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ITRODUCTION

. Purpose and cooperation

The need for State Teguiation of nround-iater resources in Arizona
has become increasingly apparent. Inasmuch as such control rmst be
based upon adequate information as to the cuantity, gquality, and use,
as vell as the source and inovement, of the ground vater, the Arizona
State Legislature in 1945 apnronriated funds for the inwvestigation of the
nrincipal ground-water basins in the state, The investigations are being
mnade by the Geological Survey, United States Devartment of the Interior,
in accorcdance with a coomerative azreement with the Arizona State Land
Department, O. G, Tilliams, Corriissioner.

A large part of the data contained herein were collected during an
investigation of the water resources of the Safford 3asin on the Gila
River in 193%-1941 by the Fedeial Geological Surver, in cooperation
with the State of Arizona, the United States lngincer Devartrient, and
the United States Bureau of Indian Affairs. Poriodic measurements of
water ‘levels and an inventory of tihc pumpagce have becn :iade cach year
since 1941. The geology of the basin as manped by R. 3. liorrison,
John D, dem analyzcd most of the rater samples and Hreparced the quality
of watcr scction of this report. Ficld worlr during 1945 and 1940 wes
donc by R. L. Cushman and i.. B. Boohor, cngincers. L. G, Halyenny
assisted in the nrcparation of thc rcport. ALL of tho wori was Gonc
under the dircet supcrvision of Sarwcl F. Turner, District Zngincer
(Ground “Tater), of thc Geological Survey.

Location
The Safford Basin is a part of the structural trough that oxtonds
from the vicinity of Globe, Arizona, southeast te the vicinity of Jedeo,
New Mexico (fig. 1). Southcast of the Safford Basin the treugh is known
as the San Simon Basin and northwest of the Saff-rd Basin thc trough is
designatcd in this rcport as the Globe-San Carlcs 3asin. The Safford
Basin is limited along the northcast sidc by the File iountains and

along thc southwest side by the Santa Torcsa and Fincleno Hountainse .

The division between the Safford Basin and the San Simon Basin is
arbitrarily designatcd in this rcwoort as the line between Ts. 7 and 8 3.
This linc nasscs through the Cactus Flat-Artesia arca. The division
betueen the Safford Basin and the Globe-San Carlos Basin is designated
as a line perpendicular to the Gila River, nassing through the streawm-
caging station at Calva. The basin ranges in width from 15 to 20 miles
and is avout 65 miles long. It consists of two parts: the higher
uncultivated land that slownes dovir from the mountains on either side;
and the inner valley, which is half a mile to 3 miles in width and
contains nearly all the irricated land.

The extensive agricultural develomment in the Safford Basin lies
southeast of the San Carlos Indian Reservation and therefore this revort
deals chiefly with the portion of the basin southzast of the reservation
line, However, the deta collected in 1941 werc collected within limits
imposed by the existing strean-gaging stations, and thercefore these
data apply to the basin from the gaging station on the Gila River at
Calva upstream to the nov-abandoned gaging station on the Gila River
below Bonita Creek. Figurc 1 shous the relations among the San Carlos
Indian Reservation linc, tho strecam-gaging stations, and the Safford
Basin.
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Clinmetological data

The climatological data for the T:atcher Teather Sureau station max
be considered tymical of conditions throuchout the inner valley of the
Safford Basin, as the elevation at Tha‘tcher is 2,350 feet, waich lies
within the range of elevation of the inner valley. The elevation of the
inner valley of the Safford Basin ranges from about £,300 feet above sea
level at Coolidsze Dam to about 3,100 feet above sez level at the mouth of
Bonita Creek. The averege orecinitation is $.5 inches a vear at Thotcher
(elevation 2,850 feet), according to a S4-year record of the T. S.
leather 3Bureau. The mean annual temperaturc at Thatcher is G2.5 degrces
Fahrenheit. The highest rocorded temperature at Thatcher for thc So-year
neriod endinz in 1930 was 116° Fahrenneit, and the lowest recorded
temperaturc was 7°. The frost-frce season at Thatcher lasts about 6 months.

History of development

The Safford Basin was first settled by Mexican farmers at San Jose,
near Solomonsville, about the end of the Civil “iar. ilbrmon-faruers
settled at Solomonsville in 1270 and later at Safford. Iventually most
of the cultivable land along the Gila River :ras occunicd from Bonita
Creek to the boundary of the San Carlos Iudian Jescrvation. The amount
of land irrigated with surface water ‘ras 32 acres in 1872, 498 acres in
1880, 15,224 acres in 189Q, 21,564 acres in 1900, 27,252 acres in 1910,
and 02,512 acres in 182 1/ There has ocen no inercase in land farmed
by surface-tmier irrigation since 122C.

Originally thec farmers used only -rater diverted fraa the Gila River
to irrigate their lands. iHotrever, ths river sudply was inadequeatc,
especially in dry yocars, and beginning about 1030 the river suphly wes
supnlemented by ground water. Im 1240 about 130 irrigcvion wells wwere
in operation. Thc number of wells in opoeration inerczscd to zbout 260
in 1944 and 325 in Avgust 1946. An additional 3C irvigetion wells worc
not in usc in August 1946 and further Arilling ves iz progross. Tablo 1
presents records of tyvical domestic and irrigation wells in the inncr
valley. Plate 1 shows the locations of all irrigation wells and 2il
wells in which water levels ave moeasured nperiodically.

Agricuiture is the nain industry in the Sefford 3asin. The princizal
crops are alfalfa, cotton, grain, and vesetables. In recent years seed
for sugar beets has been raised. The 1840 census lists the pooulation
of Graham County as 12,115, of vhich probably 95 perceat reside in the

Safford 3Basin.

1/

Firth, C. 4., Distribution of waters of the Gila River: ©&th Ann. lept.
of the Gila Jater Commissioner, ple £, 19435,
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_Previous investigations .

Earlier studies by the Geologiecal Survey are described in the following

reports:

Surface-water resources:

o U. 5. Geol. Survey 21stv 4nn. Jept., on. 339-42, 1900.

« Lipnincott, J. P., Storage of water on Gila River, Ariz.:
U. 8. Geol. Survey “iater-Sunply Paper 33, 19CO0.
Surface-vater supply of the Colorado River 2asin, U. 3.
Gecl, Survey water-supnly papers for each year beginning
with 1899.

4, Collins, 7, D., Howard, C. S., and Love, 3. K., Quality
of surface waters of the United States:

Uater year 1%41, “jater-Sunply Paper 942, pn. 62-64, 1343,

‘later year 1942, ‘Jater-Supply Paver 950, »p. 46-47, 1944,

TJater year 1943, 'Jater-Sunoly Paper 970, »w. 117-119, 12435,

Tater year 1944, Tater-Sunply Paper 1022, in preparation.

Tiater year 1945, water-supply paver in preparation.
Geology and ground-wrater resources:

1. Schwennesen, A. T., Geology and ground-water resources of
the Gila and San Carlos Talleys in the San Carlos Indian
Reservation, Ariz.: TU. 3. Geol. Survey fater Supnly
Paner 450-4, 1921.

2. IKnechtel, M. ., Hydrology, Indian Hot Snrings, Grakamn
County, Ariz.: “‘ashinzton Acad. Sci. Jour., vol. 25,
no. 9, Sept, 15, 1935,

3¢ Knecchtel, M. M., Geologic relations of the Gila conglomerate

in southeast Ariz.: Am. Jovr, Sci., Sth ser., vol. 31,

po. 80-92, Fen., 1935.

Inechvel, M. M., Geology and ground-tater resources of

the valley of Gila River and San Simon Creel:, ariz.:

U. S, Gool, Survey Tater-Supply Pader 7S6-F, 1938.

5. Turner, S. ¥., and others, Tator resourccs of Safford
and Duncan-Virden Vallors, Ariz. and N. Mex.: U, S.
Geole Survey (mircogranhed), 1941.

6. ‘later levels and artcsian nressurc in ohscervation wells
in tho Unitcd States, part 6, Scuthwestern States and
Territory of Hawaii: ‘
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Calendar vear 1940, Tater-Suppl: Paper 211, »p. 8-02, 1%41.
Calendar rear 1941, “ater-Sunply Pancr C41, . 2-43, 1943,
Calendar year 1942, “later Supply Paper ©4°, pn. 3-23, 1944,
Calendar vear 1°45, Tater-Sumnly Paper 091, »». {-43, 1045,

Calendar year 1944, ater-supply paper in preparation.
Calendar year 1945, ivater-supply paper in orenaration.

7. lorrison, R. B., licDonald, H. R., and Stuart, . T.,
Records of wells and springs, well logs, wvater analyses
and map showing locations of wells and springs in Gafford
Valley, Ariz., nimeogranhed by Arizona Statg “later
Commissioner, 1942.

8. Gatewood, J. 3., znd others, Use of water by river-bottom
vegetation in lower Safford Valley, Ariz., U. S. Geol.
Survey, unpublished manuscrint, 19495.

9. Turner, S. F., and others, Geclogy and ground-uvater
resources of Safford Valley, Ariz.: U, S. Geocl, Survey
water-sunply naver in prenaration.
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.10, Hem, J. D., Quality of water in the Gila River Basin
above Coolidge Dar, Ariz.: U, S. Geol. Survey water-
supply paper in prenaration,

Other reports that refer to water resources and related subjects in
the Safford Basin are:

1. Olmstead, Fran! il., Gile River flood control, Renort to
Secretary of the Interior: Sen. Doc. 436, 5th Congress,
ord session, 1919. ‘

2. Poulson, I, N., and Younz, F. O., Soil survey of the
Upper Gila Valley area, Ariz.: U, S. Dept. Agric., Bureau
of Chemistry and Soils, ser. 1935, lio. 15, 1938.

3. Technical Cormittees, Upner Gila River Basin renort:
National Resources Planning 3oard, ‘ater Resources
Committee, 1940.

4. Firth, C, A,, Distributicn of waters of the Gila River:
Annual reports of the Gila “later Comzissioner for the
years 1937-1945, inclusive. -

5. Putnam, Rufus 7., Interii renort on survey flood control,
Gila River and tributaries above 3alt Rivcr, Ariz. and
N. Mex., confidential renort to Chief- of Zngineers,
United States Armv, 19245,

GEOLOGY OF THZ= SAFFCRD BASII AND ITS RELATION TO GRCUID-'TATIR SUPFLIGS

, Cheractexr of basin

The Safford Basin is a deep trough that lies between mountain blocks
of older rocks {»l. 2)., These rocks are mostly volcanic lava and ash
deposits on the noritheast side of the basin and gneiss on the southwest
side of the basin, The older rocks that comprise the mountain blocks
are hard and resistant and for the rost part impermeable, although they
carry somc water that issucs as springs from cracks, fissures, and
weathored zones along thc sides of the mountains. The mounteain dblocks
poerfom two major functions with respect to ground water in the basin:
(1) becauso of their higher clovations they have greater anhual rainfall
and thus contribute a large sharc of the wvater that enters the basing
{2) bocause they arc composcd of relatively impermeabdle rocks thoy tend
to confine thc ground water within the basin.

The dcop trough of the Safford Basin is partly filled with morce or
less unconsolidated deposits of gravel, sand, silt, and clay. The
ground watcr occurs principally within these deposits.

Older alluvial Till

The larger part of the morc or less wurconsolidated dcposits in the
Safford Basin is tcrmcd “older alluvial £ill¥ in tais report (scc Hl. 2
and fige 2). Thosc deposits were dcrived fror: thc hard rocks of tho
mountain blocks and were washod into the basin b streams aud by sheet
runoff, Thc alluvial fill was depositcd in an creloscd basin and a
shallow lake of the playa or sami-playa type was fommcd along thc axis
of thc basin. The thickness of thc oldor alluvial ill is at least
3,767 feot at onc placc, bascd upon thc log of the Mary S. Mack oil topt
{we1l 301, pl. l). Scveral doop wator-bearing beds were encountered in
this well. 4 wcll drilled ot Safford for the Southern Pacific Railroad
did not rcach bedrock at 1,020 fcet. An oil test drilled ncar Ashurst
(SWENR: scce 30, T. 5 S., R. 24 =,) was abandonod in older alluvial fill
at 2,645 fcet.



Hear the mountains on both sides of the basin the older alluvial
fill consists of boulders, gravel, and conglomerate vith small amounts
of sand and silt, and is termed the ‘gravel zone® in this repert. The
width of the gravel zone is from 1 to 2 miles on cach side of the basin
(sec pl. 2 and fig. 2). The gravel zons of the older alluvial fill is
partly consolidatcd and moderately pecrmeable. lLayers of relatively
impermeablc caliche lic near the surface in most of the outeron arca of
the gravel zonv. Streams have cut channels through thesc layers,
enabling wvater from rain and fraw strecamflovw to enter the fill along
the strcam channecls,

The matcrials that comprisc the older alluvial fill gradually
become fincr-grained towvard the intorior of the basin, zrading first to
interbedded sand and silt with somce gravel, then to silt with somc sand,
and, finally, along thc axis of the basin in the playa or “lake-bed zoncH,
to silt and clay with local strinscers of sand. The silts and clays of
the lako-bed zone arc relatively impnormeablc and contain salt and gynsum.

Alluvial f£ill of inncr valley and tributary washes

The alluvial fill of the inner valler and tributar: rashes was
deposited after the Gila River entered the Safford Basin. “hen the
river first entered the basin it startcd o cycle of crosion that
included development of gorges through thc mountain barriers and rapid
cutting of the fill in the intcrior of the basin. After the first rapid
cutting the orosion slackened and zn orosion surface was developced on
the softer arcas of the older alluvial fill (fig. 2). This surfacc is
about 50 to 100 feot below the original denositional level, and it
slopoes gerntly toward the Gila River. It is covered with a thin mantle
of gravel and is the main ‘mesa® level above tho river nlain ncar Safford.
Subsoquontly the ratc of crosion by tho river was aceclerated and an
innor, narrowcr vallcy, about 150 fcct decen, was cut within the larger
ond« This valley is partly filled, to a depth of 30 to 100 foct, with
silt, sand, and gravcl deposited by the river and its tributary washes.
The part of the basin undorlain by thosc younger deposits is called the
inner valley and includoes nearly all the irrigated lands (scc fig. 3
and woll logs in table 2).

Tho alluvial fill of the inner vallcy ond tributary washes consists
of irregular and djiscortinuous beds, and adjacent wells may cncounter
wator-bearing sand or gravel beds at ontirely diffcrant depths. The
layors of silt arc not continuous znd water from the surfacc ncrcolates
downward, oftcn by circuitous routes, to rccharge the underlying ground-
wator rcscrvoir,

GROUND-"ATER RESOURCES

Older alluvial fill

Occurrcnec of ground watcer ,

Ground weater is found along thce sidcs of the Safford 3asin in tho
bods of sand and gravel that occur in th. “gravcel zonc” of the older
alluvial £4#11l. Thc lake~-boeds of thc oldcr elluvisi £ill ngar the center
of thc basin arc largoly silt and clal, bug,thcy inelude fingers of sand
and gravel that reonroscnt oxtensions of the grovel zonc. Thesc fingors
of sond and gravel contain wvator undcr artesian pressurce. Flowing wells
have beon drilled along Cottonvrood tlasl, Ash Creck, and necr Artcsiea,
south of Safford. ‘iatcr-bearing bcls crc cncounterced in thesc arcas at
depths ranging fras 100 to 1,200 fect.
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Recharge to the older fill is from rainfall and fronm seenage of
streans on the outcrops of thc gravel cone near the mountains. The direct
recharge from rainfall is probably srall because relatively imnermeable
caliche at and near the land surface in the older alluvial fill is a
partial barrier excep:t where it has been cut through along stream channels.
A large part of the water in these streams usually sinks inte the alluvium
lining the channels and moves dovmstream as underfiow. & -—art of this
underflouv is fed into »ermeable veds of the underlying older alluvial
fill. The vater is unconfined in the gravel zone dbut as it mecves touard
the center of the basin it enters the fingcrs of sand and gravel that
extend into the lakec beds and is gencrally confined under artesian pressure.

Discharge of ground water ,

A part of the water in the permcable beds in thoe older fill roachss
the surface through flowing wells and through artesian springs that rise
along faults. Not all the faults in the older alluvial fill will transmit
water, as some of theri arc sealed witkh clay. A part of the wrater of the
older fill moves uprard as diffuscd sechage through the most nermcable
parts of the lake-bed zone and cnters the alluwial fill of thce inner
valleye Tho watcr in the lake~bcd zonc of tho older alluvial f£ill has a .
higher mincral contont than the water in the alluvigl £ill of the innor
valley, and some »nlaccs whorc the morc salinc water rises have deen
detocted by chemical analysis of wator sammles.

The Mary S, liack well (301) is thc largest floring well in the Safford
Basin, and it produccs azbout 1,500 gallons e ninvtc. The Indian Hot
Sorings arc the largest group of svprings in tho Safford Basin, and they
producc a total of 520 gellons a minuto. &sbout 11,700 acro-feet of water
vas g‘schargod from the older fill durinz tac 12 months canding CGetobor 1,
1940%, About 2,900 acr:-foot of this was discharged throush flevving wells
and about 8,800 acrc—~fcot 7as dischorgod through crtesian springs apd sceps.

Alluvial £ill of inncr vellcy and tributary vicshes
Occurronce of grownd rater

Ground watcr oceurs at shallou depths in the sand and gravel beds of
the alluvial f£ill of the imner vallsy of the Gila Rivere. Thiso beds arc
the sourcc of wator for noarly all the irrigation wells in thoe basin.
Ground water also oceurs at shallow depths in tic alluvial £ill of zmny
of tho tributary vashes. Irrigation rells have been developcd in tho
alluvial £ill of thc largor washes and dorwestic and stock wclls have been
devoloped in the £ill of many of the smller washes. In a foir of the
washes, houever, the alluvial fill is only a for fcet in thickncss and
cennot supnly-imter for wolls.

Thc foct should be cmphasized that the individucl water-beoring
beds orc not continuous in the alluviol £ill of the imncr velley of the
Gila River. 4 bed of gravel my be 10 foet thick at onc noint, but at
o distonee of 100 feot it may be only 2 feot thick or mey hove pinched
out entircly.

A
Turnor, S. F., and othcrs, Jatcr rcsources of Scfford and Duncan-Virdon
Velleys, Ariz. and N. Mex.: U, S. Geol. Surve: (uircographed), 1941.



Source of ground weter

Ground water in the alluvial fill of the inner valley is derived
primarily from four sources: (1) Vater from the older alluvial fill in
the form of syring flowv and diffused upward seevage; (2] underflow along
the Gila River and tributary washes; {3) recharge from the Gila River
when the water tatle is lowered below the level of the river; i(4) water
from rainfall and from infiltration of irrigation water. All fizure
given for recharge are from a vrevious renort by Turner and others.2

The total recharge to the alluvial fill of the inner valley of the
Safford Basin during 12 months beginning Octcber 1, 1939, and ending
October 1,-1940, was about 82,000 acre-feet.

Recharge firom older alluvial fill, - The recharge to the alluvial
of the inner valley fram the older alluvial i1}, in the forn of sming
flowr and diffused uprard seepage, was about 3,800 acro-feet of rater
during the 1l2-month period selected.

Recharge from wnderflor, - Underflowr of the Gila River through the
alluvial f£ill of the inncr valley ncar the mouth of Bonita Crcek was
calculated to be about 2 cubic fcet mer sccond or about 1,500 acrc-fect
a ycar. This amount v@ms calculatcd from the slope of thc watcr table
at this placc, thc cross-scctional arce of saturated water-bvearing
materials, and the nermeability of the wator-bearing matcerials.

Underflow into the imncr valley from tributory washces vas cclculated
to bc 12 cubic fect por second during 1939, a dray yoar, and 16 cubic
feet ner sccond during 1541, e wet yoor. The total ground-ueter rocharge
to the inncr valley from underflov of tributary vashes betieen October 1,
19398, and Octcbor 1, 1940, imas about 9,200 zcro-foct.

Recharge from the Gils lver. - Rechorge from the river cccurs wach
the water table at the edge of the river is draim dein bclow river level
by pumping or by cvaporation and itranspiration; or when the river riscs
above thc adjacent watcr tablc during floods. It is not possibls to
cstimate the amount of this rcchargc. A port of the irater recharged
fron the river rcturns to the river.

Rechaorge from rzinfall and from infiltration of irrigation irator. -
The rcecharge to the inncr velley from rainfall vias cstirmted to be
between 2,500 cnd 5,000 aerc-feet during thc sanic poriod. Thoe rochalge
to thec alluvial fill of the inncr valler from inf:iltration of irrization
water wras sbout 60,000 acro-feet during the meried October 1, 1959 to
October 1, 1940. Accerding to the 1941 reneri, ormroximately one-third
of all water passing through cancls aad about onz-Tourth of all trater
applicd to the fisclds for irrigation nercolutes dovavard to the ground-
veter reservoir. This means thot one-half of 21l the surface mter
diverted and onc-fourth of zl1l the 'wmter pummed onters the ground-rater
resorvoir.

Digcharge of ground water
Water is discharged from the ground-iater reservoir in the alluvial

£il1l of the inner valloy by »wiping and by natural means. lictural
dischaorge occurs throvgh trons»iration and cvanorction in the orea
occupicd by phrecatophytes, or vlants vhosc roovs drowr moisturc dircctly
from the ground-irater reservoir; os ovoworation freom barc, tet lond
surfoces in the river bottoms; as underflor out of the besin alions the
Gila River, and os scepage from the ground-veter rescrvoir into the river.
37"
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Discharge by numning. - The Geological Survey has kept a record of
the water pumped in the Safford 7alley since January 1, 1940, The quantity
punped each year since that date is given below:

—— - e S e —_— - e = e = w—— —-— e ————

___Year 1940 1841 1942 1843 11944 _A%45
Volune 24,600 8,700 18,900 355,000 52,000 35,200
punmed,

acre-Teet

- P R —— -———— -—— ——

Figure 4 is a graph showing the quantity of water pumped, rainfall at
Safford, and fluctuations of the water level .in wells.

Ilost of the irrigation wells in the Safford Basin are used to
supplenent surface~rwater diversions., Table 1 lists records of typical
irrigation wells and nlate 1 shows the locations of all the irrigation
wells as of August 1, 1946, These wells range in discharze from 100 to
4,600 gallons a minute, in depth from 15 to 100 feet, in pumping lift from
12 to 116 feet, and in diameter from 6 to 96 inches.

Natural discharge, - The amount of water used by phreatophytes in
the inner valley during the veriod October i, 153%, itc October li 15490,
was about 70,00C acre-feet, according to tests made at that timea( Later
investigatio 2 in 1943 and 1944 zave slightly lower results, indicating
that in the lower half of the inancr valley, fron Thatcher to Calva, the
amount of water used by phreatophytes was between 28,000 and 29,000 acre-
feet a year. The results of the 19405-44 experiments were in substantial
agrecmient with the results of the 1940-41 expoeriments, in terms of acro-
feet of water uscd by cach type of plant per acrc wer year. However,
the 1940-41 rcconnaissance survey indicatcd a density of growtth greater
than that shown by the detailed surveys of 1940-44, end thus indicated a
greater usc of wvater.

The natural discharge of ground watcr by cvaporation from wetted
lands amounted to about 6,000 acre-foe: during the period Cetober 1,
1939, to October 1, 1540.

Underflouw out of the inncer valley at the gaging station ncar Calva
amountcd to about 2 cubic feet per sceond, or about 1,500 acrc~foet,
during thc 12-month pcriod ending October 1, 1940, Thc underflow cntering
thc inncr vallcy ncar Bonita Creock and that lecaving the inncr valley at
the gaging svation ncar Calva are about cqual. The arcunts of underflow
probably change very little from year to year, bocausc the slope of the
vater table and the cross-scetional arca of saturatcd watcr-bearing
materials at thesc nlaecs do not change materially unless tho river ccascs
to flow, The permeability of the wetor—Tearing materials is a constant
valuc. Therefors, the uwnderflows of the Gile diver entering and leaving
the valley do not metecrially affceet the amount of available ground water
in the innor valley.

The natural discharge into the river from the ground-wetoer rescrvoir
roorescnts the ciwunt Uy which the rechargse from 21l sources cxceccds the
dischargc by vwaping, cvaporation, phraoatophyic use, cnd underflou out
of thc basin, assuming no nct gain or loss in ground-water storage. The

4/
Turnecr, S. F., and others, Tater rcsources of Safford end Duncan-Virden

Valleys, Aric. and H. liex.: U, 8. Geol. Survey irnimcogranhed), pne 40-41,
1043,
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discharge of ground watcr into the river varies greatly because mmping
and the use of water by phreatovhytcs are scasonal. In times of heavy
ground~water use there ray be very little natural discharge into the river,
and the direction of ground-iater iwovement may even be reversed at sone
places, the river feedingz the ground-iater reservoir. The reasuremcnts
made during the 1940-41 investigation showed that the ground-rater dis~
charge from the inner valley into thc river ranged frorm 16 to 115 cubic
feet per sccond.

Fluctuations of the water table

The level of the water table in the ground-wvater roscrvoir of the
inner valley is effectod by thc following factors: (1) Rainfall; (2) use
of water by phrcatophytes; (3) fiou in canals and irrization of fieclds;
{4) pumping of irrigation wells; (S) stage of the Gila River.

The effccts of rainfall upon thce level of the water tablc arc as
follous: (l) Rainfall o the croppc? arca rcduces the irrigation rcquirc-
rments so that less puped Tater is roquired, and rainfall on the river-
bottorm arca rcduces thc amount of zround water uscd by shrcatophytes;

(2) some of the rainfall percolates dircetly to the ground-water rescrvoir
The reduction in usc and the addition of watcr arc both factors that tend
to raisc the water lcvel.

The use of water by phreatophytes affects the level of the ground-
rrater reservoir. This use is greatest dvuring July and August, and in
these months trater-level recorders have often roacsured a decline of 3
inches a day in the level of the water table in areas of phreatophyte
growth. Some of the nlants of this Iyme in thc 3afford 3asin use as much
as 8 acre-feet of water a year per acre of growth cf raximum density.

Recharge fram flow in canals ard irrigation of fields raiscs the level
of the water table. Cross-scctions of the water table beneath canals
show vpronounced ridges. Tests in & Tield ncar Safford showed that the
wrater table rose more than 1.5 fect aftcr ouc a“?llCat;On of irrigation
‘rater6

The pumping of irrigation wells lowcrs the level of the water tablo.
Each well develops a conc of depression in the water table, and as pump-
ing continues the cone decncns and expands and cventuzally rerges rith
thc cones of nearby pumping :rells, thus tending to lover the gencral
vater lcvecl.,

Tho stage of the Gila River affocts the level of the irater table
ncar thc river. A risc in tho river stage during a flood czuscs a
corresponding risc in water levcl in necardby twrells. This effeet is
usually of short duration and thc vater table falls as the river stage
declincs after a flood.

The graophs in figure 4 shoiw fluctuations of -rater lcvel in five
typical wells in the Safford Basin, Tor the period 1940-46.

Fell 76 is an unused well ncar Geronime. Very little zround water
is »umned in this arca. The wcll is necar an cxiensive stand of mesquite,
and thoe usc of groundé water oy the ncscuite causes the rater level to
decline during the summer ponths. Recharge from wnderflor of Goodwin
Jash ropleniskes the ground water and causcs a risc in rater leovel as
the usc by the mksquitc declincs.

&
Turncr, S. F., and others, TJater rcsourccs of 3alferd and Duncan-Virden
Valleys, Ariz. and N. Mex.: U. Se. Geol. Surver (nircographed), ». 13,

1941.
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Jell 222 is located 1 mile northwest of Pima, near a canal., The
water level in this wrell is raised by rccharge from the canal each spring,
at the beginning of the irrigation season, and is gradually lowered during
the sunmer, as a result of regional »unping.

TTell 616 is located 1% niles south of Safford, near ar irrigation
canal. The water level in this well is raised by recharge from the canal
and by recharge from the older alluvial fill. The granh of this well
clearly shous the eoffect of delaycd recharge from the hecevy rains that
fell in the vinter of 1040-41 and in Scptember 1941, This delayred
recharge to the sround-wvater reservoir of the inner valley resulted when
water from the mountain strcams recharged the gravel at the basc of the
nountains and thence moved slowuly to the inner vallcy.

“Tell 597 is 2 miles west of Solomonsvillc, ncar a capal., The water
level in this well is raiscd by rccharge from the canal in the sprins,
and is lowercd rapidly during the summcr months as a result of hcavy local
puniping. The rise during the carly vinter months is caused by water that
moves in from the sidos of the basin to £ill the concs. of dcpression
causcd by pumping.

liell 662 is an umiscd dug well ncar the castera, or upper, cnd of the
basin. Until 1946 thc water lewvel in this w1l shoved a slight doclinc
during summer months and a slight risc duwring vinter months. Thesc
fluctuations werc causcd by scascnal changes in the stage of the Gila
River and by natural dischargce of ground water by ncarby moesquiite trceos.
The spring of 1946 was a scason of cxceptionally low nrecipitation, vwith
doficicnt stroam flow in the Gila River and hecavy vpumping in the Safford
Basin. During thc summer of 1946 the water level in well 582 declined to
the lowost level during the poriod of record.

Ve

SAFS YIZLD

The “safc yicld”? of a growmd-water roscerveir is "thc nracticable
ratc of withdrawing water from it percnnially for human usc“V_ Obviously,
the safc yicld donends on the number, location, and yicld of tho ticlls
draving on the rcscrvoir and on the intermittency of their mumbing.
Morccver, in an irrigated arca, such as thc Safford Valley, vwhoerce losscs
through cveporation and tramspiration arc largc, the usc to vhich tho
trater is put and the arca of application greatly influcnec the safc
vicld. The picturc is further complicatod by tho wnroscnee of a through-
flouving stream {thc Gils River) vhich is intimately rolatcd to the ground-
irater rescrvoir. Thus the detemmination of the safc yiclé of ground
vater in thc basin involves an anpraisal of both surfacc and underground-
rater resources. Until the details of diversion and anplication of
trater fron 21l sourcces within the basin arc fix-d through rcgulation
all cstimotes of safc wvicld mnmust be smrovisionsl oad bescéd on drescnt or
assunicd futurc conditions,

The rolations hotirecn the ground-.oter rescrveir of e basin and a
through-floving river nay range from one exirese, vhere e ground-mater
reservoir feeds the riveyr, to the other exvreize, there the river feeds
the zround-vater reservoir. The relation in the Safford Basin is
vredominantly of the first tyne, that is, the wratcr table slopes torard
7/

Meinzer, 0. B., Outlinc of methods for estimating ground—;ater sunnliecs:
U. S. Geol. Survey Jater-Sunnly Paper 655-C, p. 99, 193i.
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the Gila River and the ground-water body feeds the river. In this tyme

of ground-water reservoir, the nart of the purped water that is evaporated
and transpired, and thus does not return to the ground-water reservoir, .
represents an eventual loss in the flor of the river because it is water
that would otherwise have reached the river. Hovever, during the season
of heavy pumping, ths relation in nart of the Safford Rasin is of the
second type, that is, the ground-vater reservoir is fed by the surfece
stream. Under thesc conditions, pwiping will increase the slopc of the
water table awa” from the river and thus increase tlhc rate of loss of
vater from the river. WUnder cither condition, large-scalc ground-water
withdrawals tecnd to rcduce the flow of the strcam, and beforc the safc
yicld can be cstimated it is necessary to determine the cxtent to vhich
this is pcrmissible.

QUALITY GF TATER

The chemical character of ground water and surface wator in the
Safford Basin was irvestigated in detail from 1940 to 1945. During this
time ncarly 4,000 water samplces worc collccted and analyzed. Most of
the analyscs arc being proparcd for mublication in a water-supply paner
that will contain a dotajled intcrpretation of quality-of-water conditions
in tho basin. Thc following bricf discussion is bascd nainly on the
forthcoming detailed rcvort.

Chaaigel character of thc sround water

Older alluvial fill

Yater in thc sand and gravel lonscs of the older alluvial fill is
" usually varm and rathcr highly mincralized. The analysis of a sample
from the Mary S. Macl: flowing well ncar Pima (roll 301, table 3) is
typical of thc decner wetcr from the older fill, The total dissolved
nincral contont of this iater is avout 3,500 perts por million,
consisting minly of sodium, chleride, and sulfatc, In somc parts of unc
basin, therc thce older alluvicl £ill is comparatively frce from begs of
casily solubls material, wsater fras the older fill mey contain lcss than
1,000 vnarts per million of dissolved solids., In contrast, thc Inovles
flowing well ot Geronimo, shich is drilled into the older fill, yiclds
uater containing morc than 14,000 parts per million of dissolvcd solids.
The mrineinel constitucnts in the vater from vhe older alluvial fill ere
sodium and chloride, although lerge amounts of sulfate arc found in many
places. Tac -ater also contains appreciable amounts of fluoride and
boratc.

Alluvial fill of inner vallew

Ground -:ovcr fron the alluvinl £il) of the inner velley has o uvide
rangc in tot&l dissolvod mincral content. Ground taoters fraam the inner
vallcy contain less then 500 parts por million of dissclved solids in
2 fer places, prineinzlly noar the castern cnd ond neer the mouths of
Cottonwood, Block Rock, and Goodirin ‘Jrshes. In most arcas of the valley
the total dissolved minsral content of ground iater renges from 1,000 to
3,000 narts »or willion or morc. Betucon Glonbor ond Fort Thomas a total
dissolvcd mincrel content of 10,000 ncrts ner million or morc is common.
These differcnces in totol dissolved mincral convent of the ground water
erc best shoin by the quelity-of-vmter nmcn, plote oo This mop s
prcparcd from anzlysss mede in 1920 and 1541,




12

Table 3 contains analyses for samples from 2% tyvnical wells in the
basin. All the wells excent well 301 obtain water from the alluvial fill
of the inner valley. There are pcints of similarity in the chemical
character of most of the waters from the alluvial fill of the inrer valley,
although there is a wide range in total dissolved mineral conteint of the
ground waters. Ground waters from the inner valley are generally hard.
The waters of lovier dissolved mineral content contain mostly caleium ond
bicarbonate. The waters of higher dissolved mineral content contain
chiefly sodium cnd chloride, in many plrces with large cmounts of sulfate.
In some parts of the valley, particulorly near Thotcher and Pimz, the
ground waters contain lorge amounts of bicarbonate, and in some arecs the
ground waters contain large amounts of nitrate, fluoride, ond borate.
A1l vaters exgept those of louest dissolved mineral content contain more
than 60 percent of sodium, expressed as o percentoge of the sum of the
calcium, megnesium, and sodium contents.

Chemical character of the surface water

Many analyses of the surface waters of the valley are contoined in
the water-supply papers of the Geologiczl Survey listed in this report,
in the section on previous investigotions. These anclyses show that at the
goging station near Solomonsville {pi. 3) the woter of the Gila River
usuclly contcins moderate amounts of dissolved metter. Colcium and bi-
carbonate usually mredominete at high stages of the river ond sodium ond
chloride ot low stages., After the Gila River enters the Scfford Veolley
the quality of the weter chonges only slightly until it reaches Safford.
Below this point o very merked increase occurs in the concentration of
the dissolved mntter, chiefly in the sodium and chloride. This scalt is
contributed in port by return flow fram irrigetion cnd probably in nart
by seepcge of scline water from the lcks beds. A nrogressive rise in
concentration occurs as far domstream as Geronimo, below ghich thore is
not much cheange in the salinity of the stroou.

No perannicl strecns enter the river in the wvolley, but occasionclly
flood flows from woshes in the basin mey offect the concentration of
dissolved mtter in thc river wotor. ith the cxception of flood flows
from San Simon Creck aond Methousville ‘fash, flood uaters inm the basin
contain smell amounts of dissolved mettor. Flood waters from San Simon
Creck on@ thosc originnting in badland aroas along Mothowsvillo “Jash moy
contoin moderate cmounts of sodium, biearbvonctc, chloride, ond sulfate,
and they usuclly corry much finelv-divided scdiment.

Annlyses in table 4 show the ireighted avernze coneentration of
dissolved solids in tho river wcter ot the gorzing station cbove Solomons-
ville ard at the lowrer end of tho valley, ot Syles, Tor the 12 months
cending Sept. 30, 1944. These overcges ~re bosed on daily somples and
shotr that the river -ter morc than doublcd in concentration of dissolved
solids betucen thesc to stations.

Relotion of quelity of wroter to its use

Irrigotion

Tho moin supmly of wnter for irrigation in Safford Valley has cluays
comc from the Gile River, but in rccent ycars the ground wcter of the
volley hos bean drown upon for a lorge cnd increasing portion of the
supply. 3Ivcluated according to the stendcrds for irrigetion inter stoted
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by Jilecox and MagistadQ{ the water from the river at the upper end of the
valley is of “excellent to good” quality except at times of lov flor.
dater diverted from the river below Safford may be in the “good to injurious®
or “injurious to unsatisfactory” class at times of lou flow.

Ground water from the older alluvial fill is high irn total dissolved
s0lids and in percentage of sodium, and most of this ground ater is in
the “injurious to unsatisfactory” class. It is used for irrization in the
vallev to a small extent after mixing with less highly mineralized river
water. Because of its poor quality there is little possibility of using
vater from the older f£ill for extensive irrization. Ground water in a
feu places in the alluvial £ill of the inner valley is in the “excellent
to good” class. In most of the heavily-nmuaned areas of the inner valley
the ground water is in the “good to injurious” class and in large areas
it is in the "injurious to unsatisTactory” class.

The water of the Gila River in the Safford Basin is normally of suit-
able quality for irrigation. It is orobable, therefore, that no serious
problen exists regarding the quality of irrigation vaters in the basin,
as a large »art of the water used for irrigation comes from the Gila River.
Ground waters used for irrigation in the basin are generally more hizghly
nineralized than water from the Gila River. If it becories necessary to
use ground water exclusively for irrigation, care would be required in
its use to mrevent damage to the scil, »articulzsrly in noorly-draincd
areas and in areas vhere the ground water contains a high nercentagze of
sodium. It is possible to use niore highly-mineralized waters for
irrigation in the well-drained areas than in the noorly-drained areas.

Jomestic use .

Ground iraters from the older fill are usually highly mineralized,
although some of them may be considered suitable for drinking and other
dormestic use. These ground waters usually contain 2.0 parts »er million
or more of fluoride, some of them more than 10 parts per million. More
than 15 paerts per miliion of fluoride in water rnay cause permanent
mottling of tooth enamel vhen used continuously by young children. Ground
rraters from the alluvial fill of the jnner valley are zenerally hard,
and in some areas they may be nigh in fluvoride. The hish concentration of
dissolved nineral matter in many of the waters malles them unsuitable for
domestic purnoses,

The municipal water supply for Safford cnd si:e :neighboring communities
is taken from an infiltration gallery oin Zonita Jreck, and in erergencies
supplies are derived from a well in Safford or from a reservoir on Frye
CreeXx. Several tap sanples have been analyzed, and these samples show
that the water contains mrincipally calcium, magnesium, and bicarbonote.
The water is hard but has a total dissclved solids content of less tlhan
300 »narts per milliom,

Relation of quality cf water to ground-uvater recharge

The recent alluvium is partly recharged by artesian tater escaning
from the underlying older fill. Areas vhere this recharge occurs may
be detected by the similarity of chemical analyses of siiallow ground
waters to those of ground waters from the older fill., The presence of
large amounts of fluoride and borate ir shallow ground weters irdicatcs
a possibility of artesian leakage becausc waters fronm the older fill are
often high in these constitucnts. In sorc arcas the artcsian infleiwr to
the alluvial fill of the inner vallcy is sufficiently large in volume

[a]
Y

~ilecox, L. V., and liagistad, 0. C., Iuternretation of analyses of
irrigation waters and the relative tolerance of crop plants: U, S.
Dept. Agr., Bur. Flant Industry, Soil and dgr. Research Administration;
Riverside, Calif. iiimeographed, 8 po., lay 1943.
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to cause the shallow ground waters to have temneratures considerably above
nornal. The most striking cxample of concealed lcakage from artesian
sources is in the portion of the valley bvetwveen Fort Thomas and Geronimo.
A’onJ the north side of the valley in this area vells 20 feet deern may
ield water with temperatures of UOO %0 100 °F., compared with e normal
te:cerat¢re for shallow ground waters in the val;ev of avout 65°F. Tlaters
from these wells are similar in chenical character to waters from ile
Indian Hot Springs near Zden, vhick are known to issue Trom the older fill.
Using available data on quality of water, it was estimated that the
recharge from artesian leakage along the CGila River in the 3.2 nile
streteh irmediately dommstream from Fort Thomas ras sbout 5 cubic feet
per second in the winter of 1943-44. It is nrobeble that no other streteh
of similer length in the valley receives as large an amount of artesian
leakage. Analyses of ground waters in the valley indicate that artesjan
leakage probably occurs between Fima and tden, and possibly in other
varts of the valley. The analyses alsc .indicate a large amount of re-

charge of water of low tctal mincral contcnt from the uiderflows of Gooduin
and Blaek Rock %ashcs.

Source of dissolved rmtter in ground water

The dissolved matter present in ground waters of the basin is
prlnC1nullj derived from soluble minerals deposited ia the older Iill.
Cormmmon salt (sodium chloride) and Zorosum {calcium sulfate) viere included
in some of these older fill deposits vhen they were laid dovm, and
ground waters coming in contact with these minerals tcke them into
solution. Thus, ground water in the older £ill is usvally highly
nineralized. Tjater seening from the ¢lder fill inte the alluvial fill
of the inner valley is an important source of dissolved salts in the
shallor ground waters., .JAnother important source of dissolved salts
in the shallow ground -7aters is the drainage from irrigased lands.
This drainage water seeps downward, carrying uvith it some of the soluble
salts that were formorly contained in water cvaporated or usced by the
plants. Recharge of the ground-water reservoir by the river and its
tributaries contributes some dissclved matter.

Discharge of dissolved solids fror: basin

The Gila River carried azou’ 105,000 tons of Cissolved mineral
matter nast the gaging station at Calva in tie 15 Lonths ending
Septeriver 50, 1944, Thess salts were erwvvu focn four main sources:
Sirface flov and underflow of the Gila liver cntering thie basin, surface
flow and underflow of tributar;- asies, ariesian lealage from the oléer
alluvial fill, and leaching of salts from the 21luvial £ill of the inner
valley. The Gila River brougidabout 04,000 tons of disseclved mireral
etter into the basin past the zaging station avove Soleononsville. a4
comparatively small amount c¢f dissolved minerzl retter es derived Irom
the surface flovw and uncerflic of vhe washes within ths basin. A larse
but unknorn amcunt 'ras contrisuted by the artesian leakzze Troiz the
older fill. The alluvial 7il} of the inker valley probabl: contributed
little, if anv, dissolved mincrecl matter during this period.
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SULEIARY AWND CONCLUSIONS

The older al luvial £ill of the Safforcd Basin contains ground water
in the "gravel zone” near the sides of the basin. Ground water is &lso
found in sand and gravel fingers that extend from the gravel zoune into
the silts and clays of the “lake-bed zone”, The water in the fiil is
derived frori recharge Ly rainfall and LHv seeﬁaﬂe from strea:s crossing
the gravel zone. The total discharge of grouw vater frowm the older
alluvial fill through flowinz wells, sprlngs, nd diffused uvpward
seepage 'ras about 11,700 acre-feet during the 12 months ending Octqper 1,
1340.

The principal ground-water reservoir of the Safford Ddasin is the
sand and gravel fill of the inner vailer along the Gila River. The
water in this reservoir is derived »rimarily from four sources:

(1) “Tater from the older alluvial fill in the form of snring Tflow and
diffused upward seepage; (2) water from under©low of the Gila River and
its tributary washes; (3) water from the Fila River; (4) water from
rainfall and from infiltration of irrigation iater. The total recharge
to the inner valley of the Saffcord Basin was about 02,030 acre-feet
during the 12 months ending October 1, 1840,

The develonmment of irrigation wells to sunplement surface water
diversions has been steadil;s increasing in the Safford Basin during
recent vears. Nearly all the irrigation 7ells derive their water from
the sand and gravel {ill of the inner wvalley along the Gila Iiver, but
a few irrigation wells obtain their water from the £ill of the major
tributary washes. The amoint cf water numped fer irrization has been
rmeasured each year, beginning in 194C. The minimum amoun? wpumped was
S,700 acre-feet in 1941 and the maxirmn was 52,00C acre-feet in 19414,

The natural discharge from the ground-water ressrvoir of the inmner
valley is by evanoration and transnpiration in the river-botton area,
underflow out of the basin, and seepage into the Gila River. It is
estimated that during the 12 months ending October 1, 1940, a maximm of
76,000 acre-feet of water was evaporated and transnired in the river-
botton area, and about 1,500 acrc-feet of water moved out of the basin
as underflov. The amount of seevage into the river was not estimated,
as this could not be done without extremely detailed vwork.

Analyses of mony water samples show that water fron the older fill
is generally hizhly mineralized and contains large amounts of sodium,
chlorice, ané sulfate. ‘ilater from the alluvial Till of the inner vailey
has a wide range in total dissolved mineral content. Imch of it is
highly mineralized and contains large amounts of sodium and chloride.
Taters of the Gila River increzse in mineral concentration as the; pass
through the valley because of infloirs of highly mineralized ground
waters, derived from the older Till, irrigation drzinage, and other
sources.

liost of the ground waters of the basin sre clzssified as “good to
injuricus™ or “injurious to unsatisfactory” for irrigation because of
their dissolved metter. If waters of ithcse classifications are uscd
Tor irrigation they should be used with caution, to avoid danage to
50ils and crops. lany ground wvaters of the basirn are uasatisfactory
for domestic use becausc of nizh concecntrations of dissclved nmatter and
excessive amounts of Pluoride.

The Gila iver carried about 105,000 tons of dissclved salts nast
the gaging station at Calve in the 12 months ending Sentember 30, 1944,
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Thesc salts were derived from four main sources, surface flow and under-
-flow of the Gila River entering the basin, surface flou and underflow

of tributary washes, artesian lealiage from the older alluvial fill, and
leaching of salts from the alluvial fill of the inner valler.

Becguse of the intimate relation betuveen the water in the ground in
this basin and the water flouving in the Gila River, the regulation of
withdratral of ground water will be affected by the legal »ights to the
use of the river waters. Therefore, in arriving at a determination of
the nrinciples that are to serve as a basis for regulation of ground-
ciater withdrawals, careful consideration rmst be given to the inter-
relation of wiater from the two sources. Tc illustrats the intricacy of
the »roblems involved, waters ot the following Tfour tynes or sources are
cited:

1. Ground water derived by recharge from ansronriated surface wvater,
such as seepage fromn cenals and from the irrigated lands. If this ground
water is not intercepted by »umning, a nart of it will be lost by
evaporation and transpiration, but the remainder will eventually re-enter
the river downstream and there become available for diversion. Iowever,
in nany nlaces it might be practicable tc intercent this water nartially
by neans of wells or to reduce the losses by lining the canals, thus in
effect cutting off the source of soime of the flow in the river channel
dotmstrcan.

2. Ground water derived from rechargc by tributary-wash inflov and
from natural recharge on outcrop arcas, If this zground Tater is inter-
cepted beforc it rcaches the river, thc flow of the river will thereby be
dccrcased even though such interccntion would tend to reduec losscs by
evaporation and tramspiration. DJiversion of such ground water might be
made by wells ncar the source. N

3. Ground watcr savcd by destruction of natural river-vottom growth
or by reduction of cvaporation and transpiration through a lowcring of
the water table caused by numping. Iixcent for that in arcas coverced with
river-hotton growth, there is only a small amount of additional cultivable
land. The ground water saved by dearing such land would be available
for use either by additional irater-well develowments on the land or by
allowing it to return to the river for later diversion. OSome ground
uater “hich would otherwise be lost by evaporation and tramspiration could
doubtless be saved through lowvering the water table »y pumping from irells.

4, Surface water that must nowr be allowed to move doimstrcam in the
Gila River to meect prior claims. Iluch of this water is used en route by
phreatophytes or lost through evaporatior. Removel of river-bottom growth
wTould save some of this watecr for bcneficial usc.
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Table 1. Records of tynical wells in Seffcrd Basin, Grahan County, Arizona
(A11 wells are drilled excent wells 76, 202, and $52.)

(?able 4 lists analvses of weter from all wells axcept 76, 453,
597, 616, and 653.)

L

2

v e e e m e se e s e e m el s e o mam mame e - T

i Ouner { Driller i Date iAltitude :Depth  Dian-
: : | com- labove i of ieter
nle- isea levelivell | of
ted ilfest)  [(feet)iiell
5 {in.)

it m . = = v —i et irm et s e e, N

{ About 0.5 mile 5
north of Bylas U, 3. Indian! : :
24 :Post Office _ iServiee = i - 16278 - _1100 120

.‘:I\.!A...S..'.L B’. .8-—2.-:1'4

‘ © L. . ; 5
51 i Ni:SB} sec. 13 jZert Hinton ! Farrington 1936 2641.45 76 | 16

B e e i e . et Rt IR e S ol R

T. 4 S., R. 20 5.

e S T

76 | NEMVE: sec. 18 &, . Black | - ©o- I 2059.951 26 72

B S SO SR SN UUR SUPURU PV SR &

78 | SESW: sec. 16 __:do - i -

B T T e T B I e R A R I i

P R PUSENI S ol to =il R s i SRS AR T S (RS N A S

87 SEGE: sec. 27 _ Herman Ubli: - - i 2S7T.7Li 65 i 24

: L L. :
156; SESLL sec. 1 iRoy Layton ;| TFarrvington : 2705.78F 66 1 12

a/ Measuring point was usually to» of casing, tcp of pumd bdase, top of water
pipe clamp, or tep of well curb.

b/ T, turbine; 3, bucket; C, cylinder; O, diesel oil; G, gasoline or natural
gas engine; H, hand; °7, windmill.



Well records obtained by R. B. lorrison, IH,

¢/ D, domestic; I, irrigation; S, stock; N,

4/ Vater level reported.

18

R, IcDonald, and Y. T. Stuart

vater level i : i :
o, : Depth ~  Date of | Pump iUse iTemp.
velow measure- ; and iof i _
: measur- nent { poueréwater T. i Remarls
i ing point :on/ e/ :
i (fest. 2/ . { {
; P By das 1.t Dlscharge -;5§§m
3 gallons a minute, measured
Nav. 13, i July 7, 1941; drawdoun reported
24123 df 1941 T _iDT i 66ias 13 feet. . . _____
Nov. 29, | i Dravdown reported 25 feet when
51:18.4 - 195% 7,6 I i 65 pumving 2,000 gallons a minute.
Jan. 19, i i
19.8 1946 O S S
Oct. 19, : Dug shaft 5 by 7 feet, lined
76 i 24.5 1939 - N { =~ i with concrete., Fornerly used
Jan. 19, : for irrigation but now abandon-
__i85.8 i 1946 i i i . _:ed. See graph, firuze 4.
: HE Discharze 1,370 gallons a minute,
: June 5, 1941; 952 zallons a
minute, kar 3, 1943. deported
drilled tnrough 28 feet of nard-
: Feb. 20,1 i pan and then through 42 feet of
75 30 &/ 1940 ¢ T,G6 1 I - i vater-bearing gravels.
{ i i Discharge 1,750 gallons a minute,
i measurad iy 9, 1941; 1S feet of
87 - __ - L EG I - ¢ draudewn after conbinued Swmping.
; : ! Drawdotmn 10 fect after 10 hours
{ Tov. 29, : : pumping, Discharge 1,054 gallons
156 12.5 | 1839 i T,6: I | - ! a minute, July 23, 1920; 1,150
o {ollav 22, : gallons a minute, June 13, 1944.
13,7 11946 . i _ % .iSeelog. . ..

none.



Table 1. Records of tywical wells

e TS A h 4 - e e mm o T e i - - —— o ——

Ho. :Location {Cwner

‘7. 5 S., R. 24 3.

——

L

199 iNANE: sec. 20 & 4. L. Trejo

Eldon

T_‘._s....s.'_:_ .3:....2.4.- ;‘?‘.ﬁ.
Curtis

.4 ___iCanal Co.

iGuy

i Anderson

266 | SEENET 4

- ——————

sec.

282 i SENZE sec., 13

- = - —————— e+ 2 it . S e et e ot et . o o e B

. C. Hooner

19

in Safford Basin, Grahawm County, frizona-Cont.

b

R .

" DeieiAltitude | Depth | Diam-
; iabove ; of ieter
‘sea levelimwell | of
fted i{fecti  i(feetiiwell
' ‘ i - {in.)

iDriller

Fee

B e S S ¢ elm e - - - —— e —— =

72 5

v i e e o —————

16

78

(02}

[V
[

f — e m e - - = = e ————

P

284 | SCESE: sec, 15 _ido. ... __ ..iZe 8. Rogers i - G- i~ 116
i Dodge-levadai Gile Cil
301 | WENE: soc. 15 _ :Canal So, i Syndicate | - - . B767 i 24 __

T. 6 S., R. 25 3.

Jaclk Bryce

- e —————n - o e f

Vance

o e e - o e o e

16

316 NI sec. 17 Marshall do. - - o 16

339; NENY: sec. 23 _

§f.g. SiESE: sec. 23

i

i Verne Pace
;_—state

- ‘ AN o AN
5690; SIS sec. 29

10305 28P7.760 00 -

Je AT atts i -: s

- ————" - —— o o ¢ = 4 o ram L o - ]



: @ter level £ ! :
No. iDenth Date of i Pum ‘Use Temn}

:belo: reasure- | and ;of i

imeasur-  ment i oovern ater | 9.} Remark

ing point Y o

i (feet) a/

S O

D e

; i Discharge 330 gallons a mihute,
: i Jan. 24, imeasured July 18, 1640: 75%
199 i41.3 i 1945 0,6 :I 169 igallons g minute, 1942. e
: _ Discharge 850 gallons a minute,
; Jan. G, neasured June 12, 1941; 1,250
209 :50,7 i _ 1942 £,G6 i3 . ~...gallons a minute, Merch 17, 1944.

: sDischargé 557 gallons a minute,
266 ; - G- 56 I - _imeasured June 21, 1940. Ses loz.
Cct. 26, Drg well; brick lininz. See

282 i 24.7 195¢ i grani, figurec 4.
Jan. 19,
:20.6 i _3%46_ i B,H iD ¢ 83:i . . _____ _.
: ater-bea rlnb gravels 41 to 45
feot and 46 to 48 feet. Dis-
: cherze 763 gallons a minute,
Junc JD, 1240

644 gallons a
wte, June. ?3 %45,
"Lar: o. Hack™ 011 test, Dis-
i charge 1,550 gallons a minute,

{ measured Feb. 20, 1940; 1,350
301 { Tlous -~ - : 1 188 { gallons a minuts Aoril 20, 1942.

284 | - - 26 i1 -

- ".2.—-_4-..___.§-,.._...."

i - - e ST emi

313} 61.7 1240 7,8 I 169

Discharge &30 gallons a minute,

Jan. 17, i rieasured 194: 3ez log.
: 60.C 1946 I SRS o
i Fov. 17, ; Discharge 730 gallons a minutec,
31 22.0 1940 | T,6 i I | 65! measured Junms 1%, 1940; 630
Jan, 17, i gellons a minutc, March 186,
211 i 1"‘11-0_._;‘_‘____?~ -----’:.__,“.f.-.c“zﬁ- Sec loZe
Dlschargc 520 gallons a minutg,
; : : : measured August 19, 1941; 71¢
June 3, i i gellons a minutc, Anril 1923,
330 52,6 i 19aC _: T,6 : I i 6L Seclom. .. __.____.__________.
Jan. 12,} ! Dischargc 1,375 gallons a minute,

341 21.6 i _ ;_Ao_, 7,6 I _ 69 ncgsuzed July 12, 1941, Sec_log.
: : i TFowercd by tractor motor. Dis-

{  Mar. 2g,! i charge 500 zallons a uinute,
360, _20.4 i __134Q _ L PGl I - Tuno 23, 1040, _Seg log. .. _____
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Table 1. Records of tymical weclls in Safford Basin, Graban County, srizona - Zont.

- —— - B e i e e R e e e e - e

No. i Location Ovmer iDriller ¢ Dete #ltitude : Denth iDiam-
{ : Y ocou- ?bove i of eter

nle- ez levelizell | of

ted H{feet) i{feet;ivell

:(i?.)

S w— - - ————

15 SHS% sec. 31 iSkinner . _i&. G. Rogers 1937 2081.19 . 4l 16

T.68., R. 282%3

.
. —

453 | NE2SH: sec. 31 __ iS. A, Clonmts _do. - - - 52 116
) Brown i : :
454 i BB sec. 31 Canal Co. i- Po- - i B7 116

. ————— —— v - e A > -t - - = e meim e e - —— e wd ot v e mem e e s . e

T. 7 8, R. 85 2,

: - Young, Hoopes; : ; : :
505 SEENE: sec. 2 ___ ikioody, Porter: . A. letts [ - _ i- _9¢ ;20

—— T - S

Ted L. : ; |
513 ST sec. 4 iFerguson ___iTFsrmington . 1740 - __ i 70 _i20 .

R, G. : :
527 | STESTE- sec. 12 __ ilayton | - L - .12022.441100 16

O e T ol - A SO A

T, 7 S., R. 26 E.

o { Graher Canal § :
554 SESRs sec. 3 Co. . 5. C. Romers. 19881 2901.081_ 59 16

- - —— e e - T E O e e AR . . .

s
Lag Lie

505! SZ:SE; sec. 13  iClaridge | do. - 2953.881 90 20

? SN TSI 0 OSSO S
i i Charles : i
597 NE:SH; sec. 15 | Pursley i do. Po- - L o- 118

S I Sl e e
i Union i

601 SEATE sec. 15 Oemal Go. . - .. . __.___ - 0298.30! - .20

: | Lavrence § d H : ?
604 SELSE: sec. 16 _iZwller . __ . Z. G. Rogersi - _ .- i K06 £ 20

o preraetaeens
3
[

- - B A A

5. Kimball | :

616; NESE: sec. 20 |- Greemhalgh - | - | 2964.32] 51 6




———— i = —— e — - e ——— g e . . ———
—— - .- — e e e

! Jater level : : (T TrTEr T e o
No. i Dedth  Date of ; Pumn Use | Term..
i below measure- | and of !
i neasur-  ment nower “ater i °F. Remaris
i ing »oint o/ cf :
i (feet) g/
:Discharge 930 gallons a minute,
measured July 12, 1941; 863
Jan. 15, igallons a minute, measured 1942.
415 : 13.8 1549 6 I i - Seelog. .
sstimated discharge 900 gallons
: : ‘a minute, 1940; 822 gallons =
4535 i - - 0,6 I i - ‘minute, reasured 1942,
Jan. 23,
454 ( 21.3 1940 7,6 I 67
Jan. 17, Discharge 300 galions a ninute,
i 22.1 1946 1c40, e
iDischarge 1,500 gallons a ninute,
measured July 12, 1%41; 1,335
gallons a minute, neasurec
505 - - T;G I '_o__a._AC"). PARN 1244, e -
Dl“Cnﬁ_‘- e 490 gallons ¢ minute,
513 : - - I,6 . : ced July 11, 1941, See log.
Jan. 11, ‘:a‘:t,e 2,130 gallons & minute,
527: 34.4 194G e ] ;.62 imegsuveld Aug. 1, 1740.
Discharge 1,460 gallons & minute,
measured June 27, 1%41; 1,080
: Nov. 24, gallons a2 minute, measured reb.
554 12.4 193¢ ; 7.8 D SO S , 1244, See_;_o:;.
5 Nov. 29, i Dlschargo 1,740 gallons = minute,
595 22.2 1058 T,G = 66 :measured July 1, 1S41; 1,300
Jar. 17, :gallons a minute, lfar. 30, 1744.
SRR A 0 - T S £ - S S S S
{ Nov. 2, i :
597: 16.4 | 183 | C,7 3 i - |See graph, figurc 4.
{ Jan. 17,1
15.9 G 1946 e
Yov. T, . i‘Dlscharge 4,650 gallons a niinute,
601 - 125¢ 1 T,6 I ! 66 neasured June 23, 1941. ___
N a : { Discharge 970 gallons a minute,
: : i June 19, 1940; 1,230 gallons 2
§_0__g__ - - i me I { -‘sg_ i minute, measured 1942.
Jet. 2C,; ;
616 42.0 193¢ C,H N P
Jan. 19, i See graph, figure 4.
___.Ai__:-’=.8_-§_ i 1046 S SN ——- —



- 23
Table 1., Records of tynical wells in Safford Basin, Graham County, Arizona ~ Cont

——— it eer— — e m——— . =

[ f e e e - e ————
: . f. X

Ho. { Location Cuner Driller Date Altitude Denth Dlan-
: .fcon—. bove ! of icter
iple- isea level well : of
‘ted i(feet) ii{feet)iwell
: i (in.)

' T. 7 5., R._273.

ilirs. Jose U, S. Geolog- | ~ : :

662 | NELNZ}: sec. 2 :50'10""8. ‘ical Surver {1940 3053.95 i 12 36
g Five® { :

683} NSE: sec. 2 Lrvatwoh Co.®, G. Rogers i-_ i ~- (110 i 20

i Zelna Clonts, i : : H

674 MELSE; sec. § | 7. \. Butler do. 1938 - .81 116

R O S LU A S

2 + e atr e s s e m . e e s b s e e d e s e tie mmmm — e e m. e ™ s R e = e e
— ———  —————— . -~ : i

ilrs. 2. L. :
678 SE-SBEL sec. 7 __ iTidwell i~ ... .. i~ _ i-. I S A .

Clyde
707} MENE: sec. 80 i Kemmton - P- o i- 8L i 16

e ——— - e P o s e IR A -

a/ Measuring point was usuvally top of casing, top of purp base, ton of water
pipe clamp, or top of well curbd.

b/ T, turbine; B, bucket; C, eylinder; 0, diesel oil; G, zasolire cor netural
gas engine; H, hand; 7, windmill.



e e =~ ot -

Ho,

ettt e O o <t e e

662

Depth
below
neasur-
ing point

{feet) a/

17.9

Water level

+ - - - ———

674

663

R e o

15.8

16,1

Jan. 17,
1946

e ¢ e et = o i~ ot o S

707

R R

T,G

Date of : Pum> Usc Temn.
measurc- ; and | of ;
mient scwert mater § OF. | Remarks
VAN 7/ ‘:
iDug --o11 for watcr-level obscrva-
June 6, itions. See log. Sec grami,
1940 - i i ifiixre f. | —— }
: iDischarzc 1,520 gallorns a2 niaute,
P i TG I i - moasurcd Jung 20, 1940. Seo log.
Jan. 11, : :
1940 7,6 i I 68 iDisciarge 92C gallons a minute,

ncasurced Junc 20, 1940. 768
sallons a minute, measurcd 1942.
iDischargc 1,200 gallons a ninutc,
imocasurced Junc 320, 1%4C; 1,220
gallons a minutc, measurcd 1942.

1

T.G

‘iDischerge 80 gallons a minute,
imcasured Julxr 12, 1840; 1,050
gallons a mimute, iar. o0, 1944.
Sec los.

¢/ D, domestic; I, irrigation;

4/ “later lewcl renorted.

o

O,

— e - - ——

stoclk; I, nonc.
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Table 2. Logs of tyvical wells in Safford Dasin,
Graham County, Arizona

Thickness Depth C T Thickness:Dentn

e ccmem oo Afeet) _feet) . {fecti i(fest)
Log of well 156 Log of vell 341
Roy layton, owner. £d. Howard, otmer.
S8y sec.-l, T. 5 S., R. 23 E. SEST: sec. 23, T. 6 8., R. 25 E.

, Thatcher
Fill - = = = = - = - - - 13 {18
Tater gravel - - - - - - 36 i 54 Rock fill (nany boulders) 30 | 30
Clay - = = - = = = =~ -~ - 12 65 Clay - = = = = = = = - = 20 {80
TOTAL DZPTH - - - - - - Y tlater gravel - - - - - - 6 i 56

: Clay = = ~ = = = = = - - 2 | 58
Log of well 256 Yater sand - - - - - - - 20 | 78
Curtis Canal Co., ovmer. Clay - = = = = = = = - = 12§ 90
SEE% sec. 4, T. 6 S., R. 24 Z. TCTAL DEPTH -~ - - - - - {90
To vater - - - = - - - - 20 i 20 Log of well 360
later gravel - - - - - - 19 . 3% Verne Pace, owner.
Hard clay - - -= - - - - 13 52 B-5%F: sec. 23, T. 6 S., R. 25 3.
TOTAL DEPTH - - -~ - - - : 52

s Topsoil - - - - = = = - 29 i 29
Log of well 313 Gravel = = = - -~ - = - = 6 { 35
Jack Bryce, owmer. Clay = = = = = = = = = = 5 §{ 40
NENZ: sec. 7, T. 6 S., R. 25 E. TOTAL DEPTH - = = - - - {40
Topsoil and boulders to ) Log of well 413
water - - -~ - - - - - - 60 i 60 F. . Skinner, owner.

Jater-bearing sands - - 2 | 62 STE-S¥: sec. 31, T. 6 S., R. 26 E.
Sand and clay- - - - - - 1 i 63
Tater-bearing gravels- - 30 | ¢3 Fill -~ - - - - --=- 10 i 10
Clay = = = = = = = = =« « 7 1100 TJater cravel ~ - - - - 31 1 4
TOTAL DZPTH - - - - - - i100 TOTAL DEFTE: - - = = = - P4l
Log of well 318 Loz of well 313
Vance iarshall, owner. Ted Ferguscn, owmer.
NELNE> sec. 17, T. 6 S., R. 25 3. S¥¥E: sec. 4, T. 7 S., R. 25 3.
Top fill to water - - - 30 30 Topsoil - = = = = - = = 44 i 44
Gravel - - - = ~ - - - - 0 i 40 Clay = = = = = = = = - = 17 | 61
Clay = - = - - - - - - - 2 142 Cravel - - - - = = = - - 10 ¢ 7N
TOTAL DFPTH - - - - - - i42 Clay - - - === = - - = 9 | 80

; TOTAL DdPTE - - - = - - i 80
Log of well 339
Wallage and Palmer, owmers. Log of well 554

fr sec, 22, T. 6 S., R. 25 &, Graham Canal Co., ouwner.

' SW:SE: see. 5, T. 7 S., R. 26 1.
Top fill to water - - - 5¢ ! 5% .
Clean gravel - - - - - - 16 i 75 Top £i11 = = = = = - = = 12 ¢ 14
Clay = = = = = = = = = = 5 i 80 “Tater gravel - - - - - - 31 i 45
TOTAL DZPTH - - - - - - {80 "Big clay® - - - - - - - la i 59

TOTAL DEPTH - - - - - - g 59



Table 2. Iogs of tynical wells in Safford Basin,
__Graham County, Arizona - continucd
ThiclmessiDepth
{feet) i(feet)

Log of well 662
Mrs. Jose Somoro, ovmer.
NEME: sec. 2, T. 7 S., R 27 =.

fine sand;” loam consisting
mostly of silt and very
fine sand with rare 5/4-inch :

Debbles ~ - = - - - -~ - ~ 1% 1%
Similar to above but with
smaller pebbles - - - - - 1 27

Poorly-sorted medium gravel
containing some silt and

fine sand with some 2 inch
cobbles = = = = = - = - = 35
Vlell-sorted medium gravel
containing some sand and

o

2% inch cobbles - - - - - 9 15
TOTAL DFPTH - - - -~ - - - 12
Driller's log of well 663

Big Five Irrigatior Co., ommer.
NE-SE: sec. 2, T. 7 8., R. 27 =.
Top £ill - - = ~ =~ - - -7 T 9
Ylater gravel - -~ - - - - 40 47
Silt (or very fine sand-

gritty) - - - - - - - - - 1° 66
Jater gravel - ~ - - - - 6 72
Silty clay - - - - - ~ - 38 110
TOTAL DEPTH -~ - = - - - =~ 110
Driller's log of well 707

Clyde Kempton, owmer. .
HZIE: see. 20, T. 7 S., R. 27 E,

Fill =~ =~ == - - - - - 26 § 26
“later gravel - - - - - ~ 52 i 78
Clay - - = = -~ - - -~ 3 i ¢

TOTAL DEPTH - - - - - - - Lo
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Table 4.

ending Sentembor 30, 1944,

26

eighted average analyses for Gils River at iwo noints
in Safford Basin, Grahawm County, Arizona, for year

Anelyses by Geological Survey. (Parts ner million excent

specific conductance.)

——— . e = e ® e e s e a4 e

te of collection =

Silica (SiOa)

Iron {(Fe)

Calcium (Ca)
Magnesium (Mg)
Sodium {Na)
Potassium (X
Bicarbonate (HCOa)
Sulfate (804)
Chioride (C1)

Fluoride (F)
Nitrate (iiCs)

Borate (BUsz)

Dissolved solids:
Sum-narts ver million
~-tons per acre-root

Eardness as CaCOS:

Total
Noncarbonate

Speqific conducgance
(Kx10° at 25 C.)

Percent sodium

A ——— . — - - et W -~ e

......

17
51
12
7

£,0

204

117
1.3
1.1

4

454

62

177
10

4.5

31

1. Gila River necar Solomonsvillc, Arizona.

2. Gila River at Bylas, Arizon-.

R

69
21

) 2¢6
212
151
316

1.2
Re2

1.6

957
1.30




1113 TeTAnT® JopT0 Juistadmoon
n,m,ndﬁumoda uoemgol dIysuojluTed SupMoys .maona&q .hpa.poo weyess) .cﬂunm pIo0zyes 30 u0}3098-88010 poziyeepy ‘¥ "Iy

~

s ———— ey . ..

.\\.l‘.\‘l

- e e .-
- e - o= m e

- e - -

1pejunow 4z 9
3O s¥oOX . a2

Toaty n_ﬁw Jo feuusyy \.\ 90BJINE UOTSOXF
8,7 e

T .
—. e

| ~etqey 2eqmp - i oy
m . : LCLAEE LY W . suyejur.
; 3 8)X00X PILT;
* | .. d .l-
4 -
i
!

ot

4 9U0Z paq-oxeT, 42U0Z T2ABIH

—
S om
*

LY



XTTIVA QHOLIVS
A NIVId QOO0Td ¥IAIY dAH‘w HONOYHL SN)IILOHS SSO¥D
B SOTIm UT TOUUBYD JISATH WO 80UBISI(
dw 06°T S2°'t o't GL° 0§ G2° 0 G° of gl 0p1 Gt o4’ T
] — c\.\\&.b\\\ Na!V)
‘.4 | S— —4 \V“\\\\\\\\W \\\ -3
T RN N 2 AT : % oalz
.ﬁ.ﬁﬂh p \\J\ ﬁm‘ H\._‘am- Al 7, \‘\\\\\\\\‘\\\
SR P04 | AR N { | A A7 WP
DA s v s I 0082
A St | zeaTy b
NV\ 4119 o
\ aogjmg puhoxd 0482 m
(¢4
frs
0062 *®
41S0MYIN0S N ®
VEOZITY ‘YAId 9.1 &
E— X wm
SOTTM UT TOUUSBYP JI9AT.L WOIJ 0UBIST( m
"¢ Gl*2 G2 Gtz o'z GL°T 06T G2t o't Gl° 0%t G G 0§ ”
»M Aﬂ ]
1 & o0gz S
T1iz appro | et b
Y <
£ oGgz
g i RAN T I s s T =
RRR B encai) = 0062
i agu1fng T \
RELETY l\\\ﬂ\n\\l 0 \
.\.\.\.FW\\!\\( soggjmg pyYnolyH _"
yseM DIvAPacIy — 000%
4saAanog YHOZIYY IIOIIYR HYFY -- 3s¥ay3I0N




7

{

oA

WW' -,

R /1
V.V’A- Aﬁ”f A

TN

B p
N «»‘Wf?\/ o
) . /«. y E\




LT NECATTIA MNNL O TRE - IVINTTV M
T MBDM ONNOWD 40 INZINOO TVUINOY SNWOHE
VNOZMV AITIVA QHO4JVS 40 dYW ¢ v




‘ W

1
* *’ /*/Hoxucotmw l
'ty "4 7 4 i"~~-"r¢ :
\f /4(,," \/’1’ + ¥ [ GW
7* ,)%%‘“)p/ P .iJ COUNTY
N

*~L

\ 1.\ / ,./ — 4 &49 .,,
\f \_\ %o oo r ' J,"“Qf,bq,

.
10b° | \J \* _,, t A 1@). jo&
"2 " ,,‘» ?() San Ca.rlos Indiaf Reservatioy

\" LN
@k\') Sr*w\ Calva\ + ",1 '}
+°

A Station - \myla .,»

f
\4“ ,-\r M " N Ger\k\no\ ? ;
4.

‘I

\'Santu <
’Terela*\

2 Mte o

+ e

Z sty P

GRAHEAM
COUNTY

FIGURE 1, MAP OF A PURTICN OF
ARIZONA,

shoving structural trough costaining

S5CALE

30 miles

Mountain areas of rock

"QOIXTN AIN

——

08pH o



w 961

: 10U @357

w-.:.:..: Q..HDVMW&’.WA. - asegeer. gt .. .[\thﬂayﬁ‘.l/.f//ﬁ.f:bdwgb.v ._f.l:%w“t Hateena. _.,v ”.o -
: O i : - Y
N _ R
N

fed s

’

. A  euosyIy ‘A3umo) wayelp ‘£TTNA PIOFJUS
o Y} UL STIPN UOTIBAIIEQO UT TOAOT JI93ea JO SUOEISNIONTF Julaoys sydelo—*  IInFLg
“ . : el

THET © BE6T

w:.W:.Fﬁ ».@.W;;;..MMTL,rmUI..

S

Yr)
o

Ivss 2 MGG CSUROY: deisdy ‘L Tiew

e — e

L .
4995 G2 HueQ A3uno) dsyslg ‘crT Tis.

3ed3F 1§ YRaeg ‘A3junos dsysds) .wﬂw 1T=..

$99s OF WIdOQ  “A4ULOYG weysdy ‘loh TT94

7
\w4;mvu¢.‘;

T G e o

ees o1 WSQ HAUN0p WETeSY ‘299 TTON

TN S —— (‘\\“\l”t\

e

4aa;¥axoe
uy ‘aFedumg

- rd . .
» . .p\\.,. ca e e e .. / P g ) s et e e .
i /i.\/., —~ N - N %,

§5YOUT Ug
uor:eg;d;oa;&

T9A9T X038M 03 Yida(

l

je93 ug.




