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UNITED STATES
DEPARTMENT OF THE INT3ZRIOR
BUREAU OF RECLANATION
Region 3
Boulder City, Nevada,

To: Commissioner, Bureocu of Reclamction
From: Regional Director

Subject: Plan for the Hassayamma Project, Arizona.

Transmittal
1. A plan for the development of the wcoter resources of the
Hassayanpa River in Maricopz znd Yavepal Counties, Arizonz, is

presentsd herein, The plan for the Hassayampa Project ccmprises

develornent of Bex Canyon Reserveir ca the Hasscyampa River, a

4

m2in cenal and distribution systam tc serve 7,000 acres of virgin

land near Vittman, Arizona, cond & denzetic weter supply system to

serve the farmsteads and the project town. DBensfits z2lso will

accrue from flood contrel, fish and wildlife conservation, and

recreation,

Authority for the Report

2« This report is authorized tc be made by virtue of the
Federal Reclamation Lows (Act of June 17, 1902, 32 Stat, 388, znd
acts cmendatory thereof or supplementary thereto),

Cooperction and hcknowledegments

3

3« Several cgencies wnd private individuals hove coopercted

w

(€]

in the investigations leadins to this renort. The Los Angeles

Distriet Office of the Corps of Engincers, '"2r Department, supplied



basic data on flood damagss. The Tish and ¥ildlife Service, the
National Park Service ond the Geological Survey, of the Department
of the Interior, cooperated by making surveys of fish and wildlife
benefits, recreation benefits znd undersround water resources,
respectively. Officiczls of the Office of the Stote Lond Commis-
sioner of airizonz, the Maricopa County "ater Conservation District
No. 1, the Buckeye Irrig:tion District, the Roossvelt Irrigction
District, the Gillespie Land and Cattle Company, the Southwest
Cottor. Compzny, cnd the Szlt River Yolley 'ater Users! association,
supplied basic informztion from their recerds, Mr, Joseph W, "Vitt-
man pleced his entire files on enginsering inv;stigaticns in the
area at the disposzl of the Bursau »f Reclamation. [Fre ™., H. Grif-
fin o:" Vittmann, Arizonz, gove generouslj of his time and supoliel
recor s of agencies preceding the Arizona Vater Conservzation Dis-
trict.,

Description of the drca

The Hassayzmna River heads "in the Prescott National Forsst
a few miles south of Prescott, Arizona, in mountains which rise t»
elevations of zbout 8,000 feet, It flows south to join the Gila
River zbout 37 milés west of Phosnix 2t on elevation of less thon
900 feat cbove sza level. There has been little developmsnt in
the Hessoyomp2 River basing only 47D acres ars under irrigation and
there ore no storage developments for water conservation, flood
contrcl, hydroeclectric power or oth:r uses, ’

5. Lands propossd for irrigztion cn the Hessayampz Project

are part of a desert plain lying cast of the Hossayamp2 River near



Wittmann, Arizonz, at an average elevation of l;?OO feet cbove sea
level. These lands at present are used for range and as their
carrying capacity is very low, they hove a value of only cbout five
dollzrs per acres The project crec 1s uninhabited,

6. The climate is similar to thet of Phoenix, Arizona, except
for slightly lower temperctures and o somewhot shorter growing sea-
son, The average tempercture is 69 degrees znd the averzge frost-
free growing period is 285 days. Avercge annual precipitation is
9,85 irzhes, -

Need feor Develovmant

7« Otver 40;000 ccres of inherently productive lond near Witt-
menn ers undeveloped for lack of irrigction water, Some of the lond
could k2 irrigated from the Hossayomya river, which has an average
annual Ischarge ofralmost 46,000 ac e-feet, ot Box Canyon. At present
the flcw of the river is largsly dissipated into ﬁhe river sands
below the Box Canyon reservoir site, Applicction of this water te
the optimum smount of lend =ffords tne best methed of utilizing
these vndevzloped watsr and land resiurces,

Proposed Ploan of Development

8. Deveclopment plans provide for the construction of on earth
and rockfill dam on the Hassayampa River 2t the Box Canyon site
about & miles north of Wickenburg, Arizona, 27 miles of main cenal,
a lzteral system to scrve o total net irrigeble area of 7,000 acres
ncar Yittmonn, and o domestic water supply system to supply the
project foarms and 2 project town (possibly Wittmann), The tota
storage capacity of the reservoir would be 210,000 zcro-feet, of

which 190,000 zcre-feet would be zetive storage for irrigation



purposes, 10,000 acre—féet would be reserved for fleod control;
and 10,000 zcre-feet for silt deposition. Reservoir recleasss
would be conveyed for the first 15 miles through 2 concrete pipe-
line t> cveid cxcessive loss of watcr in the river channel. The

remaining 12 miles would consist of clay-lined canal,

- Multiple—purpose aspects of Plan

9. Irrigction will be the primary purpose of the project, but
it will 2lso serve cother purnoses. Under the contemplated plaon of
operation for Box Canyon Reservoir, flood damages will be recduced,
and fish and wildlife will be conserved, Muniecipal 2nd farmstcead
water will be mede availeble, and tte areats rocreational oppor-
tunitics will be enhanced, through cther project facilitics,

Anticipated Agricultural Econcmy

1C. Project laonds are ideally cuited for develooment undsr
irrigition. Nearly 98 percent of tle project area is Class 1 lani,
accorcing to Burcau of Reclomation ¢ tandards, The mild climate
with ¢ long growing season permits ccouble cropping, 2nd the dis~
tence to primery marksts is not excessive. Crop yiglds are
expected to equal, or cven =xceed those obtained in the Salt River
Project and gross crop values should average about 116 2n acre,
baséd upon 1939-1944 prices,

Cost ¢f Devzlopment

11. The cost of constructing the project, bzsed on priccs
prevailing in April 1947, is estimcied to be 313,079,000 of which
the Bureau of Reclamation fuatures will cost $12,900,000, and
recrectional facilities, ns cstimoted by the Notional Park Servics,

will cost 5179,000. Estimatcd construction costs are itsmized



as follows:

Box Canycn Doam and Reserveir # 7,500,000
Main Canal 4,700,00C
Lateral System 180,000
Investigntions ond Surveys 80,000
Operaticn end Maintenance curing

construction 70,000
Municipal und Fermstead Water System 370,000

Subtot2l - Buresu of

Reclamation Features $12,900,000
' Recreation Facilities 179,000
Total Censtruction Cost $13,079,000

Operat..on wnd Maintenance Costs

12, Annual operation end maintenance cosis are expected to
averag: 335,400 for irrigation und farmstezd water, 7,400 for
munieiszl water, cnd 313,800 for recrection or o total of $56,600,

Alloca .ion of Construction Ccsts

13, Allocations of nonreimbureabls costs are based on the
value . of benefits thet will cecrue over the 50-year repayment
period; however, benefits will zcerme throusheut the life of the
project. The flood control benefits of 11,900 annually for 50
years, with interest ot 2 percent, lave a pressnt value of
#306,020, This amount would be reguired to purchase zn annual
income equal to the annual flood control bsnefits, =nd therefore
is the zmount of investment warrented by the anticipated annual
floed control benefits. The present value of 228,200 of annual
recreation binefits is $725,000, znd of ,j18,000 annual fish and
wildlifec benefits is 463,000, meking 2 total of 1,494,000 allo-

cated to nonrveimbursable festures,



14, Reimbursacble costs are allocated en the premise thot the
cost incurred in constructing works feor a2 reimburscble feature
should be chargeable to that fecturs, The cost of constructing
works for municipal water hzos been =stimsted ¢t 4,185,000, und this
amount is allocated thercto. Since irrigetion, including form-
stead woter supply, is the only remzining function served by the -
projcct, the bzlonce of the totzl of 513,079,000, which cmounts to
#11,400,000, is allocated to irrigntion and farmstead water, The

total cmount of reimbursable constriction cost, then, is ;11,585,00,

Repayment Ability

15, Reimburszbles construction costs are charged to municipa.
weter znd to irrigotion, including larmstead woter, It is antici -

pated that the cost of ;185,000 for providing

r the munieipal supplr
will te sccured by a repayment contiact before construction, and
thet it will be repcid in full, Ths repayment zbility of the irr -

gators vos determined by preparing ‘2 fare budgots, using as 2

= E o
-

guide the reported cropping systems, yislds and prices on the Sal.
River Project during the peried 193'-L44, The;c studies indicated
that the irrigoters could reasonzblir be cxpectod to repay $10,50
per acre a ysar on construction, which amounts to 73,500 annuzlly
for 2 7,000 acre project, .nd to $2,940,000 during the usuzl 40-
year interust-free repayment pericd. The total cxvected repayment

is thus placed ct 33,125,000,

Compcrison of Costs and Repiyment

16, n tot2l repayment of 3,125,000 on the reimbursable con-

struction costs of $11,585,000 indieates a-repayment of 27 percont.

o/



Compzorison of Benefits and Costs g

17. Overall annucl benefits are determined as follows:
Irrigoation und farmstexdewzter benefits are measured by the increase
in gross crop velue and the scle value of domestic wmter, the total
is ,826,600; the bencfit of 314,600 for municipal water reprosents
the sals volue of the wotor; ths benefit to flood contrel is the
reduction of flood damages due to project construction, which is
$11,90C; the benefit to reercvotisn, 28,200, znd to fish and wild-
life ccnservction, 418,000, represgnts the meonctzry value assign-
eble tc projcet development. annuel monstory benefits total
$899,3C0.

1€, annual cests include the cest of opsrating and maintain-
ing the projeet works, ostimeted ot  55,600; snd the cost of cmor-
tizing ths ¢ntire inwestment in 50 years at 3 percsnt interest;
which is ;501,400 for the Burccu of Ieelometion feoturcs and
37,000 for the Nationzl Park Scrvice fosturess Total annuzl costs,
therefcre, cre 565,000,

1S. A compariscn of overcll ber2fits znd costs shows thet forr
¢zch decllar expended for the project the nation will receive »1.59
of monstary bunefits, In cddition, rumerous intongible bencfits
would tz reaolized,

Relaticenship of srcz to Colorado River Basin

2C, The Hassayampa Projeet is ia the "Lower Basin® of the

Colorado River znd is onc of 134 potentiszl projects presented for

P

consid:irition by the affceted States in the riport, "The Colorzdo

-

Hiver", issucd by the Secrotory of the Interior in Mzrch 1946,



Pertinent excerpts frem the rccommendations contained in that report

follow:

"The following rcecommindations are mide in vicw of
the fuct that there is not enough woter cveilzble in the
Colorado Rver systsm to permit construction of =11 the
potenticl projucts outlined in the report snd for full
expznsion of wxisting and authorized projects, -nd that
there has not been ¢ final determination of the respective
rights of the Colerade diver Bosin Stites to deplete the
flow of the Colorado River;

(1) Th.t the Stctes of the Colorado Rivur Basin
~cting scporntely or jointly, recommend for con-
struction, os the next.st.ge of development, a
group of projcets the ttream flow deplcetions of
which will assuredly f:11 within ultimete a2llo-
cations of Colorado Ritrer water which moy be mode
to the individual Stoteis.

es 0: the Colorade River Basin
determine their respective rights to deplcte the
flow of the Colorado B ver consistent with the
Colorade River Compoct.

(2) Thot the Stat

10 O

2!+ Possible depletion of inflcw to the Colorado River throush

.

constr ction of the Hasscyompa Project hos not been determinad. IS

2s becn determinad, however, that tle annual consumptive use of
londs rrigated by the project would be zbout 22,700 acre-feet ond
that the annual eveporcticn loss froi: Box Canyon Reservoir would
average 2bout 8,200 acre-fact,

Conclu:ricns

2.4 Construction of Box Conyon Heservoir znd related footures

would riake it possible to irrig-te 7,000 aeres of virgin lond near
Wittmonn, arizonz. The lond is well odopted to irrigation develop-
ment; nlﬁost 98 percent of the projeet arec is Class 1 lond and the
BETS0MN éxcellunt crop

favorcble elimate allows a long growin

(6]
(L8]

yields zre anticipnted ond the formevs! repoayment ability would be



relatively high, Unfortun;tuly; because of the nccessity of pro-
viding ccorry-over storzge for extonded drouth periods and of con-
veying water over the difficult terrain between the dom and the
project oreza, the cost of‘dechOPmunt per cere is exceedingly high,
Repocyment studies indicote thot the irrigators will not be able to
repay 211 of the costs alloccted to irrigation ind farmstead water,
23, The plan propesed herein has engineering feasibility, in
the sense thot there ere no insuperctle physical obstaclss to its
construction. From the nitionzl viewpoint, the plan hos economice
feasibility zs 7159 in benefits would acerus for coch doller of
cost., From a finencizl repayment vicwpoint, however, the project
is not zttrzetive because only 27 percont of the reimburscble con-

structisn costs cin be ropoid.

Recommondations

2/, It is recommended that:
(1) Construction of the H:ssayampa Projict
for irrigation, flood contr2l, dom:stic and
munieipal water supply, recreation, cond fish
and wildlife propogztion be not authorized at
this time;
(2) Further considzrcticn of asutherizaticn be

deferred until such time 2¢ the sccnomic ne=d of

information on the project, or cther develop-

ments oy justify stzh reconsideration; and,



(3) The operation of the goging stotions at
Box Canyon ond lMorristown be continued by the

Geological Survey.

N - é—‘f/%f zzﬂyg

BE. A, Moritz,
Regional Dircctor, Region 3,
gureau of Reclamation.

.
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PRESENT COMDITIONS

Physical Geogranhy

From its headwateré;in the Prescott National Forest, a few miles
south of Prescott, Arizona, the Hassayampa River flows south to jein
the Gila River about 37 miles west of Phoenix, Flevations in the
river basin range from about 8,000 feet at the head to less than 900
feet at the mouth, Storms of high intensity are intercepted by the
high rmountains, causing numerous flash floods during the summer months,
but the greater part cf the annual :unoff occurs during the sprin:;
floods which are caﬁsed by rain or nelting snow-in the higher reaches,
of the watershed,

‘}\ Forty thousand acres of virgin lands around Vittmann invite
deVéICpment through irrigation, Th: small area for which adeguat::
water is available is about\four miles west of Wittmann and 36 mil .es
northvest of Phoenix, It lies in t1e samitropical area of Arizon.:
at an elevation of about 1,700 feet, bounded by the Hieroglyphic
Mountzins on the north and the Whit= Tank Mountains on the south.

Jn general, the climate of the project area is similar to thit
of the Salt River Project near Phoeiix, Compared with the latter,
temperatures are slightly lower, rainfall is a few inches more, a1d
the growing season somewhat shorter; summer living conditions are
slightly more comfortable,

Continuous precipitation records from 1923 to date and con-
tinuous temperature reccrds from 1930 to date ars available for the .

Unitea States Veather Durean station at liittmann. From the beginning



of the records through 1945, the annual precipitation averaged 9.85
inches of which 7.72 inchzs fell during the months of February through
November; temperatures yaried from a maximum of 117 degrees (Fahren-
heit) to a minimum of 15 degrees; the annual temperature averaged
69 degrees; and the average frost-free period was 255 days (February
26 - December 8), The average frost-free period ranged from a low
of 227 days in 1932 to a hizh of 341 days in 1941,
Settlsment

.

Tn the Hassayampa River Basin there has been little settlement,
and tne project area itself is unirhabited, Wittmann and MHorristown,
the n2arest towns, have pcpulation: estimated ét 25 and 100 respec-
tively., Thelr static populations contrast sharply with the trenc
in th2 city of Phoenix and in ilaricopa County as a whole, where the
devel spment of irrigation projects, allied industries, and winter
vacation facilities, in the Salt R .ver Valley have caused a trem n-

dous growth as shown belowr:

Year ltaricopa County Phoenix
1920 89,576 29,053
1930 150, 270 48,118
1940 | 186,193 AT
1946 1/ 275,300 1/ 90,000

Local. Industry

There is practically no industrial development in the area

surrounding the project, Residents of Wittmenn and ilorristewn derive

‘1/ ZEstimated by Valley National Bank, Phoenix, Arizona.



some income from tourist travel and the maintenance depariments of
the highway and railroad.
Ample transportaticn facilities are aveilable to the project
via Uittmann, the nearest shipping point, A branch line-of the
atchison, Topeka and Santa Fe Railway, and the combined, paved high-
way, Us Ss 50, 70, and 89, afford direct connections to Phoenix,
36 miles to the southcast, and Los Angeles, 350 miles to the west.,
Transcontinental truck, bus, and air lines, end the main line of

3
the Scuthern Pacific Railroad, pass through Phoenix. Telephone,
telegraph, and electric power services are availabls in the towns

near the project area,

listablished cooperative organi:

such ¢s Los sngcles, Chicago and le

dairy products exists in Phoenix anc
Water Uses
First attempts at utilizing Ha:

tiated in 1283 to furnish water and

tions, The "alnut Grove Viater Stor

built the Walnut Grove Dam on the i

dam, = rockfill structure 110 feet I

10,000 acre-feet capacity.

was completed, an extremely high runoff

snow caused feilure of the dam, and

in th2 flood,

The compeny went into the hands of

all of its assets were transferred to lMrs, @l

.Sssayampo near Ve

In Febru

stions at Fhoenix serve marke:s
“Yorks A hidrke

nearby towns.

sayampa Fiver wabters were ini-
vover for placer mining opera-

ge Company, organized in 1686,

1

oner. This

igh, formed a reservoir of
ary 1890, beforzs the spillway
resulting from melting
129

peogle lost their lives

and in June 1308

receivers,

Ce Iittrnmnn of

canor



New York by a Master Commissioner's Deuxd, In 1910 Mrs, Wittmann
employed engincers to report on the feasibility of using the waters
of the Hassayampa River.for power and irrigation, and on Januery 1,
191L, she filed an anplication to withdraw 17,600 acres of land near
Morristown to be irrigated from this stream. Withdroawel was ¢ffccted
on April 1k, 1915,

During the ensuing years various attempts at forming an irri-
gotion project were mode by the Wittmenn intercsts and the Nadaburg
.

Irrigction District (now czlled the Arizonz Vater Conservation Dis-

trict,, Proposed plans wers submitted to the Reconstruction Finonce

Corporation and the Public Uorks Aduinistration for financing, bus

L]

negot’ ctions were not successful, #1311 applicotions for rights—o

1

-

wey o'er Government land have besn ¢ xtended ot different times a
are nuw subjcct to closure,

Outside the project boundarics 470 acres in small scattered
tracts are now irrigated from the Hisseycmpo River, liaters of thz
river are used by the town of Vickurburg (population 1043), which

well near the river for nony

o

has punped its domestic supply from
“he nearest developed irrigatiocn project of any size is that of
the Maricopa County lunicinal ieter Jonscrvotion District Ho, 1
(Beardsley Project) comprising zbout 28,000 acres irrigated by direct
flow from the Agua Fria River, supplemented by storage in Leke Plea~

b

ria is & tribu-

Frt

sent, ond by pumping from ground woter. The Agua
tary of the Gila River and enters that strezm sbove the Eaossoyampa

River,



There arec no storage developments for flood control

hydro-

rldlife conservaetion in

the Hassoyaima hiver basgine Heovy roins on melting snow often

-

couse flood reaks which cause damage

and at the mouth of the river,

Agriculture

5 porticulerly at Wickenburg

The project arca is a typical Arizona desert regioa utilized

only to 2 limited extont for grazing

mental toest plot ab Wittmenn, drrig:

stroted thot all crops growa in the
fully produced,

The most Importent irrigetien ce
Salt fiver Project surrounding the «

~

the Bureau of Reclamaticn 1945 Crop

211,306 acres in 13,087 fzrms are i:
is oblained frem the comtrolled flor
and supplciiented by ground woter pw
metic conditions are conducive 1o 3

crops, vegetables and truck, fruit

tLb farm pop

ﬁ.
o
O
i
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=1
|
o
]
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o
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T
o+
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were sroduced in 1945, €n cvero

voted, The projzet

of the pobenticl Hogsays
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evelooment in the region is the
ity of Prosonixe otcerding to
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.

‘s of the Salt £nd Verds Livers

mod from about 200 wells, Cli-

In 1945

indieztive of the cgriculturel developmunt

desert lends such as those
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The livestock incdustry is of minor importance in the Ha “"'Tﬁu
project crea at prescnte In the surrounding zrea, however, livestock
opcrations cre importent, particularly on the Salt Riwver Projuct
where the inventory velu; of livechtock curing the poried 193%3-17LL
averaged over (35,500,000, Hearly 80 pcrcaht of this wvaluc wis
accountoed for by deiry cnd besf cottle,

Ownership cf Hossayomma Project lands is vested in seventeon

owners including the United Stotss and the Ttate of srizones; classi-

fication of ommcrshin is as follows:™
United Stohes 3,74> acras 50 perecunt
State of srizena 1,0l zeres : 1), purcent
Priwaote 2,717 acres 36 percent
Tetal 1/ 7,500 serus 100 percent
Correlation of the svmership with the 1mnd classification
results (Jee appendix @) revesls thib sweven owvmers, vxecluding the

United Stotes cnd the Stota of arizind, Pove 1,098 .gefes in excest
2 2

irrigobls lond ecch, or lh.6 sureent of the nrojut

iy

of 16C

cIres ©

[

i o G HIY
Iroject londs dn their present undevcloped state cre utilizen

to £ nitior exbedt for grogiyg in the wobly sorb of the yoor g

have ¢ very smell earning ecpacitye. Their volue dverigus only

£y
k4

about 5,00 by norg, Ifrinsted l:inds on ncarby nrojects

volusé at from 50 to 250 or more sor aerc, vorying vith conditions

within the project boundcory; it includes
coge of non=2riblce Yonde

el
-
.
3
.
0,



within the projccts, Assessed veluations in Haoricopz County, cbout
30 percent of full and true value, average cbout .55 cn ccre énd

improvemunts about 15 cn cerz.

5

The project aren is uninhebited. During the depruession the
relief loed in licricopa County wos hecvy, cnd therc were sceveral
Vorks Progruss Administrotion coscis in Tittmonn,

Undeviloncd nesources

River flows, overcging clmost Q;,OOO gcre=fect ennucllys ors
now practicelly 2ll lost in the sendy bed of the Hosscyorpe, and
nelee ro contribution to the aree preductivity. & for miles eos
of the river & compoct body of more then 40,000 acres of inherent:y
procuctive lond aweits developmant by irrigetions &t Box Cenyon

there

5 ¢ dam site whure o 4zm ¢could be comstructed to imsound

}-Jo

sufficient woboer to iryvigote 7,000 reres of this londa
Gwological conditions indiccte the possivility of oil bcar-
ing strets benuoth port of the proj
Feorusry through July 1946, & totol of 34 opplicctions for lucse
of oil. rights on Government propert: were anproved by the Burecu
of Reelamstion, Sewersl wolls hove bsen drilled in the vieinity
of the moin ccnal locstion but mo strikes hove beunr reporteds '
ilo undevsloped timbor, minerzl or power aite Pesources hove
been iiscovercds
ALy

FES B G

The area con be deviloped by conserving and utilizing the .

erretic flow of thoe Hossgyampe Hiver. 3Such developmant vwill



necessarily be expensive because of the unusuelly lorge avount of
holdover storage reguired for even a comparatively small ceriage
of land, Pumning ground:weter for irrigstion is impracticcl becouss
of the high lifts (about 40O feet) regquired,

PLAN OF DEVELOPLZIT

The Projuet Plo

i

The plan of dovelonniont is to construct Box Canyon Ruscrvoir
o main eanal snd latorel systom, and ¢ domestie wioter sUpdly systells

Frojeet Londs

4

Iznds nronesed for irrigntion total 7,500 aeres; or 7,000
acres ret after deductions to cover rights-of—ay ond formsteods.
Thuy ore well suited for irrigotidéng cpprozimetcly 98 nircent of
the avca is Class 1 lord ceeording € Buretu of Ruclomation stend-
ards.

Strfcce soile arc o licht browm or reddish-brovm sandy loom

&3

to heavy silt loam, ¢ither noncclcer:ous or only slishtly ezlegr-

o

eous 01 only

red or reddish-brovn sandy lozm in tae upper loyers, bscoming

{L

heovier znd more caleareous in the davpur liyers.s The golls fre

relstively fres of soluble sclts ond exe not Bighly cllaline,

Tte orec conszists primerily of 2 lorgs, fenuly slopineg silu-
vial fen which is exeuptionslly smooth-surfreud 2nd wniform, Tthe

surface being broken only by o fow droincge chonnels of smcll
inturpdttent streoins end occasionel low ridgoess Tha 8lope rinc:s

from 15 to 30 fcct oo gouthegsterly directions &ull

rock frrsments ore sesticred on the surfoce in plocess Onlira
o k-



G
K
Q)
Ne}

moderate amount of leveling will b ired to prepares the lond for
Soil and topogrophic conditions are indicetive of favorable
droinare, both surface end internal, under irrigetions The gunercl
slope end nctural dreinsge eheonnels provide setisfactory surface
runoff; suhsurface drainage is good, owing to the open purmeable
nature of the subsoils, There ore nc poorly cdrained arcas in the

rojset ot nresent, mnd it is not considercd neceesary to provide
s 7 IS

a drairoge system, =
Water unnly
Surplus flows o thu Hosscyamps River would be conssrved end

develonad to provide o woter supnly Tor the projscht. Ground woter

F ¥ - J p o

benuat1 the project lands is 2t suct greot deptlis tlot pumpin oy
proje £ Duiplng

ngcbicable,.

;—a

irrigeiion is inp

Trae mowrtaing surround=zrg tis

River 3asin, ond perticulerly those clong the eéstorn rim, cre the
most costerly of the high mowtcins in south-eentrel Arizonz, Thals
high ronge intercepts storms from the Colifernia arse, causing highor
preciritetion within the Hassajyempa bosin than upen adjacnt draiicfge
basins. Storms of hich inbunsity on the draincge ersa oftin result

in flesh floeds during the sumnur ponths. During the winter; helry

long curation. The gricter part of ths year's runeff comes i ths
form of spring fleads, which usually oceur aft 2 rain has follen

on the snow in the higher recehes of the weborsheds

reeogniz..d In
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l. Rights vested prior to the adoption of the -ater Coce
in 1919;

2. Appropristions initiatad under and in complisnce with
laws existing at the time of the initiation of appro-
oriation whers the eprropgiators have, in good Ireith
and in complierce with laws then existing, counenced

the construction of works for the application of the
water so approprizted to a beneficial use and Drosa—
cuted such work diligently end continuously; and

3. Approprietions pursuant to the ater Cocde,

The Arizona state courts have held that, under existing laus,

T
parcolating subterranean wetsrs ard not subject to appropriation,
unisss it eén be definitelr and comeclusively shovm that the sub..
terranean stream is subject to aporepriation under the same rule
as surface stresms; end that growdwsters rot in well defi red

chernels are the oronerty of the amer of the land under wiich

they are found, IHecsnt decisions have, kowever, given sunport

to the doctrine of corrslative rizhis of owmers of land overly=

ing the same groundwoler vasin.

it the present time, there are LT70 acres of lands irrigatel
fror: the Vassayampa niver and these lands have water rights through
usage prior to thz adoption of the Stete ‘ater Code in 1919. ~kout

260 acres lie atove Zox (Caznyon Gamsite, and will not affest or oe

affiected by project develonment, The remalning 130 acres beibu
the damsite will have to bz considered in the project plan, as

will the town of ldeigricure which has pumiped its weler supply
from a well near the river for meny years.

1avas been made to the State later Com-

pissioner for weter right permits on the,ilessayanpa River gince

the 1919 Vater Code was passsd, Permits issusd on three ef the

10



applications have now lapsed.

Downstream Mishts: The Hassayampa River joins the Gila River

some 60 niles below the Pox Cenyon Dam site. AlL flows of the
Hasseyeampa, except those of the highest floods, are lost in the
sandy river bed before reaching the Gilae. The only major diversion
from the Gila below the junction is at Gillespie Dem, zbout 10 miles

dovnstreom, Available records show that floed flows of the trvo

rivers are almost zlways corncurrent, indicating thet storage of
-

-

Hasszrampe River flood flows will not interfere with surfcce rigits
of th: Gillespie development, inzsauch as the Gila Biver will usially
be floving nost Gillscpic Dzm when flood wate TS of the Hassayunpi

are b:iing impounced,

In the absence of ary definit¢ decrces or permits eovering
cporosriation of subterrcnean flowr of the lassayanpa itself, or »f
chann:ls cGeriving thelr weter supp.y therefrom, some investigotions
vere aade of groundweter condition: in ¢
vhetbzr develomaunt of the Heossoysapa Frejoet would adversely
affeet the sroundwater supuly of zdjecent arcas, Studies of gromnd-
vater contours ond geophysiesl surveys, shown in debail in the
eppendix, led to the conclusion thet development of the Hassayonpe
Project would have no adverse effcet on groundector supnlies In
the Gile or rguc Triz basinsg,

nality of ilater : Smell arezs in tie vicinity of ldickinburg

hove been irrisctod for yeors from flows of the Hossayampa hiver
vithout injurious offzetss Antlyscs of wabtur semples token from
the river st the domsite nnd downstream revesled that the concere

¢
tretion ol soluble sclts weos not high enough te be deleterious

11,



to moct crops cdapted to the arec.

Weter fiecuiremonts,

&

deterrining water requiraments, aos

Th2 perio

d 1921 to 1940 was uvsed for

it represents o

maximum roquircements in the Southwest from the stindpoints of both

tompercture and precinitction,

the annual consunptive use of wete

is estimotoed ot 3.68 fect.

f

five driest yoors is

O.[q,? f\.Cit’

fect is offcetive in mceting ¢

and laterzl losses of 15 percent,

simil i to the iprigotion schctule

5 =

13 miles southueast, with minor adj
expeehed on the Hassayonpa Projoct.

-~

£3
Ll

rvecar-round dslivery of

end

(1,002 acre-fect) in Decuabor ¢

The cverage
of which

consun 'Ju:l.Vb UsSc

Aroendix C for deteils).

arr
U‘L

r for iculture on the

anqual precipit

-

a8 Geuep parecls

civersion requircient woe

i«

on the Defrdsley Project zom
ustmonts to suit whz crops

Liith a
iater ranging Trom 3 plreent

Jzousry to 13 perewat (4,300

Besed on the lowry-Johnson mctlied,
nroject
ction in the
chout 90 percunt or C.k
Allowing for canzl
tion and farm

~laced

acre—feoot) in June
Reguiromonts for Pror Biohts, The reeorded flows 2t Box
anyod Dem site rafloct the ¢ffcet of Jost consurppbive use of ot op
by the 200 écres irrigcted vpstreoiie Lo immortant. further upstireom
duvelopmunt is antleipoted, incsmuet as the flow of the Hossoyomma

River during low run-off poriods

developed

DPCoe

The present irrigobed greg of

1& infdcguste &

G717 5 ¥y
¢ sumply th

3 1 R
cores below the donlsite

150

¢ preant



presents a demend upon the flow of the river chezd of the KHassa-
yanmpa Préject, Th@ apmuel irrigetion requirement for these 150
acres, at L475 ccre-feet psr ccre, is 900 cere-feet for = full
supplys, Part of {ihis weter will be secured from inflew below 3ox

ES

Canyon Dam site. At times vhen the natural flow belonging to

these londs is inndecuate for e full supply, & supplemental susply

will, to avoid heavy river losses, be conveyed through the project
anale It is estimoted that 500 cere-feet per year will need to be
supp.ied to these lends throuh the project cancl during years of

low un off,

Present woter use by 'ickenbu-g cmounts fo cbout one second-
foot, which is punped from a irell necr the Hassoyomps River. Allow-
ing "or 100 percent increase in th.s demond, two seconG-feet vill
be raguired in the future. Conswiitive use ol the domostic wotir
will avercge less then 1 sseond-foort, mnd the remoinder of the

(4]

gmowyt pumoed will return tc the udereround watzr bosin., Sze
& - -t

g

(

2]

tid the dem ot Box Conyon Reservoir, ewpplemsnted by inflow

from Sols iiash and Mortinez Creek, should be adequctc for supply-

ing "lickenburg. If not, it will be necsssary to furnish sdditicncl

water from the project conal,

811t loczds ore net hecvy, uven

Livers; howevsr, esin sll other

of sznd end grovel is signifi-

ruservoir indieste oprortwdty
for tronsport of such bod lood, end dsposition in the reserveir

1‘- - s
back vwoter.
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Records from 1905 to 1935, 1nclv sive, of the loss of capcecity
of Noosevelt Leservoir on Szlt River show silting to the extent of
‘0.35 narecnt of the reservoir inflows In the absence of cefinite
dota, che cilting rote on the Hassayampo is estimated ot Ou45 Jerm
cent of the runoifs Silting of the reservolr would then be ot the
rote of cbout 200 cere-feet cnmually, or 10,000 zere~feet during a
50-ycor period, Thorefore, o copeeity of 10,000 aere-feet for cdead

storagz is zllewed in Sox Cenpon Reservoirs
-

REsquirensnts for Flood Contiel ftorasc, OStorzge copacity is

desirel nurely for flood control purcoses to impound ficsh floocs
resulting from mountain eloudbursts, which eccur rather freguently
on-the Hosstyompa dicincgs tren, Tei thousond ccre-fect of storoge
capscity belew the smdllver erest, ¥a addition to sbout 6C,0C0 ccio-
fout ¢f uncontrollcd suderstorcge zbtove the spillway erest; wild e

- - -~ ~TT7 LI £ s | L . 3
reseried ot 11 tires for flood control pUrpoOsSuS.

(perction Stucdies. The widely {luctucting imtomaditient Ilow

of thi Hosscyoompa Bivor proecludes ary considerction ef dircet Givinr-

sites Do¥ins this period th: f¥eraze nrucl TLow s Lb

feet, but durinz the peried J1IL3-45 3t wss enly 9,330 Cere=fee

Uwing to the erretic nature of irflow to the rsservoir, storage

1



carryovcf from the periods of high run-off is nccessary to permit
maximun use of aveilable stream flow, Studies of the iiereascd
cost ol this carryover -storcge cepaecity, eveporation losses-ond
other foctors cstoblished the totel reservoir capceity ot 210,000
cere-fects Reservations for dezd storecge cnd flood control lsave
2 balance for dirrigcotion use of 190,000 acre-feet,

Sirice prior rights are to be sstisfied from the rescrvoir,
the flow ct Box Conyon dam site, as rucorded and cstimoted (sce
hppeniix C), is considerod 2s storzosle for nroject usce Deduc-

b
tions for cveporction losses were biscd on a net annucl evopora-
tion loss of 4.0 feet from the rese-voir surfoce, Annuzl irrige-

tion rclecses inclucde 33,300 acre-fset for projcet laonds ond 100C

=]

ok

or prior rights or possiile domestic reguircnonts.

Hh

aere-iee
sssuring thet the reserveir hal been oncreting during the

periol 191€ throuch 1315, vrith strowm flow os previocusly recordac

and estimoted, the 7,000 zerc proje:t would have been furnished ¢

full -roter supoly during 29 of the 30 years. The only water short

ge wduld hove occurred in 1945 -~
28 percent of the totzl demand, Erratic flows of the Hossoayomoa
River would heve been clnost completoly regulated, - Spilis would
have occurrsd in only thrie years; o tobal of 106,030 scro-fest

woild hove possed over thoe spillweay, vhi

[
=
l—l
m

equivelent to an

avercze annual spill of 3,500 zere-icct,

Proje:zt liorks

3ox Canwven cem ond ressrveir. Box Con

& mzxaimum lengil of gbout six rilis, o mexdinun width of almost two
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miles, a surface area at flow line levsl of 2,800 acres, and an
active capacity of 190,000 acre-feet, Several parcels of patented
lands and mining claims will have to be acquired and power and
teleph>ne lines will require scme r<location,

A narrow gerge (175 fest wide) with nesarly vertical sides reach-
ing a height of 350 feet forms the dam site., Bedrock is ccmposed of
well-cemented fanglomerates with alternating layers of basalt and
basalt treccia and is covered by approximately 100 feet of sands
and gravels, Foundation conditicns ace suitable fer earth-fill dan.
constiviction, )

The embznkment, shown on drawing 57-D-25 in appendix E, will
have a maxinum height of 2464 fpbt avorve th ream bed and a crest
length of 1,120 feet along & curved ixis with a 750-foct radius., It
will h.ve an impervisus central core of comracted clay-sand-grave
protected by stable, semi-pervious sactions both upstream and dowr-~
stream. The total volume is estimat:d at slightiy over three millien
cubic ;7ards, A 3-foot layer of rock riprap will cover most of the
upstream slope, and a heavy rockfill sectien will form the downstream

slope,

iy

An uncontrclled, oven-channel spillway is to be previded it
saddie about 4,000 feet to the right ol the dam, as shown on drawiag
57-D-26. The overfliow crest is at elevaticn 2,43% and the capacity,
with maximum water surface at elevation 2462.6 is 69,700 seconi-fezt,

A 20-foot diameter outlst and diversion tunnel is to be pro-
vided through the left abutment, During construetion it will tzke

care of river diversion, with a capacity of 15,000 sezond-feet when

16



the reservoir weter surfeee is at elevotion 2,285 (10 feet below
the crest of the coffer dam).

Impervious, semi-purvious, ond rockfill moterinls condd be
ovtoinsd by screening the pit run of & borrow croea neor the right
bank of the¢ river cbout one mile'upstreem from the damsite, 4Hngu-
lor rock for riprop con be quarricd ot cny number of points in the
viciniéy of the . damsite. Agzrcgete for conecrcte con be securcﬁ
from gravel bars clong the river chonnel abeut three niles dovn—
stream from the damsitc, o can be produced by crushing rock

1Y
from reguired rock excevetion.,

Ho fecilities for aonstruction force are cvailable oxcept at
the torm of Uickenburg, About nine miles of new rocd will have &«
be constructed,

Electric power for construction purposes can probably be
securel from the Li-kilovolt line o:' the Arizons Powrer Company,
which crosscs the Hossayampa River :t the upper end of the roscr—
voir, or from a suzller line crossirng a short disteonce below the
damsite.,

The estimoted cost of the dam cnd reservoir, based on current
prices, is (7,500,000, This includecs the cost of rights-of-wcy,
access road, reservoir clearing, nceussery relocution wnd construc—
tion c2mp,

Mzin Cengl. The main conal is divided into three sceiions:

Seetion 1, cepacity 110 sceond-fect, will be o 5l-inch die-
meter, concrete conduit, with walls 6 inchus thick, burriud 4 foot

£

underground in the bud of the Hossayomne Rivere This conduit w211



convey weter from Box Canyon Reservoir to a point ncar the atchison,
Topeke and Santa Fe Railway bridge, 15 miles dovmstresm, where the
anal will leave the river,

Section 2 will be cley-lined canal in carth and rock, extunding
for s.uven miles throuzh the rough turrain between the river and proj-
ect orece Four tunnels, aggregoting 9,130 feet in length, ond sev-
eracl shallewr cuts will be required to aveid leng and difficult cancl
construztion that would be ruguired on a contour routes

Sestion 3 will distribute water to the loterzl system throughs

L]
out the irrigable zrca, The terrain is so steep thet o total of
2}y drops will be reguired to aveld excussive velocities in the fivs
miles of conal in this scetion. The copocity reducces from 110 to 30
sceond~fect,

C01s£ructicn costs of the main vznzl cre ostincted at
%4L,700, 300,

Leverel system, The letersd system vdll eshsist of 10 Isherais,
open conals lined with o 3-iach blonizet of ¢loy, running eost 2t ecac-
helf mile in“ervels., Cutlets of five sucond-feet copecity will be
provided for cach 80-acre trocts Th: cost of the letercl systen is
estinet .4 ot 180,000,

Miscelloncouss The cost of invustigcotions cnd surveys, post
end future, is cstinmated at 40,000,

The cost of operating and nmadntodning the project during the
construction period, ineluding the =riming and nuddling of canals
and the purchase of opercting equipnont, is ostimated at 10,00

CIl QCTri,
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A draincge system is not requirad for the projcct,

=2
L=l

Domestic watar supmly. Sctilement of the project will be depen-

dent on provision of a dependable domustic wotur supply for the form-

P
i

stecds and for the project town (possibly Vittmenn)e. Because of
excessive pumping lifts, indicated to be about 400 feet by wells
adjecent to the project crez, the cost of numping from individusl
wells for 2 comcstic supply would be beyond the fincncicl cbility
of nmost sutilers, To faeilitate developnent ond setflexment, provi-
sion should be mode for-supplying:c totol populcotion estimched ot
L Y

800 pcrsons, of vhich 400 would be cn preject forms znd 400 in the
project town. The &veroge demond is cssumed to be 500 gellons por
capitz per doy, which amounts to sbeut 450 acro-foct o roar.

Considerction was givin to a nuiber of different plons for w»ito-

nis supply, The best plen contempletes constrmction of 2

deep well ot thoe site of @ snell eerz2lizing rescrvoir in Scetbion ..

L]
o
\n

Yay e 4 We This reservoir is at an elovetion high enough to
gerve the entire pipe line distribution systum by grovity.

o

The totel cost of the well, re

re

crvoir, chlorinotion eouipnen:,
tonk tnd distribution systom is estimcted ot 370,000, Based on the
essumption thet the irrigotors and the project toum will wisc wrter
on & 40=50 bcsis, the constiuction cost would be dividasd couzlly
betwe.n the two userss The 165,000 cost for farmstecd water weuld
be considered as part of the irrisction cost, repoyobly under Roeela-
netion Low in 4O yeers, without intureste. The project town's share

of th. construction cost, 185,000, would probckly be repzaid in 50

years &t three percont interest,

14



Summary of construction costs, Estimated costs of construc- .

tion of the I o of Peclamotion features, based on April 1947

prices, are sumerized as follows:

Box Canyon Dem ond Rescrvoir % 7,500,000
Mein Cenal 4,700,000
Lateral Systen 180,000
Investigotions and Surveys 80,000

0 and M during Censtructicn 70,000
Munieipal znd Formstead Yater Supply 370,000

Total %12,900,000

&

Couration and Meintenonces Trizl budgets ond analyses of proj-
[
gcts cpurcting under similaor conditisns indicotud thot operction ind
mointencnce costs for the irrigction ond formsteod woter systen would
avercge chous (35,400 emuslly, or cbout 1.5.00 on core. Annual ojers-
tion cad meintenconee chorges for murieipal weter were estimzted on

7,50C

Albturrative Plens of Develonnent

Flons previcusly considered byr other intoerests for the develip-

ment cf the proj.ct contamplited using the stroam bed to convey wmiter
from the rescrvoir ot Box Canyon to the point of diversion 15 miles
downstreon, Construction of storage foecili*ics on streoms in sou:hern
arigzers hos invorichly resulted in ¢ morked deterioration in channel
capccities, resulting through the growth of watcer-loving vegetctinn,
Using the streen chennel to convey water from the Boit Canyon leser—
voir to the diversion point, would, without doubt, rusult in the
present streom bed bocoming covercd, except for o nerrow chemnel,

with & growth of cotlonwoods and ether woter-consuning vegototion,

as has been the experience, under sinmilar conditions, on the Jolt
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and Gila River. Dectoiled studies cnd tosts by the Purcau of LHecla-
motion indicoted thot the annmal channel loss would be cbout 7,8C0
aerc-feet, that less than 5,000 acres could be irrigated with the
210,00C ccre-fect rescrvoir, and that unit costs would be higher
than for tho selected plan,
A plen for trensporting woter to the nroject via a hizh-line
concl leaving the river ot Zox Cenyon Dom was also considered, butb
the steep slopes and rough rocky terrain which would be troversed
by this ccnel indiccted thet it would be more costly then the selected
13
routes
the request of loccl intercsts, considerction was givan te
the derclopment of a storage rescrweir on the Hossayorpa River at
the Atchisen, Topuke ond Jonfe Pe Tiilweyr crossing notr lorristowr
to elixinste the closed conduit noeussory with storcge ot the Box
Conyon sitec. A storcge roservoir of. this lower site would be costly,
as it would roquire relocotion of cheout 10 rilos of reilrozd ond ligh-

A

way. ilorcover, this nlen of develoymunt would not elimincte the
channel losses betireen Eox Conyon -nd this site,

Th; Vittmann Intorests mode some studies for dotermining the:
fecgibhility of divorting wotor fron Kirklend Creelr; tributory of
TH1liens River, over the divide intos the Hnsstyrnpo River via
Martinez Creelr, to increase the project trater supnly. Considerction
of their deta together vizh soric additioncsl studises by the Burcou
led to the conclusion thot the high cost of the snnll aoount of water
thus obtoincble renders the schume improctieal. loreover, this woter
eould be wbiliecd for the irrigction of ar cble londs in the Uillisms

BEiver Boasin ot loss coste
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on the Hassayorpa Projcct.

Lend valucs and toxes. 585 the Hassayompa Project is developed
lund volues will rise, .Cn the bisis of Sclt Hiver Froject experi-
ence a norncl or long time cwvercge velue of cbout %175 en acre ecan
be expected, In recent yoeors, of course, irrigcted land hos sold
for considercbly.higher prices becausce the priges of crops grown
have been high but as crop prices decline land values will likewise
decline.

On the bosis of —ssessed values znd tox rates in Mericopa ard

LY
Pinel Countics during the period 1939 to 1944 it is estiinted thet
toxes will avercge sbout ,2.50 per acrs for l:ﬁd end buildings.

Bepoynent cbility, Repaymient cbility of water uscrs was deior-

mined by the form budpget muthod of eonciysis, bosed on yields wnd
prices of the Szlt River Projuct during the period from 1939 to
1944, inclusive. An:lyéis of farms ringing in size from 40 te 310
aeres indicates thot extensive crop formus os small as 40 ocres cin-
not poy for watcer or provide o recuoneble level of living. Smel..
spociclty crop forns, howewver, moy prove succsssful. Lxtensive
y

crop forus of 60 and 1C0 acres eopp:ar to be typiccl fordly-sized
farme as the forfer can do rost of the york hinsulf, zzd forms of
these sizes con moke o substantial payuunt toword construction costs
in eddition to providineg & reasonatle level of living, It 1s recom-
nended, thercfere, thet the majority of the foyns boe of this sizs,

The cnalysis indicctos the ampunt aveilable for poyment of 21l
woter costs to be 115,50 pur cere, Deduction of the estirtted

operation ond maintencnee cost of (5.00 on acre leaves 10,50 por



acrc for repayment of irrigcotion construction costss Tor 7,000
acres, this cmounts to 73,500 znnuelly ond 02,940,000 over the
LO~yeor repojmicnt period,

Settlenent onportunities. It is estimatced theot cbout 80 forms

could be cstoblished in the nrou,c+ ared, This estinnte is based
on B0 to 100 acre farms predomineting, with a few smaller ond Cleyate
larger famms,

Excess londs totel 1,098 zeres. Disposal of these lands shonld
not present a scrious problum &s th: crea is uninhobited and ther:
are orly scven lrndholders, excluding ths Uﬂltud Stctes end the Sicte
of Arizens, who ovm more than 160 asres of irrigoble lind.

Power

Tower developnint would be unsconomicel biccuse of a fluctua .-
ing pcwer head, crretic stranflows, ond the paramount need of webor
for irrigetion. Thae region is now sunplicd vdth comperatively lor
cost pover geonercted on the Colorads River ond in plonts of the Silt
River Velley lUicter Uscrs rssociction on 821t River, Additional
power devclopnnts on the Colorade diver, now under censtruction
or witler study by the Burccu of Reclamotion, could more econoiiczlly
suppl:r the onticipoted future power neceds of the arco
Flood Control

informstion from locel residents ond study of inmconiplete runoff
records dndicetes thet thue toel deregine Tlopds eriging
nountainous crec of tihie Hessoyampa DHiver wotershed cbove Box Congon

Den (dreinzge crca 422 square niles). Doncges ore the hecviest

ickenburg and lorristown, ond

glong the river in the vicinity eof U



at the rmouth of the river. During the period 1916-25 the total of
evalusted flood demages was 206,000, aond numerous other dazeges
occurred for vhich wonctory valucs are not available, cccording to
informction furnished by the U. Se Tngincer Office ot Los angeles.
Construction of Box Canvon Dam would mcke it possible to sub-
stonticlly reduce the flow of floods originating zbove the rescr-
voir, &ssuning the rescrvoir to be ot spillway level at the begin-
ning cf the flood, “he moxiraun probuble inflow of 1€3,000 seeond-

foet vould be rodvced to o mosrdmum cutflow of 69,700 sceond-fect.

lood donges supoliczd by the U, Se
g PE y

L]

Based on studics of notunticl

&

Ao o

Ingincer CZfice, ~nd on studies of yroboble dischorges preparcd
by the Burvzu, it is estimcted theot uncontrolled flows of the
Hasserampe idwver would probebly ceuie flood demeges totclling
1,440,000 in 2 100-yeor perdiod, which is cquivelent to an avercgs
aﬁnual flood demage of H14,L00. Sirdlarly, the residucl fiood
domiag :e which would probzbly oceur tdth flows contrelled ot Box
Conyon Dam would averoge 32,47C a yior, indiccting cn avercge
anrual reduction in £lood damnges of [11,9CC (in round muibers).
Other Projoct Uses

Jencfits fron the operction of Dox Conyon ifescrvoir would

9.2

accruc fron fish cnd wildlife conscrvation and from opportunitice

for rzercction, MHevigotion uses or regulremonts zre not present.
Fish end +ildlifc conscrvotion, On the bosis of o nrelimis

nary biolo
Service considers thot devalopment of the project would bo bene-

ficigl to fish ond wildlifs; the not carual binefit is tuatotively

<5



estimoted a2t 518,000, Realization of such annual benefits would
be dependent on stipulated monagement conditions, but.no construc-—
tion work would be necessarys

Decreation, A reconnaissance survey of reereational sdvan—
tages which might result from project developnent hos been mode
by the Hetional Pork Service, Based on this preliminary cxaidino-
tion, thc Netional Pork Service estimoted that annucl recreationcl
benefits totcliing 528,200 would be realized from project construc-
tion :'nd opcrations The cost of coastructing necessary recreational

facilities wos estimated ot [179,00), and the annuzsl onurction cad

£

moint mones cost was ostimated atb 03,800,

Orgon wzation

. projeect water users' orgonizition would necd to be formed
to coitroet with the Governiiont for ripnoymunt of reirbursable costs
and t> assunc the obligotion of ope-cting and maintaining the nre -
ect wirks, &s clmost one-hclf of £ ¢ londs selected for project
dovelopnient lic within the boundari:s of the hrizona .atcer Conscer-—
vatioy District, it hos been sugrmested thot the vistriet arend its

bound~rics to include the projcet linds cnd 2et 2s the contractis

o

egency witn the United Stetess Before proceeding with this plon,
ho;evqr, ¢ thorsugh review should be mnde of the Bory ond Vorieous
legepl problers invelwved,

Construction of the project would be ~ecomplisiicd in chout
thres yeors. 4Lfter wiotor is delivered to project londs o dewclop-

nent peried of chout seven yezrs should be cllowed before cormoenc-—

ing reparment of reinburscble costs. UJuring this develownont



period only opcrotion cnd meintunonce costs would be collected
from the settlers, ollowing then to use the rencinder of their
income for building honges, zequiring mechinery and livestock,
and developing the lond,

Relationshin to the Coloredo River Basin

The Hassoyermpa Project is onc of the 134 potential projects
presented for considerction by the cffeetud stotes in the report,
"The Colorodo River', issued by the Seerstory of the Interior in
Morch 1946, The report showed that there is not gnough wabtcer in
the Colorado River systun Jor all the potentizl projects outlinec
therein, end rocormended thet the (tetes of th; Colorado Aiwver
Basin (1) determine their respuctite rights to duplete the flow
of th: Cclorado Rivur, consistent vith the Colorado River Conpoct
and (2) ceting scporctely or jointly, reconmend for construchion
a groip of projucts, the streanfloir depletions of which will
assur :dly foll within uitinete s2llocations of Colorodo River wat.r
whiclh moy be mode Lo indivicucl stites.

The ocnnual conswaptive use of irrigation woter by londs irr -
goted in the H;ssayﬁﬁpa Project would be zbout 22,700 acre-feet o
year, ond the acnnuzl loss from uvapor;tion ot Box Canyon Reservorr

would avercge chout 8,200 acre=fucle
ECONOMIC aNaLYSIS OF PROPOSID DEVELOEMINT

Two mecthods of doternining -the ceonomie justificzotion of the
proposed development hove been considered: (1) the ratio of
benefits to costsy; ond (2) the relation of repeyment ability to
costs,
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Benefits and Costs

Monetary benefits have been determined for irrigotion and

ter, municipzl w

conservation, and recreation,

farmstead wa ater, flood control, fish znd wildlife

Costs, in this analysis, include the
amortization cost of the project, with interest, and the operation

and maintenaznce costs, Estimates of these benefits and costs,
developed on the focllowing pages, are summarized below:

Annual Renefits

Irrigation and farmstead wrter  $826,600
Municipal vater 14,600
Flood contrel 11;900
Recreation 28,200
Fish and wildlife conservalion 18,000
Total monetary bena:its 4899,300
Amnual Costs
Operaticn 2and }Mdintenznce
Irrigation and
farmstead water  §15;400
Municipal water 75400
Reereatlon QJSCO
356,600
Amortization of censtructicn costs
Bureau of Reclamation $H0L;400
Netional Park Service _ 7,( GO
Totel znnual costs $565,000
Ratio of Annual Benefits tc Annusl costs L ¢ L
Irrigation., Irrigation benefits are estimated to have an
annual volue of 812,000, which is the gross crop income from the
7,000 2cres of irrigabls lond in the project, Since present incoene
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from those lands is insignificant the entire amount is used as
the measure of benefits from irrigation. The ,812,000 measures .
the monetary or tangible drrigation benefits accruing to both.
direct and indirect beneficiaries, It is assumed to be equiva-
lent to the net economic effects of producing, processing, and
handling ﬁhrough comnercial channels the new agricultural preducts
from the area, together with the indirect effect on others nct
engaged in handling these products. Beneficiaries, therefore,
include the trucker, the railway, whclesalers, retailers, and many
cthers 'the may or may not havs a part in bringing to the ultimate
consume * tﬁe raw products grown on tte farms of the project,

In:angible benefits will also ascrue from the project which
are not readily susceptible of monet:ry evaluation. Ameng these
are inc-eased opportunitiss for emplcyment both during constructica,
and on farms when the project is in c¢peration, The development
of this arsa will increase tax resturnis to local governments and
thereby permit the improvement and ertension of public services
to a wider area, Federal income tax payments will be increased
because of increased earning capacits of the project lands, Natieral
security will also be served by incri:asing the productive capacity
and by spreading the porulation mors widely.

Tre benefit realized from the firmstead water supply has been
measursd in tarms of the sale wvalue of this water. Based on a rats
of $0.20 per 1,000 gallons, the benefit of providing 73 million

gallons of farmstead water annually is 314,600,
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Swinarizing, the total volue of the irrigation ond furmstead
water bonefit is $826,600,

Municipal watcr. The berefit of providing a municipel weber

supply for the project town is azlseo bosed on the scle velue of thd
water, At 2 rote of 50,20 per 1,000 gallons the volue of 73 mil-
lion gallons is 314,600,

Flood conftrol, Under prusent conditions, with flows of the

Hassayerpa River uncontrolled, it is estimated thot flood damoges
will wvercge $14,400 cnnuelly, By construction of Box Canyon Do
and control of the river, flood deroges will be reduced by $11,9)0

annua.ly, This decrecse
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rgues comprises the flood control

benef (ts.
lecreation. Besed on a prelirinory examinotion by the National

Park Service, the annual velue of cereational benefits is plaocesd
2 i

fish ond wildlife conservotion. Opurantion of the potontizl

project would provide on  annuzl fish aend wildlife benefit of
918,000, aecording to the prelinincry ustimete prepered by the
Fish mnd Viildlifc oervices

Costse Burezcu of Reclaomation featurcs cre estimeted to cost

712,900,0003 emortization in 50 yuirs at throe percent inturest

would require on annual outlay of 501,400, National Pork Service
featurce org estimoted to cost 179,000, the onnual cost of auor-

tizing {179,000 in 50 wysars ot thrse percunt intorest is 7,000,
annual opceration -nd maintennice costs of the vorious fectures

have boen csbimoted ot $35,400 for irrigetion ond formstoeod weber,
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$7,400 for municipal water and 513,800 for recreational facilities,

Relation of benefits to costs. A benefit-cost ratio of 1.59

to 1 was devslopsd at the beginning of this chapﬁer. This ratio
indicates that annual benefits to the nation will average 59 percent
above annual costs. In other words, for each dollar of cost, the
nation will receive 1,59 of monetary benefits in addition to intan-

gible benefits,

Costs and Revayment

Corstruction of the propesed project would require expenditures
by the lursau of Reclamation zad the Jational Park Service, Alloc:i-
tions o! ccnstruction costs can be male to irrigstion and farmsteac.
water, runicipal water, flcod control, fish and wildlife conservation,
and feCJeation. Costs allocated to i-~rigation and farmstead water
and to runicipal water are reimbursatle, The following summary of
costs, ¢llocations and repayment shows that 27 percent of the reim-
bursable costs of the nroject can be repaid:

Estimated Censtruction Cost of Prejsct

Bureau of Reclamation features +12,900,000
National Park Service fsziures 179,000
Total constructisn cost 513,079,000

Allocations of Cost

Non~reimbursable :
Flood control % 306,000

Recreation 725,000
Fish and wildlife conszrvation 46%,000

3 1,494,000

Reimbursable

Irrigation end farmstead water 11,400,000
Municipal water 185,000
311,585,000

i



Estimated Repayment

Irrigotion and farmstead water 52,940,000

Municipal water _ 185,000
- A $3,125,000
Percentage of Repayment 27 percent.

Allocafions, Non-reimbursable costs were allocated on the basis
of the present value of the annual benefit occurring over a period of
50 years at 3 percent interest. The present value of znnuzl flood
control benefits of ;11,900 is ;306,000, of ;28,200 annual recreation
benefits is $725,000, cnd of 512,000 annual fish and wildlife benefits
is $463,000, '

It h:é been assumed thot the coust of providing municipal.water
will be covered by 2 repayment contrict with the project town.
Therefcre, the construction cost is .zken as the value of municipal
water aid the entire cost, 185,000, is allocated thersto. Only

one other function, irrigation (incliding farmstead water), is served

€8]

by the project. Hence, the residual cost of $11,400,000 is allocaced
to irrization and farmstead water,

Repayment., Repayment ability o the irrigators was celculated
by the farm budget method of analysis, which indicated that the farm-

ers could reascnzbly be expected to pay ;10,50 per acre annually for
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« Over a 40-y=ar interest-free repay-
ment period, this payment would ameount to 32,940,000,

Before a water supply could be provided for the project town,

]

entirs

D

vment contrzet for th

i
4

it would be necessary tc secure a rep
construction cost, It has ther=fore been assumed that the $185,000

cost of providing municipal woter would be repaid in full,
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Percentage of Repayment. W%With anticipated repayment of

$3,125,000 on reimbursable costs of 411,585,000, the repayment would
amount to 27 percent., Assuming thot the repayment ability would
remair. constant, it would require atout 150 years to effect full

repayment of construction costs,
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LPPEL IDIk i
GEMNEnAL DaTa

PREVIQUS INVESTIGTIONS

Ingineers for the Wittmonn interests, largest property ovners in
the project vicinity, have made several anLStlfuthWS of the usc of
Hassayampa River water for irrigation and have made privatc rcports.

In 1927, the J., G. White unglne‘rlng Corporation of New York,
New York, mede & "Report on the Maricopa Countf Irrigation District
Number One" (now Arizona Water Conservation District).

Or Mareh 27, 1937, W. C. Lefebri, Chief rEngineer, ingineering
Divisicn, Statc of arizona, Federcl Imergency idministration of Puslie
Works, mades o "Field Report on Application of Arizonz Watcr Conserva—
tion District, Docket Moo 551." Thic is the most comprshensive resort
previotsly made on the Hassayempe Prc ject. Its.conclusions are briefly
summari zed: .

(2) Water supply of Hesszyampa River is adequate to supdly
nceeds for irrigation of 14,450 ¢cres net, 16, 062 acres gross.
(b) Irrigation works will consist pf Box DReservoir, 146C,00
u.rp—;bb+ cepecity; diversion dim on Hessoyompe Hiver, 1k ﬁ¢1:"
i 1nd subsurfeac: storage, cupLCﬂtJ'of 20,500
nedurvoir end diversion damjy moin ¢anal,
1"0 cofese caopacity; leterals ard waste ditch recovery systsn,

A e , s
(e) Estimated cost entire system, :2,000,000.

(d) General design of nrovosed irrigation works is tech-
cally sound, subjuct to detirrdnction of type of dam to be
constructed a “* Box Conyon site.

(e) Total cost per acre, :.110,73; with grant of L5 percant
‘from Public VWorks hAdministrotion bond dpow ner zere, 60,90

by Jd. W Witima

londs donsted oy

hittmann will service bonds.

(g) £kdditional sccurity aofforded by returns from l:inds
donated by J. W. Litimenn securus safety of loon.

A reoort by’J, A
Arizonz, conside:
River as not fucsib
with power

Freps to W W, Lone, &t Enginecr, Stote of
rouwlectric powur dovelop . o1 the Hasgoyormpa
't thet time (July 10, 1929). This report denlt
¢ Gevelopment end not connuctued with irrigation,
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PRESENT INVESTIGATIONS ‘ >

This investigation wes made by the Bureau of Reclamation under
authority of Scetion Fifteen of the Boulder Canyon Project Act, by
which the Secretary of the Interior is outhorized and dirscted to moke
investigations and public reports of the feasibility of projects for
irrigation. gencration of electric power, ond other purposes in the
Stctes of Arizona, Neveda, Colorado, New Mexico, Utech, and Wyoming,
for the purposc of mcking such informction availeble to said Statos
end to Congress, and of formulcoting a comprehensive scheme of control
and the improvement and utilization of the water of the Colorado Hiver
and its tributaries,.

hbout 60 scttlers homesteoded lond in this area after World Var
I and tried, unsuccessfully, to establish an irrigotion project. At
present , however, the project area i~ uninhcbited. This investigation
was unc ertaken ot the request of Joseph W. Wiittmann and settlers in
the Arizone Weoter Conservetion District, who have long labored to secure
constriction of the project znd hopec. to talke advonitage of the aveil-
ability of funds under various work 1¢lief programs prior to the war,.
The rerort prescnts the most attroctive plan for utilizing the flows of
the Hos seyompa River. Consideration wes given to importation of waters
from tributcries of the Williams Riwver; to enacble incrcase in the sroj-
ect aria, but the cost of such woter was found to be c¢xcessive.

Ditediled investigations were madle of all physi
tenant to an irrigation projcect and reorried to the
obtoinzd werc sufficient for designs ond estimates

and fo~ asriculturel cnd e¢conomic analyses,

cal featurcs apdur-
point where the data
of project works,

Tlie investigations included the following:

Classification of lands in and adjacent to the project,
to determine the amount of selts, topography, depth of soil,
and gencral edeptebility for irrigation forming.

Complete water supply studles, including meosurcments
and estimates of flows of the Hiussayompa River, study of

., Channel losses; testing of the "mnderground flow ct 2 previ-
o1sly considered diversion doemsitc about 15 miles below the
shorage reservoir, woter requirsments for irrigation, project
diversiecns, and rescervoir operction studies.

Survey of the Box Reservoir site. Detail surveys of
tarec dimsites in Box Conyon érd @ diversion damsito ot the
Sento Fe Redilway crossing below Vickenburg. Survey of 2
eaznal line from the storage site to the Project.

Geologicel exeminntion and foundzstion exploration, includ-
ing diamond drill borings ot Box Canyon Dumsites.

A 2

Digzging of test pits and sampling of material in and &djocent
to Box Canyon Reservoir to determine quelity end amount el con-
struction mcterials zveileable for carth daoms.
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Detailed study of plen of development and consideration
of elternctive plans.

Designs of dams, concls, and other structures, and estimates
of costs of the project.

Study of ecrops and crop yields in adjacent erces, and the
gdoptation of irrigation agriculturs to the projecta
P g proj

Heonomic anclysis of plan of development,
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Wittmann who pleceed his entire files covering engincering irvestigations
t the dispos 52l of the Burcou. W. H. Grifriin, a residunt of Wittmunn,

hrl”Ouh, gave generously of his time ornd ploced records of agencius
precediag the prescnt Arizono licter Conservetion District at the scervice
of the Burcou. S. Fo Turner, Hydraa de Engincer of the Tucson Disuyict
of the Geologiecal Survey Ground .ctoe~ desources Bronch cooperated in

the study of uncerground flow. Officicls of the llericopa County Woter
Consorvetion District No. 1, the Buclieye Irrigation District, the
Roosovelt Irrigttion District, the G.1llespie Lund and Cuttlb Compaiy,
the Southwest Cotton Componye, and thee 321t River Volley ikoter Uscrdt

Associction zlso goawve moterizl zssis.ance in the preparation of th.s
report.,
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affice of thy Core
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os angelus District
rinent, For their cooper tion

PERSONIHEL

Tt usc investigotions were mode »y the Project lennlng Scetion of
the Buresu of Reclamaiion undar the direetion of E, B. Debler, 'y culic
Engineer, and supervised in the field by ingincer i, E. Bunger, prior to

January 1, 1942, end after by Engincir H, G. Roschbacher.

-gincering surveys including topographic mapning, ccnal locadon,
stream gaging, sbe., were mede by .associste Engincers se L. 3. liosua
O. Simons, znd assistant Ingiacer U, 8. Gookin. Field estimnctes
ared oy lr,s Mosor,

Projeet londs wére classificd tnder the supurvision of Reclemation
1—-\

Economist & L. Fogorty

Geologic investigeations wvere by Geologist R. L. Huaton aid
assistont Guologist J. . lurdock under thc supurvision of Huzd Guologist
Fo #e Niekodl,

i)

Desipgns ond estimctes for Box Cany v in the Denwer
office under il supervision ef J. L. Sovoge, Chief Dosigning fngincer,
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and K, B. Keener, Senior Engincer, Dams. Field estimotes: for cznzl
and leotersl systoms were reviewed and reviscd in the Dunver office
under the supcrvision of H. McBirney, Senior Engincer, Ccncls.

Two previous drafhs of the report have been circuloted for
comments. The first wos prepored by the Hydraulic Sngineer in Derver
in August 1943, the scecond by the Reszional Dircctor in November 1945,
This report, wiilich comsrehends 2ll comments on the previous drofis,
WaSs prepo red in tho Regioncl office of the Burven of Heelamstion ot
Boulder City, Nevode, under the generel direction of Regional Dircctor
E. ke lioritz, Regioncl Plonnming Lnginedr B. G, Hislsen supervisud the
work, which wos performed by Enginuer T. J. Looncy, beonomist R. w.
Greffunius, Soils Technologist W, 8. 'lood, Engincer D, K. Johnson and
Gueologist G. D Lasson.,

ENGINEERING iLPS AND MAU[INGS

Filed in the Regioncl office of the Bursau of Heclanmetion at
Boulder City, Newode, cre the follewing meps end drowvings for the

Hossayamps Project:

File Nmber Title Dote o
o5 0 [ [ Mayr 15, 1945
3H1--2 Sept. 25, 1312
3H-10-3 Lopd Classification July 1y 1939
SH~1-4 Genorcl Map Feba: 25, 194
SH-2-F Box Canyon Sed
Site - Mey 27, TOLL
FH-2ub Box Canyon Re May 29, 1941
3H-11-7 Groundwaber 5t Febe 20, 1943
3H-11-3 Croundwater S Feb, 20, 1943
3H-2-§ Lower Box Cany
T : Mzy 23, 1941
3E-2-10 Upper Box Cangon Laz
Topogrz Mgzr 19, 1941
3H-9-11 OEC“WO]le— Moy 1L, 1942
3H-11-12 Aveilable Runoff Junc 1L, 1940
3H-7-13 Land Cvnership cbe 4, 1543
FH-11--1) Box (anyon Hescrvcir - arsa
Cepecity Curvss liovas 3, 1942
3H-10-19 Gener Ul 1“ vstigitians = Lond

3H-11--20
3H-1-21
3H-1-22

3H-5-23

General
Area Mep — Hoss

Generel Investies
.I."LL ‘.p

General Inwvestigotion —
d&sshfarni Project

Cross Cuetions Below Box Convon

Moy 1h, 1941
June 2, 1941
Junc 26, 19.1
hpril 1947

Julr 12, 1941



File Fumber

3H-11-2

3H-11-75

3H—6-28
3H-6-29
3H-6-30

H-1-2%
3H~-11-33

3h-4-31.
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Table 2 ,— Growing season at Wittmann, Arizona '

Year : Date of Killingz Prost : Length ¢f Frost-free
:last in Spring : First in Fall Period in Days
1523 2 — . Dec., 12 : —_—
24 : March 16 - . Dec. 19 . 278
25 : March 12 : Mov, 15 : 2,8
26 : March 11 : Dec, 16 : 280
27 : Jan, 26 . Tec. 7 : 35>
28 ¢ Feb, 16 : Dec. 20 : 308
29 : iarch 25 . Nov. 14 : 234
1930 : Feb. 25 . Pec, 18 : 296
JL : Feb, 22 : Nov, 23 : 274,
32 : Feb. 4 : Cec. 11 . 311
33 : Feb, 21 . Dec. 17 . 299
3L $ Jan. 22 . Nov. 29 . 311
1935 : Feb. 27 : Dec. 14 . 290
36 t Feb, 8 : Mov. 4 . 270
37 ¢ March 19 : Dec, 22 . 278
38 ¢ March 31 . Hov, 13 . 227
39 .t March 11 ¢ Jec. 27 : 291
1940 ¢  TFeb. 17 : Déc. 15 . 302
41 : Jan. 18 . Dec. 25 . 341
12 :  March 25 . Hae. 25 : 271,
L3 : Feb, 12 : Jec, 30 . 321
Ll :  March 29 . lov, 26 . 242
1a,5 : Feb. 22 " Yov, 20 . 271
Lver:ge : Feb., 26 ; Jec, 8 ; 265

Prec: pitaticn

Recorded precipitation at Wittmann (Table _3 ) has average!l
9.85 inches annually, of which 7.72 inches falls during the mon hs
of February through Novemker., Tatulated below is a comparison 'dth
the iverage monthly precipitaticn at Phoenix (45 years record).

Average Frecipitation in Inches:

Mont 2 witt mann Phosonix
Januiry 0.81 0,76
Febriary 330 0.89
March .83 0,76
April 0,69 0.46
May 0,91 0,14
June 0.04L 0,07
July 0.93 0,99
August 1.50 0.97
September 1.16 0.70
QOctober 0,50 Oohil
Noverber 0.53 0,68
December %32 _0.88
Total for Year 9.85 T Th

L7



Teble 3 « —— Precipitation at l/ittmann, frizona.
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HISTORY COF ARIZCH.L VeTER CCOUOLEVL.TION DISTRICT .

First efforts to harness the erratic and flashy Hassayampa River
were made in 1083 by nlacer miners. In order to furnish vrater and
power for the operations, the Valnut Grove water Storage Company was

e v
orginizad in 18854, and ut Crove Dam near l.agoner was conm:leted in
188G, This was a rockfill dam 110 feet high (the nighest dam in the
United States at that time) and provided for the storuge of 10,0C0
acre-fest of water,

an extremely hish runoff from melting snow occurred in Fehruary
1820, The incompleted spillitay was unable to carry the flowr end tue
dam failed after being overtonped for L€ hours; 129 peorle lost their
lives in the flood.

after the destruction of the dar the company went ints the hards
of receivers, and in June 1908, 21l its assets wers transferred to
Eleanor C, '/ittmarn of Illew York by a 4aster Comuissicner's Deed. In

o

1910, kirs. lidittmann employed engineers to resort on the ;eaoﬂbllﬁuy of
using tae waters of the Hassayaripe for power and irrvisation, On Jen-

vary 1, 1914, the day the Carery act bacene efrective in ariz ona, sle
filed a1 annlication to Lif%draw 17,"0 acres of land near liorristovm
to be irrigeted from the Hassayampa Iilver., This a»pliication vas

granted on npril 14, 1916,

apylications for rights-of-way for reservoir and dam sites in
the Box Canyon, and for z canzl the river over Government lard,
had beeq made in 1510, These rights->f-way eprlications have never
been dealed and are presumed to be in force at the prasent time.

Enzineers for irs. Witimann made surveys, established gaging
stations on the Hassayampa to deteriniae whether the construction ¢f
2 projecst was practical,

An application for a permit to use water from the Hassayammna
River was filed with the State ‘fater Comuissioner January 1922, by
Mrs, Eleanor Ven Beuren Liittmenn, A group of homesteaders in the
vicinity of Nadaburg (now vittmann) orgsnized the liadaburg Irrigaztion
Districh in June 1”2 , &nd elso apnliczd for a permit to use water
from the Hassayampa River to irri sate ebout 25,000 es within thedir
districi. The State Vater Cormissi onsr decided in 1 avor of the .itt-
mann interests because of thelr financial ability to construct the
project, and issued tiie permit on iareh 5, 1924, to Joseph .ittmann,
as fleanor Van Beuren Littmenn, his wife, had previously passed away.

';‘!

.I

An agreement was and the Nadaburg
Irrigﬁ+loq u“"trict ir “ the land in the
1rrl~at!on uﬂ surict desds hrea—g ters of ir land, about 12, CUO
acres, to T - I y i
act lands

-
with the construction of the irrizati ystem I the entire nroject.
The transfer of t;A Leh TOR: X unds 1o distriet lends
was approved by ih Lend OfTice on Layr 19, 1926,




The name cof Nadaburg Irrigation District was changed in 1929
to the iarizona Water CODoEdeulOH Pistriehs

On april 24, 1933, the Arizona Vater Consservation District filed
an application with the FKeconstruction Finance bGr“Oruthl fer a luan
in the sum of QI,QQS,OOO. This application was later transferred *
the fublic Torks sdrinistretion. & supplaonental aﬂﬂWﬂgatlom 1rLs fn_v
with the Public Ylorks sdministration in Noveuber 19?3, to conforn with
the requirements of the Nationel Recovery fct, and changed the anount
of the requested loan and grant to 2,350,000, The state enginsers
for the Public liorks administration would not anurove tihs grant, ouLe
of the reasons being that the project zppsared to be larzely a laxd
promotion scheme for one interest.

The district filed an zmendimeat +o +Hcir an"liCﬂ+'on to the
public ‘oriss sdidnistration in Septerd
somevhat and uﬂvisinf the Public .orl:
would dscd the district 7,500 cecres of u1q to be sold to ualp rct:

Ll

Y
the bonids t6 be iasusd. Tue Lot_l cost of tue project unduer .
application wos cstimetud 2t 1,651, UGQ. The Fublic orks s€ndnis rete
ion approved the amended applice txop it no cllotiment was ncde ot

J
of the 1930 gonropriction, The bodet nmieas ahnligetion to The
Reconstruction Finence UOPWO“KtiOH iy, Qetober 1938, for o lean of
JE,O‘C,upO te econstruct the irrigetivn works cs set forth in their
appliecction to the Public Tlozriks istyation, but the en.eutive

comaittze of the neconstruction Fiamce Uorporation refuswd the
appliecztion for the loan,

W
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APPENDIX B
PROJECT LANDS

“PROJECT LANDS

Gensral Descrirtion

The Hassayanpa Project consists of a portion of the lands cccupy-
ing a large, gently sloping velley plain bounded by the Wickenburg and
Hierogiyphic Mountains on the north, the White Tank Mountains on the
south, the Hassayampa River on the west, Znd the Agua Fria River on
the east. Project lands lie in a compact body a few miles west of
Wittmann,

The most dominant physiographic feature of the area is a larze
alluvial fan, built w at the base of the cnclosing mounteins. Tae
fan is excepticnally smooth-surfacas¢ and uniform over most of the
projec. area, the surface being broken only by the drainage chann:ls
of sma:l intermittent streams and occasional small low ridges. Tie
direct ion of slope is southcast.

G:ologic materials from which the soils have developed consist
primar 1y of quaternary alluvium, piincipally the outwash debris
derive | from igneous mountain rocks. These alluvial-fan deposits
consis; of engular end rounded sands, gravels and rock fragments,
which ire predecminately granitic anc. quartzitic in origin. The
deposi:s are severzl hundred feet or more in thickness over the
baseme 1t igneous rock.

Soils

S>ils of the project are alluvizal in origin, and have develo:ed
under 2 hot, arid climate, resulting in such characteristics as a com-
paratively high dsgree of oxidation, little or no leaching of the
solubl: constituents, and a very lov content of organic matter. the
mature soils generally have a distirct reddish or pinkish tinge, 2nd
for that reason are identified as belonging to the Red Desert group of
soilg. Veriations which occur are chiefly in scil texture, although
nearly all of the soils are light textured, In places variable ausounts
and sizes of rock fragments and gravel occur on the surface or through-
out the profils. On the basis of age, there are two main groups of
soils in the project: (1) old alluvial-fan soils and (2) recent
alluvial soiis.

O0ld alluvial-fan soils cover tre major part of the project area;
these secils have a surface layer corsisting of about seven inches of
light brown or dull reddish-brown sandy loam to neavy silt loam, either
not calcareous or only slightly calcarecous. Below this layer, and con-
tinuing to a depth of about 12 or 15 inches, is a friable dull-red or
reddish-brown sandy loam, slightly or' distinctly calcarecous. The upper
subsoil layer is a dull-red or reddish-breown, compact, cloddy material,
somewhAat heavier in texture than the soil azbove it, highly calcareous
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and mottled with gray lime flecks.  This layer, between 20 and 30 inches
below the ground surface, merges into a desper subsoil leyer of compact,
grayish, crlttj lozm, highly calcareous and weakly cemented with lime.
In many places this layer ccntinues with li+t’e change to six feet or
more in depth where it grades into the parent materzal of rich trewm,
friable cr loose, fine, gravelly loar and coarse sand particles, both
angular and rounded, The perent materials, however, are often found
throughout the profile, In some places swall rock fragments are so
numerous on the surface that they will interfere with cultivetion and
will require clearing \

The surface of these old alluvial soils absorbs moisture readily
and interrnal drainags is good. LhOJgh generally free of harnful
accumulations of alkeli salts, a few small arsas are slightly effected.
The orgénic matter, nitrogen and available phosphorous content is low,
but thir condition may be readily corrected by the addition of green
manure c¢rops and superphosphate. The soils of this group, with the
excepticn of minor arsazs covered with excess surface rock or conprised
of coarse sandy materials, are desireble for irrigation end well suited
to the production of the crops common to the region.

Recent alluvial soils borcer the drainage courses of the inter-
mittent streams, or mark the old courses of depositing streams, and are
of smel.. extent in area. The surface soil, to an average depth of ebout
8 or 10 inches, is light bro1n, dwll-b“oﬂn or pinkish-brown friable loam
or sand;" loanm underlaig by similer meterials which are somewhat more
calcarenus, Soms unwnithersu fine gravel and sand &re prosent through-
out the entire profile, Coarscr, mors porous strata occur in the sub-
soil, & .though compact layers, which probably represent an older soil
covered by more rccent overwash, are semetimes found in the lower jart
of the subsoil. Drainage is good anc accumulations of salts are
general y ebsent. The water-holding capacity is fair end, where net
affected by excess surfece rock or gravel, the soil is abs+rab1u fur
irrigation development, As in the mebure alluvial-fan soils, the,
organic metter, nitrogen and available phosphorous content is low,

-

Topography

The: topography of the project lands is highly suitable for
irrigat'on. The &lluvial fans slope steeply for a short istance
from the base of the hills, but on the project are merge into
genbtly sloping, smooth-surfaccd, uniform tracts. The slope ranges
from 15 to 30 feet to the mile, Only & moderate amount of leveling
will be necessary to prepare the land for irrigation,

they

3 o

Drainags

ct are indicative of
gensral slops end
ice runoff, and the

Soil and topographic conditions on the projec
favorable dr;ina?a, both surface internal. Th
natural drainage channsls prov*op gatisfactory sur

15}
o

&
A
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sub-surface drainage is good due to the opmn permeable nature of the
subsoils. There are no poorly drained areas on the project lends at
the prescnt time, and such condibtions are not expected to devilop ex-
tensively following irrigation. Any drainege ncceded will be of small
extent and ceonfined to localized arezs,

Salinity and Alkalinity

The soils of the project eve relatively free of soluble salts,
though often highly celcarecus in their subsecils, and are 'not highly
alkeline. Soil reaction, exprussed as "pH", varies from 7.8 to 6.0
and soluble salts are present in percentages averaging from a tra
to 0.1 peoreent. A fow very small tracts of land &are affected by
soluble salts present in zmounts ranging from 0.2 percent to 0.5
percent, but alkalinity is not high &nd most of the salts can be
succesefully leached ocut of thu 5011 or from the root zcne to greater
depths in the profile

Iand Classification

A semi-deteailed land classification wes made of the arez in 1339
to determine the extent &nd character of the lands, and their suita-
bility for developrnient under irrigation., The classification was
established by a correlation of th~ Jacters of soils,; topegraphy, and

drainagz; it invelved the deter t on and delineation of the aradble
lands, 2nd the segregetion of F & ..ands inte two clazsses on the osasis
of their productive cepacity.

Stindards. Land classificatio
the Burzzu of Reclamation, and are ba

s
three paysical features - soils, tuvigreph s 2nd cdrainage -~ with crop
production on similar lands under ir:*igation. The standards ars

sunmarized con the following page.
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Semi-deteiled Land Classification Standerds
3

hassayampa Prcject - Ari

Land

Characteristicsc. .. .-.e5 Class 1 lLend " Class 2 Land

Soils

" Texture Sandy loam to friable clay  Loamy sand to friable clay

loam

Depth#

To sand, gravel 18 to 24 inches plus - good 12 to 18 inches plus - good
or cobble free-working scil free-working soil

To relatively ir- 48 inches plus

pervicus subsoil

material

To penetrable 18 inches with L8 inches

lime zone penstrable

Alkalinity "pH" 8.5 or less, unless soil
is calcarcous, total salts
are low and evidence of

. black alkali is absent

Salinity Toctal salts nct to @xcccd

0.2%. May be slight?
hlgbbr in open perm egb¢e
50ils exhibiting good
drainage qualities

lio selld or locse rock trzt

=

Pock and rociy

36 inches plus

1l inches with 36 inches
penstrable

pH 9.0 or less, unless scil
is calcarecus, total salts
are low and evidence of
black alkali is absent

Total se&lts not to excesc
0.5%. uiay be slightly righer

in open permeable sv*ls oxX-
hibiting good drainag
qualifies,

No rock in place. Easily ro-
mevable leoose rock limited

soil will interfere with
ordinary cultivation to that generally cleared in
simiiar communities whers ir-
rigaetion is practiced
Tonograchy
Slope Smooth sleopeés up to E% ir Smcoth generel slopes of 5%
gencral gradient; reasonebly to 10% or rougher slopes
large-sized bodies less than 57 in gensrel
sloping in the seme plane gradient
Surface Even enough to recquire orly May require considerable level-
small emount of leveling ing and moderate grading, but
and no hesavy grading in awounts generelly found
feasible in like areas where
irrﬂ»atlon is practiced,
Drainage Soil and topographic conc Soil and topozraphic ceoncitions

i-
tions such that no specifi
drainage requirsment is
anticipated

such that scme dreinzge will
probably be reguired, but
artificial drazinage practicable

at reas ﬂabLe‘bost
* AL the minimum depths The texture must be fine sandy lodm or neévicr, Wwith
some soil mixed with the gravel or cobble, and at the grester depths it must

el

(depending on the

be as heavy as sandy loam,
should be 2L-30 inches dsep
qualify for class 2,

Nonarable includes lands which do not mest the
also, small areas of areble

WOJWG obvieously not make usuable fields.

Sh

minimum
e land 1"1rﬂ within lergcr nonarable arca

Loamy sands uncbrlf_d by coarse um“d or gravel
percent of

silt and clay) to

a

class 2g

requirements fer
s when these



Methods. The classification stancdards were applied in the field
to carefully observed soil characteristics, topographic features, and
drainzge conditions in order to appraise the suitability of the lands
for irrigation agriculture. After the proper classification for each
tract wes determined, th& area was delinsated on base maps (plane~
table cheets) on a scale of 1,000 fert to the inch. Classificaticn
boundaries were established along the traversed lines, the distances
being determined by graphic triangulation, speedometer, or pacing and
the boundaries then completed by sketching between known points. In
keeping with the accuracy and detail of coverage required in a semi-
detailed survey, the arsz was traversed at maximum intervals of one-
half mile to examine surface features, and soil borings were made at
the same inberval, or oftener, to establish the character of the soils,
The samples collected were subjected to field laboratory tests consist-
ing of colorimetric determination of alkalinity, determination of the
percentage of total soluble salis by use of the electrolytic bridg.,
and estimation of lime content by derree of effervescence with dilivte
acid,

Results of land Classification in the Project Area

Results of the semi-detailéd clessification of the proposed piroject
area based on the forsgoing stendard:s and methods are sumarized as
follows: :

+ Class 1 : Class 2 : Total
i AcCres T Acres : fcres
Twps 5 ey Re 3 W : L7ho : 35 : L776
Twp, 5_1., R. L . + 2612 : 1¢6 : 2560
Total project area s 1252 : 152 : ggonn
#Net praject arca s 6817 . 181 : 6968

s & percent to 2llov for rights-of-way for roads end

# (ross area le
icéings, and other nonrroducing areas.

ditches, buil

3
A
a

Thz irrigehle lands of the propcsed project comprise a net acreage
of epproximately 7,000 acres, Of this total about 98 perecent of tre land
is Class 1, lying in one large corpact body about four miles west ¢f
Wittmenn. These soils have a textbure, structure, depth, permcability
and feruility suitable for permanent, profiteble az ture vhen irri-

i

-~
gated., The water-holding capacity of the soils is zo
The topography is smooth and gently sloping, and ths
only a relatively smell amount of preperation for irrigetion., They are

3
ul
d, as is drainzge.
ands will require
e ] a
[ - L) ~ 5 = . 1
rell adspted to the vroduction of &ll crops capavle of being grown under
irrigation within the climatic limitations of the region.

The extent of sccond-class lands is small, the tracts being
scattered throughout the large body of Class 1 land or along its outer
edges. They are limited in productivity, chiufly because of cosrsc-
textured soils containing small rock fragments and gravel, or surface
rock that will have to be cleared. In & few cases some leveling will
also be required in addition to the removal of surface rock to DIreEpare
the land for irrigation. The Class 2 lands are, however, suitable for
development. and crop production with irrigzation.
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Nonarable lands are limited in extent on the project to a fow
small areas comprised chiefly of stony, ccarse-textured soils of low
water-holding capacity and precductivity. '

Selection of Project Area-

The emount of land which can be put under irrigation in the
Eassayampa Projcct is dependent entirzly upon the amount of water
available, There are mers suitable lands available for irrigation
than can be supplied water by full development of the existing water
supply. The 7,000 acres selected for development, as covered by the
foregoing discussion in this appendix, are among the best cf these
lands; they ere close to an existing reilrcad and highway, and close
to the Hassayampa River, which will minimize distribution and con-
struction costs, and losses of water in transit to the lends.

Only a small peortion of the selected project arsa lies within the
boundarizs of the existing Arizona Water Conservation District. A
project zould be develops=d to includs only district lands; however,
the majority of the lards within the Jistrict boundaries are less
desirablz egriculturally than thosc s«olected and, morco";r, the main
canal tc serve such an area would need to be longer, and the project
would be mcre expensive,

The total area suscopiible to irtigation, if waber were availasle,
is shown on land classification drawiirg 3?—10-3, a8 mbﬁl a Lhe preicsed
project 2rea, and & summary of all ar\ao classified is presented ir
ma
Table L.,

o
o
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Table L.~ Land classification summary for area classified,

Hassayampa Project, Arizona

i Trrigated 3 Not Irrigated Total
s Cudtivated — 7 Moadow ‘.QQEE} « Closs L s Claﬁp 2 = Total « Irribable
:  (Lcres) i (heres) :(fcres) @ (Acres) @ (heres) s(heres) & (hcres)
Hagsayampe River Valley above - ; ! ; ; ; ;
Box Canyon Dam Site : 260 . 20 o+ 280 . ; 10 S €0 . 360
Hassayampa Hiver Valley below s ; ; ; ; ; .
Box Canyon Valley Site : 16U . 1o s 220 . s 200 . 280 . 170
Wittmann Arca : ; ; : 30,595 : 9,185 339,760 : 39,760
Total Classified : LLo : 30 : L70 & 30,595 : 9,545  :L4O,1L0 : L0,610
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APPENDIX C
WATER SUPPLY

_INTRODUCTION

The Hassayampa River drains a rough mountainous arez to the rorth
of Wickenburg in southwestern hrlzora. The drainage arez ranges in
elevation from about 900 fset at the mouth of the river to over 8,000
feet on the summits of the‘div1de, The mountains surrounding the upper
part of the basin, and particularly those along the eastern rim, are
the westernmost high rmountains in south central Arizona. As a result,
the precipitation from the storms moving northeastward from the Gulf
of California and from off the southern California coast is nigher than
upon the drainage of adjacent streams. Storms of high _ntpn51ty cn
the drainage area result in flash floods during the summer mouths.
During the winter heavy falls of sncw and rain produce considerable
runoff, but it is szldom of long durztion,.

The widely fluctuating intermittent flow of the Hassayampa River
precludes any consideration of using dairect diversion for irrigation
use. Therefore, all waters for the sroject are to be stored in Bex
Canycn Reservoir and releassd, as rejuired, intc a closed condult
follov:ng the river channel to a poiat about 15 miles below. Thers
the ma'n canal will leave the river ic serve the project lands locited
about 1.7 miles scutheast of Wickenbucrg near the community of Wittrinn.
Because of the small supnly, and the necessity of conserving water, a
complet.ely clay-lired distribution srstem is contemplated,

Dyawing No. 3H-11-33 shows the zeneral topography and the pre:ipi-
tation and gaging stations for the acea sbove Box Canycn Damsite

VATER RESOURCES

Availatle Supply

Arnual runof¢ of the Hassayampa River has averagad 45,700 acr:-feet
during the period 1916-45. Preparation of runoff records and estinates
has been complicated by the erratic osenavier of the river, whoss f.ows
range from flash I loods having high »neak discharges and larges voluies

to mere trickles uh¢Cﬁ disappear int. the sandy bed for long dista.ces.
A large muiber of the flash floods oocur during the nicht, prebakly due
to sumrer storms occurring in the lave afternoon. Spring floods con-
stitute the greatest part of the Jca“fs flew; however, these do nos
occur each year, Heavy sustained flows occur after a warm rain has
fallen on the snow in the higher rzaches of the watershed; if the warm
rains do not fall at the proper tlmei or the snowfall has been light;
the water is lost through evaporation and ground scepage.

The ghannel of the Hassayampa R:iver, from Box Canyon to ite con-
fluence with the Gila R;v r, has a broad and sandy bottom, and gaging
presents the preblems of continually aﬂlLtlH” channels. Durinz the

drier periods, there is no surface flow in most of the river channel;
e S i g P
however, at White Point, ebout five miles south of liickenbur rg, those

59



'

/

RIA L

NN 5t
,l ’%‘Q@%ir x""'(:)[) ’r}z%\” a'sﬁ‘

ey e

ci:;‘ ém!‘{k"/ P

0 w“i‘z@ 3
% L T

30

L Se e AN
.I;;,‘Jg/%_’// & L;C};:;’C‘Fi’} VI S

|

ATy
r‘fd:T EclRpy

ST
S

- - 0,
T A
o .
B, e
. \ r
T,
< \Y_gigu»{\
e 5
e,

YAVARAL  COURTY
MLRICOPA  COUMTY

Ty 100

! ~ =
T € Corih wot
d Springs

nee o'

LOCATION WAP

LEGEND

=== Boundary of Drowoge Area

Stieam Gaging Stolon
Precipitabion Station and Number , recardiog
Precipiialion Statian ond Number | nonrecording

]
L

SCALE OF amiis

Conlowr intervol - 100 Metars (326 Feal}
Base map lroced from on eniargement of a partan
af USGS Mop [Scale 1:500,000 } of Stale of Anzong

COLOMADO MIVER BaBIN
HASSAYAMPL PROJECT- AMIONA
TOPOGRAPHY , PRECIPITATION STATIONS
Ano STREAM GAGING STATIONS

TRacen  ANA RECOMMENDED Lt
CNECKED RG3 AFFROVED e—

omawn RS suBwITTED 2 Lerey
f 3

R R |

PLATE |




persons familiar with the river state there has always been a small !
surface flow, even during the driest of years. The {low apparently

is forced to the surface through shallow sand overlying bedreck, and

is estimated to average threc to four second-feet, with minimun flecws
of 0.50 second-feet. -

Caging stations. Thae first geging station of record on the stream
was establisned by tne Geological Survey November 23, 1910, in section
20, T. 7 Ney Ro L W., about four miles below Wwickenburg. This station
was maintained during 1910 &nd 1911. From January 1 to October 31,
1912, the station was maintained in section 12, T, 7 N., R. S W., ebout
one~fourth mile below Wickenburg, Crly 1nfr;quunt low-werer measure-~
ments werc mede at thesc stations, and, because of the shifting sarndy
channel, rating curves were not obtained; hcnee, discharges ware not
computec.

Cn November 21, 1912, the Geolog:.cal Survey established a gage
near the line between sections 23 and 256, T. 11 M., R. 3 W,, near
Yoore!s ranch, one-fourth mile below -he old Walnut Grove post ofiice,
and L% niles above Vagoner. The draidge area above this zage was zbout
96 square miles. The stetion was maintained untll Jguly 13, 1918, when
it wes iscontinued. Due to infrequent measvrements and snifting con-
trol, tle records are classed as poor to f ir, Gage heights were taken
twice & day and avera gba for daily msin, so flash floods were not
necesssaltily recordcsd,. [fost of the lov—ucuuA flow is diverted for irri-
gation i¢bove the location of the gzge

2
ik

1 stablished ct the head of thsz
canyen lelow Viagoner et the site of tle Wialnut Grove Dam, by Wi. A.
Farish, engineer for Joseph Vilttmann. This Suutlon, controlling 2¢€3
opersted ceontinucus.y under !fr, Farish's supervision

On Februery 22, 1915, a gage was

o

g'n

g
square niles, was
until St¢ptember 30, 1928, The statiol was equipved with a water-stage
recorder and resident observers were cmployed to care for the rscorier
and make: current meter mezsurements.

On June 1, 1921, Mr. Farish established another gaging station
about ore mile upstream from the Box (anyon Dam site, about 27 miles

below the \lalnut Grove Dam site., Thie station, also instelled for the
Wittmanr. interests, was equipped with 2 water-stags recorder and casle

=)
car for high-water muasuremenbs. Resident observers were employed 50
care for the recorder and meke current meter measurvments. Somstim? be-
tween 1921 and 1926, the gage was moved downstream to the Box Canyoa
Dam site, where a cable cc1¢a be instelled high enough sbove stream bed
to permit use during flood flow

The gaging station at the Box Caryon site wes taken over by the
Tar r TR s a2 e
Geological Survey January 1, 1938, anc cperated until July 5 19?u,
then abandoned., It was rubqb~ﬁlishcd on fpril L&, 1946 in order to
prov;aﬁ bv concur bnt operati on wi th Jhe Morristown station, an ace
KEe te

Cn COctober 1, 1938, the Geological Survey estatlished gaging

station on the Has sayampa River, about 15 river miles below Box Cenyon
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near Morristown. On January 1, 19LC, 2 gaging station was cstablished
by the Geological Survey near Wagoner, supposedly at the Valnut Grove
Dam site. These stations arc Stll* in operation.

Drawing No., 3H-11-12 shows the periods for which runoff records
are aveilable on the Hessayampa and cther nearby streams.

Accurscy of records. None of the runcff records secured on the
Hassayerpa River are or sufficicnt accuracy to be classcd as good.
The erratic occurrence of storm runoff, its short duration and nocturnal
character, make it difficuit to sszcure sufficient current meter mezsure-
ments to establish good rating curves. Lack of permanent control
sections and the sandy-bottomed, shiftying channels add to this dif-
ficulty. The relative inaccessibility of the gaging stations leaves
the records obtained at unattended stations open to question.

For the Geological Survey staticns in the early days, discharge
measurenents were so infrequent that 2s & rule rating curvss were rot
obtained. The shifting channel and flashy nature of the flood flows
render the gage height tables of little value.

The data for the VWialnut Grove erd Box stations were compubted and
worked ww by Mr. Farish. Fiood discharges were determinced frow surface
float velocity measurements and gage zeights, or calculated by slopz-
area me - hods,

Reriew of Ferish Hecords. Revies of water records was confinel to
those fur th: Box Cinyon Lem site, The river at this point includes
water which has passed the waelnut Qreve gaging station, and records at
this site would be more desireble thaa those of the Lelaus Grove gize,
or & conbination of records &t various sites, Those records were
furnished to the Bureau by ir. Joscph Wittmonn. Ifr. Willmoth, an eaployee
of the kLrizona Statc H¢;nuay Dcma*tmult formerly connectsd with ths
Arizona vater Conscrvation District @s engineer, cxplained methods used
in determining stream flowvs.,

Stream gaging at “c Box Canyon 2am site was begun June 1, 1921,
under the direction of 7.. A, Farish, who conputed and compiled the
water reécords and employed ssveral resident observers who tock curr:nt

meter medsurements and observed the suaga recor The station,

accordirg to !r. Uillmoth, was locatod wpstreanm from the present dam
site in 2 narrow rcach of canyon 34 feet wide, T\e canyon extsnds u
and downstream for some distance at about this san g A cable

S
. &
%5: T
=
.

0 locatued on
by & squere bex formed

[47]
(@]
H
[oh
C
o |
h
w

and cable car wers used., The sutomatic stage v

the south side of the canyon, the float enclosed a
by four l-inch by 12-inch Doarud nailed together, and holes were drilled
into the box 4o let in the water. A staeff gage was nailed or painted

on the side of the box or well

During the low flows current meter readincs were tzken ebout ona
mile zbove the gaging station. Often during these low flows the watsr
sank into the sand 200 to LCO feet sbeve the gaging station. It is
interesting to note that during dry purieods, stréans in this scetion
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Stream Station

1310

1928

1930
1932
1934
936
1938
1940
1942

(a)1, Agua Fria R @ L.Pleas. D.

——1 [926

2 Agua Fria R. - Mayer

—l—{ 1912

##3 Date Creok Congress

4. Granite Cr. Prescott

t# 5 Hassayampa R Box Can.

6. " River Maorristown

? "

River Wagoner

0 " River Wolnut Grove

-

—_ﬁ; ;.__‘

I

1

O | . ]
"
e — - — —

* 9 Kirkland Cr. Yava Bridge

—-

10.Santa Maria R. Alamo

| I. Verde R. above Bartliatt D.

12 Verde River Camp Verda

13 Verde R below E Verde R.

14 Verde R. McDowaell

15, Williams River Alamo

16 Williams River Planet

|17 Willow Creek Prescott

(c) November, 1910 to September 1924 ( Published as Agua Fria River near Glendale)

A

%* From records of W.A. Farish

»* % Discontinued December 31,1944

UNITED SBSTATES
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AVAILABLE RUN-OFF RECORDS
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t Re-established May 4,1946 K.L.H-R.H :
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will flow at night and not in the daytine, due to the high evaporation
and transpiration losses. This is true of the Hassayampa ab Box
Canyon, as evidenced by the recordsr sheets.

In the review of the first years of measured flow, it was noted
that ro large flows were actually measured by current meter, wr.
Willmoth expleins thet the channel was so narrow and volume of weler
so grea', that use of the cable car was not sefe. From Ferish's

notes, flood estimates were basad upon channel cross section and f{utter's

formuiae. The valus of "n" used was .020. Vhen flcods occurred during
the daytime, surface floats were used and the mean velocity computed &s
0.8 of the surface velocity.

Original stage recorder shese
November 6, 1922, but current met
Novembe» 6, 1922 to January 1, 19
study ol this pericd was nohb poss
able until after July 31, 1930
able from January 1, 1923 to Jan

943
=

re aveilable from June 1521 to
otes &re not. For the peried,

+ (@

<

.

N ot
i

3, nzither were ax;1¢able and a
ible:. fecoraer sheets are not avalil-
lthough current meter notes are évail-
wery 1, 1938, except the peried July

¢h »s missing. The missing records

=
5]

1927, to August 20, 1930, wEi
are saii to have been destreyed by a fire which destroyed lMfr. Farish's
home.

Ir the eariy period of stream mrasurement trouble was exporienced
with thz stage recor*er T and &6 drift vould ceuse the float to
Jjam; th n a numer of occasicns, &nd when suci
conditions &rose the rise fall o' a flood was lergely determired
by resident observers. A smzll rise in the rivsr could be detscted
the next morning by the turbidity of the water, which ctherwise wculd
have bezn clear.

(S REP}

Ag to the other eguipment, lettzrs were found stating that tic
current m@*ﬂru sTe i th. Bursau of Standards and the
Univers ity of Czli ani cable suspension.

Urtil the water yezr 1926-27, n> largs flows wer
measured, Sometime between this periled and sta

measurcments station was movad from

tion tc a point & imately one mile downstream., There the cnarnel
was wicer an urements wers cbbgineble from the eablz car,
The exzet tine change was made is not xnown.

annual dischargze, 155,875 acre-feet, cecurrcd during
maximuwa monthly flow, 109,8L0 acre-feet,

cccurred durine
¥r, Farish frc i
were used to d relocity it does eppeer that the

velocities 50 discharges. The
ischarge tabls 21y to a discharge
curve doveloped by

Original records for the water system ycars 1927-28, aand 1§20-29
were not located. Hewever, these two years :‘; zrienced low flow and
are believed net to be much in error. The

6L



lowest annual discharge recorded, 3,515 acre-feet. Flow was well
distributed throughiout the year and the totazl does not appear to be
very much in error, ] - :

C_l
[

Recorder sheets are zvailable from July 31, 1931, until Jenuery
1, 1938. The recorder did not functicon well, however, and missed &1l
of the flows during Augist. The wocden box was still used.

areful study of the original records - gage hclghts and measure-
ments- - obtained under the direction of Mr. Farish, indicates such:
records are and would be more reliable than any estimates which ncw
might be made from the meagor information available for the Hassayampa
River dreinage basin, The runcff records at the Wwalnut Grove and Box
Canyon Dam sites furnished by the Wittmann interests have, therefors,
been used as the basis for thes water supply studies.

Runoff et adlﬂUu Grove. Actugl records of the runoff of the
Fassayaraa River at walnut arove (drainage srsa 268 sq. mi,) are
vailabls for the period 1921 through 1%28. (See Table 5).
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1, dJumery 1916 throush Moy 1921 - Bstincted by correlation
with Wodnut Grovwe,

2. vunc 1921 throu h June 1936 - actuol reeords.

3. July 19328 throuch Sentenbor 1938 - Estincted by plottincs
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the Hassoyomse River ot Box Canyon (Drcincre ares 422
s n

cble 6, based on the folloving reeords ond
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weirhbud orecinitotion y-oinst vangff,
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Tible 6-— Runoff of the Hassiyeriw
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Teble 7 - Sumrary of Several #énalyses of
Hassayampa River Weter,

Point ofs Box walimh: Below set wicxenburg At S.F.R. F B0t Gar G0
SamplingsCarn ickonbure: Pridge: Bridges Pridge : Bridge
ggage it g : - : : : $
River : Flnodreter Floedflows 4 : ?
Sample - : : !
No. : s H s $
: g . APB22 . £A2383 2 £2A27
% O
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[FEEN

6
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rts rer Million)
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Mg : by g8: i : 5 s Lo« 15
Na : 26 L5, 62 : 2t . Lé : 162 253
€1, : oF 2l i s 18 : 16 2 gk 302
Soh : 353 30 Lo+ 20 : 80 : 100 200
Co3 % ] - 3 10 z - - 5 i - : -
HCG3 ¢ Ikl 307 2f3 ¢ Blg s+ 351 : 136 268
T.D.8. . 255: L50: L7036 ;806 & 539 : 1163
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€
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the effect of

Small areas have
Hassayanpa River
of the watzr,

WATER REQUIREMIZITS

Consumtive: Use

Extensive studies bty A, F. Johnson and R. L. Lewry Jr., of the
Burcau of Feclanstion, have develored z relationszhip betwesn ﬂqnodrﬁu ve
3 =
use end tctal heal units as measured by the day-degrees
temperaturs during the groving season. The growing &
the peried between the dstes when ths trics smosthed i
average minimung tur'e clurve riseg atove frgezin
resulting = tlined in the Trensactions of
of Civil 2

the Has a: 3-8

both tempe pre

rear mexinm requiremsrd

average heat units in c:; (

&t Wittmann for this paricj : 27! rresnonding to an amivsl corsump-

tive use of 3.68 acre-fest pe ; ennpal precipitaticon in

the five driest years is 0.h9 feet is esbimated that %0 percent, or
O.Ll feet, ie effective in mesiine ; e, the remuindsy lost as

runcff r~~u1t1w3 from rainstorr I his ¢ consunotive uee

to be met by irrigation water is, therefere, 3.24 acre-fest annuzlly,



Diversion Reguireuonts
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Losses botween the farners huvadpgote ond the rescrvoir will be smell,
Most of the mein eonel will be a closed conduit where losses will be
nerligcible: the hish volue of irri“;tian wrter Tl Derriugble Acture
of the eenzl ~nl latural 1UCttians ucke It negesssry o iinu the

a4

remzinder of the auain econel and the lotersls, Suffielent Jcta are
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Teble & — Monthly woter requir

Hassayompe Projuect,

ertients for the
ATizonc.
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Table 10, = Estimcted monthly eveporction ot
Box Conyon Reserwvoir Site.
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River Chonnel Losses
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After completion of the s+ora~a works at Box Canyon, it is
belisved that if the channel of the Hassayampa River were used as
a carrier of water to the diversion point it would follew the same
processes as have prevailed on the Salt and Gila Rivers, and bscone
covered with a growth of cottonwoods and genﬁ“al phreatophytes; l/
however, intermittent spilling of Box Canyon Reservoir, flash fTGuds
from side drainzge, and releases from the reservoir for diversion,
would maintain a clear channel estimated to be approximately 100 feet
wide. The total area of this channel in a length of 15 miles would
be 183 acres. Thus, for computaztion purposes, the transmissicn losses
between Box Canyon and the suggested diversion site, neglecting losses
due to ground water and gains from side drainage, may be considered
as the evaporation losses from 183 acres of water surface and wetted
sand, and 1,550 acres.of cottonwood trees and general phreatophytes.

In the report by the Geologigal Survey of the United States
Department of the Interior cn Water Re qourﬁus of the Safford and
Duncan Virden Valleys, accompanying & flood control repori on the
upper iile River by the Army Enginecrs, the consumptive use of
phreatophytes in the Duncan Virden ‘alley, which is similar tc the
portlon of the Hassayampa River Valley under consideration, was found
to be 5.06 acre-feet per acre for the water year 194L0.

01 the basis of studies made by the Bursau (see chapter on
"Evapo-ation") it was determined thit the annual free water surfa
evaporition from the Box Reservoir vill be 5,00 feat per year. It the
abeve-ienticned Geological Survey report, the rate of evaporaticn
from witted sand relative to the raie of evaporation from a free vater
surfac: is found to be eyp*essed by the fraction 70/75. Hence, i1
this ClSd, the annual evaporation fiom wetted sands will be approyi-_
mately L.70 acre-feet per acrc. Thess evaporation &nd transpirat:on
rates include precipitation which mist be deducted in order to obiain
net losses. Table 11 shows the trarspiration and gvaperation, by
months, which would occur in the Hacsayerpa stream bed for the waler
year 17L0, based on the Duncan Virden Valley studics, &s given in

Tahle 10 of the Geologiczl Survey report. The monthly precivitation
is froa the Weather Bureau records ¢t wickenburg, since this town is
locgzei approximetely halfway between Box Canyon and the diversior
poin

1/ Phreatophyte - 4 4

deep-rocted plant which obtains its water frem
the water table or the layer of soil just above it. Vebster's
unzbridged, )
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Toble 11, - Chonn&l Iosses to cveporotion
tnd trenspirction
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050 core~foety thus, the
total chonnel lesscs buotw Leservoly ofl, YHe Ciyersiod
Con proposed wonld be 800 aer et zur Teer, cguivelont 1o 2 wnilfixn

fiow of 11 sucond-feut »

e
return to the s L { tal Jeductian frow Irricot-
ion weter between Box Conyon ond the diversion coint is thus cstiroted

ob 12 secont=feub:

The town of Wickenbury now uscs onc second-foot for its Jomestic
weter sw.zly. If an cllowones be o 160 sorcent InéPeiet, bhe
cerand woull be & ot leost 50 ~orcont, woull

Lo

Tendin: t
of the river, contributed i
_portion of tho tunPouad
fore, uncecounted for in the




an accurcte ustinste of the contribution frow side droinane will
require records coveriis an uxtunded porind, inwolvins considereble
expense, as the installetion and mzintenance of ~osins stotions woull
be nceessa ry Hoviever, from inspection of tHe stroeons anu 3 fehdiel
knowled e of their chorecteristies, it is well estoblishel thet ther
contrlbub only %o the surfoece flow of the Hesseyore Biwer ot 1nf:,ou,ﬂt
intervais. Sipee storare of sile droinere below Boix Coayon is ot con-
templated, the eifcet of thes: flood flows on channel losscs will
necessarily be smzll, thercfors, the nein contribution of the side
dediniase wist Lo dn Lru form of underfliow.

Uncderflow. o pumping test wes rode in the surrier of 19L.C by the
Burcou, in OO“ur“tl”n with tho Vittionn ﬂngurgaus, to oséurtain the
underflow at the Farish diversion site in orler to cetermine vhcthor
the wicerflow would be suffiicient to surply 2 pert of the irriction

requiresients. . test well wos driven in the rdddle of the river
channel to \h t was prosuie. to be;bedrock, Obsorvation wells wuro:

v from this test well, anc,
be veriztions in anderrroun..
well, The fiwld dota
t In Thiels forala to
" ghannels The locction o

ploeed &t seints wystréas ond
from th#c "unsuruu,ﬂts Wrs
woter ldvbl weile wndns fre
collect o wore intended for
ascertein the sorosity of the unler.-
the testin; field wwos not very cuLtu for the gurpase, os the ox.s
of the eenc et ri bt an-les +9 the echammel was so suall that
insteed of a eireulor bose with the neme level, the cenc took the
shepe ef an irveswler eilinse with thic water lovels on the sides
unurblly 1over thon SL‘Thu ¢l Foulet enils. fr;ublz 2l50 Va8 LITWT Anc=
¢a dn cxrrying the woter wn L thie Bust, wnald mksu;:QJ b
suffisiont “dstance ”lu,ncu af thu
prevent dIts ruturn nurirous brecklovns
cquizment provented continucus stecds unndins over 2
poriol to Turnish date for use in the Thien formmula

o]
j o
3
0
2eF ¢F Joa
AR Sl
«!.
o

)

all Cote aecowmlated were stulisd Ly the Tueson officu, Gronn.

Woter Tivision of thc Geclosdezl Server, which coosersteld vith the
Burcen in dte stulies, The erretie acture of the dabs resilted in
two voluws of wnderilow by tho Geolo <derl Surviy, & rmindimm of Gulb
secon-foet ond o mosdmmr of 0.41 scoond-feet. Beosed on their
expericnec on the study of round water, the Tucson offics of the
Guoloricel Survey is of the ondnion that the underflow ot the odns

of testin: is not more thon 1.0 sceoil-footy nd sny constont flows

5

¢ 0

a8 et o3 740 g0 8
ing S

| 0 geeonl=foot 3 ich ver ot Jdi i f'Torint
tines curin - the test, ore very Jdefiaitely o ioile omd probikly
orisintted Tromn "POUNRL: SR i, .

Estinotes made by ths SAruEn are o8 The crogs-sectional

3 :
e CRersi joint was £l 12

arca of the under.round choy

be 32,000 sguare f;ut, cnd is bz:;d an. thie Cu the test 1ell
103 f 2k e wdth of the riser ehsnned 26 fest), ond the cneral
o = 2 i _
glone of A conyon ”"lly (r:1): .




Underground CrOuu—DOCthqﬂl PE0 v s v v o o 32,000 sgefts

75 Porosity of underpround SreC + « o o s & « o 35 sereont
opecific ylel! of wylvrrround eret ¢ o » o @ 15 =, crecat

Volocity of wncCerflow (Mine) o « « = « o .0 o 0.00012 ft.fuce
Veloeity of uncerflow (H0Xe) o o » o « s o « 00007 f£t,/scc

Usin~ these valuss:
(32,000) (0.35) (0.1 15) (0,0C012) = 0.2
(J2 000} (0.35) (0.155 ( L0007 ) = 1.

o

| Safs DOniragm
8ofs TiazTdimui

=
w o

Thorefore, it scoms sofe to estimete the underflow of the Hussar—
ampa. River ot the Ferish diversion oint os not more tihion 1.0 scconi-
foot,.

Investirotions node by We we Forish, on the Hasseyvomme River
from the Jiversion »oint to the Box Ganten lem sibe, coversd. o yoor
enc 2 h2lf in tine, ond incluled muierous onclyses by o Los .ncles
cormcreinl lbonr:torV, of sgnsles of the river eiiorined to gbitain the
wercent of jorosity, The owverarsc of the hirhest volucs obtoine fan
ckout 35 percont. The Tucson office of the Ground ietor Division of
the Geoloriecd Survey stotes thet dn the ull“ Veller the siecd flC
Jiell of wnlercround Losins is not over 15 ;crcontg Tie Sclt River
Valley Joter Usurs! associction stctus that it stinstes thst g”JLﬁ_
vater ia this section noves o1 =3 oW o g
This is wouivalent to oni. Underypround
woter i1 the San 7 &t the podo ef
one~third of o rdle - g = flow of O.OCCT
fout per sceond, Bulletin 45, Divis.on of watur onre.ws, Dunortiluct

=
of Fublie Jorks, Stote of Culiforpia, stobes thet the orxdnum ssecific
Yicld ¢hbeingble under the most fovorcdle conditions is not over &
e ‘L,.l. Cwﬂt

Trc chove studics led to the coclusion thot “ﬂicrflow 18 nerli gAB
28

wher eciisiloroed & source of water supply for irri-otion.

Streon measursmonts mace by the E“r-wi in upust 1942 failec Bo
disprove those conclusions. These mocsuraints were fode ot o ti.
when streem flow 1s consicdorsd o bos: flow, the wiver boin 2 succossion

of small surfoce flows with intgrv;ninf stretehes of Jyv ehamcl,
Eoosurcuonts were nele ot Thite Peins esbout 2,5 nmiles ’“o re the
Civersion point, anl et the Jiversion woint-ss follows

No. Date DALt Location Surfcee Flow
1 8/18/L2 11:00 2.1, Lhite Point .21 3, £,

*2 8/18/12 2:00 Dl Diversion Point Qull g L
3 8/20/1.2 6:30 24l. Di-rersion Point Ce59 54 Lo
1 8/20/n2 2ENY S Wity Point i - O
5 8/20/1,2 T0E15 aat, Divursion Point Ol 8y Lo

s rivor encnpel was entiruly dry for a Jishones of
about l.5 iles abowve the Jiwersion noint.

g1



The lecss in surface flcw between Lhite Point and the diversion
point cannct be accounted for by assuning it is & river transmission
loss to the underflow. If it were, the surfact flow would not ‘retrea
upstream over a mile and & hzlf during the heated pert of the dey, as
it does daily. Such losses must be lergely accounted for by evapora-
tion, 2nd transpiration by phreatcoprytes elong the stream course.

Studivs of tributary washes incicats they have little effect toe
werds reducing river transmission lossas. Their surfece flow is known
to be extrerely srretic and usually scanty. Vhnersver their channsls
have beern inspccted, there is no vegetetion nesar the chennel, which
is usually an indication that ground weier is more than 50 feet below
the surface. This is confirmed by st“d ies of the Bureau made on the
Hassayarpe River on June L, 1941. At that date there was a flow of
11.5 s:ccnd-feet &t the Bex Cenyon Dam 51ta, and 1.18 secund-fect &t
the diversicn point. The stroam was &d fairlv constant stege,
though slightly felling. The stirbar. was centinucus botween the tvo
points and varied in width from 6 to 100 fest. The averags tempe "ature
for this day st lLickenburg was 7 degrees below normal for the menti.

The pricipitaticn had been above normael for the menth, and also for
the pri.or 6 months; it tcteled 10.9C inchss abeve normel subsequent
to Decomber 1, 1950. Evanoratiocn crds at neosevelt Lam show tie
0.3
I

cn récc n )
evepor.tion for Jjuns L te be 0.35 irches. Reduced tc evaporetion fron
wetted sand, the evepcration r'cr thc day was 0,252 inches. At th»
tine o' study, tihe water was sprezd:ng over the grester veart eof tie
channel. in places, end *he area equivalent to watted sand is estinwted
at abo'wt onc-helf the tetal chann&l arca, cr 866 acres. BRased on
these :onditiens and considering rejative evapcration in this area iv
was coiputed that the total svap ~zticn was cquivs“:nt tie a flew of
11.45 scecond-feet, The difference in surface flcw between Box Ceiyen
and th-+ suggeésted diversion peint wes 10.32 sccond-feet; the evap.ra-
tion liss was 11.L5 second-fest, cnly 1.13 sccond-feet was receivad
as infliow frem sids drainage und,¢f ow. The 1,13 second-fect infl.on
is prebably & raxinun, sinee tha mezsurenments were mede during an
exceptionally wet period and maxinur. evaporation losses, particularly
with regard to the area esposed to evaporation, were used. Eigh sus-
teined flcods duwring the previous mcnths ney have resulted in sume
small contribution frem bank storage.

Censidering the small amcunt of underflow invelved, it may be wise
to disregard it as a meens of reducing river trvnaulshicn lcsses.

Cenclusicns. Based cn the studies of chanrncl los
Box Canycn and the suggested diversion peint, it is to be
that the greater part of ths annuz)l channcl loss of 7
nust be supplied from stored water relezsed from Box Cenyon
before irrigation demands can be supo
through the river cnuanl. TLa intve
Crsck, Sols wash, and Sante Demingu wash, totaling about 3}”
miles, will sthutribube some rhh,zf boeth cn the surface in t
spring and as underflow during later menths. Definite inf
is not available, ner easily svcured withcouh cxtended and costly ~
studies, &s te the prubable amount and distributicn of this i:dibw.
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The amount, and its availability, is such that in dry years it can- -
not be dep ended upon to offset the losses in transit ol waters from
the reservoir destined for usz on the nroject. Vith the iimited
water supply available, a closed conduit from the reservoir to the
diversion point will save water in an amount sufficient to justify

the cest, as compared with the plar suggested by Hr. Farish and
others, for open channel flow in the streambed and the utilization

of a diversiocn dam and headworks.

WATERE RIGIATS

Introduction

surface wat rs. Three classes of surface water rights are
recobrlzea "in arizona: Those vestel according to local custom, or
under Federal laws enascted in 1666, and 1870, codified in sectiors
2339 end 2310, respectively, of the United States Revised Statutes;
those decreed by the district courts, under territorial laws of 1387,
preseribing ths manner of acq iring water rights by appropriatior;
and tlose perfected undesr the State lizter Code of 191%. The Arizona
Suprere Court has held the 1919 codt¢ to be constitutionzl and,
further, that after the adopticn of the code, water rights cannot be
securtd in any manner, except as pruscribed bf the cedz or by it as
amende d,

tiround Water. The state court.: have ruled that under existing
laws;

a) Subte — 7 o bjuct to :quODrLdt ion, tnless
it cai be defin ive! subterrancar
flow s in a naiura 1anne VEE 1, WE rnks. In the
latte:r case, ths prcprietion

b) Ground waters not confinej in well-defined or definite
channels have repsatedly been held dy the state courts to be the
propety of the owner of the land uider which they are fournd.

) The rights to surface flor of the Hass ayeanpa fiver con-
stitube a valid claim to the subsur’ace flow in the stream bed.

e]a"vb ?rlar:tJ of rights: U i !
the doctrins o: irirst In time is 111u4 in rluLu,” and prioritiss of
the relative rights are deberminsd ty the courts; or by hesrings

held for such phrﬁoc~ by the State “and Commissioner. The rights to

the Hassayampa River flows have not been adjudicated. In tact, few,
if any, such determinations or edjudications heve yet bezn made in
the State. The relationship tatween the vested water rignts on the
Hassayampa River is, therefore, not known. Neither has a relative
priority been established between rights on the Hassayempa and those
on the Gila River belcw the mouth of the Hassz LY AMGSE

Existing Rights
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Presenf Uses, The land classification survey made by the Bureau
showsd a total of L70 acres now irrigated from the Hassayempa River.
Of these lands, 280 acres are loccated above Box Canyon Dam site, and
170 acres are lOCatEd between the dam site and tne mouth of the Canyon, |
The remaining 20 acres are located about cne-half mile below the mouth
of the canycn. These l3nds have water rights through usage which vere
in eflect prior to the passage of the present State Water Code ir 1919,

In addition to these rights for irrigation use, the City of
Wickenburg pumps its domestic water supply from a wzll in the Has-
sayampa River on the outskirts of the town. This well has been in
use for many years,

The Walnut Grove Dam impounding about 10,000 acre-feet of water,
was constructed in 1885- 87 the water to be uced for power production
and placer mining, This dam was destroyed by a flood on February 22,

1890, and has never been rebuilt, Under existing law, any right at-
tachei to the dam would probably'be void, due to five consecutive years
of nou-use,

Farther upstream, depletion w1l be very limited; the land c¢lassi-
fication shows only &0 ecres of arablp land, of which 30 acres-are
within the flow line of Box Reservidir, The water supply is insu’fi-
clent during dry periods for the piesent irrigated area, and storrage
sites are lacking, or too expensiwvt to develop for the limited aea
which can be irrigated, : .

ights under "ater ,c‘el Fiv: applications have been made .o the
State Land Commissioner for water cight permits on thes Hassayamp. River
since the 1919 law was passed. Pe-mits were issued for three of the
applications, Data on tpe applica~ions and permits are given in
Table 12,
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Table 12 - Data on

for the Hassay
lfaricopa Counti

I

water Right Applications and Permits
ampa River--Yawvapail and
s,

Ipplication: Date : iPermit: samount and Use sAcreage to
Numbe : Filad : By Whom Filed :lumber: Claimed : be served
R.-07 111-29-21:Joseph Wittmann:R-79 :Two reservoirs
! H ' swalnut Groves & 4
: : : :Box, 120,000 A.F.:
£-260 ¢ 1-22-22;> M L :A-3L42 :100 s.f. from :
: : § : swalnut Grove & :
K : : : :Box Reservoirs
: : - : :for irrigation 17,320
A-1034 :10-24-29: " :A-701 :17 s.f. from wal-s
: : : : :nut Grove & Box ¢
: 5 2 H :Reserveoirs for :
: : : : sirrigation : 2,375.86
A-155 ¢ 2-9-21 :V. D. icClerry :None 12 s.f. for irri- :Hot given
: : : ¢issued:gation in Ssc, :
: - : : ily T,lEN.,R.h Wt
A-20) : 1-8-22 : V. B. Young :ione :25 s.f. for irri-:lot given
: : : tissued:gation in Sec. L,:
: : : : $To11 Ney Ra 4 Ws
P:rmits R-65, A-3L6 and A-T701, were transferred to the Arizona

Viater Censsrvation District

.

On December 21, 1943, the State Lanld

time for the permits of the
to N

Commissicner granted en extension of

Arizona Vister Conservation District, ecember 31, 19L7.

W De

LR
Tae State Land Commissicner's «ffice states that in its opinion
the Arizona %ater Conservetion District'!s water claim is in good
standiag and that the district shou.d not have an difficulty in
esteblishing their right at least to 1921, if not earlie The 1221
date 1s that of the filing of Jossph Littmann on the ualqut Grove and
Box Reservoirs., Fresumably, such & priority could be claimed on the
ground that the studies and investirations by the Wittmenn interests
since that date satisfy the requirenents of erticle 1, paragrech 22¢8,
of the State Water Ceds, as follows:

i
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Dovmstrenn rirhts. The Hossey~ma River joins the G*lc
60 miles Solow Coigron Don sitic. ull oriincry flows and 2ll exec
the hi host flood flows sink into the scnly bed of the Hossoymmoo

diver sone
@k

St

fore thoy reoeh the Gila River,

Irrigoted lends of the Roosewvelt Irri-ation Dﬁstric+ al thu Buckeye
Wzotur Conservetion cnl Droins-o DL triet liw zlon: the }quL 1 s Risur
necr its mouth. The irvigation suynly for these l;n.s is fr T trell
end by Jiversions for: the Gila River cbove tho mouth of the Hossoyoanss
no ottemyts hove Lce‘ mele to liwvert the surface flows frou the 1 iter
strecils  Lack of cdequote woter precludes irrijgctin - these donds by

rassdng from H;ssa;:u,a unlerflows,.
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mouth of the H:
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Use by the town of Wickenburg, pumped from the Hassayampa under-
flow, has been in the neighborhood of 670,000 gallons per day, or
epproximately Tub5 acre-feet annuelly. With allowance for a growth
in population to double the 194C population of about 1,000, the pumd-
age by Vicksnburg will Yrobably not excead 1,500 acre-fuet annually
from the underground flow. Of this zmount, over 50 percent is ea-
pected to return to the Hassayampa River Cnannel indicating & net
increased depletion of ahout 300 to LOO acr e-fuat znnually. Such
increased use is expected to be supplied from water originating hulow
the Box Canyon Dam,

The Gillespie rights from the Gila River, which include the
contribution of the Hassayampa, would have priority to any which may
attaech to the proposed Hasseyzmpa Project development., Runoff records
at Gillespie Dam show that during tke perilod from August 1921, to June
1938, irclusive, vhen records on the lHassayempa at Box Canyon are con-
currennly available, there were only two cccasions (Jvly-August 1727,
and August-Scptembzy 16$35) when flocd flows were not passing Gillespie
Dam at the time of apyruulabla floot¢ runoff in the ﬁafsayamp River.
It is concluded that storage of Hasesayempa fleod flows will not irter-

o

fere with the surface rights of the Gilluspie devclopment.

Ground Wwater

The annual flow of the Hassayeznoa River at the Bex Canyon Dan
site areragss L5,700 ecre-fest cnnuelly. The discharge at the moith
of the river is estimated to average sbout 5,000 acre-feet annualiy,
The di’ference, plus the discharge from the tributaries belew Box
Canyon is lost by evaporation and transpiration or by percolatior to
the water table by spreading cver thz brozd sandy bed of the strezm in
the 60 miles between the dam site ard the mouth. Leta are inadequate
to peruit an accurate estimete of ths average annual contribution is
believid to be of considerable quantity.

5
!\

)
B 0

C
(
=

il

f
tion oi’ the an flow of the Hassayampa its¢lf, or of

In the absence of definits decrszes or permits covering aprropria-
5 erranc i 4
deriving their water supply from ths Hassayampa, some investigations
) g

were nade of ground-watur conditions in the region of the Lrodbc_ Lo

ascertein if development of the projsct would adversely affect the

water supply for othor arca “blcn may derive their un;:rgrc¢nd WaLey
supply from the Hasszyampa River,

!
Two developed irrigated regions which might be edverscly affected i
by proicet construction are as 11 [

(1) 4About 13 miles sou
lccated the iHaricopa Coun
District No. 1. The lands

Surlut are Qthnga
in part by diversions from the ngu; Fria River and Lske
Pleagant nDSQrVOir, énd in part by ground-water purping
plants located :long the canal line, Farthor ezst toward
the Agua Fria is located the large trect of the Southwest
Cottuh Company ivrigated entirely by pumping from ground
water,
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g plants and the pums of the
draw their supply from the
ottoms below the mouth of

(2) 3everzl' individual
Gillespie Land and Cattle
ground waters of the Gila
the Hassayampe River.
on Agua Fria Area. The [assayampé anda Lgua

Effeet of Project
12l courses zbout 20 niles

Fria RKivers fL1oW along &pproXimateLy p
apart after they emerge from the mo;q at the north until they
join the Gila River southwest of Puoen;x, distance of about 30
miles. After lezving the mounteins their courses are through
structural valleys filled with alluvial materiel which, in many cases,
is very deep. Along a considerable portion of the distance betwesn
the mountains and the Gila River the vezlleys of the two streams are
separeted by the Vhite Tank lMountains. Dlerth of these mountains they
are separated only by a low saddle of alluvial material.,

a al
ns

L=

For the purpose of O'rounc:l—v'ate" tudies, it is importent to <now
whether any crystalline rock ridge or other barrier exists which
sufficiently high to =ct as 2n underground water divide separatin
the weter tatles of the Yassevampa :ind Agua Fria Rivers north of

White Tank Mountzins.

e

River is confined to a rela-

on both sides d to & peiit
Sata

.The water tzble of the
tively narrow valley by rock
apvr041natalv six aqq on;-ﬁ below the point where the
Fe Railroazd cros this point it is unconfined on
the ezst and, as fer a@s surface conditions indicats, fres to sprexd
out urtil it is &gzin limited on this side by Vhite Tank lounsains.
This c¢istance, alopc which thers is no apparent confinement on th:
east t¢ide, is approximately eight miles,

Hazssayvampa k

barr

iooan 7 -~
EET8 i Ray

a

I S

SEG P
55 oA
orie

[3
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Por this distznce, then, from i1l surface indications, it is pos-

sitle for the: water table of the Hassayampz River to be tributary to
that ¢f the Agua Friz River. The 2-ea under which any weter from the

Hassayampa River valley tzble would have to pass on its way to th:
Agua Fria is, therefore, limited on the cast and west by the Hass yamg

o4
ic

and Ague Fria Rivers respectively,

nd on the norbn by the Hieroglyphi

Mountzins, and on the south by the 'hite Tank Mountains.

The greound-water map (Drawing Yo. 3H-11-7 and 34-11-8) show the
water tabtle contours in this area, s determined from the well data
given. The water teble slopes towsrd the Agua Fria River from a

northuesterly direction.

The well nearest to the Hossayampe River which could be definitely
related to the vater table in the Aguz Fria Valley is the Wagner well
(Sec, 13, T« L W, R. L Vi.). The weser table of this well is at a
Sufilclrntlj low elevation to allow the possibility of its teing sup-
plied from the Hassayazmpa River, providing an impe<rvious zons deos not
exist betuusn it and the river at an elevation grester than that of the
water table at the well,

Between this well and the Hasszyempa fiver there is no informa
tion available regarding woter table clevations. If a barricr
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exists to the flow of underground water, it must necessarily lie in
this area. Any such barrier would protably be of the nature of &
rock ridge, or an impervious zone occurring in the material ebove the
basement reck, either of which would act as & barrier.

Geophysical Survey. A geophysiczl survey was undertaien in 1541
to detirminc the basement rock clevation elong & line running epproxi-
mately from llorristown to the Wagner well and along & line from about
one nile north of the Liagner well to the Hassayampa River. The loca-
tion of the points at which geophysicel deturminations of baszsment
rock depth were made, with tlie corresponding surface and basement rock
elevations, are shown on the grouna—datcr map. Some of the basement
rock elevations are followed by & "minus" sign indicating that the
basemeat rock is &t a greater dertL than penctrated to in the geo-
physiczl explcrations. The geophysizal survey docs not indicate a
basercat rock with an elevetion hizhisr than the water table of the
Hasszyampa River, as dgtarmined fror wells on the river bank in thi
area, xnd no geophysicel evidence wes found of 2 crystalline rock -
ridge vhich might act as a barrier t2 the flow of underground wat.r
from tie Hessayarpa to Lgue Fria watsr tables.

Uade rflow from Passa (2hie) iver. Correlation of the gcophys;cal
survey with ground-wator lv t cns in the region indicatcs a gep

about five mile ' long &and averagine zbcut 250 fuet aeep, tnrough
which ground-water cen flow from the Hassayanpa River to agua Fridi,
The eesterly slope of the ground-watzr surface averages about 10 'eed
per nile. While no wells have been drilled in the zone where flor is
likely to occur, & well loczted due zast thereof (M, Sec. 1, T. L
N., RE. 3 W.) shows material encountered below the ground—ﬁatcr 1e "L,
28 followss

Flevation - feest Veterial
1230 - 1175 Fine silty sand with clay streais.
1175 — 1173 Ccarse sand end one~-inch gravel layer.
1173 - 1055 Fine silty sand with clay streads.
1055 - ¢80 Altsrnate layers of clean fine sand
herd - packed sand (glmost sandstone)

1

ard clay streaks.

Laboratory or field tests have not bezsn mads of this material to
determine the viloeity of ground flew, or its porosity; it is os i
by comparison with tests made for variocus soils in the Gila Vall

e
(G:olcglcal Survey later Supply Peper 10L) thet the veloeity of £ o
will average less than 300 feet pur year. The "dreinage factor! prob-
a2bly will not exceed 10 percent, and on this basis the averazge annua
undurflon is estinated to be less than 5,000 acre-feet., The Box Canyon
Rescrvoir will furnish practically corplete control cf the Hassaywumpa
Rivcr a2t Box Canmyon, ard the fubure runoff (surfzce and underflow; a
the gap north of the Vhite Tanx lMountzins will be limited t thu dis-

charge from Scls Wash, “artinez Creck, and other inter __tt o
utaries below the Box Canyon Dam site. The operation of thu Ecx Canyon ,
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Reservoir will apparently not reduce the underflow to the Agua Fria
area by more than L,000 zcre-feet annually.

Recharge from Proiect Irrigation. " ks ciscusced in this fppendix,
the annual civersions for & full irrigetion supply 2re L.75 acre-feet
per acre, and the ennual consumptive use of irrigetion water avereszes
3.2l acre-feet per acre irrigated. Of the remeining 1.51 acre-feet
per acre, it is estimated 25 percent will be lost tharough non-benefi-
cial consumptive use on non-irrigated lands, and 1.13 zcre-feet per
acre irrigated will percolata to the underground supply. Vith an
averags irrigated erea of 7,000 acres, the annual recherge of ground
water will be about 8,000 zcre-feet,

The generzl surface slope of the project lands is %o the south-
east, cxcept for the extreme southwsst portion which slopes toward
the Hassayampa River. Vhers the groand-water contours are defined,
thcy 11s0 slope toward the fgue Friz River, It is belisved safe ‘o

ssume thzt at least 6,000 scre-feet of the annual ground-weier re-
charge from irrigstion on the project will move toward the Agua Iria
River.

Cinclusion as to Effect on Trouid © tar in }7u“ Fria irea, {ince

the escimated ground-water recherge -rom proj: t irrigation exceeds

the es:imated present underflow from the Hassayampe River, it is con-
cluded that construction of the Hass:yampa Project will not interiesre
vith etisting irrigation developments from ground weter pumping ir the

bgua Fria JQEJLHhuG.

Gillesosie Erogcct_;:ﬁ'r:s part “f 5 water suoply by pumping fror
:r, below the mouth of the

ground water of the Gila River Val 5

Hassayampa River, The location of tae Gillespie wells and their
water surface clevation in Februery L9L3 are shown on Drawing
3}{"11"‘ 3 .

Bffect of Project on Ground Viat:ir for Gille 2spic Project. The
i ki)

!—-’ B3
p

The gensral sleope of the Hassay:impa ground water is southerly
with aa average gradient of approxim:tely 15 Feet per mile. T’“ water
e ate that ground weters
2

of the Hessayampz mingle with thoss »f the Gila and other tr ibutaries
and may constitute part of the supply for the Cillespie wulls; homvvur,
the ground-water contribution from the Hassayampe River is bolieved to
be relatively insignificant by reason of the relatively smeli drainage
area in comparison to the totzl drainage arez of the Gila and trit-
utaries above the Gi lespic wells. The drainage zrea of the Hassayampa
River is 1,500 square miles, while the toital drainace aree betweer the
upstream reservoirs (Coolidge on Gilz, Roosevelt on S&lt, and
on Verde) and the Gillespie wells is sbout 25,000 squere miles

&e
table c:levations secured from well ricaords indic
i e

o
i
o
l,_J
48}
ct
ct

T
n

Except for ths Roosevelt District well, elscwhere deseribed, -no
measurcnents have becn made to detersiine the ground-water contribution
to thi Gilz from the Hassayempa River, &nd this contribution is bu-
licved to be small. The low flows of the Hassayampa do not come
1tn1n qD i cs of the Gila River, and are largely lest by eveporstion
i tr'ngﬁwr“tion from vegetation along the
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channel. Floods of the Hassayampa are creat 1V'Ttdhc°d by the time
they reach the mouth of the river, and =s the f{locd asses over the

sandy channel it is zbsorded and retained by tlids material, ufter
the flood has passed, a large part of the water zbsorbed by the river
sands 1s lost by evaporstion. .

The onlv known irrigstion well along the Hagsayempa River is one
drilled by the Roosevelt ITrrigation Distriect near the point vhers
their canzl crosses the river chamnel. . description of this well is
glVbn in a le ter of ilareh 20, ¢9L2, Trom John P. Yan D “ﬂhavrrn,

Superintendent of the district, to fngineer H. G, Haschbecher, as

vour letter of nareh 19th, we drillec

£
1y gsaf-ug i bzd. This well is located
st, ‘ e in the sorth guarter corner of
Section 22, Twpe 1 He, Ranze'5 ifs The log of this well is as
folloyis:
0~ & Shil
8 -~ 20 3:nd
2C - 130 Gravel coarse
30 - 90 S:indy ¢lar
90 - 95 Sindstone and caliche
95 ~ ~98 Sand
98 — 200 Saindstone

ot perforited
20" Casing
£ ; Orilied - sugust 1929
Contractors — Jert and dller

"You will note that we di{ not perforate the well as we
rnever sacured ensugh vweter feor irrigstion purnoses, It is mr be-
lief that thers is N0 unGaresro mid strara in the Lassayeins dlver
suf i xil I bveliev i tiere
vere sufl 1s lecesx wry and
cowd the 1, matd 556"
Ia view of the ] @ T the loogavelt we 0Ca =ﬂ in hRE

river bed, and ! i ol
that constructiosn of

Erounc w




Ve TER UTILIZATION

Vith provisicns for prior rights, as outlined on page 2r

the surplus flow of the Hassararmpa River is the recorded Ilow et the
Box Canyoh Dem site, The assumstion lias been mece tnat neo: furtier .

provision need bp riade for downstrean rights, eituer suriace or
underground, and, erefere, all waters passinz the Jox Canyon site,

th
excenst as previousl; noted, ma;r be stored or diverted.

Reservoir Losses

Due to the hot arid cliﬁa*e, evanoration froua the reservoir
surface 1rill resvli in consicderable loss. This loss is discussed in
the chaster on "avercretion”.

Somie seenase will widoubtedly <alke place from the ressrvoir,
Presert infometion incicat t such loss will be sadl
and cenfined to the canyon éuch seepage Vﬂ¢7 Laygls

di

&2
reappear in the qua g or
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inflow., In the absence o

ssararipa is estimated as 0.4

the runofl n annual reduction in preservoir casacity of
ap 1,000 zere-feet during & 50

orage «wapacity of 10,000 acre-Ileet is rr

o iy

Irrigation Storzge, “/ith the erratic nature of the inflewr to
the reservoir, storeze carrv-cver frow periods of hizh runofl is
needed to perinit maximum use of the aveilsble stream flow, The acresg
of arasble lands susceptible to irrigation from Hassavemna uiver
over L0,C00 acres. Therefore, studigs of
costes and use for difierent a6reages of land wers made in order
deteraine the meadmum acreage that oe drrigated economicel
Studies were made for ti ot chh runoff records are
able (1916 tihre e e several entended drov
througn the study oeriod, the ost critical one occurring au
the L-year period 1942-1945 when flcws averaged only 9,600 acre—
annual ly-~enough to irrigste only atout 2,000zacres, The results
of these studies, with cecsts tased ¢n 19L0 prices, sre ziven in
Table 13, :

Table 13.- Costs and Yields Tfor sevsrsl reservoir

cagacitles and projoct areas.
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Table 1l4.— Annual summary of reservoir operaticn schedule,
Box Canyon Reservoilr

S ——— L =

C&ientar: Ivaporacion: lrrigarion: hese FJU’T Content

:Inflow . TLoss : Release :Tnd of Year : Spill:Shortage
: (Unit -;1,000 Ac O:Feet) .

1916 « 171.1 . 8.4 3L.3 138.4

1917 r 52,1 . e L 1464

1918 ¢ 11,9 3 8.7 33 s 115.3

1919 : 63,0 : 748 3,3 136.2 :

1920 . 119,6 . 11.2 34.3 193,7  :16.6 :

hE kil : =7.93 10.8 3.3 176,5 3

1922 79.0 «  11.9 3h.3 1744 23L.9

1923 49.7 ¢ 10.4 e 179.4 3

1924 ¢ 10,9 . 1,8 Bl 145.8

1925 : 38,7 s Gal 4.3 Tl .

lqié H 381? . C/D‘_l 31’+ 3 135';9 : 1

1927 + 150,.0 ¢ 11.0 3L.3 186.3  :5L.3

1928 18,2 ¢ 10.7 . 34.3 159.2 ¢

1925 3.8 9.2 2 343 L1197

1930 357 = b 34,3 1 81l.5 -

1931 32.7 2 6.4 P2 3.5

1632 L6.9 . Te5 3k.3 78.6

1533 965 2 R 34 3 48.1

1934 3.8 ; 3ok 34 3 14,2

1935 99.5 5 b3 31, 3 Pl

1936 k5.9 ¢ © 5.9 2k.32 80,8

1937 138,6 :+ 10.9 34 .3 174,23

1938 31,1 = 30T Sk 3 160.1

1939 10.1 . 9.5 3L.3 s 126,4

1940 6.6 s 7.9 3 5 _.90.8

1941 T0.L 8.9 3L.3 118.0

1942 0.8 . Te3 343 77.0

1943 8.0 : 3% B 3443 L5,2

1944 134 3.9 3.3 20.4

I9LE 16,4 2.2 2L.6 10,0 I

Total ] 371.5 + 26,0 1,819.3 ,_1.@‘% 8 U

Avercze : 5 7 8.2 340 s 3.5
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Possible lister Shortazes .

In the computaticn of the project water supnl; the flow &t fox
Canyon was used fer the peried 191 6-“", inclusive, as recorcded and
computed and summarized in Table 6 of this reoort The averare amamal
flow dnuring this peried was 45,700 22re~feet, Stream flows averaéed
enly 9JéOO acre-feet znnually cduring the period 1942 through 1945, and
this was considered to be the eritical jerlod because it is tihe orl"
period for which awfficient stream flow data are availabls by vhich
satisfactory estimates of menthly flows could be mede ot the 3ox Canyon
site., However, judging from stresam flow records for other streaas in

he Gila Ziver basin, and frem climatologicel data, it is srobable that
droughts of greater severity than that of the 1942-45 nericd nay have
occurred in the pest, If the clinatic conditions indiecated by the
1691-190L drough should be reneated, it is possible that the runoff
may be less than shovn in Teble 6,

Edtensive studies have been med: in an attempt to extend reccrds
of previpitetion and runoff to cover & longer neried of time, ilthoush
no rel.sble esti?c*es of monthlsr floss of the Rassayampe could be made,
defini~ie correlations betrieen precin.taetion trends in arizona and
Southen Ca llfcl*ia were Noted, Thrie of the curves on Drewing
3H-11-.. are a grepihical resresentatinn of the annual deserture fream
averazg: precipitevieon st San Diegc, he State of AerOgu, and wWalrut
Grove. It :ill be moted that for th: seriod for which these curyves,
are concurrent there is e Harked sim Jerity. n or*a to indicatzs
trends, the annual deviation from avirage srecipitation was then
averagd by a three-year moving aver.ge at each of the three locations;
this arerage wos plotted on the midd .e year of the tires—y ear 1eriﬁd

=
cn the lower curvas in the chart. I this trend curve the
betweer the thres is remarkable,

I{. is logical to assuze, thersfurs, that ecijitaticn trends in
3 E) P
n

i c
the Stete of arizona and at lalnut Giove may followr the trcﬁu at sa
Dlego. Tansection of the San Diego rend curve i

period:.c oeccurrenes of droughts of vuryin

A_though str i s not dirsctly nroportional to orecis t_,lCA,
2 generel relation undoubtedly exdst: ﬂe+meb tha

each. The trend : i

showm «n DI“"”jﬂE

or wekter suppl:- on
an 1u+ asity and duraticn
the past, or may cceur in
severe droug is oresent and every effort
overexransion ¢f the irr igated area in

wm
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GECLOGY

ATROUUCTION
The dom site for impounding the weter of the Hussayznpa Fiver is
in Box Canyon, commouly cslled "The Box," locatad cbout sev.n miles
north of .ickenburg in section 12, T. & N., R. 5 W,, Gila cnd 32lt
River Meridicn, in southern Yovopei County, Arizona,

Three dam sites at Box Capyon heve becen considered; originclly
two sites wore investigoted, the upper site and the lower sitve. After
foundetion cxplorations were completed o site midwar betwecn the orig-
inal sites was considerced ond found to be the most fovorshle, Dur;nﬂ
the inYostigotion, the fellowing Geological Reports were preparcd:

Report (Sumnerization) on Box! Convon Dem Site

by Pr. Ge M. Butler - Decarcor 1929

Report on Box Conyon Dem Sitc
by Ross L. Hooton = July 1640

Reoort on Box Conyon Deamn Site
by Fo he Nick. 1l = Februzry 1941

Report on the Goonlirsiczl Survey
by John Bzird - July 1941

Report on the S8Spillwerr site
by J. . Hurdoek - Dovasber 1941

It = 4k of this sppencix to summarize the contonts of

thc priviot ¢ o vlimincte tlosc norts which rulste to sit:s
thtJTUD now unessentiel, and to corkelate the c:ploration work,

ost of i mplished efter the cbove Guologic Reports irere

preparad.
AER. L GEOLOGY
0lder rocks of the crust geceuny lorge arcas soubll ond west of
the plitean of northern arizenc, The region conteins moay individucl
block mountsins heving & funerel north or northirest trurd, %LﬁWudl
them ct'c brood lowlond bisins rucuiving the roek wuste in funs £
by <rosion eof the ¢lovabted oluments. The rong are composul eliell
MN,Lﬂiuicp

,tl

B RTD

-

of gronites, gnedisses, ond cn*sts,
pings of love belonging to onee urnb These erystclline
rocks pass bencath cliuvium of intervening duprussions ond

-

no doubt form ithe ultimete bedrock of wirtuclly 211 the country.

¢ Hassoycmme River erosses on aree containing similar structural
fee turks. The reservolr licvs betwoen o range of hills on the south
and cast, ond cn inciscd fon limiting the volley towcrds the north ond




westo A spur of zgrenite gneiss runs clong the west side of the streom
in the lower holf of the gorge, but is ov ~orlain by volceanic rocks ond
incumbent sudimentery deposits digping northeast in the transverse
ridge contzining Box Conyon,

-

Volconice Rocks

The contoct between the beaszl erystclline rocks and the overlying
vole nic rocks is exposud ot river lovel cbout one-helf mile below the-
dem site. Imaccictely overlying the cr"st:llinu rocks is o thick horizon
of buff-celorcd riayolitic tuff, which is in turn succeuded by o scgucnce
of baszlt lava and intorveninm breccic menmbers. This formetion cxtends
vostreom to thoe mid-scetion of Box Cenyon or slightly dovmetroam from
thu proposcd ~xis.

The bzsclt ocecurs in flows withcout conspicuous jointing or flow
structurc., The mcnver ot the dem sitc is ustimoted to be neorly 1.0
fect thicks. The breccic leyors cro 4ss substentiol, ocrd cre uauhvly
indicated by side rovines between lovc ribs, They are on integrel port
of the sbutiicnts below the presunt site and will.be involved in di-ersion
tunncl construction under proescnt proposals for which they arc judged
to be roosonably sound, '

Scdimuntory Scrics

Tha youngest bzszlt murbor clong the canyon is found just bulew
the cxis, Upstruom, the rock is of codimuntory origin with 2. SOMe-
what sm:ller northecst dip menifostec. by erudu budding, G ETOUD
includes twe lithologie diwvisiens showm by choroctor of _ApOShqu.

The priteipal stratigrophie type (eclled sondstones cnd conglomerad us
in previous reporis) is o stony deposit of cobbluws in o wvolesnie siud-
stonu matrix., £ considercble percentag., up to 10 percent, eof the
lerge frogmnents ore f?i?itu snd the remoinder are either Fasali of

rhyolite. For convenicnce OL deseriytion the formotion is termed
fenglomarates

Upstreom from the oxis zbout LO0 fhut’ and on the south bink
towerds the head of Box C_Avmn, a sueond kind of deposit is found,
aApperently, this is a mass within the body of fanglomornte which
origincted os ¢ torruntizl or unsort.d deposite. The blocks in the
gandstone mabrix; in cascs; cre two to three feet in diomeber cnd
tye lirsoely granitg, Bedaing is consnicuousiy cbsent cnd the origin
is bllicwved te have been sithur o telus or fen rubble. In consuquunes,
the second type is exlled brsccih, inoliring leek of strotificztien,

lerger fragments, o bei B iifying cay

d probrbly tolus 3
opprecizble Ql-ihr nge In physiesl gqualit;y of the tiro lkinds of scdinment-
ory fTormEtionss

The dip is bewords the right side of the ecanyor so that the south,
or left wall, 1s essenticlly ¢ dip slobw. Slebbing affgct slon' the
bedding on this side ,ole guide the wieovciieons On the aorth will;

4

which. is procticnlly wortdecl te 2 lewel 75 fout chowe bhu struam, fﬂb
truncated cdges of buds cre vxposed.

101



Upstreem en the south side ef the river the formotion imnudiztely
adjeeent to the chonnel hes o lighter cost thon the fonglomercte of
Box Cenyon. It is nrobible thot o sicdleor type of depesit i1l be
found which ovies its color chinfe to remotencess from the dorker vol-
cenic rocks ot the dem site, s

Bosplt~forniplomercte Contoct

The th glomercte dips 25 -~ 30 dugrous northucst compored to the
eroded surfoee dip of 38 degrees for tQL underlying baselt flow ot the
cxise The scdimentory beds conscgquently progressively overlep the
lovs,s The combret i not shorply dcfiqud ot 18 n ipregiler zbhe 2
to 3 fect thick consisting, whoru cmposed, of sondy shcles This meterisl
is soumewhot softer thon the neighboring rocks so that undorcutting
tends to ocour, The loyer is firm cnd probobly wotortight, signifying
only o wezker structurzl focture if ¢ concrete dum were built,

Alluvicl Deposits

ped ridges ond zlluvizl terrccues cre found in the resor-

1 zre cotposed of silt, sand, ond grovel which evirlie
¥ fenslomerot, cnd were deposited by the Hesspyoipa

River &b on virlier tiuwe, bhossible wien the high love yidge of the

Box Cocnyon wvies being croded. Thuse ¢eposits were prosepectod for

embonkm ont motericl, znd two arcos wnre wimlored which zre decdmed

suitubl oy

Th, most rogent llivicl miteriil 35 the river fill of sund,
grivel, eng boulderse This motericl is perms.ble, os shown by thu
flow ¢f watur which discppecrs and reeppeirs ot the dom site and
also ferthor down the river in the vicinity of Jickenburg, Diamoni
drilling ot the dom site shows this natuerizl to be up to 115 feud
thick. Scrmc camenting of the grovel wos notod in the drill logs.

Q

Structur

l

The fanglomercte lics under the high level sands ond growvels znd
the extrusive bosclti, cnd overlics the older bostlfide tnd Zidesitie
flows. The latter ere the result of successive love flows cnd wero
at ene time in o horizontol position, or nuorly so., after selidifi-
e¢xtion by cooling, they were tilted io the north-vost ot on onglc

of appreximotely 25 degrecs; ond the fiaglenurate wos loid upon them
I
+

in o horizentzal = Leter cnother tilting took mloce dn the
seme diruvction, so now the fong omerzic ulvs from 25 te 30
degrees northecst, while the volesniec rocks dip from L5 to 50 degre
in necrly the scme direcblon, os shovm by the dip syebols ofi thu mip,

5_)‘ =

)

In the course of strong tilting of 211 oldur formctions zlong
Box Conyon locel strosses found relief long smell frults cllowing minor
cdjustments, Nunmcrous nerrow zones oxhibit generally 2 - 3 feet dis-
plecemetit but none 1hdth more then 20 fect offsut ore seen. These trend
nelrly northwest ebliqu. to the ginyen cad wi t out uxception dip devn-—
strecm 60 =~ 70 dugrecs in the direction of throw.
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There is no evidence of recent movement on any of the faults in the
dam site area. The disturbances originated, most likelv, in a period
of broad crustal adjustment reflected in tne tilting of fo mations along
Box Canyon, and once completed are not likely to recur,

The feults have had little influence on the adjoining rock. The
actual zones are not over one foot wide with respect to crushed material
which is now feirly well healed. It is likely that water can move nore
freely aleng these structures than iu can through the undisturbed
formation. On the right (north side), where the trend carries the
fracture at a slight angle to,the cliff, wedges of rock will require
trimming in genersl excavation,

DaM SITE GoOLOCY

Dam

" Ths site is located in a narrow gorge with nearly vertical sides
reaching to a height of 350 feet; the bottom width of the canyon is
roughly 175 feet, This narrow canycn is gbout one-half mile long,
Below the gorge the river enters a f.at alluvial lain along the toe
of low volcanic hills, The reservoi:r area is bounded on the soutl by
a steer vcleanic ridge and on the north by a series of low alluvisl
terraces.,

Tte dam vill rest on tilted beds of fanglomerate, bosalt and
basalt breccia, Fanglomerate coneis ing of alternate laJn“s of s&nd-
stone end poorly bedded gravel and C\beED’ forms the right abutment
above river level, he left abutmen is a basalt flow; dipping about
L5 degrezes towards the river and oveérlying a relativel; thick layer of
basalt breccia. The basalt breccia :xtends under the river 7ill cad
enters the right abutrent below river level.

Overburden in the stream channel composed of silt, sand, graizl,
and bovlders extends over 100 feet bzalow river level. & cut—off

througl. the river fill will be needed to »>revent seepage under the cam.

Diversion Tummel

will zo succesdivaly
ciaa The shaly contict
ber in the leiva
ting and beddin

Es
trouble is anticipated,

It is planned to construct a spillway struct
" +

CﬂOTl”" inta npa iivar 4,300 fuct below the dam si

103



EXPLANATION

Risae Band wad Ocuvel

watsasis Wraasa

High Lavel Bend Sravel and Bewiders.

Fanglemer sis,
Bendilens sad Conglomerals,

Bendatens and Conglomarate wadar
gh1 Gevar

Ratiunive Bussil

[

Gider Fisws of Basals, dndesite, sia

Asplemurets o Beacoia

HEpBooad

ek of Cavared Pasih

©ip sad Ttrite of Bedimsatary Boaks

%

. Parmetiss Cesrasr,

Demedd Pritt Muias

2‘—+-- — —

NOTE

Se¢ Dug b 3H-15-39 fo Gaclogc
Prafies

- . 1ne s B 3
o 1 1 1 ]

wcai oF FLer

Cantemr warperwic

Madifien Bie P A Nechatl md R L Meated

T-anizoma

BOX CANYON DAM S!TE

TOFGGRAPHY AND GEOLUGY

HARRATAMEA

[T TTE e Ty
tmane fix senemsinen

P T

:
H 3715 40 [T Ty r-\".'.'ul 5'?*“ T




-

4 —
-

§- i
w
1 i |{
2 .L
= sx.u
- w =3
e o i
- Hs S -
3 ;0 O« 5
3 I e
: e £ Se
i i1 . 28
F if z4
|u qQ w
= Q9
2 o 2
n 2 i
] '8 |.:
. i

— ==

4

3H'|5‘39] BOWDER CITY, N n--.yul

comenpe ¥

Ouier tiows of bumell nd sndewte Bi¢.

Povsr shyvepm, bond & grovel
sendntons &

[ e B
el FES
S 1F £
q..n.. ..“m.fwn
»
Vi
W
T4, ‘\M\\w\\\
v km )
:
o
#

SECTiON 2

1800
2560
2800
13100

BLS
rieo

~105-




The roc¢k at the spillway saddle is sandstone or fanclomerate over-
lying basalt, which in turn overlies basalt breccia. The basalt breccia
extends about halfway docwn the draw, where it is cut off by older rock
outcrops that exténd to the river., This older rock is a series of in-
trusive igneous rock, including granites, andesite, and dacite, Numer-
ous grenite dikes and stringers of s~hist and gneiss cut the older rock
at various angles.

A total of ten . test pits were dug at the site of the spilliway struc-
ture and these shcw the overburden to be from 0,5 feet to 5.3 feet in
depth. Basalt and basalt breccia outcrop on the surface and on each
side of the saddle, but the spillway gate structure will be in sand-
stone. This rock, as exposed in the test pits, is poorly ccuented at
the surface, but improves with dezpth.

The geophysical survey made at 1his site without test pits fo
correlacion evidently mapped the underlying sandstone-lava contact, and
missed she overlying thin sandstone thich is not anparent from sur:cce
outecrops.

£ small amount of alluvial materdial is scen scattered along tle
floor of the draw, which will uudoubfmdly be rcmoved by weter flo._ng
down th: draw, but no damage of impoitance will occur.

Th: basalt breccia and the hard resistant intrusive rocks at the
lower hilf of the swillwar drow are 1511LVu0 to be Su;llCl;ﬁtlT resist-~
ant to vrithstond the erosive action ¢f the water. sny debris picked
up in tie spillway draw will be dCPOwltel alOﬂa the wide charngl 02
the Hassayampa fiver without noticealble damag

EXPLOR.LTION

Diamond Drilling

A total of seven diamond drill toles, with percoletion tests,
were drilled in the vicinity of the cam site. The logs of thsse hcles
are included in the supporting data.

The river-fill material was fourd to be permeable. Many of ti
drill holes showed water LOb*’S in excess of 26 gullons per winute with
Zero collar pressure. The sandstone or l;nEl”LCTJ*‘ shorred rioc Lt_tu

vater losses with some variation due possible to por ogs) co 53, o1
poorly cemented layers., This is not considered serious us

be grouzed wher: necussary.

The basalt and basalt breccia shiowed no loss in soric holus ithen
tested ~rith 90 pounds collar pressurc, and the loss was low in all
holes in the undisturbed lave,

Scepage through the sbutments is expocted to be small =s the

water which might enter the fanglomerete would heve no ready pessage
throuzh the underlying bb:wlt suries,
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Embankment Matoerials

Two borrow areas, cach of which is an alluvial river terrace, were
explored for the purpose of locating embankment matcrizl.

Dorrow arca No., 1 (Dwg. No. 3H-2-6, Appendix E}, located one wmile
upstream from the dem site, consists of an impervious loyer of siit,
fine send and some clay underlain by a deposit of well-rounded send,
gravel cnd boulders. 1hn impervious material zveraged 7.1 fect f*icx
and the pervious matcerizl avercged 12.6 fect thick,

A totel of 42 test pits were uxcavated in-the lio, 1 borrow crec,
Samples, containing epproximately 100 pounds sach, were taken from uach
stratum in the 42 pits., Thesc scmples were screencd to determine the
percen’; of the grevel and oversize rocks. Small sanples of the ﬂ&tprlul
were sibmitted to the Denver laborztory for mechanical anelysis, hut
the 109 pourd samplis were stored ir the Burecu of Reclamation wa  e-
house 1t Phoenix, arizonz.

S:milar work wes completed in torrow arez No. 2, located cbott
two mi..¢s 2bove the dem site. The maoterial is very much the saie as
in arci Neo, 1, with &n avercge depth of impervious materizl of 6,2
feet and avercze depth of grewvels ard boulub;a of 2%:2 feuts Ten
test p.ts were completed in this arca., This oree cin be used if
riscess iry; bub beectuse of the gruster “uul q$s-ancu, ared Ho. 1.is
preferble. By rougulating the shovel cut and utilizing the desir:d
portion of fines and growvel, o suitcble groding can be obtoined,

S:creening tests mode on the metericl teken from tust pits in the
prospe=:tive borrow arct %owba & high percentage of oversize boulders
in bot1 deposits. The results of these tests are recorded on the
test pit logs.

w

Riprop

Riprep for the upstream slope of the dam con be querried froa the
dense hard boszlt which forms the erest of the high ridge adjzeens to
the don site, This rocic should querry well, and produce o hard
durable risrop.

Concrete agrrosote

Suitcble conercte cggregote curl very likely be obtzined from sand
and gravel doposits in the Hassoverme fiver bid below the dom site.
No samplus were tckon from thoese duresits, but this grovel hos buen

used successfully in smzll structures on ruurkv hiz

ne
&}

SUrk s RY

(2) The Box Conyen Dom site 1s considerced suitcble from o geclog-
ical stondpoint for an corth dem to the height contumnlated
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(b) The dam will rest on tilted fanglomeruite, basalt and besclt
brecciz. The rock is dipping upstreom, ond into the right cbutment.,

(c) The diversion tunnel will bBe in fanglomerate, bosalit, oad
brsclt breccic, No trouble is cntieipatied, but lining is considercd
2 necessity.

(d) The use¢ of o noturel drow for port of the spillwey is cons’
sidered & practiccl plon which will not result in uxcuss mointenonce,

(¢) Conmstruction metcericls cre cveileble in suffiecicnt quentitics
within reosoncble disteonce of the dim site.

(f) Hothing wes uncounturced in the drilling which would indicote
structurel defects in the foundstion or abutmwnts., Slabbing ¢ifect in
the scnidstone cnd conglomerste on the south or loft wall would guide
the excovetion of the loeft abutment,
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APPENDIX E
PL‘-I!S }LE'?D it l-u nh3

PROJECT :ORKS

The Projcect Plan

Irrigetion works for the Hossayumpe Project would LOnal:t 5t o
multlplu—DArUOSL corth dim locoted chout 6 miles Gue north of tho towm
of Wickenburg, arizone, crunting the Box Canmon Rescrvoir for the
storcge of the floed waturs of the Hassoyomps River, The rescrveir
would hewe o totcl storige copteity of 210,000 cero~fust, of which
10,0C0 acre~foot would be duad storoge rescrved for silt, 190,000
cere-fout for irrig:tion, end 10,000 ccre-fect for flood control. 4in
unregulated remote spillwey with o mexdirum copoeity of 69,700 c.f.s.
would proteet the dom against overtopping,

Stored woter from the Box "nron Ruscrvoir would be rilecsed
through outlet works with o moxdinum ¢cpeeity of 500 c.fis. and, in
order to ovoid excossive chonnel losgws, would be ecrriud in o closed
conduit, cpprosxdmetely 15 miles in lungth, buried in the Hossoyorps
River cicnncl; to the Scnte Fo Roilwey bridge, about & miles below the
tovm of .ickenburgs The conduit would be cireullr concreic pine w.th
& mozdimam cmp“c1t" off 130 c.fis. Frem the lower ond of the closed
conduit on epen eclay=lined econcl would corry the woter to the proj.et
lends coout 6 miles to the south. Tre moin eancl reduecs in size s
leterals top its supply, and o compl.te distribution systom brings
the wetsr to the high point of coch form unit,.

S

=

Box Canron Euscrvolr

Lozation cnd description. Box fanyon Resurvoir would be form.d
by imp0indin the flows of the Hassorompa River by constructing an
earthifill dem in the 881, Seetion 12, T. € N., Re 5 Vi, Gila ‘nd 51t
Rivur d-rlulun, srizoaz. The river 1uns close to high bluffs clonz the
south sice of the resurvelr ond proetiezlly z11 storcge is in tnu ;u;-uy
north of the rlvpk, vhich is ’loodud Tor & mcimunm lu“ath of cbout 6
miles oad o mexdium widik of shout 1-3/k miles, ot flow line l vel, the
avercge dopth of thoe rescrveir is 72.4 fecte (Sue @raring 3H-2-4),

The droinage crec cbove the reservoir is 422 sgucro miles.

kros ond eppieitys &t the nowacl water surfose, Jdevstion 2,438,
the capzeity is 200,000 zere-feut fhc The orec is cbout 2,500 &c¢res,
¥ moximum wotor surfoee, olevetdion 2,461, the totcl eopueity is
270,000 zere—fcct and 3,300 zerus cre inundeted,

Box Cznvon Dﬂm

Proliminory designs wnd cstimotes
office of the Burcau of Reelsomeotion 3 oot umber lOL under the dircet—
ion of J. L. Saveogey Chiof Dosigning fEngincer, Three diffoerent siles
in Box Canyon worc considered: the upper, the niddle, snd the lover,

=
&
~0
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Preliminery studics of crbonkment ond spillway costs proved the suncr-
iority of the middle (er curved axdis), end studics for o dem ot this
axis only weres corriud to the report st . ’

Dom sites, Budrock wt the dom site is composed of mossive buds
of well-cuacntud fonglomer.tes with clterncting leyers of basclt (n
busclt breecice. Except for scvercl foults with displocenents of two
to four fect crnd minor frococtures, the rock moy be considercd idecl for
cbutments ond foundntions for zny type of dum, zard zre sufficiently
wetertight for on corth dua with o recsoncble cmount ef grouting.: The

foults iic uwpstrecn from the gods ond, exeupt for o portion of on., cre

blonketed by the wibcnlments In gonerel, the faults cre foirly well
heoled ond ore not beliuwed to oresent o spucicl construetion Hroblom,
The river fill meotoricl is composed of fine sond znd growvel extencing

to o dipth of cporoximctely 100 fuut.

Dz, The provoscd cabonkment, shown on draowing 57-D-25, hus o
moximin height of 246 fuct gbove stroom bud snd & totol volume of
3,088,(00 cubic yords. liztericls in the wmboniowant will be zoned
so o5 to utilize, with o miniiam of wvaste, the complcete run of the
proposid borrow pit cnd cll motericls from the cut-off exeovotion
cnd frem the diversion tunnel. The wmbenloaent is to be commoesdd ¢f
centrel corv of impurvious cloy, scnd, ond provel rolled in 6-inct

uyors, proticted by stsble somipurvious soetions upstrecm ond dorne
streom, A 3-foot laz7er of rock ritr:j #ill cover most of the upstreom
glopt, cnd o heovy roekfill suetion A1l forma the downstroecri slobe

Tt axds is eurved on o 750-foo: rodius, orronged to vroduce
the recuired structure with the lecss embonkmons volume. Altkougt
a lerge portion of the eubsnkicnt on the right -butment sprecds te

form ¢ blonketing of the conyon slope, this locction reguires lest

yardage thon the on2 with ths cxds dowmstresn ot the nirroirest soint
in the conyon. slso, under this crrinrcment, bodly broken scetiors of

the cargron walls immedictely dovmatrizcm ore 'voiﬂcd, ond the rgqu:;yd
length of diversion tunndd is motericlly reduced,

A cut-off trench extunds copproximately 120 fuct to bedrock, The
trench hos o nodmunm width of 60 feut and side slopes of 2:1. Tue
conerite eub-off wolls ore to be placed nloag the floor of tlhe ecut-off
trench., & rubbly mosonry porcpet well tnd curd cre to b constructed
clong the crest of the dom.

/ an uncentrolled opun chu
ine2 shude uoa, L,Cuf fust Tto the right
drawing 57-0 vHth the overilow crist ¢
gopoeity urdur moscinim water surfoee b 1
feube Congrcte 13 £ 5

spillvieyr is fo bu Joecoted
iz shown in
. 6

38,

L\;V-.LJ LOIL =
ion 2L62.638
et of the tot
oun

ning is proposcd O 2l wecvabed
lincel distonee of 1,650 fects The structure will be founded en
boszlt, is eurved in plon, opd super-clovotod clong the rortion of
grp_bust curvature cnd ineline. Witer throuph ihe szdliwer- will dis

3
chorge dnteo & decy thd Pu—wnbor the river ot & poing

Y cbout 4,300 fect
downstrcam from the diii. Hoek is uxpos.d in the

341

the
09,700 svecond-




most of its length, cnd it is cpparent that the drow would withstand -
the flood Ilows without excessive erosion.

OQutlet Tiorks, 4 20-foot diaweter outlet cnd diversion tunnel is
located through the left cbutment. Contrel of the flow is provided by
two 24-inch ring-followcr-gntes cnd two 24-inch holliow-jet wilves
locoted in o chouber about 550 feet cbove the dowmstrecm vortsl of the
tunnel. Since the wvelve dischorges into the open tunacl cdomstroon,

& sencrote 5- by T-foot acccess cdit is provided from ncor the dovm-
strucm toe of the dsm. Vhen fincl construction drawdings ore prepored,
provision will B¢ made for the dischorge of 110 sveond-fect into o closed
conduit in the river bed.

In providing decd storcge for silt, omounting to 10,0C0 cere-fuct,
the pirmacnent intcke for the eutlet works is ploeud ot cn clevaticn
of 2,31, fect, or chout 91 feet cbove the invert of the tunacl. - & §-
foot dicmietour imelined tunnel lezds from the outlet troshrack structure
to tho 20-foot dizmcter diversion timnel., & tuwndl plug will be
placed just upstroom from the junction of the two tunnils,

priccs is $3,7.8,0C0, 2s showvn on drowing 57-0-2), This includus
rights-of-way, cccess road, rescrvoir cleoring, roconstructing the Oro
Gromde pipeline, tromsmission line reloection, =nd construetien cap,
Using :he april 19L7 price index of 2.0, the cost of construction
would »de 7,500,000

Estimatod Cost. The ostimetud cost “of the dmiy bosed on 1940 unit
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Moin Concl

The modn eoric) is divided into three scctions: 15 miles of closea
conduit rlong the bed of the Hessayompe lidver; scven miles of contour
ccnel throush uncven topézrephy from the river to the projuct arve;
cend five miles clong o smocth ridge in the projeuct arcas Loch of. these
svetions is discussed suporctoly.

Scetion 1. The first section of the ceasl is 5l-inch concrute
pips hoving weils gix inchus th~ck trd & copieity of 110 seeond feuh;
it will ke buricd 2 depth of ot le four fuet in the bed of the
Hossoromne fiver. The conduit m-ll exbund from the reservoir o dis-
tones of 15 miles, to o point nesr the Sents Fe reilrozd bridge (the
Farish Diversion Dem Qi*u), where én open ecundd will continue Iiom the
river, ‘hrough the Yerucks" to ihe project trec.

Provisions eru mzde in the estimete for umwctering the conduis
exeovet..on during construction, cnd for protection cgoinst scour oud
other f._ood donmcge.

i

Th: costs ef coustruction of this svection aore summorized cos
follecws:

Egbadiste = Fdin Consl < Sushion 1

Ca szl woeowetion 475,000 euy. ot «20 W 95, X0
St ructure oxeovetion 13,000 eJye ot 1,00 13,200
Be:kfill L0000 eutre &b 425 102, 500
Coicrete 23,250 cu¥. €t 25,00 561,

Re nforcoicnt 3, 000,000 1lbs, ot s 055 165, )00
Un.sotering 74,800 1.£, zt 2,60 149,00
lizahole covers 30 eo, ot 10,00 100
Proteetion, riprop, ctes 74,600 1.fe ot 1.C0 7Lk, 300

Subtotol 41,161, 450

Plus 15 percent for conting encics 177,217
Subtotal wl,358,56
Plus 10 pircent for engince ring & overhuod 135,567
Totol estimeted cost (1940 price 25 ) AL L9, 554
Prusunt cost (using april 1947 cost :1dux of 1.97) 102,550, 500

Suction 2 The gsecond port of the eansl s locsted in wrth nd
rock, with 2 bottom width of B fuut, © weter depth of 3.9 fout, #ile
slopus 5 34:1, and 2 12-inch cloy lining. The copoeity is 1+k

sceond-Iet.

Four tunndls, ting 9,130 feot in length, and suivural
shollow culs, muast oo f? ough ridges in order to ovoid long cnd
diffieult ecancl const i

Two invurted sinhons tnd oight 30-inech culverts are requirdd to
hendle ¢ress Qraoinigo.
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Costs of construction ore

Mein Cericl Section 2
Cznel uxenvotion, CGomuon
Concl exeovotion rock
Structure cxeovation
Twnnel exeovotion
Boekfill
Compccted bock
Clay blonkct
Concrete in structurcs
Conercte in tunncl lining
Reinforeunmunt stccl
Suecl tunncl suprorts
Timber 1
3" preeast conerate

43T

nipw
pip

Subtotel
Plus 15 poercont
Subtotol

Plus 10 purc

for

cnt for

sumtcrized os follows:

Stetion 10 to 337/50

2

164,500 cu. s, at o 0,13 i 29,510
202,600 W - a0 152 ;100
350 " "o 1,50 510
17,000 " 1 g 1350 222,500
6,940 "M ot .25 1,735
1,600 "™ Y at .50 £00
25,000 W w2350 39,000
S20 M M ab 2Yesd 14,300
5,300 " ¥ gt 16,00 95, 400

52,000 1bs. ot +055 2,56
260,0C0 1bs, ot .08 20,800
271 Hft.bems ot 100,00 27,100
I 460 1.1, b 350 1,880
%615, 395
contingeneics __ 9,309
W17 570k
overnutd nd enginecering __222770

\

Totel ustinmotod cost (bos.d on 1940 prices) STT8,LTL
Prusert cost (using April 19L7 cost index of 2. 0) wl, 555,000
Ssekion 3. The lost secbion i through the drrig-ble opee raod
will rlao be eloy-lincd. It is loecited on top of o sicoth ridgs vhere
the ground slopeé is so groent tho totcl of 24 drops are reguired to
avoid .xeesaive woelecitics. The coceity is graduclly reduced from 110
to 30 sccond-feoet, Construction gosts xu L,bnlzbd erae
Retirsve — Modn Ganal — Scetion 3
Canzl exeovetion 65,030 cu, yds. 2t , 0,18 11,700
Struchure exesvebion oG i & 1.50 720
Eoekfill Ry M oo 0425 540
Comproeted brerfill 1,130 " M ab 0,50 580
Clay blonket 21,570 gk k50 32,365
{enerete g1y i gt 27 .50 22,567
Beinf. stecl 60,850 lbs, b G055 P
Structurcl stezl 10,830 lbs, ab  DelZ2 L, 006
ielded stocl mosh 5’, 4 20 1bs. i o,0e LL: 2
Grte Stucl 15990 1bs. ol 0515 285
tgn Be BIH 90 1a £ ot 2,30 66
pn o a 50 1, £f. &t 3.00 5
20n 0 & 108 Le: fe 2t 3450
Subtotol
Plus 15 perecent for continguncies
Subtotal
Flus 19 purc,nt Tor overheud and engineering
Totol s ~tud cost i
Prusent cost (U"lﬁ: »pril 1947 cost indux of 2.0) 195,000



Summory of Moin Consl estim-tes: Bstimcted costs of the three
seetions of the meoin consl ore summorized bolow:

SCCtiOH l 8 ® o8 ® a4 & e ® ° @3 8 8 8w :‘*2,950,000
S\JCJL'.:'LO:]. 2 A 6 @ ® B @ W w ® # 8 e H W 1’555,000

SCCtiOE’l 3 ¢ & 8 8 B 0 2 a @& w ® 8 & = 195;000

Total cost &1,,700,000

sterel Systom

Open corth ecnals with 3-inch eloy lining will run ecst ot hal f-
mile inivrvels, providing o standord dullvbry‘of five scecond-fuct lor
egeh 80-zere troct or o propertionste mucunt for lorgur or smuller f-rm
units. Projcet londs howve exeellent topogrinhi with o fiirly uniform
slope ol cbout cight feet per mile ecst and west from the rain con .

Egiimotes of lotorel system costs are herc sumiacrized:

Ay

Cz1cl excavotion 53,5CC cu. ydse ot $0.20 $1047 0
St uctiire execovation GG 1 " gt la50 1,25C
Ba:kfill 10,100 W i 6 025 2,535
Co 17 ﬁt‘d BoekfiTl 3,206 M o 0,50 1,60
Cl:xy blonket ' 8,00 v ok J.55 12,630
Coxcrutb 1,08¢ W L ot 275G 29,730
Reinf, stodd 86,200 1bs. at ©.055 by T
Gaye stucl 13,300 1lbs. ot 0615 1,935
18" p.c. pipe Lk 30 L, T. st 2120 3516
25" o M B0 L. T, At 3,00 1,80
a0 g T Ty £ gk 3450 1,035

Subtotsl 971,152

Plus 15 percent for continrencics _10,87h
Subtotol 57:836
Plus 190 perecnt for overherd & cngincering 8,123
Totol cstimctoed cost 90,039
Prusent cost (using april 1947 cost index of 2.0) $180,020
Investizotions ond Surveys
As of spril 30, 1947, cpproximctely (76,000 h beun snunt on
the investip k-tl.,“% ef the Hasscyorps “'oguct. In t-m, VLNt *“. 1 the
projuct is ~uthorized for construction; 1t Is estificted thot sn cdd-

itioncl $10,00C will be nuudud to co mﬂlutu the inv;stiyitions; +T}a
would include = topograniic surviy of the nroject crca,

913/
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Operstion ond Mointenonee During Construction b

The cost of opercting end meinteining the project during the
construction perioed, 11c1uu1np the priming end puddling of ccnols and
the purchcsc of Opuf&tlng equipnent, is estimcted 2t 10 per cere, or 2
total of 70,0004

Drcincee
As stated in Appendix B; Projeet Londs, o draincge systom is not
considered nucesscry, and conwllowones for drzoincge has not bewn

included in the cost cstimotius,

Domestic Wroter Supnly Systenm

Frovision of cn cdequate water suoply systen for the project homes

pe o o [2

end fer the project towvm or headguorters (possible “ittmonn) is esson-

ticd to successful developnent of tre srea. FPreliminory ficld osui-
£ Jr .

motes indiecote thot the cost of the systum will be cbout $370,000
. \

(scu cppendix F for detzils).

Sunmorv of Bstinotoed Costs

{onstruction costs« Presuit cests of construction for the Faruiu
of Ruclomstion fectures ere sumrinri: od os follows:

Box Conyon Dam and Reserveir : ,pUO Q00
Main Cancl L,70C,000
Lzteral Systen 180,000
Investigetions cnd Surveys 20,000
O. & M. during construction 7C,000
Domestic wroter supnly systom 370,000

Totel 212,900,000

Operation znd Licintononce

Considcration of rucordud operction ond mointencnes costs on
irrigition projects in this region, wvhen studied in conncetien with

2 budget cnelysis of probible conditions during the repeyment poriod,
led to the conclusion thit opewrstion cnd wcintenoncc costs for
irrigction ond formstecd woter will probebly overzge cbeuty35,400

a yecr, divided es follows:
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Salaries and Directors' expenses %8,000

Office and *travel expenses 2,000
Legal and auditing expense 1,000
Labor and materials 17,500
Farnmstead Vater (See npp. F) 6,700
Contingencies (10 percent) : 3,220
Total ©35,420

Cost an acre (7,000 acres) . $5.06

+ (in round numbers) $5.00

Design and Construction Problens

Construction facilities. Facilities are not available at the
dam site for construction operations. iousing and other facilitie: for
a construction force could probzbly te secured at the tovm of licken-
burz, 12 miles distant,

Waser supply for CODSuTUCt*On operations can be secured by the
installation of a filter crib in Hasszyampa River upstream from the
construction area,

Elsctric power for construction purnoses can be secured at a
reasoncile cost eitier from the Ll-kilcvolt lire of the .rizona Pover
Company, crossing the river at the upper end of the VESEYVOLY ,y O

L

from a smaller line crossin 1g a shert distance below the site of th: dam,

About 9 miles of road, suitzble for construction use, will need
to be constructed fiom a point on U. S, Highway 60, about three miles
northwest of Vickenburg, to the site,

Ceastruction materials, Impervious, semipervious, snd rockfill
materials will be produced by screening the pit run of a borrow arca
located near thie right bank of the river about one wmile upstream fiom
the dam site. 4ngular rock for rinz:ip cen be quarried from any
number of points in the immediate vieinity. saggregate for concreteu
may be secured from gravel bars alon: the river channel about three
miles downstream, by crushing rock from required rock excavation, ¢r
by quarrying expressly for this purpose.

Design flooc ved by the unit graph
analysis met! nat arge of 123,000 second-
feet and a volum 32,310 e g 2 given in apnerndix F,

Diversi gonstruction, imate flood discharges
have been made during the perind 1921 to 1937, inclusive, when a gag-
ing station was operated at the reservoir site. The naximum estinated

2

flow during this period was 27,122 sccond-feet on February 16, 1927;

a mean-daily discharge of 21,700 second-feet was recorded Por that date,
Therefore, provision for diversion of 15,000 second-feet, without
appreciable cofferdam storage, is recomuended during construction.

i
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There appears to be little likelihood of floods during the neriod

from mid-iley to July first., Floods have been experienced at all other
seasons oI the year. ‘

During construction "of the embankment, the river will be diverte
through the 20-foct diemeter diversicn and outlet tumnel., & portinn
of the upstream toe of the dam will form the upstream cofferdam, The
tunnel has a capacity of 15,000 second-feet with the water surface
at elevation 2,205, In addition to diverting the flow of the river
during construction, the works will have to be protected against run-
off in the draw at the rizht ebutment for about six months of the
year, The cost of this protection is incornorated in the estimate,

Construction Period, Based on construction veriods required
for Burcau cf [eclamation dams, it is estimated that it will tzke ‘hree
years 1 construet Beox Cenyon Daﬁ The reuaining vproject works woild
be constructea during this same nericd.

Ri shts-of-Way, Construction of the reserwvoir will involve the
purchas s of & parcels of natented lards totall,ng },232.51 acres,
ilso 3 natonted mining claims are involved, =s showm on drawing T,
tabul:tion of the privatel-r-ovmed lancs follows:

Identif .cation on : :
Draving 3H-2-& : Ovmner : Lrea, : Cultivated wr:a
A + Ly Fo OlZrien : 160 ncres : 0
B : 0. G. Storie -1 160 hAcres 0
G : Fo He Cameron : 120 Acres : 1) hcres
D ¥ Bq Ha Scott s L20 keres 3% Leres *
m : b, Bates Est. . 1O dores
F t Az F, Chamyis P L
#* D and Z combincd,
The patented mining elaims, all ownied by Krse &, F. Vhite ef
Cotigress, asrizona, zra:
|
Name of Cla:m ATea
Black Larrior 15,73 ~cres
Lit*ie Chisaf 18.15 H
Right Bower 1L.66 ©
These claims old ing and are not heing

worked,
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The cost of purchasing lands in the reservoir arca and clearing
2,100 acres of brush and scatfercd timber are estimated as follows:

dtem shrea-keresiUnit Cost: amount

e
e
e

62 ; 3100
1,170 : 10
2,100

Cultivated lend, partly irrigated
Grazing lond
Clearing rescrvoir

56,200
11,700
10, 500

Totel Costs 425,400

Tre Oro Grande l:ine, aboub thre: miles east of Box Canyon, seiurcs
water supply from the Hossarampal R.ver through.a surface line emrl a
punping plant near the ronoscd dam site, The stguu of this watc
right is not known; the mine has bee1 opereted only intermittently in
the past yeors and hos been compnletely shut down since 1939, Should
it beecme neccssary to provide for tie continuance of this suppdly

pregent. plant dovmstream, below tha laaz, This weuld reguire cbout
5,000 feet of L-inch pipe {to comnec: the new punp site with the pnres-—

after construction of the project, tius could be done by movin

ent lire by the shortest ficsible roite up the canyon wall), 2 now
pumphol.se the existing rozd for zceces: tothe Hump.
The ssi.d featurss aras

F: L-inch at $1.00 45,000

By latien of nifns 600

gs, dncluding

1,500
Total 7,100

Sincc the mire is &t present iractive, it 1s possible thit o cosh
scttlaaent for o lesser amount then 7,100 would be accepted in pref-
erence to the relecotions
anamicsion line of the Lrizona Pover
Compan;r, running to \iickenburg; crosses the reservolr
site in Scetion 36, Te 9 Ny R 4 Vs, ond a telephone line ecrosses
the ¢dze of the rescrveir true in Seetions 1 and 12, Te 9 1., Il
The cost of reloecuting thu"‘ ig est
of roservoir mi*ﬁt—of—1 1cla

e lo S Thte

gestin P;\d ot o ’,u\/-

A Ll lovolt
from

f Wa

imcted gt 52,000, The total cests
uding reloecations of improv.umonts, wre
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ALTERN:TIVE PLANG o

Four “luerq(tivc nlans were gonsidercd:

1. Heassoyeompe River diversion near lorristown
2+ Highline cunal for Box Canyon Ruservelr

3. Williams River diversion

Le Colorado River diversion

Hossayeamnna River Diversion nzar Morristoun

Waters of tiie Hesscyampa River would be stored ot Bos Canyon
Resurvoir, rclcased into tlie natural river chonnel; and divertad at
the diversion cam site et the Sante Fo Jailroed cro sinz nwor Lorristown.
The steroge reserveir, censl system, and lakers) systum weunld bo
similar to the adonted plen but the closed gonduit in the river
chonnul would be elimincted,

Tre main discdventoge of this plan is that lazge chonncl losses
oceur beyween the roserveolr -ond the zoint of diversion. These losses,
as distussced in sppendix C under the heeding "diver Chenncl Losscs',
arc estimatea t cet per yeor. Ofisctting con-

to owercge 7,500 acre-
tributions from side.strenms ind for uwnderflow arc

iblee. 48 @ rosult, less then 5,000 tcrus could be Chuds
able iirigotion supdly by the 210,000 ccro-feot rusurvoir ot Box

Conyon

Prreliwinory cost studics based ¢n field estimaties showed that
the ecoust por cere irrigoted would be highor thon for the scluctud Hlon,

m

Highlivie Conal Trom Dorz Convon Re8orioir,

As in the sclected nlen, wotor would bs stored ot the Box Coary
Reserwilr site for deliver: to the gproject aved neor Ulittmehna A
lire cencl would be diwvertud threugy Box C;:yn Dam ot deod storcge
lovel (cbout 100 fust chove the rives oud; and follow Cina most. Ter

ible loection Gl o whe prajoeth &Y o

thot the Fivst 2,100

i, the nvxt 10,000 el
} sist of olbwernc t¢wa

indsr of the voutg s neot

ho s

Stedio surveys of the
foet wiwnld ‘bo leested clong
in tunasl; ond thg nest «ig
tunnels £nd heovy rock cuts,
survey.ds. Prolimincery cost ostimctoes sh hat econstructicn coats
of this hizhline route weuld ixecued the costs of the riverbed condui

s

oY)
pe

Should the
would be cdviscble to censidur in greatur detcil, i
ial photogrephs cnd strip tomography, several route

b |

L
S
vations beotween the riwvur bed ond duod storazs level
4—
-
o

ampe Project be cutliorized for construetion it
ot 19 :id of cer-
-..—I"t ul\-"—

I
S

would be cipensive ond ore not beliewved warrsnted
changes in cost cstizictes bosud on dore dutsiled In
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be of sufficient mognitude to meturclly affect the feasibility of the
project,

_l.

Williems River Diversion

The ittmenn intercsts made inwestigotions, prior to the study of
the project by thie Burvou, for deturmining the foasibility of diverting
wetor from Kirkland CLLLA, = tributery of the /illiems River, over thu
divide into thoe herdwetoers of f?rtinbz iic.sh for usc on the Hassoycmno
Projuct. /4 study of the dote obteined togethur with some rescircir by
the Burcen indicctes thet the n:gh cost of the small ciount of water
obtained runders the schume infuasible,

This plan of
Kirklsn¢ Creek ot o =
to ocugnint the woter
would &iso intcreent
on Kirklznd £ B

evelopment coan”pluted o cancl diverting from
oint neor Yove and emptying into Box desurvoir
supnly ef the Hassaromno Projeet, ouch 2 cancl
D¢ Creek ond vizrtinez Crock. Regulotory storoge
¢ ecnal healing would be necessary.
Records of the flow of irkdend Zreek cre aveileble fron Februory
1908, tc Februery 1911, inclusive, ond from kareh 1932, to Suptembor
1933, irelusgives, Boegouse sufficicat streem flow rocords were net
ﬂv i1abl ¢ for on cdugiiciw copbelition, sp fteitst wos ticde o copri loue
flov of ¥irklend Crock sith the cvoroge proecipitation on the diead
ogoe basin os determpined by the Thelssun muthode. For the puried 1908~
'?

1911 preeisitstion ot Yornell wes welzhted L7 por cen ; Prusgott 3/

per cont ;, Congress 12 por cont, end Uilnut Grove 7 peor cunts For

the 19301933 paried prveipitetion ot Tento Rongur Stotion wes woijhted
5L per cent, Licknvt Grove L1 per cunt, and Pruscott 5 per cunts

yacrs ond by four-month poerieds,
of soints through thich o smoot]

d;ta obtoined, both b

1 & seottored group
curvec coulc JDt be drom.

an endsovor wos med ¢ eonvert ihe doto into nschle form by

plotting cumulotive precipitetion and run-off, but the runcif wes so
smell dn comparison with tho proeinmitation thot o conclusion ceuld
not be reccheds Froginitoidon wis plotbed sgcinst chsorption, bub
without sctisfrctory rusults, ond this method wos olso abendoned.

A Turthoer olttempt wos mode to determine the averecge nreecinitotiion
the Kirklend Uruek drodneps opun b cotablisking o pulotion babiroun
reinfel: ~nd c¢levetions The proports o in difivrunt
clevotion bonds wos eeompubod by ple
nunerous cveiloble stotions dn Yav:pil .nd nuarby iys
winud for the 1906-1911 wmoricd, clso i
aversges were pletted ggoinst
ond sk.taaf’“c'dr; curves were drowmy Ln
weightied in nrocuction
determination, the av
crea was found to b
inches for the 1930-1




The foregoing mcethod wias used for the Hessoyompa River droinegs
area chove Vialmubt Greve, cnd ¢ seporcte roinfoll clewetion eurve mo
for the period of Uelnut Grove streom flow rucord, 1916-1928, Thc
avercge cnnucl proecisitction wos found to be 23.5 inches for thi
period, ond the cwverege fnnucl runoff 3 1 jnc“us, indicoting 2C
absorplion. This cbsorption, cpnlind to Kirkleand Creck droincg
indicates o runcff during the 1930-1539 period of 0.6 inch, q
to zn owercge annuel runoff of 10,600 cere-fuvt.

The socme method was olso cpplicd to £

cenal betwoon the Kirkleond Creele droinoge ¢ d Zox Ccnyon fusurvoir.
Annuel roinfell wes found to bé 19.05 dnches. nis is luess thon the
normel cbsorption asswacd for the viecinity, ond it is assumed on
apprecicble runoff would not be inturcopted by the concle. Flash flows
resulting from intensc storms might possibly yield sufficient runolf

to Oflﬁut the losses from the diversion ccncl.

e arve cbove the propos.d
r n

T

Becouse of the long diversion ¢ nal regquired, the rough burrain
througt which rmich of the cancl woull be constructed, "pd the Hutosdity
for develomment of additionsl storcg: on Kirkland Creek, the runof?
which could be diwverted from the Xirdind Creck Qr“'"";c cree is nob

uffieient to Justify the coustructim costs, UHorvover; prulimins
stidive of Panoff & the hecdwsbers of the willisms Biver indiccote
these voters would be utilized for i-rigation within the bosin ot
lesser unit cest. Theso woters should not be considercd for oxpor:
to the Hessayompe River basin,

Colorcro Rivor Diversion

Tivestigotions cre now in nrogr2ss by the Burccu to dotertiine the
fozegib: Yity of divoerting Ooloredo Rirer weobter into the Sclt and Giis
River Welleys, Studies have been made of three clicrnative routgs:
() Cimsl frcm Leke Havesu on the quor”oo River to higDowell Roser-
voir en 8olt Jdiver; (p; Tunngl from icrble Cangyon on the Colerado

River 4o the Verde Ndwver ond thunec ny thot rivur Lo IlcDowull ilus.or-
voir; (e) Turnel fr Zric e Canyen on il Colowzdc River %

SZWL" Creck wnd Thence by coueduet b9 sedowell dosurvoir,

I = ey " -y ! r Ta e + 1 -
tions acsve prosressyd suffigicntly to show Lhct the m

invest:
vinich pizht be r'dg “vkll'al under ony of these plons will be needwd
for tho roliet of swusunbly irrigobud londs dn the S2lt ~nd Gils RTiver

aatls «lsg, Project Londs
cre too rua & i
boine & Tt

wr h i
Fryhla G yon- &
» - TT 3 Xy I P e . —
Oi woker 3 LT ileEy DECNS x.’i,ll Now 1 Uy
T Project
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APR.IDTX
IULTIPLE USES

PCER

5

¥ Th- projoct lends are loecobed di. en zree serwed by the comrrtively
chetp nower ﬂu“,¢tuua on. the COLOTUdC Riwver cnd by the pleats of the
Selt Riwer Velley at.r Usurs Associction on Sc1t Rivere Thurofore

Ny Nov.r cuvvlo"huﬁt of the Box Conyon Reservoir must bu of low cost
in orddr tc comocte with presunt aad sontumnlaoted low cost 2ower.
Irrigotion newds are noromeunt, for the Hossoyompe Project, ond zny
UOSqlblu nower development must be considered zs only inciduntczl,

The widely fluctusting power hood ot Box Canyon Deom, worying from 2
mexdmmn of chbout 217 foot to o rinimum of 90 fuot in eomser: tively
shoyt p.riods of tine, and the wmrictions in weiur owoil:ble for

power goneravion which vori.s month to mentih from o moxdnum ewercg:

of 13 m.r cont to an overoge minimum of 3 per cunt; procludes cny
conside ratien of power dovelomment wtich could eeoupete with

pover olrucdy duliver.d in the orec. In oucition, the solmost eoimiche
utilizciion of "v'llub’u weber supniyp for i_‘l LlU“ <8 aruvants
any coniidorciion of power devulomiwrd with o 1d usu 1ly
be wast «d.

c) FJ

Fy o0 g

b
8K }
-3 P

s

e

FLCOD CCLITRC]

¥ 1 ey +
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This cppendix wes prencrod vith the coanbration of the Los
= =

Offico of the Corns :
oeie dats Tu:ulﬁlﬂi Irem o TS SREVUY Com-

‘*‘W’_lirﬂ'w"‘vf =

=

ice, ond

indicctineg the dotes or
(%

.
" L = Tes e h v At = -
s 0T flogds thot Rove ocour »u

rnegnitu & Inm fliv Ex diviet Bosin
prior to 1090, During the neriod ’TcGQ—l?LSL for vinicl hilPeltsia
dete or &ailobhle, modiur £o larg. (loods oecurred in the yers of
1e80, 1903, 19146, 1619, 1921, 1323, 925, 1927, 1931, 1932, 1935,
1937, caod 1941, The lorgest flocds ogeurred in 19Ys, 1925, 1929,
1935, end 1937,

REtneoff rueords avadlehia for six struen goging stations dn

I regords sceured ot
e

e)
the Hossoyemng, River Basin. Vene of the rmune
i wreey te e glos

thesc Ef?tluqu prior to 1938

C )
a8 goot regords, The errctic ogcurronte trd shiort durdtion of fleood
runoff msle 1t C]ffi:hlb TO sutury socurdtc necsureiuats, rulotive
mognituce of post mmJ fezord in A e, eomparyd by
niwens of thuelr ‘ ond toiol runoff volumus i

Toble 15.




e

AT 7N
L HIZ0k

e O3 Y

Rt s ezl

7




NOFEAAT,

N

LNSCHARGE - rrtigssa Wos o 5

)

AR

i

W L]

oash i

WAy L2

2t
e d

5

OO MO T -

QW RGN T




m

The meximom flood of rocord on the Gile River is that ef Junuwry
1916, which hed . puck of 200,000 sieond-fout nusr Yums, arizons. There
are no records of strecm flow zwveil.dle on the Husaurcpe hiver during
this fleod, but it is bulivved from oxminstion of lechhrgu PuCOTES

of ether Gila Kiver tributirics ond reinfill rocords thaot the disch.rge
nuer Morristoun provebly wxecuded 50,000 sccond-feot.

Teble 15.-—-Meodrmm Disch.rges on Hossoyomps River ot
Welnut Grove cnd ot Box Conyon Dem site. h 73

Hosscyompa River Hossoyonoz Rivel
ot Wolnut Grove ct Box Conyon
Yeip Puiiod Hoxdrum Totzl Run=  Moxdmin Totzl Run-
Dischorge 1 off Volume  Dischurge off Velume

(S'-.,Ce-fuut“;' <*~Cru-—fu._t) (IJ\JC-“L\;Lt\ (A‘L'SI,U '-L‘\_J.r)

1916 Outober 7, 18
1919 - L
1916
1920
1921
1923
1923
1925
1925
1927
1532

i
1935 7 5600 ) 21,601
1935 30,0006 2/ 26,10
1935 25,701
1936 &,70C
1937 3 22,40 k5,300
1937 7. bru.r; 29,70
1é37 i ren 16 - 23 37,80
1937 ang 295 _ S,A%Q
1938 F:brucry 20 - & rch 9, 10,00C
1/ nuthority — . &« ZBorish, griveie <figineer; ond U, S. Gueolozichl

o - = b | T
SUT VLY

2/ wstimoted from g oge huight,



Potuentizl Floods

General

The frequency ond mfgnitude of potenticl floods in the Hossoyomoo
River Busin hos bheun Gotermined for use in spillwey desisn, cnd for
meking estimntes of notenticl flood dimiges tnd benofits of flood con-
trol. The spillucy cdesign flood, which is 2lso cullud o moduum prob-
cble flood, is defined os the flood computed by mucns of the rorcecst
worst storm, the %iﬂhust runeff foetors, «nd the worst runoif produeing
combinztions for the droinege srea in quuutloba The chorceteristies
ond fectures of this flood whikh cre pertinent to the design of the
spillwiy hove buun determined by & synthosis bused on the cviiloble
hydrologic infortictions The trinslebion of storm reinfoll cusntitics
into runoff quontitics has been vccoun#ls“yd by ¢ muthod incorpor:sting
unit-grephs ;/ znd synthetie grophs. hd&;tlon, Thure wers: preporsd
for conporotive purvoses, o freguuncy an:lyuis of puck disghorges, ond
envelope curves of peck dischizrges cnd runcff volwincs in the generzl
I'ugion '

Hydromtorelogicel cheroet.risties.

There & Thric distingt types of storms ThHit occur ifi the Hissdi-
yompo Aivir Bosing genorzl winter, leoctl summer, cnd genersl summer
storms. Storm syhcius indiecte thet o moxdmum nrob bl. floed ot Tox
Cenyon Do site vAll be coused by . renercl swmisr storm. This tjpe
of stom; which is infrecuent in occurrence, uvsuclly conroiches Tion
the soithirust cnd 1s of tropieil origin,

1o
i

Unit Gronh Anclysis

Mothod of runocff collvction. Thers cre no runoff dutes suitclle
for th: ustoblism.nt of reinfall-rinoff relstionships or for the
determination of un_t—gr"“na for the droinage orer cbove Box Cormywn
Dem osites. Therefore, in deriving the spillyvay design floed hydropromh
zt Bex Conyon J a 8itu, the symthetic unit-groph mothod of runoif col-
lecticn was wsed.

_Devclopmont of the smmthetic distribution groph. In the detoruine~
tion of the synthctic distributien =t the dom “site, it is oesumed
thet ruanefi ehoructoeristies for various droincges in .. given region
e sufideluntly sindilee t%-t, if the ch.picterigties for one drilin.ge
ore known,; Lhose for snother Ci 1 be evilucted through sore ftedium of
trenspostion, The medium of tronsnosition used is "log timee Lig tinme
for on crws is Qufinud e85 B ek e {(in hours) fro_
of urit wroess roinfsll to the lr:t t thuet 50 purcent of %
off volune hos Gnssbd the CDlluCthL points The Llog time for droinnge
arees with known runcif chor. cturistich re ecorrdloted with the physicel

_/_ The unit-g: or cn ar<t ds on exprugsion of the time distribution
of runoff rbcult¢ﬂa from urnit ¢cess ruinf:lle. Unit wxeuss re

rcinfell of unit durction which i: in wxeoss of thot lost by infiltrit-
ion, cvoworction, tronsoirition, cbsorption cnd detention, cond ﬁhlch
thus buecomes surface runoff.

\J

sed
n

b

128




features and dimensions of
distribution of yrunoff. Th Tmm relationships are termed, respectiv-

ely, "la; curve" and Y"Sszraph". VWith the use of the lag curve and
S—-graph a synthetic distribution greph for the drainage area above the
proposed Dox Canjyon Dam-was ceveloped. —

the respective drainages and with the tiune- —
ese
- 1

Lag curve, Unit—jmﬂahs vere determined for 14 drainsge are
located in southern Californis and western arizona. For each oi the
dreinage areas a lag time was determi ned. Measuremert of these lags
demenstrates that lags for these areas could readily be expressed by
the empirical formulas

T
Lag (in hours)= Gy (L X Lez)
1 3
( 8L

C. and m = constants (see below).

= length of longest watercourse, in wites,

= length along longest watercourse,
measi red upstream to a point opposite
center of area, in miles.

&

Le

b

S = over-al 1l glope ol drainage bstween
headws’ er and the collection point, ur
feet per mdle,

e
=

L

(n drawing Yo, 3H-11-42 is shovn the derivation of this eqguasion
accomi:1ished b* lOttlLP to logeritlizdic scale, observed lag tine versus
L x L;g; the OlOb ed points suggest a stralght line vhose slope, 1 1s
—_EET' 0.38 and whose intercept C; is 1,18,
resses the distribution of accummulatsad

tota. runeff volums) as a funetion of

obsered rur perce

the lag time, The S-graph for an area is derived from 1lts swmmation

graphs: by converting the scale of t:e abscissa from zbsolute time to

time :n percent of lag Yime. The samation “*uun for an area is 2
ume ot the

graph of accuwmulative runoff vel
resul - ing from ccntinuous ge
age arceas The &—graph on
graph analysis of the Fsebrua
above Planet, nrizona, (ses

point cf _congce “+r3*1 ol
: i the drain-

& urit-

assumsad to be satisfactori aracter-=
istic time-distributicn of ¥ to be
suitable for use in the adjac Haozszawvam Rive ssin for sny train-
ne tasi ' i } nse of
ety percent ch represent
a synthetie dLStribu**an area
above the proposzed ntages are

tabulzated on Table 1G,.



e

canagE ]!

o <@g ©

=lE
% miL

‘,smanﬂms' AM ‘Ha
L RIVER AT SAN GARMIEL
CSANTA NETA-DA MLl
i DIMAS DAM: |1

'P) i \Lﬁ‘un GAM 1
i .| MENECULA +
\l."l £ '[n.ir:i Sau |U).z_ﬁ
fj P ki CANYON -+
r.ﬁmnm T RIVIER| HEAR | FALLBROOK]
FULLERTONICRE G :\lr sw_u_nmm -OA
GA CREFK, AT ) |

AN
RWEST g
= ——-—3—%.&.:'* !, b
14, SAN 1;“-1,:5 (i fr
A!(\i WAS Y f
ETh '-ﬁ

| L\ [‘.'

w

=

Tq.;l‘} TN "JAM ING I

e

1'1:010!.):;;:,".-!35. 5

L --‘.:, SANTA MARGARITA R mL gl !DUH.A I
CLrel } B gmciﬂ. GREEX|MIEAR [CLAREMONT | 11| it
il = U T MISTHI\.E;R AT FUANET | ii‘ I qu

i Rl -7 BEREER i

;T_:_I_l

bz
{HRENABDVE 1S) N.GAEH.LEL DAN.
#40 .NT:-INrPc’,JﬂTiON ENTIRE!

UARETRILES' DID NOT| &

=

rs

1
= g THE FLODDS| STUGI
o B

3

W
A
R Za
46:;‘?514!?1!0@..‘, IS
O s rrenl
| il
- | appgo

'{”’iﬂ‘ furT,ru:I ;7‘ ‘
3




PLATE 9

Al i Oy

#

T

€14 Fvdl

g S

IR
£ R i gy
BUREAY OF RITLA.

T T
10 HO 1

2JONNH: Y

e )




TOTAL DRAINAGE AREA_ _ __ oo _._5140 SQ M.
AVERAGE RAINFALL DEPTH OVER AREA - i

INCHES -
INCH

TOTAL SSTORM s e e e efe " o RS

( SURFACGE RUN-OFF)_ _____0.46 -

AC-FT

OFF FOR PERIOD OF SURFACE RUN~OFF._ . 135000

AMOUNT. EFFEGTIVE.

TOTAL RUN~
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1

INCH.
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River Sand ond Grovel

Velzonic Braceig

High Level Sand Grovel ond Boulders,

Fangiomerate,
Sendetons and Congiemaraie

Sendatons ané Gonglamerale undar
Light Covar

Extrusive Basnll
Oldar Flows ot Boralt, Andevite , ate

Agglomarate or Braccin

Fosite
Steike of Coversd Faylt

Dio and Strike of Sedimantary Rocks
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Table 16, - Synthetic distribution - sraph nercentzges for &
drainage area abcve Box Canyon Dam site,

Time Intervel Percent
(Hours) of Total Volune

of Aunoff

/| 0,2
2 0.2
3 0.2
L Sl
5 17.8
6 , 12.9
7 11.8
g 8.7
g 7.6

10 6.0
11 5.3
12 L5
13 37
)] 3.0
15 2.5
16 2.2
17 1.6
18 TaZ
19 1.0
20 0.8
21 0.5
22 O
z 0ol
21, Ouly
25 0.2
26 0.2
z 0.1
28 e
28-29 .1

ceen no INaX1unam

B C by i

& n O
b4y e

e
i




Basin, with respect to exposure and source of moisture are similar to
those of the Hassayampa River Basin, it is believed that by trans»osing
the Pecos storm to the upper FPassayampa River Basin, using the szue
metihiod of cdewpoint and averase inflow barrier altitude difference zdjust-
ments employed by the Hydroueteorological Section, a fair estimate of

a maximum probsble rzin storm would be derived, The average inflo
barrier for bothethe Pecos and the upper Hassayaupa Hiver Basins coe
found to be at an elevation of 4,000 feet. The ma:dmum surface dev-
point for the Fecos River Basin was determined to be 79° F. (1CCO
millibars), The maxdiioum surfacedewpoint for the upper Hussayaupa &
was estimated to be 74° F. (1000 millibars). The design storm being
an exact fit in relation to the orientation over the drainage arza
is an extreme rarity and is believed to be improbable. &n estimated
adjustment factor of 85 percent was used to account for this misfit.
In transposing the masdnum possible rain storm from the Pecos to the
upper HassavaJpa River Besin witl the use of dewpoint and average
inflow barrier altitude cifference aljustments and also the estimaied
adjustrent zactor of 85 percent, &' ri:duction factor of &0.L percen:
was derived. The resulting area-den:h (6, 12, 18 2@ end 36 hour
duraticn) and denth-durstion curves of the : orohable raln

3

storm for the uppesr Hassarsmpa fiver Besin are showm on dra Ang No3.
FH-11-46 and H-11-47.
Reinfell intengite erns. & unit-time of one nour (apurox-
was selecied &3 the smallest time dnterral

develo ring

£
intensiti :s would
of

recguired
;,,

- .
hie depbin—

grot b I# WSS urstion eurve
of the maxiyw- ;roba » rain 1 ooa drawing No. 3E-11-47, the in-
crement asmeiunts 1 3 cr succeeding unit-time period wire
determined. By using ¢ listribution graph LLJLlO?pd
the paragrash entitled Sz hal s = guide, these unit-time rain-
falls were arrenged into a “critical zattern wvhieh would glvc & mR-
jmun rote of rurof? £t Box Conyon Dax site. The design reinfall
pattern is tebulated in colwmn (3) of Teble 17 and shown on drawing

No. 3H--11-.8,

Prrecipite e hyvdrologic recerds for ths
drainz ;e arca ‘ sre ipadeduete to permdit 2
study of precipitation retention r s which could be used 2s a besis
to det,lu_Ju ground con c;+15“5 that are conducive to maxdimun runoll
in the dra ; However, & i’Oﬁ r.tes (ru.v.hlﬁ“ wit}

4 -
\

ne gI‘hL;.f‘-d L‘Lnk’r__‘

wdy of tihe
surfac: sol ¢

an adjluecent

draina rich retent =t j ecn detirmined. n the
Bill Yiilliems REiver Basin y unit —pre: &, wsis the Februcry 1937
storm i ' : rabentior w2 dnches zer hour
during - o= r;in was nsLVﬂ»st over the aref.
Bascd E1s O deterrined by this unit-greph ancl;sis;
it was estimated t tl rvtention rete would be 0,27 dnches
per hoa for the E: iven Dam site,

134




M

.Lﬁ;ﬁ~g

raﬂl
STOR
|t

pmizona |

ol
ion

rREINT]
Anat

oL

Y7
l |

.

R
PROJECT

13

.
CEPTH

MY OF

OANBLE RAIN

i

EUBMITTED | .

PPROVED

GITY, nEV
il |

2

£,

C | UMITED  SYATES

SAYAMPA
rd

puis

AN

KK

—RECOMAEND

S oteany

‘ Aeru‘M

aHsoKED R3]

J:m CEn

B dThh S

e prn] £
fyfe

......

- =

- RS A

= 2

mu.m\.m.}}ﬂcw il

Tress

- .”:w“mmﬂ

=4 i
DN~ i

w1

et ¥ Hech o) SU LT O
s e
4 4 3 = 3 I8 _ 1
| : i




s2hi

T
iere

58] E3at bl

l

MAX. 1
AAINATE
DA

'HAS# AYAMPA PROUEC "*AMIGJA“ kL

PE
PROSAD]

E
Jwvoﬁ

M FO

. C

i;v ] c—_-1.»url

BOX

'OFl REGLAMATION
ER CIT Y.~

!;V‘H

ABO\

DURATION CURVE
E

COLORADO RIVER BASIN

| seuREA
AYE
j:'E"RA

_ARE]
3H-11747]7%P

g Miles| |

f.¢ nyo

NOTE

98 |Arep cbovel Bo
Site is|422 Sgual

|

| brping
§ Dumi

i

e

“JIME IN|HOURS




(v

(2)
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FABEGHEAE 1 Dzsign 3A5E ToTAL
Time of | Pattern Ratention | Effzctive RUNOFF G e i___-u&'DE_L_
Inierval Bainfal 1 | iner. of . Rate Rainfald FrEnas i Gag. Ft. | Secs Pt | 6o Ft
| zainfatl [ ! :
{nours) {{nznes) T (inches) | (iscpeg) L i I P
j =- — : o
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17 t 13 ! id 27 i 2 ! 152,470
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Explanction of itumis in regord to Toble 17 not uxplaoined in test:

Cola (2) .

(8.

(7

)

From Drewing 3H-11-47
Acprusents the multiplicction cnd ccecumulotion
of Tebly 16 with colwmn (5)

Colwin {6) x 422 x 6L5.
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Base flows 4s considered in this study, base flow in the streams
during rlcods consisted of water which percolates into the ground >
durlng tlie storm and flows bereath the surface to the streams, in add-
ition to the ground iater flow due to prior rains, Unit-zraph studies
of the 1937, 19.0, and l9a1 floods indicated o maximum base flow of
apvroximat ely 0.5 sec eel, per 8o uare miie for tihe Bill “illiaus
Pasin., By comparin seology end soils of the Bill v:illisus ard
the upper Hassayazp sins, it was estimated that the riaximum base
flow %o bte expzscted for the drainage cbove the proposed Box Canyon
Dam woula bte 1 zecond-foot per sguare .aile, For the duration of the
soillway design flcod, base flow was assumed to be at a maxizmur at the
beginning of surface runoff apnd to remain constant until the end of
surfece runsfi.

Saouwfaell, &t Walnut Grove (elevations 3,469 fect), near the
center of the tributary area, the aniual snowfall averiges oniy 1.23
inches) and &t Prescolt (elavation ;,),A;, sonie four miles porth of
basin soundary, the aunusl sverace i3 3L.8 dinches. wxcegh on the
higher peaks, tle snowfzlls zre not severe or lasting, seldem remiining
on the ground over a few & g bits seldeom cccunuleting to
depths of nmore than 12 to 15 inchs Snow=::61t wis not considereu an
appreciable fzetor in the s-illwa i larze flood could
be caused bv rurcfl o riw*ﬂ*f_*& i cnd snov-melt
during the rwaths of February throtsh agril, bat & flood i the mug-
nitude of %ha spillrer u~5i;n flood would w*rw’f S Feanfell
the suamer rai 8. baietad mr01wd
long =ftsr znd dreind off,

=

.

Al
r derivad

o Way (i,
awstr Dl—

desigr rainfell
tion greph and = . 3 :
which has a pezal: discherse of 153 .4 zeond—feet wr ‘e:lf»d for the
Box Cenyon Dem site os
cre stowa on Takle 17, & sumpery of
is given on arzding Je. 3H-11-186.

(Hozen licthod)

s

Freguiney snelys

Probohilite studies of perk 47 achorgs 3 3 he paucity ¢f run-
off. recopds in the i L 1 prot
study of i
Howewer,
enalysis was
for 1l draincgys, W
or tiore cnd cre leezx
The Bill Willieoms
generol roegion tho
of skow variztion were gorrelitad znd e
overize g wrdction coefficisnt couls
generzl region, The :wercge covificient of
were L.70 cind 0.G0 r_o,,cmlvbl" L* ;u¢ns
the vse of the nLs

g Moda,

Eis) ln;ir;ct
«;d mrl.tLQﬂ Ve ‘:turminpd
1us of 12 cons et vy
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of peck dischorgus ot Box Conyon Dom site wos determined os showm on

drowing ﬁog S5i=-11=49, Wrob“blu peck discharses ot Box_Cwnvon Dam A
crsus various frequoncies, cs indieated by this curve are tobulited

os follows:

et

Frogqueney in Yoors Proboble Peok Dischoree
(Seeond-fuct)

5 15,900

10 22,000

25 30,300

50 37,300

100 L4, UC0O

1,0C0 70,500

10 000 {csswacd to represunt < 103,600
meadnun sreboble flood

i - - 3
¢ Curve Lnolysis

T

Envele

Wi

Eavelooe eurve of peck diseh sS, K11 cwveiloble rosdmun erO“dbd

flood discinrevs in sceont-fuot for stre.ms located in the Bill .

icms cnd Gilc Adlver Bosing wore plotﬁud sgainst their ruspective
strtions. Drowing No, 3E-11-5C shows'

.l

dreine e orets fhove thy ¢ ;
thuse coints in their relctive rositions .nd on envelope curve through
the meximum dischorgsss Deseriptier of the rpcorﬁud digen: . rgis Ciifi-
trolling or supporting this wnvelope curve cre given os follows:

»onite Reefy Arizona (peint 392
i 7 vestucrd Tlowi ing tributor:

s with its mouih 1OC«tud cboi
-ks% f Phounix, arizona. The

dct*vf ELt pueck runolf wos oy 8lobe
meosurerints, Wis meximun dischorge wnich
resulted from mrlting snow and cxtensive roin-
fz11 ocecurred on Februsry 24, 1891, cnd is be-
licved to howve closely approached the meadmur

probrbles

s

Selt River bule Bh ix, avizony (point 43 )
The descrinption =3 elso cpilies I Pes
It is net known .ok dische Yoy 15
the result of < ts or boswud on
slony MelLSUTIL

clmam disehorge which
resultod from o

pad oitberisive rednfoll
geourred inm Februoery 188 ond 15 belicved to
hove closuly o : mzatinum probablé,

‘d

bv{:rr
Wigia) pobien
Bl

The

Yo Munsurd—

of tnu 3;u“ River
imctely 10 miles

Aiwver hlty¢s the S“ﬂ
dutermincotion of ru 7
mnts, Th. flood morks 1ttuuulnc this cnormous

: L1
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runoff ore umdstokoble ond were verificd by eye~
witnesses of the flood vho wero prescnt vhen they
were made. This muxdmum poak dischoree ogeurred
_in the Qctober 1916 flood, ond is buliowved to hove
closely opprocchicd the moxdrum prot:cble,

K. P. Crock ot routh. arvizone (point 74): 1/

{a Ps Creck is 2lso o southecstucrd flowing tribut-
ory of the Blue Rhiver with its mouth loetted cpprox-
imately 37 miles upstreom from where flie Eluc wiver
enters the San froncisco Rivers It is not knom
whithor this peak dischorge is the result of oxact
reosurencnts or besed on slope moosurcnunts; how—
ever it is probobly the lotter. This mexcimum dis-
chorge occurred in thu October 1§16 floed ond is
belivved to hove closcly cpprocchud the meadinmm
probible,

|
B”“r Creck ot mouth, arizors (noint 75): 1/
Bocr OrteX 18 o Westwsrc i owing tributzry ol
upper Gila Rivb‘ with ite nouth locut .d neer W1ifE,

£ 1he

Now Mexico., £t the time of the flood, Septuniner 5,
1897, the irbln.qu Lpet woE fbout 15 pbrCGnt drbered

proctically demided of sod pretuction cnd bod .y
J

srodeds ihethe= this peck is based on exoct rueords
or on slope meturcanents is not knowmn; howeves, 1t
is probebly the lotter. This peck alschirge -8 the
highust of reco?d in cny ward of the Gila Rivar
Bosin for oy droin.ge compareble in siz -
It is Believed zhat this flood very clessly iprodch-
od the meodtm Jrobub

F-
L)
81

The runoff choroctiristies of the foregoing irzin:wus &rid Lhs
upper Hossoyompe niver Bosin zre believed to be comporsbles a8 tac
moxdmum dischorges which eoutrol or suppert the Lﬂv;lojb cHRvVe D3
bosud upon ot tlnupus, the Qegrten of ceourser of thess polnts is nob
toc nighs By cotbering these Jgints vwith Cre CgLTS GIY relope CUIVY Df
mesdmmian pusk discherges in the Unit.d Btotos &5 of 17 ak _/ Lhd tikin
into comsideration fhw :ccu”'c" of puck discha
locetiion, =2nd cluvetion of fhe gbove-—r _ti“ﬁ
licwed thet on wvelope curve possud
shovm on drowing 3H~11~50 would
the draéinzge arcz sbove the proposed
appro:.ch the mozdmum probvoble Ilood. curve indicide
g mozdimus flood nuck of 163,000 sceond-feut the Groin.ge crel of
422 souore miles cbove the Dox Cznyor Dt:131iu.

1/ Gila River Flood Control by Frank H, Olmstead, Morek 3, 1919,
Serizt e Docunment Ljéa

2/ Enginocuring for Dams by Oroz
Edition, Poge 126,

o, Justin cnd Rinds, 1945

o
=

ot
5

- 14




ZREANANN

[

FD

GARD

HE

uumfﬁ-

QR

Five

URVE

ENVELOPE

MLXIMUM RLUNO

2 M

o2

ik

lapy

1#=22 |19

= FER! (Th28

8,

vER

| B

N

AR B R

)

' it
FLoaD |
o

BASINS|

|
7 A e

NA'

g"
i

j%;

L

T
AT

v
0JECT-AR!

ECLA

F THE
A
IRVE OF MAX A

. aeeko VED.

AFTT AEY,

OFF - VOLUNME
LIAMS! RIVE

AU OF

ENT O

UNITED STATES

OEPART,

2
HASSAYAMPA P,
i

ELOPE

L

3

BUR

i
A AND Wi

”_il‘@wn'

7 @ ¥ 0,000

s .’:R-l




I'D

v lone eurve of runoff volumes. 1l oveilcble meximum roecorded
Cvalares 1n cere=fuch r‘esultiag from single storms ror str..aus

Bill "illiens crid Gilo Jdver 3usins e ;:lottc.d :,z;
% sl ¢os chove the goging stotions. Wrowing
poinis in thiir rpelotive positions .:.m on
i the moximun yunoff columes,. Descr 10
rolvmes comtrolling this eovelope curve tre

Solt River ot Gresi¥e Ruof, s¥icons Cogint 210
The Szlt diver is o westward iflowing tribut ry
of the Gile diwver with its mouth locctod Jbout
12 niles southirest of Phounixy srizenc. The
noint of Becsurcnuit; Grondte Reud .L‘L‘.hl, is
lecotod just buiow where the Verdoe Liver onters
the Sclt Hwvere. This rxiiam roeeiPded rmwff
voelum. which rusult.d from melting snow ond
extensive reipf 1l occurrud during the 10 doy
5

soriod Pubruery 17-264 1891, This flood i

'

Poliviod 10 cnpoich the b probrile.

ss et Ge C.H_
Llj.s N e T

%1k
R o 5 ™
1 &
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w o ollwe
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o
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6
o
(@]
.
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4
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=
2 N
19 ok
I 36
i)
1
(03]
O

selet Februspy _L_?Q, l;:, e It is beiioved
uhu runofl voluis rosulti: 1z from o 2 oy 3 doz oare
pain fleod ocensring In i

this flood of r.cord.

(b BUNheT

he ranefd Yhe 801t River rmd the o

Hiver drainsges 2% bulioved i oo compsrables 16 13

. yunoff *-rolvr.‘b fo*"
arar Dom dhot vould (phBd
nvelope crrve indicatus ¢, mrdn
Grodifege ardn of !.-22

HI o
C sl oS b % o -~ - -1
cuwmesy of whedyees ond sdost su Ueslirn rloogd.

The followins +eble is - ewmms re of rusults obboined by metleds '

s i 1 T Yo
Hetlod . Pyez bl Hpzo, Brohi-ble
Puzk Dischor-w wnoll 0 une

200 1365500

Unit Gromia kaclysis 185
5,000 1u6, 00

Invelope Curves 1465
rooauticy knalysis of




The unit-greph -nelysis is on oxoet dotemiinotion of
runoff rotes, "nd voluwi-s. ThHe wiivslope curves and >
of purk Jischorz.s orc cheek or gporoxinote athods of the diterninme—
tion of ixdmm orebibly putk dischuerges cnd runcff wolumee. The
s3illwoy dosign for Box“Cinron Bosin hos been bosed on the mozdrun
prov.ble flocd hydroerenh coerived by the unit groph on lysis znd

shown on ércwing o, JH-11-42. In mcking the snillwey design routing
studicvs, the ruscrvoir hos been considured full to consurvition sterzge
level os the design flood is cporozching,

FLOOD Dii..Cad

breo cffectod by floods.

The town of Yickenouryg, with & popu
loectel just bulow the junction of Zels wush ond th W
In tim.s of uktraome flood port of1the tovm would be d. s wiuld
tourist courts snd oLher duVulOpﬁunts onn tlie ocubskirts, lnCLuOlN” the
scwage Gisposcl plonte & r:ﬂcl of the itchison, Tolheks -nd Scnt w e
Roilro:d botwewn Phooniu pibure blhe Tloed loin naCr
Morris:own,; crosscs thic Messuprmps Fiwer on o stedl Lruss bridge, —id
follows &long the west sl the river for o distbonee of elpkd cilus
to Wicsonburge The foc of the railyosd fill in aeny “l"cu% botwesn the
horrissovm bridge ond viickenburg is in or nuor thw streim ohe w“ui
end susrjwet to floed doangs. dSibruw floeds would ;lw
bridge cppreceh cud 3 e 1 d

ulation of "‘DOU.t l CQO i@

Stends clofig the oot sits of the

Tickenburge Sovere flogds weild

Wkt
river “bowve

gdene 41 por n Pilghwryr el the bridec.

shout two bundr.d
rrll zosoline~nowered

punpir g plents 2n &l lood nloi: s epevJl plont 1s loetded oo the
perk 3 o '.;mcur'z’;.ur_g ¢ Hock its doub',
the river +the deuthur: Peeilie hiil-
rocd, U : i Jaterals from $iw Jessew. it ond
hfllnr- OGO seres of ivpigoned lunds e o1s0

Iocrds i mnel. &11 thuss INproviiints &re sub)eet

e =

Teble l:';.
d:.fll :—r\JS ff:r k 'L". i}




5

Teble 18.- Swmery of evclucted floed d..zus in
' ' bogin, below Box Cinyon Dom

=

Yeor Chercetor of Domige amount of Drac:

1916 Dustroy.d lorge pumping stotion,
conercte irrigiiion ditches, nore
then 50 wsopes ‘of cgrieulturel lind,
underground nipe lines :nd foncas $ 20,000

1927 Uistroy.d pumping stition ond

river juttios by GO

Sol
Al

o LG

653

Zekonbury 2,CC3

figimgay 1311 2nd river

= o)

So
Juttice § mil.s seut: of Heken-
o

1455 Demage to ronds fent Wickenburg 4,0C73
ose of
mn of sond

58 "GAIn 3,689

1935

fd

“

L)
o~

r_l
B
O~

1920-1936 Demdge to reilrecd prop.rity 1/ 112,609

Q o 7 P T - o S o, =iy R
1919-1936 SroElen 0f E0 sgrues ol imoroved l-nd

1920-1936

1/ wdditionzl floed daincge, the reir of oecurronce not ko



Flood d
belovr:

Yoor

1917

1917

1918

1219

’_,J
~0
)
O

=
O
ol

1927

1924

l— J

)
0
~

-
%0
(OS]
=

1955

L=

anmnpes for which ao veluess could be obtainud wre listed

145

-

horpcetur of Domoes

Weshud opt wedlrord brid
demzged cnother

w o ngd

5

Dustroyud concrute well, irrig: tion
ditches and scotired Gewp chvitnel
Nwor H0Pristov.
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Potenticl Flood Drmoszes

The Corps of knsineers olso mede o ficld exoeminstion of sthe Hussi-
yaupr, Biver between 3ox Comvon Dom site cnd its junetion vAth the Gila
River to deterudne the arse thet would be floodud the volue of imnrove-
ments within the flooe plain, (nd tiw coount Of demnge ‘titot would oeeur
with large floods,. To odid in acturmining the flooduu srel, 21 troas-
verse scetions were surveysa ot critiesl intervels clong the river
chennel cod stoge-dischorge euefus prepored for cach. If wos fouad
thet the cree of river chonnel wes 4,100 eccres for cll floods ceon-
sidered ond thst the gross sres flooded varied z2s tobuloted bolows:

Peok Red
o E)\-{F

(5P} \...:\.

Gross Aread
Flood.d
(acres)

15,100
15,700
. . 15,200
13,500

figods cre shormn in Tible 17,

Dam s: te
stiudiveg

vas o enared :
ber o:' occurrerces in one

=
\n
(@]




Table 19, Probable flood daares
Hassayaupa l1ver pesin.

Type of Demore

wotimated prlood Danare

Realdential

Business

Industrinal -
Grewvel Plont

Public

Flood Control

beviowlbuyrel —
Lepd—-grogion
Releveling
Buildings
vachinery

f.-‘.j"‘ i 3

Livestoelk
Trrication lorks
Hishways & Nocds

Brid: ey
Hallroads
§ %

B0 dpi Bl €< ]

Utililies -~

wlectrie fover

o I
e

Value : 76,000 0_77_)”__:——fiigﬂm c.f.s,  : 10,000 c.:.JT' 20,000 c.f.s.
: Direct :lndircect: .irect lIndirect: Liixﬁ@ lLTCCE' Ulik(t :indirect
p 35,000 5 26,000 3 9,000 =4 17,000 +§ 6,000 4 16,000 % 3,500 :$% 5,000 :¢ 2,000

16,000

5,000

:;, QLG
9,000
16,500
173,000

50,000

}f‘, QUU

0 ¢+ 1,000
@ e €]

500 = 0
L.GUQ : ]
LE U0 . 9]
1,400
“YOU

f;, L'\’.’ 4

250 ¥

15,000 : 5,000
l) Vo] + ZU(.'
16, 500 50U
56,000

150U0 3

l?)_,U

b ], Lo =
:j,fx) oo -

4000 3
2,000 .
(O
500

2.600 -
Q00

35,
Jath) 3
1,600 3

12,000 3

500 =

13,000
11,0060
O, 000 ¢

i 3‘! 5 QL0

1,400 2,500
700 ¢ 1,000
- 0

O
0 = 0 s

Q.
0
1,000
500 1,000

A GO 2 7,006
100 . O
200 5 500

2 5060 %

1. 50
15,000

25000 3

7,000 +

30,000 ¢

5,000 ¢ 7,000
- 0

400

: 500
2,000 :

1,000

11,0600

QU0 s

LOC Qs
e 1 0O
Q @ 2
O 300
6 3,860
700 = 1,000
L0 2 500

2,500 1,260 =

G O

1O 3 0 :

1,0C0

: - 5,00u

2, Lo 3 P 01018
@]

e

ap s se @

200 Q
5G0 Qs

1,000 ;.

2,000

Totale "72,;?3 . 93,888 . ;;:,:;;/. 55,300 & 05,000 1 22,200 AL,)UU 5,900
wh66, 300 : R2L6 , 500 »108,000 ;A $27 , 4,00

| A oy
Hote:
|

£

jox Canyon D

1 site

Data supplied by Los

ingeles District, Corps of dngineers.

Discharges represent peak flows at the

»

'



The floods Iron the various sub-drainages vere determined by the
Corns of qnq negrs by sujerimposing & reinstornm over the Hassaram:za
Basin ecuivelent to 2 TE,UGu szcona-feet eck discharge ut Box Cxzuyon
dam site. Tue scherge of these derived floods are tabulsted
as follows:

Sub=droinare rea Peal; Dischar-e

(Square miles) (S cond~Teet

Hassarauna ibove Box
Canven Dam site_ L22 78,C00
llartin=z Creck 121 21, 90
Sols \iash 178 13,500
San Domingo WJash 1/ 121 16,90L
i j h 2 76 19,400

Peak dicrchargzes of 105,000 second-feet on
Sels t2ih at lickenbury end 90,000 szc
supering-osing the sbove-mentioned sice
Ingineers by acovnil.ting the derived floeds for the sub—crai:
and mak:ng due allowance for chanmnesl storsge 2nd time of travel. ne
mean peix Gischarge 1 i T elso determinaed o be
97,500 tecond-foet flow below wickenbulz
and mouihn of river;.

Wi~h the use of this Corps of Irginsers +1€7 &s & b&sis, the prob-

ble f£icods rom «ssociated wit
icusly Boe siﬁa oy L
flood m-al: Tick'Lburg .ad, €
estimat«d 3 lagted ek rite
for on wneoncyeiled fleod (He o f_n_nct rild) at

Dem site,
wickenbirs:
be: Ll
the flowd ca
60,000 end
ing teial cham i:ru;us &8s given in

r

dischorpe~crise-c gurve infic.tes thoot o 76,000 sceonc—
trolled ficod i izl o mwscn diseh.rrs
of 97,500 suae rusult in fleoed da

of Vfdu,Jor

& Suche iles
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Teble 204 Prob:

tble flood donages in Hassoyompa iiver basin

Box Crnyon Dam not built,
(1) (2 (3) () (5) (fv) (7) (e) (9)
Prob. iioe :Uncoutrelled:Uncontrolled Outflow Lrom:Cutfiow PFrow:beile flow cJeik Vlowskieen Mlow
of Uecoury, =2 Puplks :Fusle From Denulinrtineg Ure.e  bols Wosh : (nt :(touth of': In *
Tn 100 Frseset Bin Ot (ot {ink g {5 :flur‘nburg) + iivur):Dumagy areer Damege
: swicknobury) sdickenburg) slickenburg) o . i g
e T T s (SucaE. )t (BoCecihe) ¢ (SuC.bhy t (BeCeaibe) t(U.C.oFL.:(Soc. LY (Uolizre)
Mex. Probs 163,000 ¢ 165,400 4 49,300 5 31,700 2ho,h00 ¢ 211,200 + 230,000
.06 : 76 UUU £ 70, 500 : 1,000 4 3.3, 506 : 105,000 @ 9C,000 : 97,500 :  L60,000
b4 C /(,~~ : 03300 183,260 3 21,100 3 95,500 : &O,100 @ Go,80u @ 352,000
o 2l - 60,000 Gh, 200 ¢ byt ¢ 10,4000 2 GULEUD ¢ 69,200 = 75,000 @ 243,000
« 57 ; 50,000 45,200 13,5-1 : s700 s €7,406 @ 57,600 ¢ 62,600 : 170,000
RIS, : Bl 000 b, D00 s 15 S : SO - 8% 906 1 [O,20G 3 50,000 ¢ 1U8,u00
139 : 30,000 3 27,100 6,100 5,200 LOLWG 31,600 + J7,,Ub : 63,000
2.50 3 Q0,000 2 16,160 : 5 54,00 3,500 7 20,008 = 23,000« 25,000 : 29 , 00U
jd.jl £ LG, U G, oL : 2,0 : 1,700 : 13,0006« 11,500 : 12,500 6,000
Lo h9 2 5000 by HUL 30 - oul) s 6,700 570U 4 6200 3,000
Mxplanation:
Colzn (1) and {2) taken from papre 13.
Coiwm (3) is Colunn (2) x .9ulL
Colwn (44) is IO]]uﬂ (2) x 959 % 51,400,
Codun (%) is Celunn (2) x 31,700
163,000
Colurmy (6) is Columns (3) £ (1) £ (5).
Column (7} is Column (6) x «&57
Coluun (8) is Coluuns (6 £ (77)
2
Column (¢) is tuken from druwing No. 3H-11-56,
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by the crec under the curve is $1,440,000. The avercge cnnual flood
demege is 14,400,

Regulztion cnd Benefits

Sffcet of Jox Conron Reservoir on floods. The onercting gronl,
(Drowing No. 3H-11-52, poae 97) is based on thb Lssuﬁot’on thet 10,000

2
aeru~fuet of live storcoge copecity wrill be rescrved ot cll times for
flood control. sdditioncl storoge will be ef;uculve for fleod centrol

£
purpescs os follows:

(a) 76,000 cere-fcct of superstorage (uncontrolled)
cbove the spillwey erust, up to the hish-woter
line (PL62.6 Fuct) OCFLrWLEF with the msdmun
probeble flood,

() Verichle ””O“Pta f irrigi;ion storcge copocity
which wmey be wier
Vith the rescrveir opoercted os shown hereln, the ircigction storoge
eepaciny would howve controll.d -11 flocds wxgupt throe of the flocds
record:d during the noried 1916 thioigh 1945. Spills vould hove
occurr.d totsl ing 16,600 cere-foct i1 1920, 34,900 sere-foot in 1922,
cnd 5L,300 cere—rfect dm 1627,

e
=

.

Tie lorzge spdll in 1097 cccurrel buciuvse the TusSeryoir wos Srrox-
imotel 7 throe-fourths full rt the tine of one of the lorgest fioous
of reeirds Lvin 80, the cwviilcble s:iorige cup.city ruduced the flood
inflow seok frem 27,100 sceond-fuut o o nmoadmum ontflow pesk of
5,900 suecond-iuvit.

Opcrction studius ef Box Conyon Busurvoir showr thot, with th
assurction of full irrigation stora:< ot the stert of the flood, “then
the spillwey dusign fleood is routed through the resurvoir, the mog-
imum cutflow is 69,700 sceond-fucts

use ot fixaddmum outTiow of 49 700G sveond-foet from
Box Cznron Rus.rvei su\tlvv from o mocdmum ?;ouvolb inflev of
183,0C0 Schnd-invt m;d the »uak dischurgus oss OCA tud with this sone
genercl flood thoat were vstincted ot the mouths of Hortinuzg Creuk
end Scls Wesh; the resulting peck dischorses dowmstroem from Box
Conyor. HeSurvoir wore cstimcted tnd pe tebulstud s follows:

j i
ri
o
J
.’J’J

-

Below Dom site 69,700 sceond-fuct
Below Sols Losh ot aickenturg 144,100 sccond-fuut
#£% mouth of river 123,500 sceonu-fout
Heen in flood domose oree 134,500 cueond-fuut
b SEx8. In Ti 1 crv shiovm the ostirmoted p,ck
L controlly od (3ox Cenyon Dem built) ¢
the Bex Conyon Dom site, bilow Sel t Vickenburg, at the ;utti

of the rivir, od the nigtn

W ot subjeect bto flood dimoge




Table Zl.- Probuble flocd danwses in Hassayauna liver basin

Box Cany

on Dan built.

Ve

TS SRS

1)T0b 5 I.‘ID .
0f Qeceura

In 100 yos.:

.
oy \
s (uk‘.(.‘- - L' [ n_)

: 163,000
s 75,000

70, 0lU :
: 60,000
BO0C0 =
40,000 :
20,000 2
20,000 2
: 106 G0V :
! 5,000

.(.)(... =y JL )

69,700 =
20,100
17,006 =
13,200 2,
G700 2
6, 500
2 On
o G ol B
1,500
0 3

;L\_f.l]"#.)'.(LJ S SR (Y

(23 (3) (4) (5) _{6) (7) (£) (9) (10)
sUneontrolled: Controlled :Controlled.Cut{low From:Cutilow rrou:Peak 1"low :Peak Plow :kMean Flow -
«'enk at Box :Peak at Box:Pezk From :Martinezm Cr.:Sols Wash (st : (liouth $ In :
Canyoen Dum  :Canyon Dam :Dam (it s {1t (st :hiickenburg): of :Damage : Damage
site Site  :wickenburg: wlcknnhnrp) thickenburg) : (River ahEd ,

s {(3ec.-It.y

S Be0s =V by )

(uub«-rt ) (Secn+FtT):uoiiars

63,000 L9, 200 31,700 ¢ QRL000 5 123,400 5 134,400 2
18,200 21,000 13,500 @ 52,700 1 45,200 @ 49,200 :105,000
15,400+ 16,100 12,100 = 45,600 : 59,100 :  42,6C0 : 82,000
11,900 @ 16,200 10, 400 36,500 1 33,000 ¢ 35,900 : 57,000
8,800 = l},Sub 5,700 31,000 26,500 ; 28,900 : 37,000
5, 990 - 10,500 6,901 ~a 3,000 204 200 2 LQ,LMO ¢ 24,000
250 f,li? ;,DCL o 25,800 ¢ 14,200+ 15,500 & 11,000
1,200 95100 3,500 ¢ 10,100 8,700 4 2,400 «+ 5,000
0 : 2,700 1,700 Ly LOU 4 3,600 : 4,100 :+ 2,000

: 1,200 P VO <5200 4 1,900 2,100 : Kone

mxplanation:

Coluin
'Columﬂ
Colwnn
Colwin

Colunn
Coliimn
Colummn

Colauan

Colwuin

(1)
(3)
(L) is Column
(5)

3) x J9UL

Y83, €
(6) is Coluni
qu UUU
(7
Sl O S
\)1 is Coluwin
(9)

o0
(

2) x 31, 70U

\!J % O5T

is Columns (7) £ (8)

2

j and (2) taken from pare 150
deternined by reserveir routing study,
is Colum (2) x ,959 x 51,400

is Colums s (4) £ (5) £ (6).

(10) is taken from druwing No. 3H-11-56.



3H-11-556, shows thet a 78,000 seco d—fv,L flood at the Box Canreon
Dam site, controlled by Box Canyon Dam, which is equivalent to a mea
dlSChd””e or 49,200 secqnd—feeﬁ in +he damage area, would result in
damages of $105,000, The amcunts of damsges that occur with the -
specified floods were determined in this manner and tabulated on
Table 21. Plotting the above-mentioned damagze values as a Damage-
Frecuency curve, dr~w1n: No, 3H-11-37, shows total r631uuﬁl flood
B
i

Application of the Discharge - Demege curve (see drawing lo.
£

Q g

danizzes in 100 jy2ers, which i1s represented by the area unde
curve, of ,2.7,000, The zverage annual residual floed danag_
W2y 470,

e
S

Flood contrel benefits, The reduction in flood damage along
the Hassayampa by onerali “he Hox Canvon Heservoir with a flood
control storage of 10,000 acre-feet is estinated to be 11,930 annually,
as follows:

avVerage anmual date DL, .00
Residual aversge anaual g Jege ”;tn uonLrolled
flow ‘ 2,70
Reductim S11, 730
Mo attemnt has been made to eviluate the effect of the Box Cinyon
Reservoir on thie Gila River . In wiew of the large VOjuLQ" of
2l

& L 5]
the Gila floods and th= : o 3;'11 a;ount con;‘iouia‘
draincge basin zbove the
1

belisved to be neglipib

Capitalizing 11,330 at 3.69 parcent {5C years at 3 percent
A . . - - - noch
inter«st, indiecates total {lood contrsl benefits of 307,000,
PUHICTIPAL wel BERBUETE.D JaTiR SUP:LY
Presert Develonment

fresent develcmment is lirdited to & few deen wells in Wittmain-
bit

dtudizs of probable farm nrog indicate ¢ nrob-
ably be about &C farm units on thne orojsct. Provi nade
to supnly dotezstiic waler Tfor about 400 peonle on end an

equal number in the »roject towﬂ, & totel of
cover the population growth o '

e T

gener
[RE=TaN § L_ 3 4
Sy

Water Requir

Qay,




demand of lfé milijon ra;1onq or 450 acre-feet, The muwdium demand is
estimated at 400,000 gallons in 12 hours, While this rete of consumpt-
ion is highcr tiun normal, it is not considired pxcu531vc, in view of
the fuct that the town of \ickenburg puniped 242,612,400 gallons in
1940, or 637 zullons 2uF capite per day for the 1,045 inhebitents; &8
listed in the 1940 Census, Locel oflicials of wickenburg *ttribnfﬁ
this excessive uemend to the lurge number of tourist courts and tie
wicespread use of eveporutive coolers.

It is provcble that some deirying will develep on the project,
eénd the demand for watering of cottle, cleansing of berns, cte.,
will be hiche In any cvent, weter will have to be supnlied to doigstic
animels, which cie not an important fector in the Vickenburg supzly
ater will clso be usce for opercting evoporative cooliurs in the

project town cind on the fermstecds, Secsonel demands for domestic
watlr vary Ulduly he Cﬂ‘Su of thc climate., The June, July, end shurust

rionthl;” dunonds in Wickunburg re mcre than four fimos that of Jaruury;
thore Fnr-, he Luﬁlvbrx of 1ku ustinoted doily daicnd of LOO,U00
gellons in twelve hours will somstines be nocsssery 0 cover peak
locds, lio cefriled wstimete of the aistribution in vatur usc betyeen
the tovm »nd forms was @made. On the besis of evoilable indornuaction

it was ecssuwiaed thet eseh would use, on the oversze, about 5C% of 1hHe
water sunplicd for rormstecd :uid mur ieipol purnosus.

Potunt L2l Doveloniiunt

35 would be possibl. fer cach :ndividuel forier to srovide ks

own fo st wober supply Dy i1i:ag . well cbout 600 fict 40 pine~

drote oh z sdeition to the well, the ovmors

would 3¢ rucuilr Ld to erc egitipient ; orovide necd8sery”

gtovess feoilities, Bdy 7 ring 1 und *hg NotLsSsLrT uskKeun

ef the well end cguivonunt he iniiiel cost of o coupl.te instal a- {

tion. wt ceeh fa - 04, GCO based on tho 1947 cost |
index, Few sobtlers wvould He oble to moke sueh on outley Tor o Lirm-

stead supply. « dorustic woter supnly systum is; therefore, inclaided

in the origingl plon of construciion Zor the projects

rmter supply were considorud:

1. OebBeste wells foy wvieh 'nd for the proj.ct towr.

2i 'Group wells to serve 4 Iorrs cichy Seporite Well fcor 1ot
3+ Siaglc well ot aite ol wouwslizing PusS.rvoir.

La i 3 rrod T_SLTVILT.

acd bridge.

5

O p;llvUry of woher from proj

The epnroxinot
diffur,np nla" V.S
Wl
Tht.’S\;
“nd
r‘] v *‘ g

wou]u grn v Gl Trom

o)

T'"'l Plens L, 5, wnd 6
cherinelq




Addomestic woter svstem mmust be cssured o osupnly ot 2ll times
cIthough minor shertzoges in the omount of woter cveiloble fre permis-
sible. The Hossooomuo River, due to its errotic flow, doss not cpouar
to be 2 dependoble source of supply. duservoir operction studics show
thet during the peried 6f study Box Conyon reservoir would hove becn
drown dovm clmost to doad storcge lavel in 1934, ond thot it would
heve been ot duad storcge luvel for six months in 1945, During the
lzttur period no woter could hoave beun relueised to the domestic water
supply system, Furthermorc, it is prob.ble thot the subsurface Ilow
of the river would becemc neglizible during the laotter neriod. There-
fore, the devp well of Plen 3 offurs thu most dependcble source of
wocter Yor o donwstic supply.

Plzn of Duviloouent

Witer for both municipcl ond frrmsteed uses would be supnlicd from
¢ single well locoted ot the equilining res.crvoir sife in scetion
Te 5 Msy Re L Ve Wober would Lo distrivuted to coch form through
prossucc systoi, The slopu of the Iond is such that pumping inte thu
pipe lines would not be rugnired, ond the cutire quur7uLt on systen
would f¢liiwver the woter by grovity ot not luss thon 3C pounds proessure
per sgicre ineh. However, to supnly the highor one-third of the
projeet orus with wcter &t this preussare will negessitote an <levibed
stortg e tonk 50 fuot chbove sround sirfcee ot the rescrvwiire The dis~
tribut ion mains would be dovble~dipied cnd wropped stecsl pipe ronging
in size from 10 dnches to 4 inchus.

2

e

1

Frel““71%1" plans and estimate; for t'is systen hove been bezed
on the following assuaptions:

g. The equalizming reservoir will be a concrete tank, size 110
feet ty 110 feets It will be dividsd into two bays, esenr having &
capacity of L0O,000 g= Alon_, to persit storace of a +Po—dav supplT.
lﬂen ¢ne bay is be;ng lezned the o:her bay can be kert in operation

d provide a one-day supply. Chlociration eguiznent will be provided
at the reservoir but no other treatuient is contemplated.

b, The well will heve a den*h of 6CC feet, a sumping head
40O feet, and a cepacity of 56C gellons per minute, or l.25 secord-
feets 4t 657 efficiency, the pumping load would oe abont 65 kilo=

watts,

¢« The distribiution sirstern vill have sufficient capacity te
s from 10

LR

deliver LOO,0C0 gallons in 22 ”ouvs. FPive sizes will
inches in dianeter at the reservoir to four inches in Cizn
the farm unit, The estinate does not include the cost of COHJLCTLJD
the madin with the verious furm buildings, nor ihe cost of the towmn's
distribution systa:,

1690




Well and puwnping plant
Reservoir &
Chiorination eguiprent
Elevated tank
Distribution systam

Total (Pased on Januar; 1940
prices;

Total cost (Based on April 1947
prices)

310,000
20,000
2,000

7,000

160,000

$370,000




Plan of Revnayment

Provisicn of a farnistead water supnly for the irrigators is
deemed essential to sucvus:fWL Dy o;ect development., In addition,
domestic water will be needed for the project town and supportlﬂg
population; rvrovision of this watér can be accomplicshed most eccromic-
ally by constructing the municipasl and lTarnistead water ﬁuuPTf systen
as one unit. It has besn assunied that the projsct tovm and tlie
irrigztors would each use zbout 50 percent of the water, or 73 millicn
gallons each; and that each would be required to repay 50 percent of
the construction costs, or wl&J,ODO.

The porticn of construction costs to be repaid by the project
farmers has been considersd as coming writhin tlhe score of Eeclamztion
law and repayzble in L0 years without interest. On this besis, the
annual construction cosi to be repeid by the project would be abcut
w,éob. :

sonstruction costs chargesble to the project tovm would have to
be repaid at interest, however, anc a repayment period of 50 years at
three percent is assumed, Thereiore, the averzge ammual »aymert
requized from the town would be 57,200,

Annua 'l Costs

« reserve for repairs and replacements has been calculated ¢n
the bisis of the erechted life of - he viricus fecturss and assuntng
a rat.2 of three parcent inverest durins the repa;ment neried. Liese

caleulated emwity factors indiecste an an.ual cost ior this pProg:as
of 8,500,

i
.
=
m
!_!-
¢
M
Ha'
e
1

Operation

2 of “he system vwill arcbably requile

By 5

the eguivalent of t of -wo 1ren frem the irri ori digbrich's
organization, Szleries nlus minor maintenance e:pernditures ers osti-
meted to total $6,000 anrually,

annuial power recuirements f L5C acrs-feet of water an
aver&*e Wif; c; JOO feet are gstimited at 285,000 kdiowatt hours (=t
3 icipeted rvates in

snergy 15 estimated

apout

ﬁ“ﬂql costs for thz onperation and maintenance of the
cad water sunply svstem are sumiarized as follows:
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Ruserve for repairs and rcplacemsnt & Lh,500
i 05 3

Operation and m2intenance 6,000
Electric energy for punping 2,500
Total annual cost $13,4L00
Cost to project water users $ 6,700 E/
Cost to project town # 6,700 1/

Annval cost to fermers. The net annual cost of the farmstead
water supply would consist of the construcition cost and operafion
and msintenancs costs. In accordence with the plan of operation and
repaynient, however, these costs wou.d be considercd as part of irri-
-gatlon costs, not as a separate ite:,

.nnual cost to »roject town. ‘he total annual cost of municipal
9

water chargeable to the project town would be as follows:

Amortization of construc:ion cests ($185,000 :
in 50 years at 3 percent interest) % 7,200
Cperation and Maintcnane: 6,700
Contingencies 700
- 7,400

—_—

310,600

Bzsed on experiences and practices in this section of the country,
the waolesale valuce of domzstic watzr is placed at $0.20 psr 1,000
gallecns. On this basis, the value of the 73 million gallons supplied
annually to the town would be &1k,£€00,

l/ In addition, a reserve for contingencies is believed necessary;
such a2 reserve is includsd in the finzl cost summaries.,
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EGRICULTULLL =ZCONOLTY

PRISENT ~GRICULTUDLL UEVELORMUNT

Londs to be 1nc_une& in the potenticl project dres arc descikt
londs which hewe lipdted volue for grezing. Owing to arid eclimestie
conditions, dry-farming is not possible., DNerth of tiie project czrea
there ore cbout L70 ceres in siall scattersd trocts which tre irri-
goted from thie Hassoyoniva Rivers The severel asttemps which have been
mcde o promote on irrdgation project in the Hassayampa River basin
heve 2ll feiled; these have been discussed in «opsndix i

H

Uader irrigsiion tne londs :cre potentiilly som: of the most
productive in thie Lowsr Colorcdo Liver besin. Theilr cgriculturel
develepment Jlll compere foverchly with the S:1t Riwer Project, vhere
under irricotion o vide w ;“btv of srops ore fie Lgonomnie ang
cgriculturcl congitions b
fcceplig &8 Seing
Hasscytmne Frojicte I 5 ad velues In 1945 for the Sa2lt
Biwver Prgjuet. ore shewn in Poble 22; the gross crop welus nur Le1e
croop.d :LQ"JLUd Yo 57L.62+ The vilue por cere cuitiveted, how-
gVeIr; Wos F"Buab, due to the f;ct -HEt $92.5 mercent of the sres
i lq39 to 19L4, tl?
e BLLZ2 £R Bere | g

oy Q
;_ﬁj 1 the Stlt River Projeet Sud be
whet ecd be eopechzd in the

irrl:“tu
OVErLE & gross erpn valiu

sceticn on Cross).




Table 22,~ Crop acreages and values, Salt River Project, 1945. -

3 Crop : Unit : Total 1/ :Value der

; hereage @ Production : Yield : Value @ 4cre

: : : : (vollers) :(Jollars
Cereals ; 64,082 : 2,704,366 ¢ Bu. : 2,955,613 : A4b.12
Seed § Rl g I3 dl2 & Bul. @ 986,533 = 131.52
Hay & Foreage 3 291,159 : 136,260 ¢ Ton 1 10,354,071 ¢ 35.00
Vegetables & truck : 36,452 : , 9,892,695 : DBu., : lm,1;3,;L3 ¢ 331k
Fruits & nuts 3 12,396 : 19),0)7,4*5 : Lbs. ¢ 5,558,491 ¢ LiAS.L1
Cotton Lin : 6,717 1 6,088 = BEales: 671,765 :+ 100.01
Cotton Seed 1 BpYys 4,352 s Ten g 130,155 ¢ 19.35
Misce 3 176 : = i ow=  § 6i,,500 : 368,16
Soil Improv. ¢ 14,994 % & = 3 = : -

Total 140,20 32,677,161 7L.59

Less Dup. «rea 211,676 - -

Net irea 228,533 32,877,161 1.3.26

Less Fal .owed L, 1ET - -

amna Projest area is vested in the hands of

17 owﬂers, ineluding the United States and the State of arizona., Trirty-
% percant of the project a is privatel: owvmed, 14 nercent, belongs to
tnb State of Arizona, and the remaininz 50 percent belongs to the United
States, {(Ses Tsble 23).

4

Ovmnarship of the Hassa:rr
7

A& correlation of ownership holdinss with land clessification dufa
shows that seven ovmers, excluding the Uniled States i
krizona, own irrigable land in excess of 180 acres.
holdings amount to 1098,36 aeres or 1L.6 percent of the projuct area.

1/ Does not include wayacnts received Irom Federal and coumerical puy-
ments.

Source: Crop renert, Salt Hiver Project, 1945,
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Table 23.- Lan
15

Hagsayaapa rroject; ~rizona.

pi
&
=
=
i)

nuoH
&
=

(8 G |
5
&
O
>
']
@
[4)]
[95]
B
i.._l
Cu
o
3
[6]
8

Qvmner

.
P

—
-
hia]
=
«Q
¥3
ar
(9]

~
s

United 3tates §320.00% 33423.32
State of arizona :

W
i

1,040.00

.
e ae

wsi na

Ora Collier : : : 228.20 5
Theddore 3 5 : 4 z : :
Stemaler : s H : 243,00 : 208 .00 83.00
Langﬂeae anl d : : 2 : 3
Langmzde 4 g 1. t 7934 3 7930
R. G. Langn:de : : : ¢ LEGL00 1 140.00:

Stephen L, - 2 : : 3 :
Languede £ £ : vy 579.0L 3 372,04  219.04

Louise Lengrade : 2 : : K00 3 IEERS €

William Lan-made 3 : : ¢ D00 3 LO.CO:

Robt, H. Leygmade s : : ;40,00 z 1000

We Se Grifiin 2 : : I (< (T 239.12: 79.12

~

Guy U Griffin 3 : i 3 2LOL000 3 210,00 Z0U.00
24000 3 2.0, 00 80,00

Alvin Grifiin ' : £ g
ada Griffin : : : t 39.50 1 3G9+ 507%

Ve F. Zbert : : : : 1000 : 000
Stephen B. aayburn: E : : 63G.00 639.00: L7700
George Lvars 4 - 3 : G000 3 €0,00:
Total acres :32G.00: _3,423.32 : 1.,040.00 :2,717.20: 7,4.3.,98:1,096.36

B
.
.

.
e
o

"~
.

1/ BExcess holdings are the holdings of lrrigsble lind in excsss of 140
acres. :

(_1
(9P

2/ T

o <
£i S
ing to

I_I

Source: Oymarsh from lizricons County Lecords. Data current

as of Jamasry 194

—
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’ ANTICIPATED +CRICULTUZRL DEVILOPRLINT

Tvpe of Development

The u¢odec* area ig well-zdepted to irrigation agricuiture; the

lands consist eof & gently-sioping elluvial fan waich is excedtiona le
smooth-surfaced end unifers. Lend development costs, thersfore,

not be excessive, Lccording o Bureau of declemation stancaris, ars
imately 75 percent of tlie arzble lands have been classisiel as (luss 1,

end ahout two nercent as (laas 2,

C¥

2

.. 1

Climatic conditions are exceptionally favorable for development
of an irrisotion nrojects The eversge mean tenperature &t .ittimann
is 69 F., the frost-fres neriod is 265 days, and the average an
precipi tation is 9.85 inches. 4 small exgperinental tegt ot at
menn - irrigotsd from a deep well - has denonstrated that the crov
riow grovm in the Szlt River Valley can be growm in the nrojech ars
Becausw of tlie exceptionalliy good l:nds “"d the favorzble climate,
the crop vieglds in the project & are npected to esouzl or sven
exceed those obteined in the Salt Niver Velley.

'd.

(?J

Crons

D2 Dr“jﬁct is cnly 36 miles from ths Salt River

Projec., anrd ot sgll vorditions in the two &reas &r:
siaila =3 ﬂie, 1+ hes been assimed that the hishly successful
agrucu tu River Project would be Tlent dndicztor
of the al motenticlities (n the Hasszyaups Projscht ares,

Tie averase annusal crop distrilution was determined for the Jelt
Hiver Project based on grop reports TIor +ha base )erAJd 1939 to jLL,
inclusive; yilelds obtained and prices recel va o er jaet
farrers were also cetermined for
These values wers then used in ¢
> Project 2
grass crop inconme Dcr sere,

In general it was z2ssuned that the pronor+lon of the varicus
o

crops anticipated for the mrojzct would _qdrﬂV1LL7e Selt River Project

concitiens 1 epti ei 1 The
gex i =tont!
L1 % 1
1939
of the ecotton

any predictions with

Therefore, the es £
has besn placed lgure of 10 per

C g,
assured of a market in thz Les

the other hﬂnA 8 a milkched,

which accounts for an estimeste of ahout one-third of acrs.ge in

alfalfa as Cﬂ“u;“od to about 20 percent of the irvizated aecrsage in
o

the Salt Hiwver P
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Teble 2L.— Lveroge
Balt itdwer Frojeet,

crop distribution ond weightud gross erop viluc per ierc,
for the neriod 1939 to 1944 inclusive,

Crop : kerenge :Distribution: Vield Pur Aere :. Prico Pur : Weighted gross velue
Croppuetd ¢+ (Fercent) ¢ uLLLL t pur irriccted e
: (cerus) 14/ : tmount : Unit (Dollors) (Dollars)

Borley : 20,579 : 9.1 21.0 ¢ Gwt 1.69 323
Croin Sorghwums s 20,1 ¢ 8.9 2942 % " 150 3:36
Cots H 2,556 : Ly2 ¥TST 3 i : 2.00 3 QL2
Wheoot 13,196 : 59 Lhe5 i : 1712 & 1.47
Do i) : 46,240 : 20l heb : Ton 3/ 160 : 15,81
AlfalFa Sced s 3,278 ok 179 : Lbs . 00255 : Q.56 .
s1falfn prein FO3595 1443 : 17 Ton : 165 ¢ 24673
A1f 1T (after gre ain) ¢ 32,3%8 143 . t 13/ 16,00 7432
Fisture - Bermuda, ote: 19,858 8.6 ¢ AOTC - 11.27 = 0.99
P sture -roin — 3 H 3 -

elfalfn + 115,368 50.86 : hgre : : 11.88 6.0l
Cornn foduer : L.073 U.h : 11.9 : Ton : 3.58 0.21
Snd o : 2,33 1.0 2.6 s - b.62 1t C.17
Trueh & Vegelibles : BG,EQO 16,0 I Lo E & i 2656407 = L1104
Fruit 3 13:29% ¢ Sulh 5 # - :  183.81 g 10.66
Cotton (1lint) : L0275 5 1587 - 846: Balis.: 2h3 s 13.54
Cotton (scud) ;40,275 ¢ 197 . A3 Ton @ 35,20 » _2.68
Misc. 2/ s L5081 2,0 : here  : s ML.23 s 2.68
Tdle & € 1low s 13,0713 5.9 " 2 : .

Total cercige :

cronped ¢ LS5, 561 11243
TekalL Lereihge :
Arriacted : 226,942

R

Source:

Includes 211
Beled 1 1Y e

Croppaud vercage in percent ef 226,942 acrus.
sued crops cxeept ulfhlf“ sced ond
IJ..LL,L, Louur Lud uJ BAL uullug:, U\.-l_LUU-

'_)_Lu.b o

21l misce crops oxecpt
b 7.) T=Hty

pLiing

Burcou of Ruclamution Crop Reports, Salt Kiver Project, Arizona.

cotton lint und cotton secd,
charge of $3.50 pur ton,
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Toble 25.- Anticiputed crop diﬂtributicn, vioclds vnd wvolues,
Hassayampa I'roj.ct; arizoau.

2 s 1# § : .
Crop : hCLenps :Distrﬁbuiion:mnﬁjuld Pyr Mere : Prige Pur @ Wulghted pross walue
i Crdapped @ dlFeroGib) 5 kv 3o Wby 3 Uil : purt irri

(neres) : : : (Dolleors)

Lowley : 910 13.0 : 21,0 ¢ Cwk. 1.69

({rrin Sorszhums : S50 2 120 : 282 1 ! ! L4503

Wherct ) : 350 % 5.0 N 7 i : ;.72 i
Llfelfa 1. 2,310 33.0 v L6 1 Ton 12/ 16,00 i 20,29
L1E:Afe seed : 140 2,0 : 179 1 1Bs. % 0.225 81
alfolfs grein § 00 3 20.0 4 1.7 & “lon 3 1160 ¢ 3.95

51T71fe (cftor groin) : 1,400 3 20,0 : 3.2 ¢ Ton 12/ 16,00 1024
Pooturs = Bormnda, obe. 3 560 &.0 s LCru : ! 110 A <00
Pusture prodn — slfelfa 33/ 2,660 ¢ 58.0 g M 2 : 11.88 ix51
Oorn ibluu” 3 214 = o) % 119 s 'Tan : 3.58 1..28
Tiugk & vepet.blus : 1,050 15.0 : nere @ AEre 25647 ¢ 38 .47
Pyaid : 350 = : 5.0 s ¢y M : -183.81 9.19
CD{'VA (1 df} . TN e N . ﬁﬁa, Biua = 90,43 » 7.65
otton (suid) : 700 & 10,0 : JA3 3 Ton : 5.0 1 1.5,
,L:,f.L_l_L.m.)u... : 140 2.0 1 Mere : 4 1423w 2,88
Idla & fillow : 200 1 4.0 : ; H : .

Tolel cerespe
cropnud 14,000 :  200.0 116,08
Tetod Lerelpe
ircicited bf 7,400 o
ﬁ/—_Crow o serenpe in percent of 7,000 Zeres.
Boled heye Price renorted by D during period 1939-1944, plus o pzling chorae of $3.50 per ton.
’/ Un the busis of studics conducted for the Cuntrel Arizono frojuﬁt lnvbuflﬂ tieng, it wos found thet
cpprotimeboely one-hnlf of the 1818z ord twe-thirds of thu gridns, ckelusive of groin sorghums,

are prstured arnuelly; these pereentoges were uscd in estimoting the aCrunge fcr the Hossoyompa project.,
5/ Gross projuet orec tuounts to 7,500 ceres

Source:  Sult diver Lroject crop reports for the yeurs 1939 1o Lygu inclusave provided the basic doto

for projocting the anticipoted use. c¢te., of the Haossa wrampa Projoct.,




kn averzge gross crop income of zbout w116 ner cere cen be expectedy
which for a net irri of 7,000 acres amounts to & total of
$612,000 anavalliy, 25

Livestock

It is ex:ected tlat fhe nroduction of livestock and livestock
products will »e relatively a3 impertent in the lassayaiipa arca, &S
it is to the St R;Vﬁr f“o ject, Cash receipts from marketings of
livesteck and livestock “ro”uc s are ot aveilable for the falt uiver
Project, but an inventory of numbers and values of livegtock is avail-
abls, This inventory gives an indication of the imjortance of the
livestock 1nGustry.

During the seriod 1939-19LL the everage armal inventory value of
2ll livestock acunted to 1L,,165, !Ses Table 25y, Dairy end
beef cuittle zcecunted for & nt of the total vaeluse oinee
the irsigetsd cersage sverage g

livest ek exounted to L24,39.an ecr

¥ situat-
livestogl ivventery value
2 ey

ion will Ge"mlOﬂ in the Hasseyranps 5 8
of aboat & l,?,uC( way be Bxnected wish 7,000 acrss irrigeted,

will £

41thoush the productieo
probatly vot pley & dominaat
neverthaless be imdortant
eaterrrise.

ephiy

Transvertabion and lspkeis

A br ix 18 3,
Wittmenn sbowt four miles nori:

. .
T8 cialT

: T ing liwvestoelk preducts,
will e foresd into C“iu,tlfiDn witi producis 611 the Salt
! n sothhern
¥ Gairy
praoducis, should
find a read; % Speginlity
crops wWill probeobly wmovs 50 vesle . Bnd wiste N pleet gl




Teble 26.— Livestock inventory, Sclt River Projoct, sarizonn. 1939-1944, inclusive. 1/

. 1939 19,0 : 1941 1942 1943 3 1944, ¢ Total ¢ b-ycor :Percent
PRI SUND SIS - Ut : : : 1 hLveroso @
Horscs & lules 2 z : : : : o : .

Mutber : 4, 996: Ly 277 4,071 3,938: Ly 278: 3,964 25,52 L 525l ?

Vilue : 349,720: 299,390: 299 Ll 326, 851 540,516: 325,048:  1,940,642; 32304503 5.8
Buef : ; i { . 4 : - :

Wit : 16,492: 15,039 15,615 13,602: 3),L6 ; 20,5061 122,195+ 20,366:

Value 2 1,204,040 1,097,047 1;37) :—L 0: 1,971,612: 3, 916,666 2,315,807: 12,035, 694: 2,005,949 36.2
Deirvy Cottle : : : : n . : : :

Kunber : 23,096 mm,h 9 19,ubU= 26,170: EQ,O?Q: 2( 29 Lk, 899 . 2l,1501

Value = L430,9580 1,460,185 1,685,000 2,512,920: 3,258, 3 TU5,979: 14,052,486:5 2,342,081: - 42.3
Shcup {ringe feoders) : : g : \ : X .

Vi : 25,312: 14,G0L: 12y 26}7: 22, 1,08 253 lUb: 31,067 130,206 21,700

» Voluc : 1316,1,35: 63,718 66,964  141,170:  175,756:  25¢,002: 622,065: 137,011: 2.5
T3 Hogs : c : : 3 2 . 3 e 2

Bumboer - 12,220 by Wit L 10, S5, arg de Iz, b3 10150 73,650 12, 280

Voalue = 112,109 128,163:  1606,140:  240,051:  306,907:  177,695: 1,132,065: 188,677: 3k
Turkeys ' : - - 2 : : : I 3

umber i : 755232 11,936 11,186 10,422y 1k, 358 123 59,5571 9,926

Value : 18,008: 26,656 27,965: 21,266: 5963 43,806 223,000t 37,277: 0.7
TFowl ] g : 1 : 2 $ : :

Number : 287,087 287,2682: 286,475: 260,461.: 2B 2077 . 219,996: 1,629,520; 271,567

Va}ua 200,961 172,369 214,856 552548 345,860 263,998: 1,453,296 242,267 Lely
Bees {(hives) : : ! : ' ; 3 § )

Nusber : 5,150: 7,419 5,302 ly, 582 4,647 5,174 32,354: 5,392

Valuc : 14,363 20,402: 16,145 18,328; 27,682 31,004 127,9 65 2).. 308 « 0.4
Othur Stock ; : ¥ : : : : :

Vi 13? : Lhl, 4723 192,371: 198 ;975: 206,52 : i %?h,717: 270,252 1 Ll?ljll: 236,219 a3
Tots 1 Stock velue s 3.68L,000: 3,L061,60L: 1,,041,278: 5.784,577: 6,840,001 7:39L,651: 33,205,188: 5,534,195: 100,0
;ct.l irrisoted nerenge (cv. during period 1939-L1) - 226,942
Livestocek inventory per irriguied dere (Dolitrs) ‘ 21439

1/ Inventory os of December 31,




The Phoenix metropolitan cren, Vickenburg, Buckeye, lorristowmn,
end othur small settlemeonts within the immedizte cree cre potentinl
locel markets, porticulerly for doiry wnd poultry products,

Lend Veluss end Toxes

In the bullctin "arizonc hAgriculturc, 145" prepored by Goorge V.
Barr of the University of Arizorc, it is reported thet during the lost
six months ol 194L cotton-clfclfe lind, without cnl]dlngs I hhe
Chondler arca of the Szlt Hiver Velley sold Tfor cbout 25 bl SR gl 27
alfelfo-vegetable 1ond in the Glendole arec sold at QE;; 300 on
gere. Informction compiled by 'the Burcou of agriculturcl Econonmdics
of noncitrus lend treasfers in the Szlt five irOduCt during the third
guorter of 194k, shows cn average scle prlC” of 318 &n a26re oS Lo~
pered with 5305 in the third guarter 0f.1942; the sile prices included
buildirngs cnd improvements,

l‘f‘ D

Froem charted informction in the previously cited bulletin, th
sale price o’ cotton-clicifs lond in t
yeors wis og follows:

Yan Price pur ihcre
1930 w 225
1532 _ 125
19354 110
12355 155

1¢38 160
15LC 165
19,2 197
1944 75

r. Borr poinis out in his bullitin thet the srice of leond in
the Salw Riwer Project in ony gqu“ Ity is dotermined by the ,ri
o3 in the preceding yoor, rice it kos boon ossumcd thit
ts in thae H-s;;yiu sres will be similzr to
)
i

@]

]

=

River Telley Projuct, the lond v_lu‘s vill likewdise bo
Slﬂd]ur: kn 18 e , thet The nerwcl or long tinme vwluc of lond
will awersge (175 p I ooepes cnd tict for ony given yeor the wolug of
loend will contimuc to follow the trerd of pricus of crops grown.

: Ircizsicd we sstote, Including imnrowviien
gbout. 30 =marewsnt of Iy arig trde W JUL. Thw 28

Leond in Hericon:s nty Trom 1939 through 1944 ¥
- @55 purr SBFe fnd 415 DL LOTE ;Cr imy “DVuWuﬁfb.
Mgricen & i por $100 of assessud
celaenlotod

the Solt River Project for versisus
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Tazx Bote Per Sl
Year aricouva County Fi nal
1939 ‘ W 9.3k Y 3.5
19.L0 LL.,l’J
19L1
1942
1943
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©

O~ 0 cn\n
O EW O R

A M MO
-

24
2
i 8
1
il

L7
19["..{{. . ] O
£
9L5 La Bels
Tor the Hassavauma arsza the avereze tax rate will prokably I.ll

somewhere between the rates given for the two COHMULes. In Ligricona
County the retes are Leevily infiuenced by noio-form improvements
whersas in Pinzl County they are uot o heavily inflvenced. Therelore
a rate of 3,50 per ;100 assessed valuation = or sbout i 2,50 per acre
for lard and buildings - seens reasonsvle. For other nreoncrty, & rute
of 0,75 per ,100 of i:m@lpyr volue (one-hzlf of original c0ot) has
been estimateds

Farmi Irmrovenents Heoudred

coliplet e de

constrm.ctio

housges,. barns, end obher inprevens

over et of the srsas can be accoupli.shed ir one wperation a3
ril

h
lands are y=letively smootll &id are soversd primaril;r with creosote
bush awd vhite sage. While fhere is sche nestuite; cleering will a0t

be diflienit,

B>
heyond

water supply
gnt pLan auad

g on the proj-

I eries of 12 budgets
Ag preaare in size frow LE to 320 =zers Tixe ¢rop—
ping syst onls, cetion ofl ' e

tions 2T erops.

are 2 A e Y oo : _m G . S
While it setinated the Yieen 10 vereent of the

rea il &itd

.were noL He:
would give retr
apili ; ‘aet
loss, _ co
cause decd to
adverse co oW
sl dets ot
not uncomm form



high water costs but the attendant hazards make it appear doubtful if
this amount would be largerover a long period of time.

Bases of estimates. The Hass%yampa Project arsa is loczted only
36 miles from the Sa t Fiver Project and has similar growing conditions.
It was assumed, therefors, thzt crors preduced and farming practines in

the project arza would follow closely those of the Szalt River Prg jecta
It was also assumed that prices received by farmers of the project For
their agricultural products would be similar to those of the Salt River
Project.

The rate of 55.C0 per day for common labor was used in the pre-
paration of the farm budgets. The farm operator was compensated at
this wage rate for the number of dzys he worxed on the farm. Sinse
this anount was obviously not sufficient to compensate nhim for his
efforts as both laborer and en‘repreneur, the farmer was also allowed
a comp:nsation for his management/ effort at the rate of 10 perceni of
the griss receipts from the farm,

N> fixed sum was deducted from farm earnings

for family living.
It was assumned, ho“ener, that 31,500 a year would b

B

e

or

e required for this
purpos? of whicn £1,200 in cash would be needed, he cash would oe
made arailable from tu: sourcess (0.) wages for the &

m1

(2) corpensation for ne ﬂage.cnt. Tl.e remainder of the 51,500 would be

availasle from (3) 3100 for farm or vileges such as a garden, anc (L)
rent ca the farm dwelling at its ac ual cost to the farm., 1 it the
sun of the two items, wages and man .gement, did not total $1,200 or if
the fcur items did not total $1,600 +he difference was allowed &5
Wpalarce for family living.!

The value of land in the farm ~ras corputed as the sum of the value
of rav land in its present state, estimated at §5.00 per &acre, ard the
cost ¢f clearing, leveling, and 1nsha11atian of farm irrigation facil-
ities estimated at #75.00 per acre,

The amount of interest paid was computed as 3 percenc o
investment to "earmerk a fund suffizient to cover interesi L
the fermers duringz the repayment period." This amount was hand
as a cash expense.

Lgricultural cormcdity orices used in oreparing the farm budgets
were bassd on ferm product prices raceived by Salt River Froject
~farmers at the price level that existed during the years from 1939
to 194 inclusive, It is anticipated that this price level will

l/ Rent. on the farm dwalling is ccmposed of the following items
interest, depreciation, taxes, and repairs based on the rate:

given in Table 27,

o ==
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' approximate the average for the repayment psriod. £n exception was

madse in the case of alfalfa hay because of doubt as to whether taling
costs wers included in Salt River Project prices. The price used for
baled 2lfzlfa hay was computed as the 1939~} average price received

4
by Arizona farmsrs feor loose alfalfa hsay, as reportoa by the Buresu of
Agricultural Eccnomics, plus an sst.mated cost of baling, Prices used
in the farm budgets are shown in Table 27.

Teble 27 - Prices of fLgricultural Products
recaived by farmers, G-year
average, 1929-4L inclusive. 1/

Ttem Unit rice Per Unit
T (Dollars)
Alfaifa Ton 2/ 16.00 (balec)
Alfalfa seed Lb. 0,225
Ba:ley - Cirt. 1.6%
Cotton Lint | L. 0.18
Colton seed Tt 0, 0176
Paiture (grain & alfalfa)  fers 11.88 '

iver Projsct farme:s
cepy for alfalfa).

g/ Lrerage price of loose zlfalfa hay as reported by the Bureau of
Lrricultural Economics for the period 1939-194L)y, inclusive, alus
a1 estimeted balirg charge of :3.50 per ton,

fields per acre were based on average yields of various cro>s

in th: 821t River Project for the f=year pericd from 1939 to 1944

inelusive. Average yields used in the farm budssts are sheown in
_ - 0 - - . -

Table 25. Unit rates and misculiancous items ussd in the caleuia-

tions ere shown in Table 28,




Hireg lahor
Ficking cotton
Laling hay, picl-up baler
(iming cotten :
Fuel, vcil ang repairs on
power ecuipments
T.heel traetor, 10-15 LHE
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Gazneral famm neehinery
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Analvsis of farn bucrels, Tle buczets
of a Zarm hac a yrronsunced effect vpon its
are illustratec b & frtfa farrs of varicus
tabuvlations

B G

_ Vet farm income in
I1lustrative collars per acre
715 1n agres CYODDRG

40 s 15.57

gC : 25,65

100 ¢ 28 4L

160 31, 3L

32 23.36
The net farm inceme per g rerpeC varied directly with the size of
fam frem 15.° f
Decauvse af tiid
groursg were stucl

Tarn to 23.30 for the 220-acrs fam.
e ciflerent s.ze

cve: lGG rigreant, i

procucs
tions

.
.e
e

Tire of Farm : A0 lere 100 lerz 100 ere: 1€0 icore: 320 Aoz

g : 3 : -
‘ : : (L31lars) : :
41fglfa = 58S ¢ MELET ¢ 2130 B 2028 v BGu
~1falfs - cotton : - ¢ Ak.BA2 v 0% 20,59 = -
A1falfs = cotion, : - : S - : LFDd 53 =
1 ina




where vegetahles and fruits ars grovn to s large extent, often on =y
small Tfarms, 40-zcre or spaller faz of troe mer he e pacted
to be established befurs the project has 3 0 mary,” YEard.
Teble 30, -ieturns
b Bige
Tud- ’__”?Z"?‘iab&?‘ié?ﬂ??é?é&:s
eet 1 8176 836 Tire of -
o. Farm : H 5
it :Total :Orerstor: Fired
: :  1f {i.am Lays)

+
=
=
b
0
H
o
0
!
.

: atfalfa : : -5.95 : BL & 21 1 0
2 3 & W . 3 o 18,57 : 145 ¢ 165 : 0
i n : : 21430 : 202 ¢ 206 : 3
Loolat¢ M n : £ 2028 oA w280 = A3
g rzEm M 2 : : 26 25 s iyl E 232 £ 350
6 : P acres ecottocn 3 : 11,25 s 550 ¢+ 187+ LT3
T ” gothen : : : : :
ot ¥ g & 1l @2 s 306 2 195 % 2O
£ : : : : :
: TLE 2 & s 335 ¢ 1fo : 12
¢ s 1,345 s 14,17 1 036 = 202 @ o3k
10 : A : 3 3
L%k 3 0 100k : 503 2 220 1 262
i : : : : :

.

PR i G
o 3,18 s aCs 55 ; BhE ' 275 ¢ BBE
32 : : : 3 :
s . i . .
y o ke & Heey . FPE
4 2,72:,. . lfl?/— : S . 0] i )Ct/
. » . - - v
1/ Cne«ran . sritvalent fo 10 aoura,

withend

reLurn

o o T e A Pava o
ng 100-4cre fars

invested eani e
Tarls 29, Ta
r € £ 1y BT




any lahor. For his & ronths of labor the farmer woula earn over ;1,000.
The 100-acre alfelfa farm is its the

a LaAle-Q ged farm which pema:
farmer tc earn a cemfortahle 1iving by working about tuwc-thirds of the
time anc¢ allevs a somewhat higner- n;dwehf for water than the £0-acre

I&ITle =

The 16C-acre farms cive an axeruge return to water, land, anc
invested capital of 20.90 ner acre; slightly over .3.00 more than
the 100-acre farms. On the 160-zcre alfalfa farm, the farmer woulc
perferm 21 days of labor but would have to hire twe man=months ¢
ortsice lakor. For alrest 11 nonths of =ork cn bis farm, the farmer
woil¢ earn over 1,400 in wages, tnless a farmer has children cof work-
ing zge to assist in the famm worx Hig Tarm scn.;:r‘:mt excencs a fopdly
size. It permits a largsr nayment for water and furnisnes Hrogctical Ly
Tull emnlopment Tor -bthe isrmer,

o

return teo water, lanc, and

redy

investod ecepitel of ich is 32,00 par acre more than
the 159 rere 1.5 2g0-acre farm pormits the farmer
to earn over , RC0 Al rhor on the farm, it woulc roguire
of him Twelvs 26-car months of lebor whie! SEn “1i" mors then @

&

o

-

—
farmer can perferm, Jzthieriors, it
man~year of outsic i Jegovise s

g ol ever =
ol ' raatl
exemed could be parfomed by the farmer it ean
, . : i

hardiy is stme-
what graet

Tasz G e : 1D cthon =m0 eorkincLicrs ol i ard «Lher
i Tan . ok
criomn.ed

ot
o
L

farm hones _bar thi HE, le
naintainiay o rea fopp lopc, ST 48
reconminced thet frprs af FO te
10C seies in size thesSe Sizes
shoulc mrecdominats, ferms ““C WTETY

cithouzh 7

by 2 4 - 3 T
SOl INU=NEL Ve B3Il
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Table 3l.-svorage return per nere to vintery :
land, and invested copitcl fron
cxtensive Inrming.
Farm 8ize 3 Jdeipht ; Return por s Froaust
: 5 heke

|..J
o
u
-
n
-
o
a0

80 Leres z 2 - f
100 Acros : 2 : 17.84 : 35
150 Aer.s : 1

el
o
X}
O
D
O

;
. . :
: £ 3 )
A - 3 Cl, v
: 16,85 z -
;
Waber, 15, ok earitel 3 16.85
Mot fretor), B ret ol
7 _2E
—kedo
15550
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T s sd b
nel QI 300 Ly -
i ;s
;
i .LGJ Dr
8 T Ly poredl o~ . 7] o e I 1
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smount. hat would remnin after all eavh oIperses g tas fonrm Bnye csen
o % + 7 Ry
or t vl

| e
e 2 X e e, e
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o reesoncble level of incow for the frrm fomily ~nd clso mrke o sU
strntirl contribution towsrd rurqying irvig n eenstruction costs
ané tilesc sizes hove been roecommenced. It is renlized, hoiever, th-t
i

ell farns on tliv proj.et 431 not conform teo thi i

C

g recommiendotions In
wStimrting the number of nuw fnrm homes the project weuld provide, it
vins ossumed that £0- and 100-ncre farms woulc censtitute cboub tie-tliird
of the totel cnd thst the pumsining third weuld b conpescd of soumc
lorger 6 o fow snalle? frrmss It is cstirnted thnt 650 now Zerms eon
be provided; the distribution being sbeut a8 follows:
Aversge derengy Frrms

Pur Foti - Humbsr Percent

Q
7

13

20
LC

7
: 9
€0 | 25 3
Gt 26 >
16C 11 4
320 2 2

1
froms with 6L pelfoutit ol the (0~ me 100~msru
wents eompnTi

thy sbesy or
were oried
Pebid Pd TSl Toneons Lheris W baged on Trble 28 o8 proviovsly
Ciscuss .G,
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adrmat Ne,

ks A

LO=-nere

alfia

1£a farm

at moture cevelormen
Lrizond.

t.

sLeng - lan: Trocuction : ¢ —
Crops CIEBE A 8 Cw alelda s y
: -1.y Init:per sere: Total : Mmount: lrice : Volue Current Porm .ypenses
¢ : s . . . : (Lollars) 2
Alfalia .t 30 » 66 - Ton 5 G 136 ¢+ 138 @ 10.00 @ 2208 : seed @ 32
(LI1n3 %0 pasture) @ (18): TACrc: § e 18 « 11,68 ¢ 214 : Laobor
ALTa2 Lo (new) : 7 2 15 Tor = 2.0 L. ¢ 4 ¢ 16.00 ¢ 224 Operator 405
Fanubldu, : 3z s : § - 2 :  Contrzet machine 532
Total ) 2006 ¢
: Tractor erpenses i 65
== : duke N 1/ Co
: : alectricity 1/ 10
Investrent ___: . lays Lok sumy _& lieprive:
Land 5200 + Total ¥l s Liet Tar 3 bud 1dinges 56
Buildinars 5000 % O> rator R 1035- . Lachinery 25
Tracion TE0C 1A P (V- Monarement 265 s Meyig 100
Lachinery & erulp- s Centroct O ]tl?tzn”n to water, land : Interest 38
\ *_muht/ leC : 3 & eapital 311 :  Iasurence 65
Aded 1 - ¢ Less halance for : lilscellancous expenses go
A OF00 : Comily living 531 : Leoreciations
: Loss =220 : builcinges 125
: ulme pur acre = Bi95 & Lachinery 70
t Tractor 100
: Auto _1_/ 75
Farily living =
Labor 5405 : Total form expenses $2170
Lenagenent 26/, :
Subtotnal W69 ¢ Keceipts
Ewnt o 355 : Crops 2616
Farmm privileres T}@L s Farm privilcpes 100 _
sidL Lk, : Gress farm inceme o2ThG
Balanee regquired to : Less liin ervenses 2170
provide #1200 cash _ 531 : Net farm income % 576
fvailable for fomilv livine 1655 :

./ FoTv Bhore.




Pudget Lo,

L
e

Hassayampa Project, arizona.

- Mn 8C-aere alfalfe foim ot mature cevelopment.

3

:Lnnd : linne Froduction : Froduets wold -
Crops sleressliori: : Yicld e :
- ave:Unitaver acre: Tolal ¢ Asount: Trice : Value s Current Farm txpenses
3 ' . . - : r Lol L ars 3 )
Alfalfa . 60 : 132: Toen: L6 276+ 276 ¢ 16.00 : L416 @ Deed - 67
(A1fnlfa pasture) : (35 AEPE: : 35+ 35 & 1108 ¢ 416 Lobor:
A1f-10n {(new) =15 & 33 Tons 2,0 ¢+ 20 : 30 ¢ 16,00 % L8O OCnerator 825
Formstead E o : : : ’ 8 ____ ¢ Contract machine 1071
Totel £0 165 T5312 ¢+ ‘ractor expense 431
: huto " 1/ 100
1 plectrieily 1/ 10
s Hepmiaas .
: Tullcings 50
. : ' 3 laoehinery 25
dvernge Farn Investment : I'ezrs Vork : Surmary s Do 209
: ? + lnberest L1
b * : 3 : Insurnnce , 65
L Lond S6100 e Mot Al VAR o Motk farm ineome B192)  + lliiscelloncous ezxpense 148
Pud idings 5000 : Qwerator 105 3 Loos: ¢ Lepreciations:
Traclor 1000 « Hired 0 : Uanagenment 531 ¢ Buildings 125
I'achinery & equipmont 1000 « Centreoct 0 » sveresse reburn te : Lieeninery 70
suto i/ Loy . ¢ waber, lond & ecapital Ei?@i" 3 Tractor 100
_ ? £ Auto _]j 75
Totnrl n13900 : Some per aere 18.57:
: . : : Totnl form expenses $34L,58
: - :  Regeiptss
3 Crops 5312
s Perm privilezes 100
: Gross form inceme $5412
: Liss form expenscs SLEE
: Net form inceme “192i
]; E:\:J-'s-"_iu ; -



Fwdzet Tlos 3. - A 100-n¢re alfalfa farm 2t moture cevel opment,

Hassayampa Trcject, .rizona.

Lendy I.an a2 Mrocuetion 3 Tyaduots Hold %

Crops saervs:ork A ka1 : .
. P wrg <Unitener pere: Totrl ¢ pmount: Trice @ Velne Current Frrm lomonscs
B i mia B WS LA D YRS R S Gl s S -
: : : ; : : : (lollors :

. . /
Alfal Lo e 76 ¢ 1067 2 Ton: L6 1 350 ¢ 350 & 16,00 @ 5600 : beed L 85
(1fe1 80 pasture) @ (47): :Acre: : : _ : 58 1 Inbor:
ALTa1fa (uew) s. a9 5 42 ¢ Tons 2.0 3 38 3¢+ 16.00 ¢ 605 iHired 15
' t i Operator 1030
Tot 100 200 6765 . Tasurnice i
: Cenurcet mocnine 1358
: 'Troector wmense 1%
: fubo 1/ 1G0
: plectricity L/ " 10
i s HUpRIE
s buildings 50
s lLinchinery _ 25

.
e
i
e
.
b Ea
i
A
v
.

Foamstead :

- . . - -
Le b2l . . .

o o Y o . B o o T Tozcus 7 250
- : . : 4 d

Tnvostmont - :f,.‘.‘i.;’:"f T Inpl- . Samaan e + Intercst L50

o S __: Imsurence 65

: : : lldscellancous capenscs, 151

Eirexato 0000  » Total 209 ¢ Het {foim income SET02 ¢ beprepiotion:

Buildines 5000 @ Cperator 206 @ Le : Builcdings 125

Trogter 1000 & Hivad 3 % I anag anent A : Linchincery "0

Laclhinery & eaquipnent 100G : Contract O : Average return to water, 2 Tractor 100

Muto ;/ 500 . land & erpital 22025 : Alto l/ i
: : : Total foim expenses HL1el

Total S15000 - : SEMY per dcre 2131 Heeliptiss

t

5

. CJ.'O}JS ‘;,,C/J'{’CD
z Form privilcges 100
: Gross from income whEHD

Loss farm exponscs L1Ck

+ lict £orm dnceme w2702

1/ Parm share,




Fudret lo. 4e = A 160-ncre alifnlfp farm ot moture developriont,
Posaayanpn T rejudty Arionsy,

]

sTepd ¢ Voo s Troduchion : 1rocuets &old 5

Crons sAciessonl . A : :
. sTatre «1ndd s aernaes Hetal o Amommte Triec + Volue s Currcnt Frrm wcopoenscs
=, — -t - i S il ok s - —_—
: : : : : : : (Lellars} =
AVE1 s : 122 + 266 ¢ Ton: L6 ¢ 561 ¢ 561 : 16400 ¢ £976 : Sevd P

=

A r heres : 75 =z 5 v V188 HOL.. « Lielioras

o (new) ¢ 30y 66 ¢ Tonu: 2.0 1 60 60 @ 16.00 + 06O ¢ iirea 265
W § B ; g H t t S : Operctor 1405
Totrl 160 10827 ¢ Insurince 6
: Contract mochine 2175
¢ Troctor dypahgc 265
: luto " 1/ 100
slectricity 1/ 10

R0 bl

1
i
( a--TJ"'J [ ?"."S!U.y'\_)

: buildings 50

o o Frehineyy 25

B o - LT T T T ' ¢ TrRes LOS
Investmunt 2 Ly Vewk : it Ty : Interest 609

. . 3 g ¢ Insuronce 5

: . T Miscelliieous eXpunscs 276
Liond 3- 12800 Tobnl 334,: Lot faim incone A6l Deprecinotions
Duildines 50001 Gpuratoer 21y Lesss : Bulldings 125

Treclor OO0 Hired iR Vsprgeneid 1083 : Hachinery 70
Pocldnery & eguipment 10C0: Centract 0: aversne return to : Irncter 100

iuto 1/ 500: : water,lond & capital 536€1 - Luto 1/ 75
: : : Toted fnom cxpunses 56163

Toteal 2203003 : Same per aerc 2,22 & Fucuipls:
: : : Crops wlog27
3 Farm priviloges 10G

: aross farm incomc T 51062

- Less farm czponsces 6163

: 1let £2rm incomo 5 L4764

e

1/ Foim shnare.

=




A SIS

Rudret llo.

pr

[Inssoprampa Piojuet, 4ritonn,

5, = A 320-pcre olfalfn farm at mature developuent.,

:Iond & Lon ot | roduction 3 I'racducts Sold :
Crops s ierese Jors 3 Sl T T - : ; ¢ :
virveg, ADTRRT aERey leal ¢ —arret g I piea o Welal, o Currcnt Fairm lixpenscs
o : : 3 ; . - :  (lollars) 2
18 e < 245 ¢ 530 ¢ Tons Lo ¢ 1127 ¢ 1127 : 16,00 : 13032 : Sccd

(A1 Frlfs preture)
R fa1fn (e

Faimaburig

Ty t=1

:(152):
o [.4{) v

i .

shores
2 = Tors

- -
. .

G :

2.0

= 152 =
8 120 -

152 ¢

126

1388 ¢

16,00 :

.

s

LEN LI . Y Yo Qs ¥

Land so56ng ¢ Totald 671 .
Buildines 5000 @ Opersbor 312
Troctor 2000 ¢ JHred 350 .
I'oehinery & cowdipnent 1170 : 1
luto 1/ H00) » .
Totsl 534270 :

1806
1920 ¢

21756 »

.
.

Ll el

Het foram inconwe jl@l?é
Lissy

lenngement 2176
Avernge return to water,
1rnd & capita E000

Sane pur pere

26,2 .

e s ae aw

at "8 se  aw

Licbors:

Hiread

Unerotor

Insurcnee
Contr~ect mochine
Triclor wpensc
aulo i 1/
Lleetricity 1)
hawppi¥ss

Buildings

Inehincry
Tasics
Intorest
Insursnec
Iiisccllrneous cxpenscs
Luprueiations

Puildings

liehinery

Tr~e¢tor

Auto l/
Totel frrm cxpuenscs
Recdpts:

Crops

Farm priviluges
Gross frrm incomw
Luss form cxponscs

Het Lorm income

» 270

1795
1560
L1
4365
530
100
10

50
29
€16
1028
73
533

125
62
200

75

$11682
Lo1yEe
100
L2165
116e2

310176

[



Lucret Lo, 6. = Fn €0-nere cotton farm ot motvrs covolopnent,
- Lngsovimns 1 rojlet, arivonc,

JernG ¢ 1om 2 Troduction : Trocueks wold s
s Aoross lerk r  Yaedd. s : ? : :

. i Lews sUndt fmuer gore: Tobeld @ Jmount o Trdee @ Vol o Currcnt Form ixponsces
: g . - (] Loy )

5 1 660 «loundy A23 1 31735 ¢ 5 ¢ 018 = 5711 & Bw@ 2 75

(3

i

-3
el

Cotton lint ' 7
7

oA\
—~ =

Cotion Seuu = {(79): sTound:  &60 @ 6L50C - 500 + DGJOL76s 1X35 1 Lobors
o rrig i, ad : 5 : - - 5 Hirea 490
_.Afuiﬁl . F0 - g : : H % Cortroet 1443
: 1 : : : : - : : Cporntor 935
5 Insur-noe 11
: Ginning 2006
: Heuling 113
: Troctor wxpunse “ 383
1 sk L, 100
: wlectricity l/ : 10
2 Hiepaid oy
; - 3 Bullcings 50
Invustm.nt : Leys Jlork : = LGNy - : Lrehincery 25
: $ % JLlir CIop LXPLLIEC 225
: : : QNS 209
11na : Totnl 6A0 ¢+ Wt fram incoric 31561 : Imtoercst L7
Drilcingrae + Gp.rntor 107 @ Liss: : Insurance : &5
TRActory = Hirud LS S I mregrement 685 : liscellonoous 23¢
oshinery & woulpmorn o Coticraet 375 @ Avelrnpe repurn to i Leproeimtion:

: s wnher, lowd & eipital 896 : Bulldings : 12

Hechinery 7

Tatsl 513600 1 Sane por sere LE.B5 s i 4 Y T 100
r

: : : Luto ;/

2 = . !
- . . i

: Totol form cxpenscs 3536
¢ heguifitss

- Crops ' 6846
- Form privileges 10
: Gross foam inconc w690

: Less frrm cxpenscs . 5365
« it form incemc w1581

/ Prrm sharo.

=




Ludget No. 7+ ~ An 80-acre cotton and alidlfa farm at mature development ,

shpapd s 2
Crops LB EETe TR
3 . sday
Cotton lint + 35 ¢ WE :Lba.:

Cotton seud : {(35): . ilbs.:
2w O el

(nlialia pasture) : (20): sncre
Klfalfa (new) : & . 18 :Ton

Ve

[N
o
v

alfualfa

rarmsteoead i 53
Total 00 396

Investment v Days
!_—J -
& a FEESeSRE s S
Land L ELO0: Total

suildinrs

Tractor 1000 Hired
Machinery & ecguipment L420:Contract
£UL0 l/ _ h0u:

Total ol TR0

:Uribsper agres

5000:Operater

Massayampa Project, nrizona.

]rodnc*lon :

rvotuctk \old

Total = sropnt :
1LE05 + LAC05 &
: 3ULLU f SULLU 1 ueLL(O

i oov
L6 ¢ 1Ly 1Ly #16. OO ¢ 2352
: 5 5108 : 238
o0 16 16 :ib,)O : 256
. COLL

3 sSummary

Mat fovm Anecme

B 1723

:Lesss hunagement 6oy
thverags return to water

7
: land & canital 1119

:Same per acre 14.92

1/ Pari share,

se se me 8 4.

e

e

__Lurrent Fari sxpenses

Seed

Labor: Hired
Insurance
Contract
Operator

Contract machine

lHauling

Cinning

Tractor expernses

Auto expense l/‘.

Hlectricity 1/

Repairs: Buildings

Machinery

Other ecrop exp:nses

Taxes

Interest

Insurance

Miscellaneous

Depreciation: Buildings

liachinery
Tracter

tuto 1/

Tetal farm expenses
‘neceipts:

Creps -

arm privileges
Cross farm income
Less farm expenses
Het farm income

I A
125
67h
980
570

52
96
248
160
10

&
A

35
105
211
L,20

68
191

- 125

Vi
100

15

whli18

6041
100

#0141
L8
1723
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Budget i.cs €. - in 80-acre alfalfa, cotton and barley farm at mature Gevelopment,

Hassayampa Project, srizonca,

:Land an Jroduction - :____iIouucts vold
scressorn @ @ Yield 1 z
- :vays sUnit:per were: Tetal : amount ;- Price Value Current rarn wxpenses
- : : - $ : g (Uollars)
alfalfa : 24 ¢ 53 ghen. & Let 1 LLU : 1320 Xdaio Lok :heed w 8L
(+1falfa pasture) : {(15): TLOGTE S : 15 : 15 » TL.B8 178 :Labor: Hired 20
Lljilfa (new) :  h 13 :fdon 24y 3 14 : 12+ 16.00 : 192 Insurance 1
Barley r 200: 29 sCwt,.: 21,0 L20 : L20 ¢ 1.69 : 710 Contract L81
(Pasture) : (1) TR : : : 11.63 . 166 Operator 930
Cotton lint 25 220 :Lbsss 423 -10575 ¢ 10575 0,18 19G3 :Contract machine L97
Cotton sced : (25): :Lhs.s 860 . :21500 : 21500 0.0176: 378 :Hauling 70
Farmstead . - : : t 2 g - . :Ginning 6£9
Total £0 5207 ractor expense 218
:nUto expense 1/ 100
:tlectricity 1/ 10
:Repairs: Buildings 50
lachinery 43
- : z :0Other crop expensa L2y
Investment : Days .ork 2 SUIMAary :Taxes 212
‘ B . S :Interest L39
e '*—'"}'“ﬁ— T :Insurance 70
Land » 6400:Tetal 315 :let farm income ar LT :ulscellaneous expenses 171
PBuilldings 5000:Uperator 186 :Less: .aunagement __529 :Depreciation:
jl.rtor 1000;: Hired L ieverage return to Buildings 125
Machinery & equipnent 1730:Centract 125 : water, land & capital & TU5 lhachinery T
uuto 1/ 500 $ Tractor 100
Total T o14630: :Same per acre 8+23 nuto 1/ s
‘Tetal farm expenses L4013
tleceipts:
Crcps 5121
rarn privileges 109
:Gross farm income w5287
:Less farm expenses 4017
e . :Net. farm inceme a7k

1/ Parm share.




Budget lo, 9. — wn 100-acre cotton farm at mature develcpment,
Hassayampa Preject, orizona,

:Lund :lan _Producticon : Frocvets nold :
sacres: qork ¢ coield 2 - .
:vays :Unit:per wcre: Total : smount : Price : Value : Current Farm txpenses
o L T : s : (Vollars) :
Cotton Llint " ;% = B iLBEE 1o . AR - LONRA 0.8 ¢ 7233 :oesd v 95
Lolton seed + (95) ‘Ibs.: 860 81700 @ 8L700 ;. 000176 1438 :Lader: Hired 795
Farmstead : 5 : 2 2 F : : i Insurance 18
S : - : 3 : 3 Contract 1628
Tota] : 100 : 836 1 8071 Operator 1010
:Ginning 261
:Faualing 143
:Tractor expense 181,
saubo ;:/ 100
- _walsetricity 1/ ¢ 10
2 5 N 1liEp 11Ys:
Investment +  pays uerk sumnary .+ wvulluings ' 50
: : o i -tlachinery 25
o i Ty T T T :0ther crop expense 285
Land ©8000:Total 836:let. farm income w2213 tTaxes 259
iuildin, s FUOU:Operater  <UirheBSs: Lidlia b Sep . :Inbteredt L55
Tractor 1000:Hired 59:.verage return te : Insurance _ 65
lizchinery & equipment 1000:Contract  475: water, lund & capital 1346 :liscellaneous 295
nuto « 1/ 5003 : :Desreciation:
. . 3 Buildings 125
Total 15500: : same per acre 14.17 : 1lachinery 70

2 Tractor 100
i auto 1/ (e

.
.

:Total farm expenses #6558
suieceipls:
H Ll‘op.; 8671

2 Farm privileges __ 100
:CGross farm income 8
:Less farm expenses _ 6558
:Net farm income 223

1; faria 1J.L,~I‘e .

———— e e e e — e N



Tudget iics 10, - un 100-acre cotton and alialfe farm at mature

Kagsaywipa Project, .rizona.

cevelonpment,

:Land naan @ Procuction _r 4 1:@&}13_{»1 oold
Crops SnSresy eal : Yield @ : ;
iz ruays cdUndt:iper acre:  Total + amount  : Price @  Value
: : : § - - : {Uollirs)
Cotten lint ) 350 «Thc.: 420 § LEnzE « Teess - (.18 426
Cotton sced s (I5) ¢ Lbs.: 560 : 38700 .« 36700 : 0,0176 6EL
n1falfa « JO + 86 :Ton : bl 164 & 16,00 1 294N
(. 1islfa pasture) :(25) : cre : : :11,.80 297
plfulfa (new) : 10 2 2L Tem z 20 1 20 20  :16.00 320
‘armstead L T ; : 3 t : S
Total 100 7668
= Investment : Days .erk ¢ Lumary
J.._J - -

Land AB000:Tetal

Suildings 50C0:Cperator
“ructeor 1000 :Hired
Liachinery & ecuvipment 100Q:Cent ract
nlto l/ ____‘_;QQ;

-

“15500:

n

Total

503:Met farw inccme

221:Less: Managenent
57:..verage return to water,

2253 land ¢ capital

:Dame per acre

oSS

iEeed

: Labor: Ilired
Contract
Operator

: Insurance

:Contract mzchine

:Ginning

shauling

:Tracter expense

toato }j/ v
rwlectrieily ;/
cliepadrs:

: suilaings

: achinery
:0ther crep expense
sTuxes

:Interest

: Insurance
:idscellaneous
svepreeiations

: Juilding s
:  Machinery
: Tracter

auto _1_/

:Total tarm expenses
raecélplse

: Lrops

£ sarm privileges
farm inccme
:Less larm expenses
:llet farm income

>+ Current Farm cxpenses

285
866
1105

T1h
12
67
317
100

50
25
135
255
L65

231,

125
70
100
75

w5287

7668
100
TG
5287
21,81

Y

A
L A

PATHL £




g1

Budget No. 1l. - an 160-acre alfalfa and cotteon farm at mature development,

Hasgayampa Project, rrizcna,

- Land :i.an rreduction ¢ frocuets suld :
Crops incres:l.ork ¢ : Yield ' : : 2
3 -Jays :Unit:per acre: Total : smount : Price : Value : Current Farm lxpenses

T : : : : : :  (vollars) .
Cotten lint T7 ¢ 678 :Lbse: 423 1 3evrL @ senfi i Geil ;5883 iGeed w 145
{otton seed : :Lbs.: 860 & 66220 & 65220 : 0,0176: 1165  :Labor: Hired g15
nlfalfa 60 : 132 :Ton Leb: 276 1 276 :16,00 : W6 Contract 1482
(n1falfa pasture) : (37): shcre: : 2 s 37 :11.88 : 1,0 Operator 1375
£1fulfa (new) : 15 : 33 :Ton : 2.01 30 30 :16.,00 : LBO s Insurance 21
['armstead : g H g - } £ it :Ginning 212
Total 160 843 12364  :Hauling 116
:Tractor expense L75
ssute 1/ 100
:zlectricity l/" i0
T o ; :ilepairs: Buildings 50
Investment Days tiorl: = Summary : Machinery 35
' 3 :Taxes 1411
o : 3 N :Interast 622
Land 12000 Tatal A2 «Net farm income w 4359 :Insurunce 68
Buildings 5000:0perator 275 :Less: l.unagenent 1236 :Other crop expense 231
Machinery & equipment  1420:Hired 183 :nverage return to :Cont ract machine work 1071
Tractor 10C0:Contract 385 : water, land & capital & 3123 :Miscellcneous 367
;uto lf 500 4 :Depreciation:Buildings 125
Total 420770 :Jame per acre 20455 Irachinery 99
: Tracter 100
H huto l/ i
:Total farm expenses & 8105

:Heceipts:

: Crops 12364
raria privileges 10C
:Gross farm -income LGN
:Less farm expenses ___B105
- :Net farm inecme » 1356

1/ rarm share,




Budget 1'o. 12, - 1n 160-acre éifalfa, alfalfa seed, cotton and barley farm at mature development.
Nassayampa rroject, .rizona,

e e TER 5 [roduction i Froducts Soid | :
Croups sneres:.ork «Yield 3 ? -
' ¥ :ways :Unit:per acre: Total : amount : Price : Value : (urrent rarm w.xpenses

T E : i :  (Vollars) :
cdfalfa : W8 ¢ 1040 ton e 125 : 1 7 LUy ;. 20U0 :Seed o 17
(sced) (48 - :Lbs.: 179 : 6592+ 0592 ¢ 0.225 : 1933  :Labor: Hired 575
wlfalfa (new) : 12 ¢+ 26 «Ton ¢ 2.0 3 2L s 2, 116,00 ¢ 38L Insurance 13
Barley + 42 5 50 2Cubes 21 8e2 : 682 : 1.69 1491 Z ‘Contract Gh2
Barley (nasture) :(29) s ere: : 2 11,88 : 345 ¢ Uperator 1285
Cotton lint : 50+ BAO :lbs.s 423 + 21150 i ZLEBH : 0,18 : 3807 :Lonbract mechine . 521
Cotton seed +(50) : :Lbs,: 860 : 43000 ¢ K3000 : 0.0176 @ 757  :Hauling 1Lk
Yarnstead s & = : z : 3 3 : ____ :Ciming 137
Totel 160 2 622 ¢ : : 2 3 : 10717  :Tructor expense L7
iouto expense 1 160
sedecbricity 1 10
o R - S =R S sltepairs: buildings 50
S : : i Hachinery 66
" Investment : Jays \lerk £ Sumnary : :Other crop expense g/ 595

T : ' i . vTames L5 |

’ i 3 :Interest 6458
., Land A20G0:Total 622 : Net farm income 33796 : Insurance 77
3 buildings 5000:0perater 257 : Less: Ilianamement 1072 :Miscellaneous 311
Tructor 100C: M red 115 : average return to :bepreciation:Buildings 125
Mochinery & eguipment 20%0:Contract 250 : water, land & capital w22l £ Machinery  1£),
nuto 1/ 5L : : Tractor 100
: : % ruto l/ e
Total $21930: ! same per acre 17,92 :Total form cxponses J7021

:aecelpts: Crops

: arm privilege
:Gross Tarm income
:Less farm expenses
:liet farm inceme

w10717
100
310817

7021

[ o S

— I/ Tamm share,

Jor i ey i = - ~
</ Iucludes .50 for convine tuel and

lubricanu, ana pll<.50 Ifor hirei tractor work.

@ 3780



