanism of silt deposition and removal, anéd the
effect on recharge, were studied in detail,

Staff gages were installed on the Verde River near the site of the o0ld
gacing station of the Geological Survey at the mouth of Camp Creek, at the
mouth of Sycamore Creek, in the vicinity of the old Richens valve about
0.8 mile above the junction of the Salt and Verde Rivers, and near the
detritor (pl. 1). Ourrent-meter measurements were made at these points at
various gage helghts so tzat the relations between discharge and stage of
the river could be deterzined, The gains or losses in surface flow in the
reaches between the staff gages are shown in table 3. The measurements made
in July 1944 at the old Geological Survey gaging station and the Sycamore
staff gage show the depletion of bank and channel storare under natural
conditions following a decrease in stage of the Verde River., This reach,
anvroximnately 11 miles in length, is outside the influence of the Phoenix

well fields, On July 28, 19U, the measurements showed a gain of 12,0



Table 3. Runs cf seenage measurements on the Verde River

Trom abandoned Geologlical Survey gaging station
near Camp Creek to Sycamore staff gage, 11 mileg

Flow at Loss (-) Average Per cent

Date uvvper or tempera~ lost
194k station gain ()  ture corrected
sec.-ft. sec.-ft. Oy to 60°F

July 28 U434 412.0 - -
July 29 44 8 410.8 76 -
July 30 Uu3.8 410.7 76 -
July 31 U48.6 - 1.3 75 2.03
Oct. 31  0.30 415.9 - -
Nov. 2 0.20 41u4.8 - -
Nov, 6 5.4 49.2 - -
Nov. 9
-and 10 3.2 4 7.4 - -
Nov. 12 1.7 # 9.2 - -
Yov, 13 - - - -
Nov. 15 = - - -
Nov, 17 - - - -
Yov, 18 lo.k 4 1.7 58.5 -
N¥ov. 22 L43.5 4 3.3 56.5 -
Nov. 25 U45.8 4 L7 - -
Nov, 30 - - - -
Dec. 5

and 6 48,4 4 2.9 50.0 -
From Sycamore staff gage to Detritor staff gage, 4.7 miles
July 28 55.4 -31,32 80 43,6
July 29 55.6 - - -
July 30 54,5 -33,2 77 Lg.8
July 31 U7.3 -28.2 g1.5 43,8
Oct. 31 16.2 -9,7 75 g 2
Nov. 2 15.0 -190.0 73.5 50.6
Nov. 6 1L,b - 7.8 63 51,4
Fov., 9

and 10 10,6 - 5.2 63.5 £5.5
Wov., 12 10.9 - 8.2 60 75
Nov, 13 11.8 - 7.5 57 56.4
Nov., 15 32.5 -20.0 60 38.5
Nov. 17 k2.8 -21.3 56.5 52.3
Nov., 18 42,1 -20.o 57 53.5
Nov, 22 U4b,.8 -20.0 58.5 43,6
Nov, 25 50.5 -1k, L 4o 33.6
Nov. 30 52.2 - - -
Dec. 5

and 6 51.3 -11.1 51 22.3
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Table 3, Runs of seenage measurements on the Verde River - Cont.

From Detritor staff gage to Richens staff gage, 0.7 miles

Flow at Loss (=) Average Per cent

Date upper or tempera~ lost
194y station gain (4)  ture corrected
gsec,~ft, sec.=-ft. °F to 60°F

July 28 2.1 4 2.3 - -
July 29 - - - -
July 30 21.3 41.3 87.5 -
July 31 19.1 4 0.3 - -
Oct. 31 6.5 - 0.5 75 6.3
Nov. 2 L.9 41.2 - -
Nov. 6 6.8 4 L.0 - -
Nov. 9

and 10 4.4 40.8 - -
Nov, 12 2.7 4 0.9 - -
Nov, 13 4.3 41.2 57 -
Nov. 15 12.5 41.3 £0.5 -
Nov, 17 21.5 4 0.9 55.5 -
Nov, 18 21.5 # 3.0 57.5 -
Nov, 22 26.8 4 0.9 59.5 -
Nov, 25 36.1 - 0.5 4g.5 1.65
Nov, 30 - - -

Dec., 5

and 6 40,2 - 0.3 51.5 0.85

Note: Staff gage near abandoned Geological Survey
gaging station is about one-guarter mile below mouth

of Camp Creek. Sycamore staff gage is about 900 feet
above City of Phoenix brush diversion dam and southeast
of Fort McDowell. Detritor staff gage is 1,700 feet
gsoutheast of Detritor near point where two channels of
Verde join. Richene staff gagze is about 1.2 miles
below Tetritor,



46

cubic feet per second, but this decreased vrogressively until on July 31

the measurements showed a loss of 1.2 cubic feet per second. These measure-
ments were made during a period of high transpiration by nhreatophytes
(water-loving plants) and the transpiration probably caused the loss ¢n

July 31. Measurements made from October 31 to December o showed a consistent
gain in the same reach, transpiration being at a minimum during this time.
The river is normally effluent throughout this reach of the channel, but for
several hours each day during the summer it probably becomes influent to a
slizht extent in response to use of water by vhreatovhytes. After the flow
of the river was completely shut off at Bartlett Dam on Cctober 31, there
was a gradual unwatering of the saturated materials in and near the river
channel, Water from this source is usually called bank storage, The water
from bank storage, together with the water pvercolating in from the sides of
the valley, as discussed earlier in the revort, caused surface flow below
Bartlett Dam. The flow began at a point some distance below the dam, and
this point moved vprogressively downstream as the unwatering continued.

There was always a small flow at the Sycamore staff gage above the well
fields.

Measurements made at the Detritor staff gage below “he well fields
consistently showed flows less than those at the Sycamore staff gage, the
loss representing recharge to the aquifers that supnly tne municipal wells.,
The nercentage lost from the total flow vassing the Sycanore staff gage
during seevage measurements made in July and those made in November cannot
ve compared, because the increase in wetted area is not in direct vrovortion
to tne increase in flow. Czly during veriods of equal flow at the Sycamore
staff gage did the comparison of losses in flow have any significance.
Tortunately there were two meriods (July 2% and December 1-4, 19ULlL), when

the flows massing the Sycamore staff zage were nearly eguzl, During the
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first neriod the effect of the silt deposited during the rrevious year had
nractically disavpeared and was considered to be at a minimum for tane year;
during the second neriodl the effect of silt deposition was nearly at a
marximum, as the heaviest silt loads occurred during Sentember and October.
Because the first veriod renmresents the minimum silted condition and the
second veriod revresents the maximum, they may then be compared directly.

On July 28, 1944, 31,3 cubic feet ver second was lost from a total flow of
55,4 cubic feet ver second passing the Sycamore staff gage, or a loss of
S6.% vercent. On December 1, 2, and 3, 19U, about 53 cubic feet ver second
vassed the Sycamore staff gage, and an average of 11,4 cubic feet ver second
was contributed to recharge or 21.6 =ercent. Thus the percentage lost to
recharge on July 28, with minimum silting effect, was avproximately 26
vercent as great as during the first three days of December with maximum
silting effect. When the recharge at both times is corrected to a water

o . . . . .
temerature of 60 F., as in table 3, the difference is not so marked,

Figure 6 shows graphically, plotted against time in days, (1) flow
nassing Sycamore staff gage, in cublc feet ner second, (2) average rate of
nroduction from the well fields, frox both the wells and the infiltration
galléry in cubie feet per second, and (%) the average rate of recharge from
the river to the souifers that susnly the wells, in cubic feet ver second.
From the graphs it is evident that during about three-cuarters of the veriod
shown the rate of recharge from the river was less than tice witndrawal fronm
the well fields, Thus, even under trme best recharge condltions, a flow of
B® cubic feet ver second at the Sycamore stafi gage will not result in
sufficient recharge to sunnly all tre present municipal wells. It was not
vossible, vecause of the manner in which the {flow of tne river was regulated,
to determine the minimum flow necessary, under the best recharge conditions,

municivpal
to suopnly the aquifers with water as fast as the vresent/wells could withdraw
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it However, it is estimated that a minimum flow of at least 100 cubic feet

Ve
ner second would be required.

Devosition and pereistence of silt,~The mechanism of silt deoosition and

renoval oroved to be very significant., The writers observed the following
conditions in the flood plain and river channel while making stream measure-
ments, but coubted thelr significance until supvorting evidence was obtained
bv vlotting the data:

The flood gates at Bartlett Dam are usually opened just before the
reservoir is completely empnty, thus providing enough velocity to remove part
of the silt. The silt load initially is extremely heavy and declines with
the rate of discharge. S1lt deposition begirs along the entire length of the
cr.annel in the pools and near the banks of the stresm where the velocity is
low, and continues as the wetted perimeter becomes progressively smaller,
The silt devosits are highly effective in sealing up the pore svaces of the
river gravels near the surface, but there is no evidence to indicate that
the silt nenetrates the gravele very deeply. The growth of moss ané algae
in the channel also acts to retard infiltration, esvecially in the rapids
where the silt deposits are at a minimum., Section AA' of figure U4 shows the

water
relation between the rapids and pools and theftable,

An infiltration test made on June 27, 19Uk, in a 1,200-foot stretch of
the city's fiversion channel just above municinal wells 5 and 6, with
minimm siltine effect, showed an infiltration rate of 2.02 feet over the
wetted zres in Sl nours, Another test made in tie same reach of channel on
Cctoter 1%, 194, with maximum silting effect, showed no measurable loss out

of a flow of 1% cubic feet ver second, The channel contained no ranids and

vrobably received somewhat more ellt than ¢ic the mairn channel,
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¥hen the river stage is gradually increased, the dried cilt is nrought
vack into susmension, If the river stage falls again vefore removal of silt
from the channel has been commleted, redevosition occurs in the same manner
as before., If the river stage continues to rise, tze silt denosit will be
carrieé downstream. However, during the fall of 19LL, about three montas
after the peak of the silt load had vassed, three to four inches of silt
still remained in the shallow water near the river banxs., Thus, because of
the sealing action of the silt, voth the actusl amount of recharge and the
percentage of surface flow going to recharge decreased as the river stage
increased, This is shown graphically in figure 5. It shows that, at
least for some time after an increase in flow, recharge is decreased, but
as the silt is gradually washed downstream, recharge tends to increase.

A part of the decrease in recharge noted in tne latter rart of November
was due to the cooling of the river water.

Discharge of the Verde River below Bartlett Dam was such that it was
imvossible to study the vergistence of silting in detzil., No sealirg that
could be considered permanent was observed in tne crarnel durirng this
investigation, as the high flows during tne s»ring of 1945 removed
nractically all silt devosited during the season of 13U, Some denosits
were ovDserved and vhotographed that, originally, exceeced eight inches in
thickness (see pl. 3), but these were ulmost comvnletely removed by the
river before the sumrer of 19Uu5,

It is telieved that seevage measurements mede over & neriod of years
wvould shnow wnether silting is producing vermanent harzful effects on the
reciharge., Tnese should be made under commareble concitiorne eaci vear,

after the veak silt load had nassed and at the sane stzge of the river,
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artificial recharge.-aArtificial recharge has been nracticed successfully

in the United States since about 1889—/, In recent years probably the

7

Tolman, C. F., op. cit., ». 174,

greatest development has been in California wrnere intensive cultivation and
the intermittent nature of the surface-water cunply have led to larze-scale
uge of ground-water storage. As much as 500 cubic feet ver second nas been
diverted in the umwver nart of the Santa Ana River alluvial cone and
succesefully fed to the underground reservoir by spreading the water in open

ditches cut in highly permeable material. More recently Guyton—/ has

~ Guyton, W. F., Devleted wells at Louisville recharged with city water:
Water Works Engineering, vol. , No. v D. , Jan, 10, 19u5s,

described the successful use of filtered and treateé surface water to
recharge a depleted ground-water reservoir through wells. This method, of
course, is not feasible for use on the Verce system of the City of Phoenix,
During veriods of high silt loads in the river no method of artificial
recrharging could be successful. However, wkien the river is relatively free
from silt artificial methods have been and are being used by the city, and
are at least vartially successful. These methods consist of diverting a
nortion of the river flow into an artificial charnel on the west side of
the flood vlein near tze welles, This vractice not ozly increases the area
of infiltration but shortens the distonce which tre water must trevel after
leaving the river in crder to reach the wells,

The »resent nractice could be improved by shutting off, at the diversion
gates, water carrying high suspended silt loads, thus allowing only water

relatively free of silt to flow through the artificial channel. The vperiod




51

of high silt loads is relatively short, and by careful observation of the
quantity of =ilt carried by the stream the time to open and close the
diversion gates could be determined. This would vrevent any apnreciable
cealing of the river gravels in the diversion channel, so that during
veriods of clear water and low flow in the river the recharge would be con-
sideratly greater than at present. This is the time when the extra recharge
is needed most. It is the low steady flows vassing over the silt deposits
tnat furnish the least recharge. At this time the velocity of the water is
too small to remove the silt, and these flows should be diverted into clean
artificial channels. This method should also be avplied to any additional
well fields that are developed.

Scarifying the diversion cnannel, as practiced by the City of Phoenix
some years ago, probably is not beneficial in the long run although it may
vrovide a temporary increase in recharge. The scarifying action increases
the depth of penetration of the clay and silt in surface layers of the
infiltration beds by mixing the firne materials with the underlying sand and
gravel, and thus eventually reduces the amount of water venetrating them.
The veloclty reaquirec for removal of these deep deposits of silt would be
severzl times as sreat as that reouired for removal of silt devosits on
undisturved river gravels.

Svaporation and transviration.-Evaporation occurs from the lower vart

of trhe flood channel of the Verde River in which the cavillary fringe
extends to the surface, and from the water surface of the stream. This
stream channel area is —ractically barren of vegetatiorn. However, in most
vlaces the flood vlain is covered with a dense growth of phreatoohytes,

which transpire large cuantities of water. The vnrincipal phreatovhyte in
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the valley is mesguite, and there are small areas of cottoanwood, willow,

ani baccharis. Phreatophytes are defined by Meinzer—' ag:

*leinzer, G, B., Plants as indicators of ground water: U. S. Geol. Survey
Water-Suprvly Paner 577, p. 1, 1927.

%, . . nlants that habitually grow where they can send their

roots down to the water table or to tne capillary fringe

immediately overlying the water tatle and are thus able to obtain

a perennial and secure supply of water."

For the purpose of this discussion consumptive water use or evapo-
transpiration by phreatophytes may be defined to include the sum of the
moisture lost to the atmosphere by transpiration of §hreatophytes. by
evanoration from free water surfaces em surrounding the plants anéd from
rainérops or dew on the plants, and by evaporation from wetted soil surfaces
that are within the capillary fringe of the water table in the phreatophyte
area. No attempt was made to measure evano-transviration in the Lower
Verce River valley directly by measurement of water-table fluctuations or

other methods. Figures for consumptive use determined in the investigation

by Turner and 0ther9~/in the Safford Valley are assumed to apnly to the

Terner, S. F. and others, op. cit., ». 11,

Verde Valley, because the two valleys have a similar climate, The nhreato-
vhyte area of the Verde River flood nlain frox Bartlett Dz: to the junction
witrz the Salt River was found by measurements of aerial ophotogravhs to be
aporcximately 18,300 acres. Because the area cccuried by phreatonhytes
oter than mesqulite was ouite small the entire zrez was considered as

ocecrrled by mescuite, The density of zrowth, zs used in computations



/

devised Dy Turner and others—' | was estimated to be about 50 percent,

- Turner, S. F., and others, op. cit.

According to the Safford Valley dute, the anmual consumptive use for 100
percent growth density is 2,4 feet. Adding the vrecivitation during the
growing geason, which was 0.135 foot at Fort cDowell, this gives a total of
2.585 feet for 100 percent density. Using 50 perceant density the consumptive
use is 2.4 4 ,185 feet times 18,800 or 25,000 acre-feet, or an average of
about h,goo acre-feet per montz during the growing season, This accounts

for a congiderable vart of the losses, reported by the Salt River Valley
Water Users Assoclation, from water released at Bartlett Dam before it
reaches Granite Reef Dam,

Cones of depression.-When water is discharged from a well the water

table(viezometric surface in an artesian area)is lowered in the vicinity of
the well, This causes water to flow toward the discharging well at a rate
ecual to the rate of discharge. If the cavacity of the ascuifer to transmit
water is less than the rate of discharze, the drawdown will lncrease and the
difference in the guantity pumped and the rate of flow toward the well will
be derived from storage. The line of intersention between a vertical plane
passing through the axis of the well and the water table or niezonetric
siirface is known as the drawdown curve and roughly avoroximates the shane
of an inverted cone. Hence the rame "cone of denression' is used to denote
trnat nart of the water table or piezometric surface which lies within the
area of influence »f the discharging well., 4all discharging wells derive a
quansity of water from storage until the cone of depression reaches

erullibrium, The ratio of the amount of water drained to the volume of

material unwatered is called the svecific yield, stated as a vercentage of
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the voluae, Theie—/ vrefers the term "coefficient of storage' which he

-

Trels, C. V., Personal communication, 1940.

defines as:

"The quantity of water in cubic feet that is discharged from
each vertical vprism of the aguifer with basal area equal to
one sguare foot and height egual to that of the aguifer when
the water level falls one foot."

Theis further states:

"For non-artesian aguifers this concert is closely akin to
that of specific yield and ..... computations of its value
seem to be in agreement with those determined for specific
yield, TFor artesian aquifers, the concept is related to
the compressibility of the aquifer and the value of the co-
efficlent is of a smaller order of magnitude than that for
non-artesian wells,"

In the vresent investigation the extent of the cone of depression was
of orimary lmportance in determining the mutual interference of the vresent
wells and prover spacing for any new wells., Water-level measurements on the
city's well 4, (No. 55 on vlate 1) indicated a drop of about 20.0 feet from
Sentember 12, 1944 to November 13, 1944, On the latter date the cone of
denression of the uvper well field reached a noint of maximum areal extent
as indicated by measurements of water level in wells and in test pits along
the stream, Upstream it reached to the city's brush dam which diverts water
to the west side of the channel (see vl. 1), or atout 3,000 feet above the
city's well 4, Downstream it extended to a point which intersected the cone
nroduced by municival well 7 (No. 77 on pl. 1), Lixewise the cone of well 7
then intersected, in a downstream direction, the cone produced by the wells
in the lower well field, The downstreum extremity of the cone of the lower
well field extended to test pit 94, which is due east of the detritor or

almost 1,000 feet downstream from the nearest pumping well in the lower well

field,



The areal extent of the cones of devression were deternined by water
level measurements made in many test pits and wells described in this renors,
These measurements indicate that the above described linits are nrobadly a
maximum and only occur in extremely unfavorable recharge condiitions, Measure-
ments made during a oumping test on municival well 4 (No., 55 on vl. 1) in
Jamary 19U5 under favorable recharge conditiosns and with all other wells in
the upver well fileld shut off, indicate an area of influence of about 1,000-
foot radius. The area of influence would undoubtedly have had = much greater
areal extent 1f all wells had been pumming as they were during the November

measurements,

Mutual interference of wells.~Two interference tests were attemoted in

the lower well field, one on June lu=15, 19UL, the other on February 510,
1945, During the first test municival well 2, (No. 105 on pl. 1) was
operated continuously for two days, but since no uniformity was detected in
the well measurements, the test was stooned., It is thought that the water
table had not yet flattened out from previous pumping when the test was
started, Another test was made later, under relatively favorable recharge
conditione, and more uniform trends were noted. Municipal well 10

(¥o. 99 on pl. 1) was overated from February 5-19, 1945, Table Y4, below,
snows tne interference with a well (Wo. 105) about 200 feet distant and a
well (o, 102) about 40O feet distant. Measurements of the other wells
iniicated the same general trend as the ones shown in the table., Taose
farthest from the pumved well showed least effect. all of the wells nhad not
been numved for some time before the test was started and a uniform rise of
from 0.13 foot to 0.1% foot a day was occurring over the entire well field,

It 1s assumed that this rate of rise would have continued if »umning had not
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been started., Thus the total interference is the difference between the
measired rate of rise or fall during nunoving and the rate of rise vefore
sumning started., It miust be remembered that this is tne interference of one
well with two others, If all wells were pumping, the mutual interference
would be cumulative and in some proportion to the drawdown in each well =nd
almost inversely as the relative distance between the wells. actually the
mtual interference between all wells of the lower field is only from 2 to

4 feet. The probable exvlanation of this is the relatively low permeability
of the water bearing materials as discussed under the heading of nermeability
ané transmissibility,

These interference tests showed that all the wells -are vumping from
the same ground-water reservoir or, more anprooriately, the same buried
river channel. The amuifers are probably lenticular and relatively discon-
timious, being interbvedded with impervious lenses of silt and clay.

Interference tests made on wells in the upvmer well field from December
2%, 1944 to January 10, 1945 indicate better interconnections between the
aguifers sunvlying the wells than between those in the lower well field,

The dron in water levels in city wells 1, 2, and 2 because of pumping in
city well L was more rapid than the drovo in water levels in the test on the
lower well field.

FPigure T shows the effect of drawdown in municipal wells 1, 2, and 3

( 52, and 57 on »l, 1) when city well 4 had vumped 13 days. Relatively

o
3}

gool recharge conditions nrevailed during this test and rate of recharge was
greater than rate of vumning (avnroximately 3,700 gallons a minute). This
was evidenced by the rise of the water table in wells not affected by city

well 4, TFrom Figure 7 it is seen that the water level in city well 1 (¥o. €2
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on vl. 1) was lowered over 2 feet. Thie decline would increase the drawdown
if well 1 were numving with a consequent decrease in discharge. Mutual
irnterference between welle in the uoper well field ranges from 5 to 7 times

as much as the mutual interference tetween wells in the lower well field.
Interference in the umper well field is, from a practical standpoirt,
unimportant during that vortion of the year when favorable recharge conditions
nrevail, but during unfavorable recharge conditions it is serious enough to
make cuestionable the value of pumping more than twec wells concurrently.
Probably wells 4 and 5 would be the best welles to pump during unfavorable
recrtarge.

Interference between wells and the infiltration gallery.- The

infiltration gallery described earlier in this report, produces from about

7 to 9 cubic feet a second when recharge conditions are favorable, but
nroduces only about 0,75 cubic foot a second during unfavorable conditions.
The gallery would produce no water at all if the water table were to drop
one-half foot below where it was during October and November 1944, The City
of Phoenix must rely largely on ground water storage to supply the Verde wells
durirg that vart of the year when the river gravels are sealed by silt, This
storage cannot be utilized by the infiltration gallery beceuse pumping from
tke unver well field progressively unwaters the materials supplying the
gellery during such veriods, Furthermore, if additional wells are drilled
unetream starting abtout 0,3 mile rorti of the uovper end of the gallery, as
recoznended elsewhere in this revort, it is likely that the gallerv will
furrish no water when they are in overation., Taerefore, from the standpoirt
0¥ utilizing grouné water storage during veriods of high consumption and low

recrarge, the infiltration gallery is useless,
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Svacing of future wells.-Without information concerning the nature and

extent of aquifers that will sunvly future wells, it is aifficult to
recommend the proper svacing. If the test drilling now contemplateé is done
in the most favorable areac indicated by the geophysical probes, information
ae to the thickness, nermeability, areal extent, and interconnection of
aguifers can be obtained. Ir any case the best svacing will be that whichk
can utilize the greatest amount of ground-water storsge during veriods of
low recharge. This is the best method of overcoming the silting problem,
together with the artificial recharge metgods described vreviously. From
this standpoint new wells should be smnaced at avout half-mile intervals
where the water-bearing materials are comparable to those of the upver well
field, Somewhat closer svacling could be used with less vermeable materials,
as the ylelds of the wells would be less,

Fluctuations of the water table.,~The water table may fluctuate in

response to many factors, such as changes in barometric oressure, earth
tides, earthquakes, pumping from nearty wells, and changes in stzge of a
nearby stream. In the lower Verde River valley the last two named have the
greatest effect. Figure 8 shows the fluctuations in well 2 (Williams well)
whtich is outside the zone of influence of the city wells, The fluctuations
of the water level in this well reflect changes in stage of the Verde River,

Witain the area of influence of the well fields, the water table
resvonce to recharge from the river and to withdrzwals from the wells,
During meriods of high recharge the water levels are nicher tnan during
veriods of low recharge, dput they still show the effect of discharging wells,
A gravoh of tyoical water-level fluctuations witkin the area of influernce,

well 40, is shown in figure @,



Ground-water storage

Relation to recharge and discharge.-When the rate of discharge from the

well fields exceeds the rate of recharge from both underflow and surface
inflow to the river gravels, the difference must be met from storage. Under
favorable recharge conditions, the recharge to the present well fields is
largely determined by the quantity of water pumped, because the possible
rate of recharge is greater than the rate of pumping. Furthermore, when
recrarge is temporarily decreesed for a short period, such as when the river
flow is shut off, no permanent harm is done as the deficiency is soon made
up when recharge again takes place. However, when the recharge is sharoly
decreaesed for a relatively long time, the draft on stored water becomes
increasingly greater and the problem of the quantity of water in storage
becomes of paramount importance.

Not all the water stored in water-bearing material can be removeé by
vumping, A film of water, which cannot be removed by draining, is retained
around each particle of rock material and in the interstitial svaces,

There is also a zone above the water table varying inversely in height with
the size and sorting of the varticles, in which water is retained by
capillarity, and this water is not available for removal by pumping. The
ratio of the gquantity of water that can be removed by pumoing to the volume
of material unwatered, expressed in the same units, is called the specific
vield, The average specific yield of the water-bearing materials,
Getermined by the pumping tests described previously, was found to be about
16 vercent. Table &, shows the specific yield of water-bearing materials
as determined by tank tests described later. Using the average svecific

yield of 16 percent determined by pumping tests, the cuantity of storage
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per socuare mile for each foot of thickness of saturated material is:

640 x .16 = 102,4 acre-feet or 33.5 million gallons.
Thus if the city reguired 33.5 million gallons a day and it all came from
storage in one square mile, the water table would decline 1 foot per cay.
The presert wells, however, are able to produce only 7 to & million gallons
a day from storage. Any quantity in excess of this is dependent on recharge.
An assumed demand by the city of 30 million gallons a day (see fig. 10), .
taken entirely from storage, would require the unwatering of about 587 acre-
feet of material eack 24 hours, or about four times the amount of material
unwatered by the present welle in that time.

Storage in the river gravels ana older fill,-The amount of inflow from

the older fill and the quantity of water stored in the river gravels between
Bartlett Dam and Sycamore staff gage may be estimated from the total quantity
of water that passed the gage and the amount of unwatering of the river
gravels, as indicated by water-level measurements in wells when the river
flow was shut off at Bartlett Dam. Unwatering occurred in about 4,575 acres
underlain by river gravels above the Sycamore staff gage, and the decline in
water levels in six wells spaced at intervals in this reach indicated that
about 1,530 acre-feet of material was drained. The water yieléed from
storage, as measured at the Sycamore gage from Cctober 31 to November 13,
1944, inclusive, was 408 acre-feet. as explained earlier, the oumping tests
indicated the averaze specific yield of the river gravels to be 16 percent.
Cn this basis the 1,530 acre-feet of material drained would produce only

2U5 acre-feet of water. Therefore, the remaining 163 acre-feet of wzater
discharged at the Sycamore staff gage did not come from storage. It must be
concluded, then, that this excess water was contributed from the older fill

ir the form of underflow from the wasies, water from precipitation that
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vercolated through the older fill, and possibly leakage from artesian
aquifers in the older fill. The excess flow was about & cubic feet per
second, or about 12 acre-feet ver day, or about one-hzalf cubic foot per
second for each lineal mile in tke ll-mile rezch.

The quantity of weter that can ultimately be develoned from the city's
Verde supoly may he determined by the quantity of water available from sources
Just described. If it is assumed that new wells are correctly svaced from
Sycamore staff gage to the mouth of Camp Creex, and that the maximum lowering
of water levels is 10 feet, there would ther be available about 7,200 acre-
feet from storage in the river gravels nlus about 12 acre-feet for each day
that unwatering continues. Assuning comnlete sealing of the river bed by
silt or the stopping of all flow at Bartlett Dam, so that no recharge could
taze place from the Verde River, an average demand of 35 million gallons a
day could be taken from the sources just described for 76 days. As
indicated above, this would lower the average water level in the river
gravels 10 feet. It is believed that it would not be feasible $0 lower the
water level more than 10 feet.

Tests made to determine the effect of silting indicate that compnlete
sealing will never occur; shus there will always be some recharge from the
river to sunmnlement the water taken from storage.

Under maximum silting effects 11.4 cubic feet per second were
recharged from a flow of 23 cubic feet per second in the reach from the
Sycamore staff zage to the Detritor, a distance of 4.7 miles past the city
well fields, If wells were extended on unstrean to Jamp Creek, a distance

of 11 miles above the Sycamore staff gage, it is believed that the recharge
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would be proportional to the length of river and therefore in this reacn
the recharge would be about 2.3 times the 11.4 cubic feet a second or 26,2
cublc feet a second. Thus, in the entire lenztn of the valley that can be
develoned, the minimum recharge with minimum surface flow conditions as
above is 37.6 cudbic feet a second. To this should be added the & cubic
feet a second recharge from the older fill and side washes above the
Sycamore gage and about 2.3 cubic feet a second from the same source past
the vresent well fields. This makes a total of 46 cubic feet a second or
30 million gallons a day that could be pumped without drawing on storage,
The 7,200 acre-feet or 2,370 million gallons of ground-water storage above
Sycamore gage plus the 152 million gallons in the well fields available by
lowvering the water table 10 feet can be pumped in addition t2 the above,
But the maximum amount of water that can be drawn from storaze in the
present well fields in one day ic abont 8 million gallons., Applying the
ratio of length again, 2.3 times 8 or 18.U4 million gallons can be drawn
from storage above the well fields. This makes a total of 26 million
gallons dally from storage and 30 million gallons from recharge and under-
flow, a total of 56 million gallons which can be develoned under maximum
silting conditions and with minimun flow in the river,

This amount may be increased both by increasing the minimur flow in
the river and by artificial recharge in channels xeot free of silt-laden
water,

Characteristics of water-bearing materials

Pumiae tests.=During the winter of 10LL-U5, when the water demands

5f the City of Phoenix did not require the use of all available pumns,
numing tests could be made. The principal object of the puaping tests

was to determine the interference between wells and the permeadility of the
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materials comprising the aguifers in the well fields, Permeability may be

comuted by any of several methods which are described by Wenzeb-/. The

“Wenzel, L. K., Methods for determining nermeability of water-bearing
materials, witk special reference to discharging well methods: U. 8.
Geol. Survey Water-Supply Paper 837, vp. 50-97, 19u2,

field coefficient of vermeability, Pf. has already been defined. Recently

Theis—/ introduced the term "coefficient of transmissibility," which he has

" Theis, C. V., The relation between the lowering of the piezometric
surface and the rate and duration of discharge of a well using ground-
water storage: Am. Geophys. Union Trans., pp. 519-524, 1935,

jefined as P¢ multiplied by thickness, in feet, of the saturated portion of

the aquifer., Meinzer and Wenzel-j describe the relationship:

" Meinzer, 0. E., and Wenzel, L. K., Hydrology, Physics of the Earth
Series, vol., 9, McGraw Hill Publishing Co., Inc., p. 453, 19L2,

", . . the coefficlent of peruneability denotes a character-
istic of the water-bearing material, whereas the coefficient
of transmissibility denotes the analogous characteristic of
the aquifer as a whole."

Municinal well 4 (well 55 in pl. 1) was selected to be pumped in the
first test because it is centrally located in the upver well field and is
between two 6-inch test wells drilled in 1928, which were cleaned out and
used for observation wells in the tests., Another 6-inch test well was
drilled, and the three wells were equivved wita water-level recorders dur-
ing the tests. Well 56 is 17 feet west of the pumped well and wells 54
and 53 are 62 and 107 feet east, respectively. All pumpninz was stooped in
the uoper well field until the water levels in all the wells were rising at
a uniform rate, then municipal well 4 was pumped continuously for 14 days,

from December 28, 19U4L, to January 10, 1945, when the pump was shut off,
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Measurements of the recovery in weter levels were made for 5 days afterward.
Perneability was computed from both drawdown and recovery and the values
obtained ranged from 7,000 to 8,000 gallons per day ver square foot.

Because of its central location in the city's lower well field,
municinal well 10 {well 99 in pl. 1) was chosen for pumping tests there.
Four observation wells were drilled, two of them west-northwest at distances
of 30 and 80 feet, respectively, from well 10,and two east-southeast at
distances of 31 and 81 feet, respectively. Water-level recorders were
installed on these wells, and also on well 102, which was drilled at the
avproximate center of pumping in the well field. All pumping was stopped
until the water levels in all the wells were risinz at a uniform rate, then
munici§a1 well 10 was pumped from February 5 to 10, 1945, and the recovery
was measured for 72 hours, Permeability was computed by the gradient
formula and by the Thels recovery method, and the values ohtaié?tanged from
5,800 to 6,800,

Agssuming that the average field coefficient of vermeability of the
aouifer in the vicinity of municival well 4 is 7,500 gallons ver day per
souare foot, the coefficient of transmissibility is about 330,000 gallons
ner day ver foot. Assuming that the average field coefficient of vermeability
of the aouifer near municipal well 10 is 6,400 zallons per day per square
foot, the coefficient of transmissibdility is about 198,000,

Tne svecific capacity of a well is defined as the discharge per unit
of drawiown, generally exvressed in gallons ver minute per foot of drawdown.
The lower value of the coefficient of transmissibility in the lower well

field accounts for the lower specific capacities of the wells there,
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Below is a table of specific capacities of municipal wells as determined
during angust 1944, when all wells except well 2 were pumping.

Table 5., Specific capacities of Phoenix public-supply wells,

August 194k,

Uvper well field|Lower well field

Well | Specific |Well Specific

number | capacity |number | capacity
7 67
1 77 8 63
3 134 9 51
L 322 10 77
5 228 11 29
6 70 12 13
13 22

Under water-table conditions the coefficieni of transmissibility and
the specific capacity of a well vary with the rising and lowering of the
water level, owing to variation in the thickness of the zone of saturation.
Computations of the coefficient of transmissibility for October and
November 194l, when water levels in the upver well field averaged 15 feet
below those of August 1944, and those in the lower well field averaged
about 3 feet below, indicate the coefficient of transmiesibility to be
about 187,000 gallons per day_per foot near municipal well 4 in the upper
well field, and about 102,000 gallons per day ver foot near well 10 in the
lower well field., Specific capacities during the same period also declined,
in municival well 4 from 322 to 111, and in municipal well 10 from 77 to 55.

During periods unfavorable for recharge, as shown in figure 5, the
water table declines below the river bottom because the river gravels can
carry the water to the wells more rapidly than it can percolate outward
from the river, For this reason, and as shown by the pumping tests, it is
concluded that the factor limiting production from the existing wells is not
the transmissibility of the aquifers, but the recharge from surface flow at

the intake area,
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Laboratory tests.-Laboratory tests were made to obtain additional

information about the physical characteristics of water-bearing materials
in the Lower Verde River valley. Some samnles were obtained by drilling
test wells and others were stream-sorted materials taken from pits in the
river channel. In these tests, the methode and apparatus used were those

described by Turner and Robinson—/. The apnaratus is an adaptation of the

s

~ Turner, S. F., and Robinson, T. W., op. cit.

variable~head permeability apparatus originally devised and used by C. V.

Thels, as described by wenzel—/. Because some of the samples were disturbed

~ Wenzel, L. K., op. cit., . Hh9.

by the drilling operations and also because some silt and clay from the
upper horizons were carried into the lower layers, most of the values for
permeability determined in the laboratory were less than those shown by the
pumoing tests. Tables 6 and 7 show the results of laboratory tests on the
wvater-bearing materials,

Because of the importance of determining the quantity of water avallable
from storage in the existing well fields, which depends on the specific
yield of the water-btearing material, tests were made in six tanks on selected
stream-sorted materials obtained from the channel of the Vercde River, These
tests were made as follows:

Three tanks 14 inches in diameter and 42 inches long, and three tanks
12 inches in diameter and 84 inches long, were buried in the ground and
thoroughly insulated to mairntain as constent a temperature as vossible,

Tne tanks were so arranged that they could be drained of water at the Dottom
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through a screened sand filter and valve. A pipe i-inch in diameter,
attached to the drain pipe with a tee, allowed changes in water level
within the tank to be measured with a steel tape. The tanks were filled
with selected material, under water kept just above the surface of the
material to prevent the entrapment of air, ani tamped so as to obtain com-
paction somewhat similar to that found in nature. Measured quantities of
water vere added or subtracted and the water level was measured at intervals
when the barometric pressure was the same. In general, the specific yields
were higher than those determined either in the laboratory or by the field
pumping tests (see table 8). This may be due partly to the inability to
reproduce natural conditions in compacting the material, and partly to the
fact that in the pumping tests the material unwatered probably contained a
considerable provortion of material of low specific yield.

Table 8, Specific yield, determined by tank tests

(See tables 6 and 7 for the physical characteristics
of material used in these tanks)

Tank mumber 1 2 3 4 5 §

Specific yield, percent 2 11 15 29 33 31

Test wells and pits.-Six test wells, previously described, were drilled

in the present well fields to aid in the determination of vermeability,
tranemiseibility, and interference between wells, Two others were cleaned
out and deepened. Sixteen wells, consisting of vives 1 inch in diameter
equivped with l4-inch by 30-irch sand points, were driven a few feet below
the water table by the use of a sleeve or jack hammer, Four of these wells
were lost during the investigation by the sealing of the sand poirts, even
though they were flushed periodically. In several places where observation

wells were cdesired, boulders encountered beneatn the surface vrevented the

driving of sand points.



Mechanlcal analyses of water-bearing materisls in the Lower Verde River valley.

Table 6.

Analyses by laboratory of Arizona State Highway Department, Phoenix, Arizona,

(Results in percent by weight)

Size in millimeters

Less

0.297 0.1ug

4,76 2.38 2,00 1.19 0.59 O.u42

9.5 b.4

More 19.2 12,7

Tank or

than

to to to to to to to to to to to to
6.4 4,76 2,38 2,00 1.19 0.59 0.42 0.297 0.149 0.074

than

well Depth

0,074

(feet) 19.2 12.7 9.5
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Tank 5
Well 101 20-29

vell 54 10-1
Well 54 34
Well 54 38
Wwell 54 43
Well 54 58
Well 54 65
Well 101 0-12
Well 101 12-20
Well 101 33
Well 97 15-20
Well 97 20-25
Well 97 25-30
Well 100 2-14

Tank 1
Tank 2
Tank

Tank 6

Tank

1,
¥

Well 100 26
Well 100 32
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Table 7.

in the Lower Verde River valley.

Physical characteristics of water-bearing materials

Determinations in field laboratory of the Geological Survey,
Fort McDowell, Arizona.

70

Specific yield Additional

Tank or Permea~ Apparent after draining yield by
well Depth bilit Specific specific 48 hours drying Porosity

mmber (feet) at 60 F zravity gravity (percent) (vercent) (percent)
Tank 1 - 5,240 2.61 1.65 30.3 6.3 36.6
Tank 2 - 378 2.69 2.11 10.8 10.6 1.4
Tank - 1,775 2.71 2.07 19.0 4.7 23.7
Tank - 380 2,63 1.66 4.9 31.9 36.8
Tank 5 - 38 af a/ &é a a/
Tank 6 - 795 2.59 1.63 26.6 10.4 37.0
Well 54 10-15 579 2.82 1.20 15.8 13.3 29.1
Well 54 34 4o 2.78 1.98 13.8 14,9 28.7
Well 54 138 68 2.66 1.86 12.9 17.4 30.3
Well 54 U3 400 2.65 1.85 14.8 15,2 30.0
Well 54 58 279 2.53 1,54 41 34.9 39.0
Well 54 65 136 2.50 1.51 2.1 371.3 39.4
Well 101 0-12 450 2.65 1.98 15.6 9.5 25.1
Well 101 12-20 24 2. 74 2.00 15.4 11.6 27.0
Well 101 20-29 a9 2.62 1.95 12.7 12.8 25.5
Well 101 33 796 2.67 1.84 21.2 9.8 31.0
Well 97 15-20 2,260 2.7l 1.97 21.7 5.3 27.0
Well 97 20-25 1,000 2,65 1.88 21.5 7.5 29.0
Well 97 25-30 1,290 2,61 1.2C 25.2 6.6 3.8
Well 100 2,-14 4o 2.63 1.97. 3.7 21.3 25.0
Well 100 26 98" 2.64 2.03 9.6 13.7 23.3
Well 100 32 33 2,64 2.02 10.4 13,3 23.7
Well 98 21.5 158 2.80 2,02 4.3 24.0 28.3
Well 98 0-20 106 2.8k 2.08 8.8 18.0 26.8
Well 98 10-15 208 2.66 2.06 10.8 11.8 22.6
Well 98 27.7 us5 2.79 2.01 9.9 18.1 28.0
Well 98 30 487 2.69 1.76 6.7 21.7 344
Well 98 33 305 2.70 1.73 4,7 31.5 36.2

land b '

surfaceu,01o-/ 2.69 1.85 oL, 2 7.0 31.2
Well 102 20-25 7 2.65 1.89 7.0 22.6 29.6
Well 102 25-30 67 2.70 2.05 9.2 16.4 25.6
Well 102 30-35 266 2.16 1.70 1.4 14.8 26.2
Well 102 35 394 2.89 1.67 18.1 25.7 43.8
Well 56 39 815 - 1.91 20. 4 8.0 28.4
Well 56 39-44 875 2,67 1.93 21.0 6.6 27.6
Well 56 Ul-lg 1,039 2.55 1.82 18.0 27.3 45,3
Well 56 k49—l 247 2,69 1,82 18.6 13.7 32,3

a/ Material too fine for permeameter screen

3/ Sample from recharge area, east slope of McDowell Mountains
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Test pits were dug at many points in the channel of the river (see pl. 1)
Just above the stream level, to determine at each point whether the stream was
effluent or influent.' They were dug during November 1944 when all the flow
was shut off at Bartlett Dam, Figure 4 shows typical conditions along the
river above the well fields, as shown by the test pits. The only large area
where the river was influent, as determined by the pits, was in the vicinity
of the two well fields, The test pits were extended both upstream and down-
stream beyond the area 6f influence of pumping of both well fields. The
measurements of water level in the pits indicated that the water table was in
the approximate shape of an elongated, shallow cone, The cone of the upper
well field intersected downstream with that of the lower well field., Water-
level measurements in the pits also indicated that the cones expanded slowly
as long as the flow of the river was shut off, but the pits were flooded soon
after water was released from Bartlett Dam and filling of the cones by
recharge was noted in the observation wells,
| Table 11 gives the location, depth, diameter, and other data concern-

ing wells and test pits in the Lower Verde Valley.

Quality of ground water

General ,~-Chemical analysis of water gives an indication of its suitability
for domestic, industrial, and irrigation uses., It is desirable that water
used in cooking be low in certaln chemical constituents. Waters containing
more than 150 or 200 parts ver milllon of calcium and magnesium bicarbonates,
carbonates, or sulfates are termed "hard" waters because they produce insolubdle
compounds when used for cooking and industrial purposes. Calcium and
magnesium ions, when in solution in the preeence of soap, form a fcurd®,

No lather can be formed until the calcium and magnesium have been removed
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from solution by the soap; thus the more calcium and magnesium present, the
more soap required to form a lather. Waters containing predominantly the
bicarbonate radical’(HCOB) possess what is called carbonate (temporary)
hardness and form a scale in vessels when the water is brought to a boil,
becanse carbon dioxide is driven off and the water becomes incapable of
holding the calcium or magnesium carbonate in solution. Waters containing
predominantly the chloride and sulfate ions possess non-carbonate
{vermanent) hardness, which cannot be removed by boiling. Certain other
objectionable constituents are often found in natural waters. Among them
are sodium chloride (table salt), sodium and magnesium sulfate (Glauber's
salt and epsom salt, respectively), iron, and fluoride, Sodium chloride
in water for drinking and cooking is objectionable because of its salty
taste, sodilum and magnesium sulfate because of the bitter taste, and iron
because of the yellow deposit formed on anything with which it comes in
contact. Certain concentrations of fluoride are objectionable because of
the tendency to cause mottled enamel on the teeth of children. 4Usually

1.0 part per million is considered the upper limit for safe use-/.

~ Smith, H. V., and Smith, M, C., Mottled enamel in Arizona and its cor-
relation with the concentration of fluorides in water supplies: Ariz,
Univ. College Agr. Tech, Bull, 43, p., 234, 1932,

Concentrations of several parts per million of nitrate in ground water
usually indicate that it has come in contact with decaying animal or vegetable
matter, and a bacteriological analysis should be made to determine its suit-
ability for human consumption, The present investigation was not immediately
concerned with the bacteriological analysis, and the chemical analysis of

the water is no indication of its suitability from that standvoint. Water
from properly-cased wells penetrating artesian aquifers is usually not as

susceptible to bacteriological contamination as is that from shallow water-
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table wells,

Chemical analyses.~The mineralization of ground or surface waters usually

reflects the solubility of the rock materials with which they have come in
contact. Table 9 gives partial chemical analysis of waters from several wells
and sorings in the lower Verde River valley. TFrom the table it is seen that
the water obtaeined from the present city wells is similar to the water flowing
in the Verde River. The water is characterized by low chloride, carbonate and
fluoride, and relatively high bicarbonate and hardness, It does not contain
enough fluoride to produce dental fluorosis, and it is relatively low in
sulfate and chloride, The water 1s of the type usually identified as a
moderately hard bicarbonate water.

Although the water level in well 1, (the Dillen:well), is affected by
changes in stage of the Verde River, it probably receives its water from the
older fill bordering the valley. Water from this well is higher in fluoride
and lower in hardness than Verde River water,

Water from well 26 (artesian well) is lower in hardness and higher in
fluoride than Verde River water, which indicates that it comes from rock
materials in the older fill not directly connected with the Verde River
gravels and remaips in contact with them for a long period of time, thereby
bringing more of certain constituents into solution.

Water from well 11 (Robbins' house well) and the Williame spring is
higher in fluoride and lower in hardness than Verde River water and orobabdly

renresents water derived from the older fill bordering the valley.
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GEOPHYSICAL PROSPECTING

Electrical-resistivity methods

Electrical-resistivity methods of geophysical prospecting have been used
quite extensively in recent years in locating ore deposits, oil-bearing
formations, and bedrock. Recently thelr use has been extended to the search
for water-bearing formations, The equipment used in this investigation was
tuilt from designs prepared by O. E, Gish and W, J. Rooney and is known as
the Gish-Rooney apparatus. The theory of design and operation is explained

in detail in several recent books—/. The principle of operation is based on

)
Heiland, C. A,, Geophysical exploration, Prentice-Hall, Inec., 1940,
Eve, A, S., and Keyes, D. A., Applied geophysics in the research of
minerals, Cambridge University Press, 1938.
Jakosky, J. J., Exploration geophysics, Times-Mirror Press, 1940,

the fact that different rock materials offer different degress of resistance
to the passage of an electric current., The values are usually expressed in
ohm centimeters. Clay and silt usually show lower resistivity than sand and
gravel, though the amount and conductivity of the interstitial water probably
affect the value and may alter this general relation,

Some of the geophysical probes were made near an exposed river bank or
dug well where a few feet of surficlial material could be examined. Others
were made near existing drilled wells, in order to correlate the resistivity
curve with the log of the well (see probe 7, fig. 11). Most of the curves
were of the two- or three-layer type, but a few of the deeper curves
indicated more than three layers.

The curves of typical probes are illustrated in figures ll-14, and
locations of all the probes are shown on plate 1. Table 10 gives the
location and results of each probe, together with the probable characteristics

of the materiel encountered in each. The writers' judgment of the material
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was based on a comparison of the curve obtained by probing unkno#n material
with that obtained by probing known material., The probable character of
material nenetrated by probes that extended deeper than available well logs
was suggested by the geologic structure of the area., It has been found
that the finest material in a stratum is the materlial usually indicated by
the curve, For example, boulders cemented by clay and silt give the
resistance of clay and silt, the boulders having little or no effect. In
the column showing resistivity in table 10 the descriptive terms used are
comparative and apply only to this area.
CONCLUSIONS

The conclusions given in the following paragraphs are made without
benefit of the information to be obtained by exploratory test drilling, and
are subject to change pending the completion of the test wells,

Source and direction of movement of the gfound water

The principal source of water for the city's vresent Verde wells is
recharge from the surface flow and underflow of the Verde River. Some inflow
is received from the older fill bordering the valley.

In general the ground water in the older fill moves toward the Verde
River but the movement may have a slight downstream component. Cutside the
cones of depression of the city well fields the ground water in the river
gravels noves principally downstream but the movement has a component toward
the river., Inside the cones of depression of the city wells the ground
water moves toward the center of pumping in each well field, Thus, although
the general movement is downstream, the direction is completely reversed at

some places and the water moves upstream to the wells,
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Rate of recharge to the Verde River gravels and the effects of silting

The recharge area for the water withdrawn by the city wells is
between the city's present brush diversion dam, near the mouth of Sycamore
Creek, and a point about 1,000 feet southeast of the Detritor. The
maximum rate of recharge or infiltration from the Verde River, estimated
from infiltration tests made under favorable conditions, was 2 feet a day
over the wetted area., Under favorable conditions, when the sealing effect
of silt is at a minimum, the rate of recharge 1s sufficient to supply all
the vresent wells, pumping at full capacity, when the flow of the Verde
River 18 200 cubic feet per second, and possibly when it is as low as 100
cubic feet ver second., If possible, therefore, the flow should be main-
tained at 100 cublc feet per second or more, especially during the summer
and fall,

Sediments deposited by the river are highly effective in sealing up
the gravels that supply the city's wells, the amount of sealing depending
on the silt content of the water and the discharge of the river at the
well fields, When the discharge of the Verde River is high, the fine
materials are kept in susnension and are not deposited in the channel,
Also, the wetted area is relzetively large, so that even with a decreased
infiltration rate the total recharge may be sufficient to supply the city
wells, The maximum effect of silting occurs with low flows. BRuns of
seevage measurements made under different conditions of silting showed that
the recharge with equal rates of flow in the river (about 55 cubic feet mner
second) was more than two and a half times as great with minimum silting

effect as with maximum effect.
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Interference among wells

Mutual interference among wells in the lower well field is too small to
be of any practical importance. Interference among wells in the upper well
field is five to seven times as great as in the lower well field but is not
believed to be serious enough to warrant abandonment of any of the wells.
However, during periods of unfav;rable recharge the interference in the
upper well field is so great that only municipal wells 4 and § should be
operated. These wells penetrate the greatest thickness of sand and gravel
and will almost completely dry up wells 1, 2, and 6 and seriously deplete

well 3,

Interference between wells and the infiltration gallery

During unfavorable conditions of recharge, wells 4 and 5 seriously
interfere with the yleld of the infiltration gallery, which declined in
1944 from more than 5 million gallons a day to less than 0.5 million gallons
a day. If, as indicated below, additionai well fields are installed
upstream from the gallery, it is doubtful whether it will produce any water
during unfavorable conditions of recharge. Under these conditions it is
probable that more effective use of the gallery could be made by sealing the
joints and using it as a conduit for water obtained from wells farther
upstrean,

Storage in the present well fields

It is estimated that 33 million gallons of water available for withdrawal
is stored in the present well fields for each square mile of saturated
material one foot in thickness. Therefore, if the water table is lowered
10 feet over the area of 2,960 acres included in the upper and lower well

fields, 152 million gallons would be available for pumping. This can be
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removed by the existing wells at the maximum rate of only 7 or 8 million
gallons a day. Fortunately, yhis stored water forms a reserve supvly which
need not be used except during the relatively short periods of unfavorable
conditions of recharge. Even at such times all water pumped in excess of
about 8 million gallons a day must be derived from recrarge,

Storage in the river gravels and older fill above the vresent well fields

For each foot that the water table is lowered in the river gravels from
the upper end of the valley to Sycamore staff gage, about 236 million
gallons of water is ylelded. If the water table could be lowered 10 feet,
there would be available about 2,360 million gallons from storage plus about
4 million gallons from the older fill for each day that unwatering takes
place. Assuming an average demand by the city of 35 million gallons a day,
the sources just described would supply the city for about 76 days. It is
believed that the water table could not be lowered feasibly more than an
average of about 10 feet.

The above computations were made under the assumptions that no water
would be supplied by recharge during this period and that none would be
supplied from the present well fields. Tests made on the effects of silting
indicate that complete sealing will never occur. Thus, as long as the river
is flowing, there will always be some recharge to the river gravels to
suoplement the storage. In order to utilize fully the storage and recharge
mentioned above it would probably be necessary to drill wells in favorabdle
locations spaced at about half-mile intervals for about 11 miles above the
present well fields.

The above quantities are in storage in that ypart of the valley above
Sycamore staff zare. To determine the total amount stored in the valley,

the quantities in the present well fields must de added to those given ahove,
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Future well sites

Geophysical probes completed thus far indicate that at least two more
well fields could probably be develoved uvstream from the present fields.
The first is near the west bank of the Verde River just scutﬁ of well 26
(see pl. 1), about in the center of the B sec. 6, T. 3 N,, R, T E,
Although 1t is difficult to estimate, without test wells, the yield that
might be expected from this site, the indications are that it would be com-
parable to that of the present lower well field.

Another possible site for a well field is the area known as the Queena
Harry Flat, about 3 miles farther upstream in the WX sec. 20, T. 4 N,, R, 7 E,
Indications are that this location offers greater possibilities than the
present upper well field, but test wells must be drilled to obtain accurate
information as to the depth and extent of the aquifer, It is possible that
artesian water can be obtained from aquifers below the river gravels at both
these sites, Geophysical probes indicate the presence of formations that
may be water-bearing, but information is not avalilable as to permeadbility,
thickness, depth, and areal extent, nor as to the quality or quantity of
water available from them. Geovhysical probing of the remainder of the flood
plain should be done as soon as information is available from the first tesf
wells, and the test-drilling program thereafter should closely follow the
zeovhysical work,

Spacing of future wells

From the standpoint of the nost efficient utilization of ground-water
storage and recharge in the Verde Valley, new wells should be svaced at about
nalf-mile intervals where the water-bearing materials are comparable to those

of the upper well field, Somewhat closer spacing could be used with less

perneable materials.
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Measurements and records

It would be desirable to keep records of the logs of all wells that
may be drilled and records of the total discharge of the present wells at
the Detritor. Also it would be advisable to install continuous water-level
recorders or to make weexly tape measurements in a well in each of the two
woll fields. Well Y9 in the upper well field and well 102 in the lower well
field are suggested. These measurements would indicate the quantity of
water stored in the present well fields. Observation wells should be main-
talned in connection with all new developments.

Artificial recharge

In view of the past experience with artificial recharge, it is believed
that this praétice can be expanded, not only at the present well field but
at all new well locations developed., Artificial recharge conditions would
be improved by the installation and careful operation of diversion gates to
prevent river water containing large quantities of silt from entering the
artificial recharge channels. Scarifying is detrimental over a long period
of time, and the channels could be allowed to ary up periocdically to retard
the growth of moss and algae.

Adequacy and permanency of ground-water supvly of Lower Verde Valley

Large quantities of water are in storage in the Lower Verde Valley,
and when conditions are favorable the rate of recharge is high. During
periods when the river gravels are sealed by silt deposits and the flow in
the river is low, it is believed that ground-water storage together with
that obtained by infiltration from the surface flow will provide an adequate
and permanent supply of a minimum of 56 million gallons a day. This quantity
may be increased both by increasing the minimum flow in the river and by
artificial recharge in channels kept free of silt-laden water,

The possibilities of obtaining water supplies from Paradise Valley and

Cave Creek together with the results of test drilling and further geophysical



work, will be submitted as an addendum to this report.

&1



o3 Table 11
Records of wells in the Lower Verde River valley, Maricopa County, Arizona
(A1l wells are dug unless otherwise noted in "Remerke® column.)

¥o.  location ~ Owner ‘Date completed Altitude { Depth ' Diam-
i ' above | of eter
; : sea love]J' well of

i ; ‘ (feet) : (feet) well

: 1’ i ! {4n,)
T, 5N, R TE ‘
1 | SB} see. 17 < Dillon .. - 25 6 . _
2 x MW sec. 20 W, u.wnuam-.f- - 26 1%
3 St sec. 29 T{ Moore Bros. i- - - 'h
¥ | Do. | do. §1915 - 18 T12
| ¥ sec. 15 - Brown :- s - 201& ’48
. NP} sec. 36 : Moore Bros. E- 7 _h_i:_-_ﬁ o »255__ 3 -
T Toe. e - e |-
YN B SE | - o
8 §¥ sec. 14 . . - 511_3 ‘-
?, 4 N., B 6E. : (
9 ;Maec.z ~ do. . - !600- )
10 w“SVi sec. 8 | Dick BRobbins - - ‘ - =
u v, do. 1915 - /}260 .8
12 Iﬂ} sec. 29 . doe . 194 - i 196 '8
. nuN.RITE |
13 NB} sec. 13 Queena Harry :- - - 23 3%
14 mﬁ' sec. 26 . Vernon Hughes|- L
15 . HW}: sec. do. E- - |- 6
—Tfr 4 N., B §Z. '
16 m sec. 30 j'“(_l_of i- |- - “L g

"a/ T, turbine; C, cylinder; G, gmsolime; V. windmill; B, bucket; H, hand.
b/ D, domestics S, stock; P, public supply: I, irrigation; N, none.



Veter level

No. Depth Dste of : Pump Use | Hemarks
below nmeasure- and of
surface ment power water

(feet) : 19uh4 af b/

1 15.82 June7 C,G D,S

2 19,29 do.  none XN Driven well
3 - = Cc,W D = Drilled well e
_l" « 2‘!’3_920 My 29 7,6 I  Do.

Reported to penetrate £ill and volcanic
. tuff to 204 feet, where lave vwas encount—

5 - - | C,¢ jD,S ered, Water reported from fissure in lava.
L ‘ T T e e
6 - - 6@ !S5 Drilled well S
7 - - 10,6 | ' Do.
LA e e
| !
: Drilled, reported to yield 20 gallons a
8 . - ~ CGe 'S minute by pumoing =
!- ‘ Dry hole. 0-35 feet cleyey gravel,
9 - - - - 85-600 feet clay
10 23.74 May 22 C,6 S Drilled well o
Drilled well, shut down 2 hours before
11 15.50 do. ¢,¢ D,s measurenent
12 65.15 July 20 C,¢ S Drilled vell
13  17.7% June 27 BH D -
14 22,30 Jwme 9§ C,W S  Irilled well
15 1¢.07 July 21 C,W S Do,

‘16 b2.59 |June 9 C,W 8 Do.
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Table 11. Records of welle in the lower Verde River valley,
Maricopa County, Arizona - Cont.

No. ' Location Owner Date completed Altitude Depth Diam=
: above of eter

sea level well of

(feet) (feet) well

(1n.)
T. 3 N., R, 7 E,
A7 Wmpsec.5 - July 1984  1,Wk2. 22 1
18 N} sec. 5 - July 1944 1LM7.84 16 1
19 ». = Fov. 1344 1,399.60 1.5 24
@ W sec. 5 - Juy 194 140672 16 1
21 D. - _ Kov, 1944 1,793.89 1.1 24
2 D, - Bov. 194  1,392.97 1.0 24
.23 ». - ov. 19 1,392.80 1.0 24
24 5B} sec. 6 - Fov. 194k 1,400.08 1.5 18
. I Bov. 1944 1,397.60 1.0 18
. Service @ - =~ 540 1
D. 7  Mike Nelson ~ 1,420.16 21.0 Uus
s soc. 6 ren - L2l 0 36
SEt sec. 6  JamesKal - 1,he0.85 22.3 48 _
. . - _Fov. 194k 1,394.92 2.5 24

L 1,393.%0 2.0 24
Do. - do. 1,393.77 2.5 2u
Dy - do. ] 1,392.77 2.5 24
Do , - July 19¥4  1,382.72 24 1
Do. - July 1944 1,401.7% 26,6 1
Do, - Nov. 194k 1,390.76 2.0 24
NB} sec. 7 -  Bov. 19Uk 1,388.91 1.0) 18

OB MRS R Y3 RN RS
¥
[]
5
p



Vater lev ‘

No. Depth |Date of Pump Use

. below : measure- and of Remarks

' surface ment power water

_(feet) 1944 o/ b/ |

i 1
7 1.6 Juy2k - ¥ | Driven sand point well
18 W77 . - (X B
19 1.28 Fov.7 - ¥ Test pit
20 . 10.85 .Lug. 9 - N __'Lpgi_:ven esand point well
21 o84 [Bov.l - |E_ 4y
22 0.33 |do. i - - i Test pit o
23 0.3 |Wov.2 = - Do o
2y 1.25 Nov. 1 - - Do. S
25 | 0.50 ' do. - |- |Dos i _ L
' T : Reported depth, JFlow less than one
26 - ~ - _|E__ |gallon a mimite.
27 20.03  June 27 - - - e
28 29.1"' d»Oo . _ - - S —
‘2_9____21088 go__-_ | - - . ‘- B N o
%0, 2.2 Fovel - |- [Testpit
31 | 1.53 ' do. - |- im“ -
32 2,25 de. - 'Do
33 2.28 do. - - ‘Do.
- . Driven sand-point observation
34 240 Mg .M - - 0 weml.
35 - 19.95 Avg. 23 - - Do, . S
36 1.36 Fov.l - - 'Test pit

' . |
37, 0.M8 |Fov. ¥ |- |- | Do.



2  Table 11. Records of welle in the Lower Verde River valley,

Maricopa County, Arizona - Cont.

No. | Location Owner Date completed Altitude - Depth Diam-

above of !eter
sea level well | of
(feet) (feet)well

L %(inL)
38 B} sec. 7 - Fov. 19Ul 1,388.98 2.0 18
39 Do. o Fov. 19 13613 L5 18
0 Do. o ov. 19W 138659 15 18
M Do. ; CMov. 9% 1,365.63 2.2 18
;2»“1;;._ - Hov 1944 | 1,385.15 2.0 18
R Nov. 1M L3WTL 1.9 18
W Do, Tov. 19M  1,383.98 1.2 12
It; .- Ang. ;9ld+ 1,398.89 19 11
W Do, - Mg 1M LW0.02 27 |1
¥ Do. - Ang. 19%%  1,400.36 27 _1 |
¥ . . we 9 - 2 1
" | Olty of Phoemix 1928 LW0.D 27 | 25
B M e T . w9m  LmEn 3ms ) 2
51 Do, . de. 1928 1,399.29 27 2.5
52 Do, do. 19k0 1,395.04 72 :ao )
53 Do. do. 1928 1,39<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>