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INHODUSTION

Purnose and eooperation

The need for state regulation of ground-water resources in Arizona
has become increadingly apparent. Inasmuch as such regulation must be
based umon adeguate information as to the dquantity, quality, and use; as
" well as the source and movement of the ground water, the arizona State
Legislature in 19U5 anvropriated funds for the investigation of each
ground-water basin in the state. The investigations are being made by
the Geological Survey, United States Devartment of the Interior, under a
coonerative agreement with the Arizona State Lané Department,

0. €. Williams, Commissioner.

Much of the data countained herein were collected during an investi-
gation of the water resources of the Duncan Basin on the #ila River in
1939~1941 by the United States Geological Survey in coonmeration with the
State of arizona and the United States Engineer Denartment. Since 1941
periodic measurements of water levels and an inventory of the pumpage
have been made each year. TField work was done by H. M. Babeéck,

D. H. Bratton, R. L. Cushman, %, M. Cushing, H. G. Fernandez and

L. C. Halvnenny, engineers, R. 3, lorrison, geologist, and J. D. Hem,
chemist, under the direct sumervision of Samuel F. Turner, district
engineer (Ground Water), of the Ceological Survey.

Location

The Duncan Zasin is a part of the structural trough that extends
frem the vicinity of Clifton, arigzona, solutheastward to the vicinity of
Lordsburg, New Mexico. asg described in this report, the basin lies
entirely within Greenlee County, arizona, between the confluence of the
San Francisco and Gila Rivers and the intersection of the Gila River
with the drizona-New lexico State Line.

Seutheast of the state line that part of the trough through which
the Gila River flows is called the Virden Valley, and the remainder,
which has interior surface drainage, is %nown as the animas Basin.

The division between the Duncan Basin and the Virden Valley is purely
arbitrary. It was selected in an attempt to senarate the problems of
he arigona vortion of the entire valley from those of the New Mexico
vortion. - Eowever, this boundary has no geologic nor hydrologic basis,
ané i1t is believed that from the ground-water standpoint, the entire
trough 1s inter-related.

The lower end of the Duncan Basin is limited by the Peloncillo
Hountains, through which the Gila River has cut a narrow gorge. The
Steeple Rock liountains lie along the northeast side of the basin, and
the Peloncillo lHountains lie along the southwest side. The basin ranges
in width from 2 to 15 miles and is about 23 miles long. The basin
consists of twe parts: the higher, uncultivated land which sloves down
from the mountains on elther side, and the inner valley, which is one-
sixth mile to 2% miles in width and contains all of the irrigated land.

Climatological data
Precipitation is about 10 inches a year at Duncan, according to a
five~-year record of the U. §. Weather Bureau. Yo records of the
temperature in the Duncan Basin are ravailable. However, the mean anmal
temmerature at Safford, which is in the nearest compvarable area and has
an elevation of 2,900 feet, is 62.5 Cegrees Fahrenheit. In 1944 the
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termeratnre ranze at Safford was from £12° to f114°, The frost-free
season at Safford lasts about six months., The elevation of the inner
valley of the Duncan 3asin ranges from 3,335 feet above sea level at the
caging station at the lower enc of the valley to 3,736 feet at the state
line.

- History of develooment

The Diuncan Basin was first settled vy faraers about 1275,
Criginally the farmers used water diverted from the 8ila River to
irrigate their lands. ¥owever, esmecially in dry years, the river supnly
was linactequate and beginning about 1935 the river supply was sumnle-
mented by cround water, ‘

In 1040 there were 27 irrigation wells in omeration, This number
increased to LU wells by January 1, 1945, and further drilling-is in
nrogress. Table 1 presents records of typical domestic and irrigation
wells in the inner valley. Plate 1 shows the location of all
irrigation wells and all wells in which water levels are measured
neriodically.

The 1940 census lists 151 irrigated farms with a total farm
nopvlation of 1,156 in Greenlee County., 4 field survey by engineers of
the Geelogical Survey showed 4,669 acres under irrigation in 1941,

The »rincinal croms are alfalfa, grain, cotton ang vegetables.

~ ~

Previous investigations

Farlier studies by the Geological Survey in the Duncan Basin are
describved in the following renorts:
Surface water resources:

o8

by

1. V. S. Geol. Survey 2lst ann, Rent.: »p, 335-38, 1900.

2. Storage of water on Gila River, ariz.: by J. P. Lippincott,
U. 8. Geol. Survey Water-Supply Paper 33, 1900.

3. Surface-water sucply of the Colorado River Basin:

U. 5. Geol. Survey water-sunply pavers for each year
beginning with 1899,
Geology and grouné-water resources:

1. Water resources of Safford and Duncan-Virden Valleys, ariz.
and N. liex., by §. F. Turner and others, 1941
(mimecgravhed remort).

2. Records of wells and springs, well logs, water analyses and
map showing locations of wells and swprings, Duncan-Virden
Valley, CGreenlee County, ariz., and Hidalgo County, N, hex.,
by R. 3., Norrison and H, M. Babcock, 1G4 (mimeogravhed
Tenort),

3. Geclogy and ground-water conditions in the Duncan Basin,
ariz,, by R, B. Morrisen, 1942 (unpublishéd manuscrint),
Hater levels and artesian nressure in observatien wells in
the United States, part 6, Southwestern States and
Territory of Hawaii:

Calendar year 1S40, “Water-Supply Paver 911, on. 63-72, 1941,
Calendar year 1941, Water-Supnly Paper 941, pp. 43-4g, 1942,
Calendar year 1942, "ater-Supply Paper 949, pp. 28-3L, 1043,
Calendar year 1943, ater-Sunply Paver 991, po. 43-L47, 1945,
Calendar year 1944, water-supply paper in preparation,
Calendar year 1945, water-supply paper in preparation.

&=
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GECLOGY CF THT DUNCAN BaSIN AFD ITS RILATICN TO GROUND-WaTER SUPPLIZS

Character of basin
The Duncan Basin is a deep trovgh that is partly filled with more

-—di

or less unconsclidated deposits of gravel, sand, silt and clay

(see 1, 2). The trough lies between mountain blocks of older rocks
which are mostly volcanic lava, although older granite, gneiss and
porohyry are expesed near Clifton and older sedimentary rocks are ex-
posed six miles upstream along apache Creex. The older rocks which
comnrise the mountain blocks are hard and resistant and for the most
mart immermeabdle, although they may carry some water which issues as
spvrings from cracks, fissures and weathered zones aleng the sides of the
mountains., Nevertheless, the ground water in the Duncan Basin occurs
nrincinally in the unconsolidated deposits of the basin., Therefore
this rewort deals chiefly with the ground water in these denosits.

The mountain blocks nerform twe major functions with resnmect to
ground water in the basin: (1) because of their higher elevations they
have greater anmual rainfall and thus contribute a large share of the
water which enters the basin; (2) because they are composed of
relatively immermeable rocks they tend to confine the ground water
within the basin,

Clder alluvial fill

The unconsolidated deposits of the Duncan Basin were derived from
the hard rocks of the mountain blocks and were washed into the basin by
streams and by sheet runoff. The main body of these denosits, termed
here the older alluvial fill, was deposited in an enclosed basin so
that a shallow lake of the playa or semi-nlaya tywe was formed along
the axis of the basin., The older alluvial fill underlies all of the
area shown in white on plate 2. The thickness of the older alluvial
fill may be 1,000 feet or more. There are no deep wells in the Duncan
Basin, and the thickness of the older alluvial fill must be estimated
by cemmarison with similar deposits in the Safford Basin., The deepest
well in the Safford Basin reached 3,767 feet without reporting bedrock,
ané encountered several deep water-bearing beds. It is possidle,
therefore, that deep aquifers exist in the Tuncan Basin,

Near the mountains on both sides of the valley the older alluvial
i1l consists chiefly of boulders, gravel and conglomerate with small
amounts of silt and sand. The conglomerate 18 mostly in the northwest
end of the basin, The width of this "gravel Zone" is from 1 to 2 miles
on each side of the basin. The "gravel zone!" of the older alluvial
fill is partly consolidated and 2nly moderately permeable., Layetrs of
relatively impermeable caliche originally occurred throughout the upper
vart of the gravel zone, but streams have cut channels through these
layers. Water from rain and from stream-flow enters the fill along
the stream channels and moves glowly toward the axis of the basin; where
it is Cischarged by artesian springs and seens which rise along faults
near the axis of the basin.

The materials which commrise the older alluvial fill gradually
become finer toward the intericr of the basin, grading first to inter-
Dedded sand and silt with some gravel, then to silt with some sand,
and finally, along the axis of the valley in the "lake-bed zone! to
silt and clay with local stringers of sand. The ¢ilts and clays of
the "lake-bed zone" are immermeadle and they contain traces of selt and
gypsum in places, but no beds of rock salt or gypsum are known.




Aliuvial f£ill of inner valley and tributary washes

aAfter the older alluvial fill was demosited, thé Gila River entered
the basin and cut a valley in the fill (see fig. 1). This started a
cycle of erosion that included develomment of gorges through the mountain
barriers and rapid cutting of the fill in the interior of the basin.
after the first rapid cutting the erosion slackened, and an eresion
surface was develoved on the softer areas of older alluvial fill. This
surface is about 50 to 100 feet below the original depositional level
and it sloves gently toward the Gila River, It is covered with a thin
mantle of gravel, and is the main "mesa" level above the river plain
near Duncan,

Subsequently the river accelerated its rate of erosion and cut a
second, narrower valley, about 200 feet deep, within the larger one,
This valley was then re-filled to a depth of 50 to 100 feet with
materials brought in by the river and its tridbutary washes. The part
of the basin underlain by these younger deposits is called the inner
valley and includes all of the irrigated lands. The alluvial fill of
the inner valley consists of beds of gravel, sand and silt which are
irregular and discontinuous, so that wells very close together may
encounter water-bearing beds at entirely different depths. However, as
the layers of silt are not centimdous, water from the surface may
nercolate downward, often by circuitous routes, to recharge the under-
lying ground-water reservoir, Wells in the inner valley produce from
170 to0 2,250 gallons per minute.

GROUND-WATER RESOURCES

clder alluvial fill

Cecurrence of ground water )

along the sides of the basin ground water is found in the beds of
sand and gravel that oceur in the "gravel zone" of the older alluvial
fi1l. The lake-beds of the olé&er alluvial f£ill near the center of the
basin are believed to be largely silt and clay, but they probvably con-
tain some fingers of sand and gravel that represent extensions of the
gravel zone. These fingers of sand and gravel very likely contain
water under artesian pressure, which would supply wells penetrating
them. However, only one well has tapmed the water-bearing beds of the
older fill and therefotre the extent and depth of these beds are not
known,

Source of ground water
Recharge of the older fill is from rainfall and from seepage from
streams crossing the outcrops of sands and gravels deposited near the

mountains. Direct recharge from rainfall is probadly small becaunse
relatively immermesable caliche at and ne«r the land surface in the

1 acts as a partial barrier except where ‘% has been
h along tributary stream channels. & large part ¢f the water
rim tary streams usually sinks into the alluviim lin.ng the
channels, 1a wilch it moves dowhstream as underflow. = navt ~1 this
underfiow is fed into permeable beds of the underlying o:der 1:luvial
fill., Pr.tably the ground water is uaconfined in the "grsv-l 7¢ae™ but
as it moves soward the center of the basin it may «nier ue f
sand-and gravel that extend through the lake beds ond Te couri.cel under
artesian pressure. The water probdably becomes mineralized as o« raesult
of centact with the salty clay and silt beds of the older alluvial fill,

oléer alluvial
cut threugh &b
in these

)
9
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according to Schwenneseué/. the slope of the water table is such
that ground water from the animas Basin may enter the Dancan Basin from
the south in the vicinity of Framslin., This 1s also indicated by studies
of the change in chemical gitality of water in the Gila River near
Franklin. :

Discharge of ground water

Some of the water in the permeable beds in the older fill
eventually reaches the surface through artesian springs that rise along
faults. One such spring is found in Rainville Wash, east of Duncan,
Others avpear along the ceurse of the Gila River. UNot all of the
faults will transmit water, as some of them are gealed with clay.
Some of the water of the older fill moves slowly upward through the
most permeable parts of the lake-bed zone and enters the alluvium of
the inner valley of the Gila River. Since the water from the older
alluvial £i1l is more mineralized than that from the river alluvium,
its presence has been detected by chemical analysis of water samples.

Alluvial fill of inner valley and tributary washes
Occurrence of ground water

Ground water is found in the sand and gravel beds of the alluvial
£311 of the inner valley of the Gila River. These beds are the source
of water Tor all of the irrigation wells in the basin. Smaller quan-
tities of ground water are found in the alluvial fill in some of the
larzer tributary washes, where several domestic and stock wells are
located. In many of the tridbutary washes, however, the alluvial
denosits are only a foot or two in thickness, and thus cannot supply
water for wells,

It is well to emphasize the fact that the water-bearing beds in
the alluvium of the inner valley are not continuous. A bed of gravel
may be 10 feet in thickness at one point, and at a distance of 100 feet

it may be onTJ 2 feet in thickness. These water-bearing beds are found
throvghout the inner valley, although they are less extensive from
Five 0'Clock W&sb to Gonat Camp Creek,

Source of ground water

Ground water in the alluvial £ill of the inner valley is derived
primarily from three sources: (1) Water which enters the alluvial fill
of the inner valley from the older alluvial fill in the form of springs
and diffused upward seepage; (2) underflow of the Gila River and its
trivutary washes; (3) water which enters the alluvial fill from rain-
fall and from infiltration of irrigation water (both from canals and
from fields \. If the water table were lowered below the level of the
Gila River, recharge from the river would also occur., all V71ues given

here for recharge are from a previous report of this offlce~

e

- Schwenhesen, 4. 7., Ground water in the animas, Playas, Hachita and
San Tmis Basins, ¥. Mex.: U. S. Geol. Survey Water-Supply Paper U422,
pp. 89-90 and 112, 1918.

2/

Turner, §, F., and others, Water resources in the Safford and Duncan-
Virden Valleys, ariz, and ¥. Mex.: U. 8. Geol. Survey mimeographed
report, op. H3-H6, 1941,
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The total recharge in the inner valley of the Duncan Basin from all
sources during 12 months beginning Cctober 1, 1939, and ending
October 1, 19HO, was about 28,000 acre-feet. :

Recharge to alluvial fill of inner valley from older alluvial fill.-

The recharge from this source amounted to about 2,500 acre-feet of
water during the 12-month period selected. This, of course, is equal to
the discharge of ground water from the older Fill.

motio gh in some places t“e rate of movement is only a few
inchkes a year, "‘LCerflow" is a term used to describe a riticular case

thls mevement of ground water, that which oceuss fhrc
of permeable material underieain by relatively impernsadl
Underflow is freguently associsted with surface filow in rivers,
it may ozcur when there is no surface flow in the overL}fn stream.
The rate of underfliow is determined hy three fact ors: the slope of the
water tadle, the cross-secticnal area of the water ‘bearing material
where the flow is to be weasured, and the permEablllty of the water-
bearing material. The rate of underflow may be expressed as gallons per
mimte or per day. winers inches, cubic fest per second, acre-feet per
day o per year, or any other convenient units. In this report, the
values given for underflow are in ferms of cubie feet per second and
acre-ie per y=ar.
‘ of the Gila River through the alluvial fill of the inner
zona-New Mexico State Line has been calculated to be
‘cel par second ot 7,200 acre~feet per year, based upén
The wilth of the alluvial fill of the inner
was 1 O miles, the average saturated thickness
13 Scel per mile, and the coefficient of
units./ . fhis coefficient was obtained from
st and f“”? laboratory tests of samples of

1is underflow of 10 second-feet is

o

valley at thiz &
bh*’ 10 rabnlic

the wawser
derived f“
other «our

e surface flow of the river and from all
er Vallﬁv above the State line.

washes is largely concentrated in the
an-Firden Valley". The 1941 report showed
¥ > vailey’ac defined in that report 1t twvtaled about-
cobic feal o second, or about 8,700 acre-feet in a year. About
80 vercent oL Lol e wndsrilow, or about 7,000 cubic feet a year,
oecurred In he iluancas Basin, downstream from the State line.

rainfall.-According to the 19Ul
2 oof ail water passing through canals
rater applied to the Fields for irrigation
rround-water reservolr., This mcans that
one L=l sarface water diverted and one-fuurir of all the
waser puased enters the ground-water reservoir. In the ensire
"Duncan-Virden Valley" this amounted %o about 17,000 acre-ieet of
recharge between Cctober 1, 1939, and Cctober 1, 1940. The part

e e i

/

o

Gallons per day through cne square foot under a hydraulic gradient
of one foot per foot.
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applicabtle to the Duncan Basin would be about 60 percent, based upon
the ratio of 4,669 acres irrigated in the arizona portion to 7,769
acres in the entire valley, Thus, the recharge from this source in the
Duncan Basin was about 10,200 acre-feet during the 12 months,

During the same 12-month period, recharge from rainfall on the
alluvial fill of the inner valley of the Duncan Basin was between 350
and 700 acre-feet.

Discharge of ground water

Water is discharged from the ground-water reservoir in the
alluvial fill of the inner valley both by pumping and by natural dis-
charge. Hatural discharge occurs by means of transpiration and evapo-
ration in the area occupied by phreatophytes, or plants whose roots
draw moisture directly from the ground-water reservoir; by evaporation
from bare, wet land surfaces in the river bottoms; by underflow out of
the basin along the Gila River; and by seepage from the ground-water
reservoir into the river.

Pumpage.~The irrigation wells in the Duncan Basin range in dis-
large from 170 to 2,250 gallons a minute; in depth, from 29 to 150
; in pumping 1ift, from 10 to U5 feet; and in diameter, from 6 to
O inches, Most of the wells are used to supplement surface-water
diversions, and only a few are used as a sole supply of irrigation
water. Table 1 lists records of these wells and plate 1 shows the
location of them.

The Geoclogical Survey has kept a record of the water pumped in

the Iuncan-Virden Valley since Cctober 1, 1939 (see table 2).
Figure 2 ig a grapi showing the quantity of water pumped in comparison
with river flow at the aArizona-New Mexico State line and fluctuations
of the water level in wells., The rumber of irrigation wells in use
has increased greatly during this time and the amount of water pumped
in 1644 was 3% times that pumped in 19U0. Table 2 shows the pumpage
from irrigation wells in the Duncan Basin,

b

ee

n o

Natural dis¢harge.-~The amount of water used by phreatophytes in
the "Duncan-Virden Valley", including the lands in New Mexico, during
the period Octoter 1, 1932, to Cctober 1, 1940, was approximately
12,700 acre-feet., 4bout 75 percent of this, or 9,400 acre-feet, was
discharged in the Duncan Basin. During the same period evaporation
from wetted lands in the Duncan Basin caused a loss of about 1,200
acre-feat,

Underflow out of the valley at the gaging station near Clifton
is computed to ve less than C.%5 cubic foot per second, or about 350
acre-feet a year, based upon 4 width of 0.04 mile, a thickness not
excecding 100 feet, a slope of 13 feet per mile, ard a coefficient of
permeability of 5,000 gallons a day per square foot.

The natural discharge into the river from the ground-water dasin
represents the amount by which the recharge exceeds the discharge
resulting from pumping, evaporation, phreatophyte use, and underflow
out of the basin. ZEecause pumping and the use of water By phreato-
hytes are more or less seasonal, the discharge of ground water into
the river varies greatly. In times of heavy pumping there may be no
grounté-water discharge into the river, and the flow may even be
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reversed, with the river feeding the ground-water reservoir. The
measurements made during the previous investigation showed the ground-
water discharge into the river to vary from 4 to 25 cubic feet per
second but, as indicated above, there may be times when the river loses
water into the ground.

Fluctuations of the water table

The principal factors that affect the level of the ground-water
reservoir in the inner valley of the Duncan Basin are discussed below.

The effects of precipitation upon the water tadle are as follows:
(1)} Rainfall on the cropped area reduces the irrigation requirements so
that less water needs to be pumped, and rainfall on the river-bottom
area reduces the amount of ground water used by phreatophytes;

(2) Some of the rainfall percolates directly to the ground-water
reservoir. The reduction in use and the addition of water are both
factors that tend to raise the water level.

Phreatophytes affect the level of the ground-water reserveir. as
their use of water varies from month to month. It is greatest during
July and avgust, and causes the water table in the river bottoms to
decline considerably. Some of the plants of this class in the Duncan
Basin use as much as 5 acre-feet of water a year per adre df growth of
average (ersity. v

The length of time that canals are in use and the frequency of
irrigation affect the amount of ,recharge. During periods of heavy
irrigation with river water, little water is pumped from wells, and
the water levels tend to rise partly because the use of ground water
is decvceased and partly because water is being added to the ground-
water resarvoir by downward percolation.

The pumping of an irrigation well lowers the water levels in pro-
portion to the volume pumped, creating a cone of depression near the
well, 4As punping continues the cone deepens and expands and water
moves Lownrd the well from farther and farther away, thus tending to
lower .re general water level.

controlling the slope of the water table. A4 rise in river level dur-
7 flood causes a corresponding rise in water level in nearby

. This effect is usually of short duration and the water table
declines as the river surface is lowered after a flood.

The graphs of water-level fluctuations shown in figure 2 repre-
sent typical conditions in the Duncan Basin., Well 61, located down-
stream from an area of heavy pumping, shows anmial declines in water
level as a result of pumping, and periods of recovery each fall when
pumping is curtailed., In wells 5 and 171, which are some distance
away from heavily pumped wells, the water-level changes have a trend
similar to those in well 61, but on a smaller scale. Many measure-
ments of water levels have been made in the basin by the Geological
Survey, and the results are published in reports listed in the section
on previous investigations (p. 4),.

The fact should be kept in mind that the water level in the
ground-water reservoir in the Duncan Basin is usually controlled by
the water level in the river, Thus, water levels will not decline as
rapidly in the Duncan Basin as theéy would in an area where they are
not controlled by a perennial stream.




SaFE YIELD

The Ysafe yield" of a ground-water reservoir is "the prﬁ?txcable
rate of withdrawing water from it perennially for human use'- In an
irrigated area, such as the Duncan Basin, where losses through evapo-
ration and transplratlon are large, the use to which the water is put
and the area of application greatly influence the safe yield. The
nlcture is complicated further by the presence of a through-flowing

rean (the Gila River) which is intimately related to the ground-water
reservOLr. Thus the determination of the safe yield of ground water in
the basin involves an appraisal of both surface and underground water
resources. )

The relationship between the ground-water reservoir of a basin

and a through-flowing river may vary from one extreme, where the ground-
water reservoir feeds the river, to the other extreme, where the river
feeds the ground-water reservoir. The relationship in the Duncan Basin
is predominantly of the first type, that is, the water table slopes
toward the Gila River and the ground-water body feeds the river. In
this type of ground-water reservoir, the part of the water pumped. that
is evaporated and transpired and thus does not return to the ground-
water reservbir, represents an eventual loss in the flow of the river,
because it is water that. would otherwise have reached the river. How-
ever, during the heavy pumping season, the relatlonshlp in part of the
basin is of the second type, that is, the ground-water reservoir is
fed by the surface stream. Under these ¢onditions, pumping will
increase the slope of the water table away from the river, and thus
increase the rate of loss in flow of the river. Therefore, under
either or both conditions, large-scale ground-water withdrawals tend to
reduce the flow of the stream, so that it is nedessary to determine the
extent to which this is permissible before the safe yield can be
estimated,

WALITY OF WaTER

411 the studies of quality of water in the basin were made by
John D. Hem of the Geological Survey. & comprehensive report describing
the water analyses and interpreting these analyses is being prepared
by lr. Hem for both the Safford Basin and the "Duncan-Virden Valley",
and will be published as a water-supply paper of the Geological Survey.
The discussion given in the present report is adapted from the 1941
report on water resources of the area and from the water-supply paner
in premaration.

Chemical character of the ground water

Water samples from 24 wells were analyzed and were found to differ
greatly in chemical character. 4nalyses of typical waters are given in
table 3. The dissolved solids in the samples analyzed ranged from 250
to 2,500 parts per million, but most of the waters ranged in concentra-
tion from 300 to 900 parts per million. Water from the older fill is
ustally higher in total mineral content than that from the Tecent
alluvium, It contains a relatively large proportion of sodium salts,
and fluoride, and is lower in total hardness.

Y
ieinzer, C. E., Cutline of methods for estimating ground-water
supplies: U. S. Geol. Survey Water-Supply Paper 638-c, p. 99, 1931.
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Chemical character of the surface water

The data available on quality of water of the Gila River in the
Duncan Basin are contained in analyses of samnles taken during seepage
measurements at periods of low flow in 1640 and 1941, Water samples
collected from the river at the arizona-New lMexico State line showed
water of moderate mineral content, the total dissolved solids ranging
from 180 to 406 varts per million. The water was predominantly of the
calcium bicarbonate type and suitable for irrigation.

Between the Arizona-New Mexico State line and the bridge on State
Highway 7% at Duncan, the river usually showed a loss in flow because
of heavy pumpage in this area, but during the wintet when very little
water was pumped, the reach usually showed a gain in flow. However,
the mineralization of the water in the river usually showed a marked
indrease between these points. It is evident that, to produce such
an increase, some highly mineralized water must have seeped into the
river, bt in too small a quantity to balance the loss in flow. This
seepage inflow must have been high in sodium sulfate and chloride
because these constituents of the river water increased most.

Between the highway bridge at Duncan and the Colmenero Canal
heading, 4.3 miles below Duncan, there was some further increase in
the sodium sulfate content of the water. ¥From this point to Cosper's
Crossing, one mile north of Shelden, there was no appreciable change
in the chemical character of the water. The river always showed a loss
in flow throngh this section and at times of low flow the river bed was
frequently entirely dry at Sheldon. 4t these times, it remained dry
for a distance of about five miles.

During periods of low flow the river always showed a gain of at
least eight cubic feet per second in the two miles immediately above
York Canyon. The water in the river at York had a much lower mineral
content than the water that disappeared in the viecinity of Sheldon,
indicating that the water gained was of very good quality. Several
large washes enter the river in the gaining section, and underflow
from them probably accounted for a part of this gain. The balance of
the gain is underflow of the river, forced to the surface by the narrow-
ing of the inner valley fill at this point.

From York to the gaging station at the lower end of the basin
there were no significant changes in the chemical quality of the
Gila River water.

Relation of quality of water to its use

It is probable that no serious problem exists at present regarding
the gquality of irrigation waters in the Daunéan Basin, as most of the
water used for irrigation comes from the Gila River. The river water
is normally of suitable quality for irrigation. If it should become
necessary to use ground water exclusively for irrigation of a given
tract, some care would be required in its use to prevent demage to the
soil, at least in the central portion of the basin where the ground
waters contain high percentages of sodium. Nine of the 24 gr.und-water
samples analyzed were from irrigation wells., The dissolved 3:1ids in
this group range from 309 to about 2,500 parts per million. Uf the
nine samples analyzed, six contained more sodium than calcium and
magnesium,
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Domestic use o o ‘

Most of the domestic well waters sampled in the Duncan Basin were
only modérately miheralized, containing less than 1,000 parts per
million of dissoived solids. TFluoride is one of the most bbjectionable
constituents of waters in the basin. TFluoride was determined in water
samples from 15 wells used for domestic and irrigation purposes.
Fourteen of the samples contained 1.1 to 9,6 parts per million of
fluoride. The sample from one well, at Sheldon, had no measurable
amount of fluoride. The highest value found, 9,6 parts per million, was
in the sample from the deeper of two wells furnishing water for the
Town of Duncan. Most of the higher fluorides were found in waters
raving high concentration of sodium salts,

HEardness was determined or computed for all the ground waters from
the basin that were analyzed. It ranged from 52 to 578 parts per
million. Most of the waters in the lower ranges of hardness occurred
near Duncan, where sodium concentrations were high. Most of the samples
analyzed would be classified for domestic use as relatively hard waters.

Relation of quality of water to ground-water recharge and source

Common salt and gypsum ocour widely throughout the lake and playa
beds in the older alluvial fill, Artesian seeps and springs sometimes
carry these salts to the alluvial fill aleng the river, where they are
mixed with the normally good water of the alluvial fill. The increase
in mineral content ¢f the water in the Gila River at low stages in the
reach above the Duncan highway bridge indicates, as previously shown,
that some of the water from the older fill enters the inner valley
near Franilin.

Although no wells that obtained water from tributary wash under-
flow were sampled in the Duncan Basin, samples from wells of this type
in nearby Safford Basin indicate that this water usually has a low
mineral content. A4s previously shown, the Gila River in periods of
low flow always shows, in the reach above York, an increase in flow and
s Cecrease in mineralization of the water. This probably indicates that
a rather large amount of underflow enters the river in this reach from
several large tributary washes.

Discharge of dissolved salts from bagin

According to the rather small number of analyses, the water dis-
charged from the basin in the Gila River below Guthrie appears to be
slightly higher in dissolved solids and appreciably lower in hardness
than that entering the basin at the State line. The data that have
bheen obtained are not complete enough to indicate whether the total
amount of dissolved matter carried from the basin by the river is
larger or smaller than the amount eatering it in surface flow and
nnderflow.
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SUMMARY AND CONCLUSIONS

: The principal proven ground-water reservoir of the Duncan Basin is
the sand and gravel fill of the inner valley along the Gila River.

The water in this ground-water reservoir is derived from underflow into
the inner valley along the Gila River and tridbutary washes, by recharge
from canal seepage, irrigation and rainfall, and by movement of water
from the underlying bveds, through fault springs and diffused upward
seepage. The total amount of recharge to the inner valley of the Duncan
Basin was about 28,000 acre~feet the twelve months from October 1, 1939,
to October 1, 1QUC.

The development of ground-water supplies to supplement surface-

. water diversions has been steadily increasing in the Duncan Basin for
the last ten years, A4ll the wells with adequate capacity for
irrigation use derive their water from the sand and gravel fill in the
inner valley. The amount of water pumped has varied each year during
the pericd of measurement beginning in 1940, with a minimum of 1,348
acre-feet in 1941 and a maximum of §,500 acre-feet in 19u},

Water was also discharged from the ground-water reservoir by
evaporation and transpiration in the river-bottom area, by underflow
out of the basin, and by seepage into the river. During the period
Cctober 1, 1933, to October 1, 1940, it is estimated that 10,600 acre-
feet of water was evaporated and transpired in the river-bettom area,
and that the underflow out of the basin was about 350 acre-feet.

The amount of seepage-into the river was not estimated, as this could
not be done without extremely detailed work,

Water in the Gila River in the Duncan Basin is usually moderately
mineralized, and is suitable for irrigation use. The water from many
of the wells, however, has a rather high mineral content, with too
great a percentage of sodium salts to be safe for irrigation use
without at least occasional irrigation with Gila River water, Water
from the wells used for domestic purpeses was only moderately
mineralized, but the fluoride content in all but one of the domestic
wells sampled was higher than is congidered desirable for use by small
children, ' '

Because of the intimate relation tetveen the water in the ground
in this basin and the water flowing in the Gila River, the regulation
of withdrawal of ground water will be affected by the legal righis to
the use of the river waters. Therefore, in arriving at a determination
of the principles that are to serve as a basis for regulation of ground
vater vithdrawals, careful consideration must be given to the interrela-
tion of water from the two sources., To illustrate the intricacy of the
nrobleris involved, waters of the following four types or scurces are cited:
le Ground water derived by recharge frowm apyropriated surface water,
such as seevage from canals and from the irrigated lands. If this ground
water is not intercented by pumping, a part of it will be lost by
evaporation and transpiration, bub the remainder will eventually re-enter
the river downstream and there become availasble for diversion. HHowever,
in many places it might be practicasble to intsrcept this water partially
by means of wells or to reduce the losses by lining the canals, thus in
effect cutting off the source of some of the floir in the river channel
dovmstrean.
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2. Ground water derived frem recharge by tributary-wash inflow
and from natural recharge on ocuicrop areas, such as that which augments
the flow of the (ila River above York. If this ground water is inter~
cented hefore it reaches the river, the flow of the river will thereby
he decreascd even thoush sueh intvercepiion would tend to reduce losses
by evanorsbion and transpiration. Diversion of such ground water might
be meade by wells near the source,

3, Ground uzter saved by destruction of natural river-bottom

wth or by reduction of evavoration and transniration through a
iering of the water table caused by pumping. Ixcept for that in
areas covered with river-bottom grouth, there is only a small amount
of additienal cul ivable land. The ground water saved by clearing
such land would Jc available for use eithor by additional water-well
developments on the land or by allewing it to return to the river for
later difzrsion. Some ground vater vhich wonld otherwise be lost by
evaporation 2nd transyiration could doubtless be saved through lowvering
of the water table by pPuniping from wells.

4. Satface vater that now moves dewnstream in tho Gila River to
meet prior claims. iaeh of this vater is used en routc by phreatophytes
or iost *Hrou cvaperation. Removal of river-bottom growth mrould save

sorc of this tor for bencficial usc.

O
LJ"'
[8)¢
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Table 1. Records of tyvical domestic and irrigation wells, Duncen Basin, Arizonms

. Date (Altitude :Depth Diameter
icom-i above [ of of well
nle- isea levellwell : (in.)
‘tea | (feet) (feet)

No.i TLocetion { Ovmer ! Driller

‘7. 65., R, 0 B
: . i Minnie L. ! { {
2, WWSEf sec. 1 . Zaton { Dewey Lloyd ;1945:

65 a6
7. 65., 2. 31 E. : - : |
I i Warner i U. S. Geolo~i § : :
B SEgiWg sec. 7. i Toote i gical Surveyl9hli3,us3.16:15 1 ) '
Fit R e e i i s S
(80 1 Wilton . G.Dumean - - 126 8
Yictor H : :

R, D. Sidey - 3,508.81 g 1

.19 { Rowden g
o B T : E -
21 WEISW: sec. 17 | Wilton . do. L. 156k
R R T o T e e e
. 28 SEISEE scc, 18 | H, Shade . Claybon  (igM. 67 20

; ‘ TGasteriiio ¥ : : : |
29: SWzSE} sec. 18 | Estate P - - - -

T R Bt T i e e
30 SWiSEx sce. 19 | Cosper I - - 81 16

. J. . : :
}Qjéﬁvﬁﬂwé‘sgq. 17 | TPoote . S. Mathow  :19UMi. '

[ T.75., R O3LE

-
!

w§§¢§E¥:295

31 SWAIWE: sec. U { = Barney E

L 7. A | R,
tsec, 8  Woods . St
LM f

35%.06i29 a2
sec. 16 Cosper - do. - 3,5%0.3%6:e7 12

do. - do. - i3,5u8.92138 16

CMLOTCL ML

4o, 0. T 50
% sec, 21 | Campbell . do. 193 - f93 f3p

T 0P T TN R S PR E

T I

§j§/§ﬁeasuring point was usually tow of casing, top of pumm base, top of water
~ : vipe elamp, or ton of well curbd.

_b/iT, turbine, Cf, centrifugal; B, bucket; G, gas; 0, diesel oil; H, hand;

‘ number indicates horsepower.

g R T PR P R FOT R TN
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Well records nbtained by H. M. Babeock, R. L. Cushmsn, and R. B. Morrison

Water Level i i : :

Yoi: Denth :Date of ;| Pump ;Use : Temn.:
{ below ‘measure-i and iof | :
imeasur- iment | power: wateri °F Remarks
fing point; v e :
(feet) oft T S

: i Anril 11 { : i Driven sandpoint for water-level
5 i 8.0 . 1946 [ ome N | 68 : measurements.
i o A i EE R R
12 iebe oagk5 i W iD i~ Dug well.
: : G T,G : | Estimated discharge, 1100 ‘gallons
1 i z6.12 L do., TR T i a minute.
R R - 7-C T Jc S S S §ﬁéﬁdffé&miiééﬁéfééi”i;Ubémééiiéﬁé‘”
21 21 ef foaguh ie2k r i~ ia minute,
R A ¥ o A S T " Reported discharze, 1,250 ‘gallons &
28 118 ¢/ figks iTGe I G- i minute with drawdown to 65 feet.

i g e & b L gt e e

]

; Clkorilil, O ; :
30 ;2k.g0  ;o10M6 TG T i- G-

; ‘Varch | § § | Reported discharge 800 gallons
30-4 13 o/ C1gMk iof,6 I - © & minute.

P T RN R AR

: April 11, 7,0 | | Discharge, 2,250 gallons a minute.
3L 03Mg 19 150 (I, i Messured June 1940. |

a/ ? %Nov. 7 g T,G : { Discharge, 910 gallons a minute,
35 112.1¢ ;1939 60 I i~  imeasured June 1940.

3 22,18 . 1946 C,H (D 53 iWell vas drilled for irrigation use.

; : ’ £ T,G i Renarted discharge 1,000 gallons
39 X e = 8
: : &

1 i~ ia minute.
b2 5816 11939 12F DI i  Dug and drilled well.

c/ I, irrigation; D, domestic; S, stock; N, not used.
d/ See Table 3 for water analysis.
e/ Yater level remorted.

[T TP I TR IR IO R et I L LR A




Table 1-Cont: R

Iocation Cuner

T
e B

! Zumwalt
{ Ernest

soc. 21

(R

2 see. 10 ¢ ;
AL H,
Campbell

do. .

ACamnchl

(‘1 ia s dge

76% SE%SW% sec. 12 é

‘7. 8 5., R. 3cwm~
: X Ravmond
02 SWESE: soc. 17

m:r
WYoe

. . Hencock

Imais

v, ¥
. My
Zumwalt
Erou*hton
}mnu‘ N
‘Hoqaon‘w

106 s

t""
o)
!

I .

Franziin

it
H O

e

cords of tyvlcal domestic and irrigation wells, Duncan

iDriller i Dat

G- Herris  io-
Campbell

g,

Crotts end
Stevens

PDavis

1923 3,70H73 7L 5D

{  Deane i

sncese.

I”rl:c.%iunmnmm%
gasion Dms*.;

~15-

Bagin, Aricz

¢ Altitude ! Depth Diameter
com-i above | of of well
ple-i sea leveli well (in.)
ted i (feet) i (feet)

o R R B e, g g R e e e ek
v i

3,593,560 B

: ;
i - - i B8 i
e s, p HE A
i : i
! - - ;
AT B D eenameren
: : ;

1939 3,608.51 206 .6
?W@ef 3.522.07 71 20
RGN0 75 R0

1qz+;¥,6o1;23w;§9ﬂm”.

L. :
?l”ﬁrrington 1Q19 -

810

mmmészmm“mggmmmwumwwwm"
194&3- 76 16

o laho EI
i Eugene E
i Clayton {

T T d

Freelove

19%9 367367 7T 20 .




¥ater Level :

; Denth : Date of

. below

{ measur-
! ing moint
. i (feet) af:

z§“53;5%"uu@

100

106

‘1973‘

‘_,107

111}

-

i

367,37
§‘l233“‘unmi
?‘9nﬁsmu‘§ -

_Anrll 11
50.32

14,50

9.8

. 29.25
§“‘§L9§Mmm;

25:65m“é

12 thm,
Lo

100 G

March

6

{ measure-
i ment

April 11,

1946

Anrll 114 :
' Yome
im0 :
SETON I SR . X SO B
T,00 :
180T

1946

r’ar l””m

190 G

Jan. 31,
10ho

ljhﬂ

Poct. I,
gk

194

‘Anr11 11
: RER:
;Cf.

1Qu€

Anrll 11

946

.Nay 6,

1980 .
 Aoril 11,0

‘;9¥6.“w2

1935

Aherch 3.5
5,1qh1 T
i March 13.
I

§and

novie

b/ i

i

§Pumpﬁ

~-16-

Eof

1‘

"QELH‘ :
7,6
£ 70

T.§
10

7,0

,msﬁmmmmmeémmmm;mmmimmmi

-y

H o]
weter: 5

o
‘D 6L
T
Py -

Use | Temn.

énug and drilled well.
! Discharge, 300 gallons a minute,
| measured Aoril 194F,

Remarks

M . ~
-
aer cudee
dm
v oS -

T e

""Discharge, 1,980 gallons a minute,

measured 1940,

f Discharge, 1,250 gallons a minute,
Limeasured 19MO. e

_iVell is bottomed in hard clay, .
{Reported discharge, 1,%00 gallons
_ia minute. .

' iDlscharge, ‘880 gelions a minute,

easured July, 1940

Am?Repofted discharge, 2,000 gallons
PBOMIBUSCE e s s

: Lower part of well is in clay
: lake beds. -
"Discharge, 240 gallons a minute,

....measured July 3, 1940. = . ...

Dugwell,
"inischarge) 690 galions & minute,
_.measured July 2, 19%0.

_ Dug well o
' Revorted d1scharge 900 gsllons

. .2 mimgte. -
{ Revorted dlschPrge, 1,800 gallons

2 minute, i
{ Reported d:scharge, 900 gallons

ccamimube,
i Discharge, 1,%50 gallons a minute,

....reasured 1940,
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Tablo 1-Cont. Records of tynical domestic and irfigéfion wells, Duncan Basin, Ariz

No.! lLocation { Ovmer Driller ! Date!Altitude | Depth :Diametef

: ! ‘ com-; above | of iof well
ple-isea level well | (in.)
ted | (feet) i (feet)

P T N : T ; ; ;
120 NEENVE secy %2 L Mlkdms - 1191013,691.72 18 Mo
:  Belbert ; U : |
122 SWASER: sec. 32 [ Moyers . = Berry . i= . 13,717.00.110 L
; (W, H. T, ‘R. D, § : 2 E
124 : NWUE secy 33 . Cosper Sidey  119%.- 166 12 (
”‘1?5§‘SE%SW$4§e¢e‘33_‘éﬂsfogﬁmuhhm”éfﬁ .. 1190003,713.91 - 30

126 SWESEE: sec. 33 ido. . = e ie 500 12
g/ | & | B | |
1KO§Hgﬁéﬂwg sec., 34 iNoffett o i e 1o B -
i { Pranklin Irri-C. W. ; : § :
131} SWNE} sec, 34 | gotion Dist.: Freelove [ 1939:3,696.30 92 20

132 UBESWE sec. 34 G, Tamt . - - 1369632 - 18
o | Floyd ; o % %
133} SE*SWE scc. 34 . McDaniels - i~ 13,689.61:32 i3

134 WWESEZ sec. 3 G, Lwmbt . = . i- 13,693.50:5 12
: | Frenklin Irri-C. ¥, : : o
136 SBENEE sec, 3 | getion p;stu,mrrselgxa"qgwl93933A73§&6&;M§9“mm§aaﬁAmwpwm‘"
: ! Valley Tugene : | : §

146 FEESEL scc. 34 | Cenal Co. | Cleyton i 194li. i64 20
B e
(147 SEXNEZ sec, 34 | Lunt - Jido, - 85 20 y
148 . NEZSEY sec. 19 ! WNQ?QJQQQ??QYH Gross. % do. iw . iTH 2O

g

R R

Vo lwnb e hmeim edm M
| 3 George T e
150 JF?SW%‘s?QeH}ZWEMS:NWﬂ‘999awwwé‘%}Y9rwﬁﬁwméuza¥§3:“”,Hmw :8 16

kg R

151 SWESE: scc. 1% do. D, Lloyd iige. le7

152 SE3 sec. 29 | B. Lunt - fde. i 1B 20

o : Chas. é § : :

153 SEENWE see. U © Scedlock - . 19u5 P jwzxw 8
: . §ETanK’1n Irr1~u. W, ' : :

160 NEZNEf sec. 3 | gation Dist. Freelove ! 1°?9 2.593.96. ?Z.Wm§§QmempMWWNW

81, e 2. 80, 3,693.97 180 20
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Vater egzsl é g ; ;
?b. Depth : Date of {Pumv | Use | Temp.!
i below § measure- : and i of { .
§ measur- | ment ipower; water; °F Remarks

: inz point onf i cf :
; (ﬁ@@§}‘a/ ; ? :

{ i Anrll ll ; : :

L1200.20.61 L5 19u4 f‘{ S8 oiBY  iDugwelle e

122 25,13 do..

B iD,5 66 -
12k 16 ef

e S ; §D1scharﬂe, 940 galloqs a mlnute,
- 27 i1 i . measured July 10, 1941.
| B PR Rl S S &

Ll25:23.20  f 19W6 i BH S e iDugwell. e
: : April 29,i7,6 i ; BDischarge 170 gallons » minute,
L1260.25.10 11980 . 160 01 . i= . . measured July, 1940. e

a/ : P CF,G : i Discharge, QSO gallons a minute,

1300 = . i= ... ..if0.0 i1 LAl measwred August. 1940. ... .
: § Feb. 1, iT,0 : : { Dlscharge 1, SRO galloﬁs a mlnute,

131 20.54 1945 1150 I A4 messured March 1941. . . e
E ! Feb. 2~ (T,3 ! ‘ i Discharge, %90 gallons a “minute,

C132018.20 0 A9M1 175, I...i=....measured June M, 19U0. s
; [ April 11, : : :

133 10,46 ¢ 1946 fef,Gi I f-  fDugwell,

CMer. B, (1,6

A3 3380 1 AGML B0 L L m e

: { April 11,/ T,D ! _ ;

136 45,76 0 1946 TS0 T - i=
; ! May ‘ ; ; . Discharge, 1,100 gallons a minute,

146 2R e/ i 1944 17,6 1T i~ measured April 11, 1946,

04 R S I e e
’ ! Feb. 21 | T, ! Discharge, 1,600 zallons a minute,

,w;%§£h%¥“§[“w.é‘wlskh‘ HENBEUWEWEWW‘EufﬂMMEWmgéﬁqxgéwéprélwl}zwlakﬁawNmmm,wum‘

LT R AU 1= S S e
§ [ Seot. ! T,3 i i { Reported discharge, 200 gallons
L1500 B0 ef i A9s 5. L d-iaminmube. e

; P July TG i i Renmorted discharge, 1,500 gallons
L15Li 18 ef 0 19Mk 35 1 1~ | 2 minute.

W
Pt
i

L L R - I0 5 S DU

i § Jan. g ™E : ;
1531 30 ef . 19u5 3 i I i~ i Located in town of Franklin

1595Wﬁﬁﬁlwmiﬂm19¥§wa;lgﬁuiw§mmﬁu:mW“h

161 10.21 | do. f150 1 i~ G-

PR S T U ST P SRS ORI S SO PRI
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Table 1-Cont., Records of tynical domestic and irrigation wells, Duncan Besin, Ari:

e B D T T T T T T OO Py T T IR R

¥o.! Location . Owner © Driller ¢ Date Altitude :Depth Diameter
: : : { com~: above | of .of well
ple- isea leveliwell | (in.)
ted | (feet) i(feet)

| Franklin Irfi- C. ¥, ; g ;
: sec. 3 | gation Dist. ! TFreelove : 1939:3,703.60 g9 20
. Crotts and Tugene 3 g : :

7= seg. M

E 80gat L 00l ; : : 5
173 Do, ... i  Crotts  de, . . odos = . :RG 12
‘ 0. C. Frank : : i

0iDell i Starkey ¢ do. i~ 160 110

L

174 SEIWE sec. b
g/ MNeasvring point wss usually ton of casing, top of pumn dase, top of water
pine clamp, or tom of wall curd.
2/ T, turbine, Cf, centrifugsl; B, bucket; %, ges; 0, diesel oil; H, hand;
number indicstes horsepowver.




a—r

3
17%

162!
4/
171

22
RIAEY
W

2

- Water Level :
ho. Denth
: below
| measur-
{ ing point:
‘(fect) ol

TDate of

.maasure-i
i ment

EA.nrll ll'
2 ;

1946

. E@?r .
igul
édo.

A B

~20-

%Use
i of

water

¢

Remarks

Uuﬂ well.

! g minute.

- §Revorted discharge, 700 gallons

TRenorted discharge, 600 gallons
- .. ia minute. eevenbemanner seraresiasne o
:“enorted dlscharge, 500 gallons
: - jemimute.

¢/ I, irrigation; D, domestic; S, stock;
able 3 for water anslysis
e/ Woter level revorted.

d/ Seg T

N, not used.
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Table 2. Water pumped from wells, Duncan Basin, Arizona
1Quo 1945
e MMA,.u‘H”M”;SHde,,W 19h1 - 1°h2 . 9“5 e 19uu L. S
Acre-feet 2,135 1,348 1 6oo 6 soo 8 Goo

Table 3. 4Analyses of typical ground waters, Duncan Basin, Arizona
(Well numbers correspond to numbers on plate 1.
Analyses by John D. Hem
Chemical constituents in parts per million. )

Woll Number 35 111 130 171 ‘

Denth, -ept 29 17 55 38
Date sampled .. ... 10-3-bo  g-7-40 . 10-1-H0 . 30=21-HO s

Specific conductance
(Rx105 at 25°C) B4 99 g ke

Galcium (Ca) 56 h SZ‘UM‘ 62 RS
Magnesium (Mg) WMHdm%44mMMWHWw§§MWNwmmwMWm?memWMWMNWWSBLmmWWW.meWWMmmm

“Sodium and potassium
(WatK) Lo 109 210 BB

Bjoarbonate (Hcoz) o 2u8‘”m 397 331 295
Ssare (5] S g WWMNWWMW§§§WMH..

. Gnloride (C1) . ... .22 . > . e e
Fluoride (F) - - 2.0 3 5
Witrate (ho ) - - - 2

Dlssolved 501lds pou - a joé IR -6-1-0-- e 8?7 W errARNLL G rrasue 4 1601 R e AL A b AR
Total hardness as -
CaC03 191 3o 26 BTE e

“Percen+ sodlum 32 43 63 78
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PLATE |. MAP OF DUNCAN VALLEY, ARIZONA

SHOWING LOCATION OF WELLS USED
FOR [RRIGATION AND WATER LEVEL

OBSERVATION AND ALLUVIAL FILL OF
INNER VALLEY.
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