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SAN CARLOS BLEBV0ID

Prelminar,v' Desin and. Estimate.

Drawings Nos. 44-C-3 & 44-E-2.

DESCRIPTIVE.

Data.

Report to the Secretary of War of a Board. of Engineer Officers,
United. States Army, wider Indian Appropriation Act of August 24, 1912,
on the San Carlos Irrition Project, Arizona, dated. February 14, 1914.

"Hearings before the Committee on. Indian Affairs",. House of
Representatives, Si.zty-sixth Congress, first session, on "The Condi-
tions of Various Tribes of Indians", dated. November 11, 1915.

Deport on Water Supply, San Carlos Project, by Engineer E. B.
Debler, dated July, 1920.

Report on San C.ar10 Project, Arizona, by Engineer C. C. Fisher,
dated. 1920.

Report on Surveys and. Estimates, San Caries Project, by Engineer
S. S. Carroll, dated. December 6, 1920. This report covers relocation
of Arizona Eastern Railroad, around San Caries Reservoir, the construc-
tion of a railroad. from San Caries to San Carlos Dn Site, wagon
road. from point near Rice to San Carlos Dam Site, and, sand and, gravel
deposits in ths vicinity of San Car1os Dam Site.

Letter - Project Manager to Chief of Construction, dated Ywna,
ArizcEa, April 6, 1920.

Letter - Project Manager to Chief Engineer, dated, Yimia, Arizona,
July 6, 1920.

Letter - Engineer S. Carroll to Project Manager, Ywna, Arizona,
dated July 13, 1920, report on saud, and gravel.

Letter - Designing Engineer to Chief Engineer, dated Aist
19, 1920.

1



Maps Nos. 1, 2, 3 and. 4 of Army Board Report.

Blue Print Ind.ian. Service th'awing No. 38-B-19, "San Carlos
Darn, Elevation of Dwn and. Spiliway Looking stre. Also Center
line Section of Spiliway."

Blue Print Indian Servico Drawing No. 38-B-iS, "Section of
San Canoe 1cm".

Blue Print Indian Service Drawing (u.nrnnbored.) "Cross-Section
of San Caries Darn."

U. S. B.S. Drawing (unnumbered.) "San Caries Reservoir Site,
Gil.a River, Arizona". made on the üma Project and. dated. roh,l920.

Reservoir.

The proposed site San Canoe Reservoir is on the Gila River at
its junction with the San Caries River in the San. Ca.nlos Indian
Reservations, Gila County, Arizona. The dam is located, in a box
canyon about 8 miles down the river from the town of San Carlos on.
the Arizona and. Eastern Bailroad.

Preliminary estimates have been prepared for five reservoir
cppaoities; all of which include 150,000 a.f. of silt, as follows:

389,000 a.f. 1,300,000 a.t.
710,000 a.f. 1,600,000 a.f.

2'7l0,000 s.f.

The reservoir will be O:perated. as hold over.

n Site.

Two sites called. the "upper" and. "lower" have been investi-
gated by geological examination, and. bL' diamond dLnil]. holes. The
upper site is generally accepted as being the better.

Faults occur in the immediate vicinity of both sites. At
the uer site the darn is more fAvorably located. with respect to
faults, and. rests upon what appears to be a solid mass of rock
between two lines of fault. .t the lower site a line of fault
crossing the axis of the darn at the west abutment intersects a
line of fault which crosses the river.



The rock at the upper site is qu.artzite or qu.artzito sand.-
stone. The abutments are wholly in sight and, appear to be sound..
Bedrock is reached. at depths of lb to 28 feet.

At the lower site the rock is limestone, containing waz
springs, which indicates the possibility of cavities. The west abut-
ment is somewhat shattered., anti ind.ioations are that it may possibly
be detached. from the mass of the hillside. (Aiy Report page 26).
Bedrock is about 74 feat deep.

The upper site is more accessible for construction.

Darn.

On account of the apparent superiority of the upper site,
the accompanying preliminary designs and estimates are based upon a
darn at that location.

A masonry darn of gravity type and. straight aligrnout is
assumed, for all capacities.

The darn has been designed to withstand, an uplift equal to
one-half the full head at the upstream taee and diminishing unifoinly
to zero at the downstream face, acting over the entire area of the base.

A concrete cut-off is assumed to extend the Ontire length of
the clam. The depth is assumed, at 25% of the dam height at corres-
pond.ing point. tensive grouting of the foundation will als pro-
bably be necessary. Foundation drainage is provided b:. two rows of
holes drilled downstream from the cut-off wall and. leading to the
inspection gallery.

When foundation is opened. up it may be found that con.d.itions
warrant the omission of the concrete out-off wall.

The base of the dan I s assumed, for estimating, to be carried.
to an average depth of 3 feet into rock over the entire base.

The maximum inclined pressure for the highest dam is cnputod.
to be 18.7 tons per SqUare foot at the downstream face with water at
top of dam. The maximum vertical pro ssu.re at the upstren face with
reservoir emp* is computed to be 18.8 tons per square foot. The



pressures for the rxt bihest dam (shown. on drawing 44-C--3) are 18.].
and. 19.0 tons per square foot respectively.

The maximum requirei sliding ccfficient for the hig1st
dam which occurs with a baoi pressure and. uplift on the downstream
face due to 74 foot head., is less than 0.657, the weight of a cubic
font o± concrete being assumed at 145 pounds.

The required sliding coefficient with no back water on the
downstream side of the dam is 0.583.

Five heights of dam have been estimated as follows:

The fOtuth dam I s shown upon the accQnpanying drawing. The
quantities estimated are based upon a topographic map of the dam
site, scale 1" 30'. ThIs map was enlard from Map Np. 4 of
the Army Board. report (scale 3/4" 100'), wMch is the only topo-
graphy of the dam site available at this time. The estimated quan-
tities are therefore subject to considerable error.

The darn is assumed, to be built of concrete of the following
proportions: 1 Part cement, 2 parts sand, 6 parts gravel, 5 parts
cobbles.

61 lwasr.

A flood discharge of about 150,000 second feet passed San
Canoe in. 1905.

ElOvo Normal B.W. S. : Corresponding Maximum
Heights inclu&tng 10'

Proeboard..
Army Board

Datum
: Sea Level
: Datum

:

150' 2458' : 186'
160' 2488' : 216'
218' 2526' : 254'
233' : 2541' : 269'
267' : 2573' 803'



The Debler report referred. to dives an estimated. probable
maximum flood of 200,000 second feet. This report estimates that
this peak will be reduced to about 130,000 second feet by the
moderating effect of the freeboard. storage for a 7-day flood.

The effect of freeboard. storage upon the spiliway discharge
is not usually considered by this office in the preparation of pro-
liminary estimates. However, the floods on the G11a are iciown to
be of short duration and. for the particular structure 130,000 second
feet is believed to be conservative.

The same spiliway capacity and, design is proposed for all
heihts of dam.

Studies were made of open channel spillway of the type used.
at the rrowrook Dani and o± siphon units mounted. on the darn itself.

The great length required for th.e spillwa crest the
extremely unfavorable topography and. comparatively soft rock makes
the open spillway design very much more expensive than the siphon
type.

Eeinforced. Concrete.

The spillway adopted consists of thIrteen 16.3 x 16.5 siphon
units mounted. upon top of the darn and. dlschargin into a cushion
at the toe formed. by secondary darn across the river channel. The
computed depth of water cushion under full discharge is about 63
feet.

The efficiency of the siphons is computed to be about 77.

0ut1e lorks and Penstocks.

Three 6 ft. diameter penstocks are provided, to supply water
to the power house which will be located. below the secondary dam.
Thru the dam these conduits are reinforced. for water pressure.
Below the darn they are located. in coucrete lined. tunnels also
reinforced..

Each penstock is controlled, near the inlet by a 5' x 5
hyd.ulically operated, slide te, and, is protected. by a trash
rack.



At a point between the main and. auxiliary dams a 36" outlet

tunnel takes off each penstock. These outlets are controlled by
balsned. needle valves, and serve to release 1rrition. water

when the power house is not operating. The neeile valves discharge
into the pool below the dam and are submerged to eliminate spray at
the power house.

The penstock tunnels are contracted to 4' 6" diameter at the
power house and, an additional control is provided. in the form of' a
4' 6" motor operated gear valve for each tunnel. These valves are
located. in the power house and. are for closing the penstook to
divert flow thru the needle valves described, above.

The intakes tc the pentocke are located about 80 feet above
the river bed., which is about three-quarters of the depth of
150,000 a,f, of silt storage.

Pour 5-ft. sluice outlets, controlled by 5' x 5 hydraulically
operated. slide gates, are located. at elevation 2318 aud. are poteoted.
by trash racks. The sluices discharge into the pool below the dam.

Railroads.

The cost of relocating and reconstructing the Arizona
Eastern Railroad around. San Carlos Reservoir and. building a tempo-
rary construction railroad frQn San Carlos to the dam site are taken
from a report by Engineer 5. 5. Carroll, dated. December 6, 1920.

Wagon Road.

The cost of constructing a wagon road. from San Caries to
the dam site is taken from a report by Engineer 5. 5. Carroll,
dated December 6, 1920.

Power and. Ptmrnin S.stem.

The preliminary design of the por plant at the San
Carlos dam is shown on drawing 44-E-2. 'The head on the plant varies
from 90 to 228 feet. At 90 foot head the capacity of the 1ant is
3240 kw. At heads from 133 to 228 ft. the capacity is 4800 kw. At
the minimum head. the turbines utilize the entire flow released ±'cr
irrition purposes.



The power plant will oon.tain three 2300 L vertical, variable head
turbines direct connected. to 2000 ky-a, 2300 volt, 3 phaSe, 25 cy]e
generators with direct connected exciters. The turbines hawe cast
Iron scroll cases and. 54 inch motor operated gate valves, each tur-
bine receiving its water thru a 6-ft. conduit from the reservoir. The
building Is a reinforced. concrete structure the walls of which are
dosied to withstand extern'I water pressure up to the main generator
room floor. The elevation of this floor is above maximum tail water
assuming a variation in tall water surface ol' 40 feet.

Two baik o± transformers, each cxi.sisting o± three 1000 kv.-a
single phase water cooled outdoor type transformers, step the voltage
up from 2300 to 44000 volts. The transformers, llghtnin.g arrestOrs,
and. 44000 volt oil circuit breakers are to be located near the power
plant on some suitable bench. Provision is mad.e in the 44,000 volt
switching arrangement for two outgoing lines although only one line
is included in this estimate.

The transmission line connecting the power plant with the
Plorence-Casa Grande Unit is a single circuit, 44,000 volt, steel
pole line approximately 80 miles In. length. The conductors are No.
00 copper suspension type insulators, ground wire and a phone line
are included. The operation o± similar lines on the Salt RIr
power system has demonstrated that this type of construction will be
satisfactory.

On the Plorence-Casa Grande Unit four outdoor type sub-
stations reduced, the voltage from 44,000 to 4,000 for distribution
to the pumping pJ.ants. Each of these substations consists of three
single phase, self-cooled, 500 ky-a outdoor transformers, lightning
arrester equipment on both the high and, low voltage sIde, 44,000
volt oil circuit breaker nj four 4,000 volt feeders with the
necessary meters.

A single circuit 44,000 volt wood pole line approximately
28 miles in. length connects the Plorence-Casa Grand.e Unit with
the present Sacaton substation of the Salt River power system. This
line has No. 1 copper conductors and, a telephone line. The substa-
tion on the Reservation Unit above Gila Crossing will receive power
from this line. similar line using No. 6 copper conductors will
extend, from the Sacaton substation to the substation on the
Reservation Unit below Qua Crossing.



On each of the Reservation wilts there will be an outdoor
substation which will step the volta down fom 44,000 to 11,000
volts for use at the pumping plants. Each of these substations
will consist of a bank of three sin.gle phase, self-cooled, 400
ky-a transformers, 44,000 volt oil circuit breair, 4400O volt
lightning arrester, 11,000 volt lightning arrester and, two
11,000 volt feeders with meter equinent.

Switching equipnnt and. meters are provided, for inter-
connection at the Sacaton substation with the Salt River power
system.

The pumping plants on the Florence-Casa Grands Unit are
of the vertical turbine pump type. The pumps are installed in
16 inch wells, and are direct connected to vertical motors. At
each pumping plant there is a three phase, outdoor trans±'oiiner
for reducing the voltage from 4,000 to 220, an oil circuit breaker,
and lightning arrester. A suitable building houses the motor and
switching equlnent.

The pumping plants on the Reservation Units are o± greater
capacity than those on P1rsnce-Oasa Grands Unit and, are of the
same type as those now in operation near the Sacaton substation.
Each plant consists of a vertleal centrifugal pump installed in
a concrete caisson and direct conneoted, to a vertical motor. The
caisson is directly over a 16" well.

.Axt outdoor, three phase, transformer reduces the voltage
fran 11,000 to 220 volts. Lightning arresters, oil circuit
baaiers, starting equipnent and, buildings to house the motor and.
switching equiinent are included.

Substations for supplying comnercial load, such as the
towns of Florence and Gasa Grande have not been included in this
estimate.

Twenty-five cycle frequency and. 44,000 volts for trans-
mission has been chosen for the San Carlos power system so that
connection can be naad.a with the Salt River power system without
the necessity of installing frequency changers and, transformers
at each point of connection.

It may be desirable to connect the San Carlos povr
pinnt with the Salt River power system by building a line to Miami
but this line has not been included in this estimate.



fl1ht o± Way.

The estimate for right o± way and. property daniae is
taken from a letter from the Project Manager, Ywna, Arizona, to
the Chief nineer, dated. December 1, 1920.
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Cobbles.

Cobbles are assumed in place at same price of sand. and, gravel.

- 10 -

UNIT COSTS.

Cnent is to cost )4.70 barrel at the Thisassumed, per mixers.

4;4.20

saM.

Saud is assumed, to be excavated. from nearby bars l.a the river
channel, screened, and, washed,.

The unit cost at the mixers is.assumed. as follows:

Excavating and. transporting 1.00
Screening and, washing .60

1.60

Qrve1

Gravel is assumed, to be ta1u from a bar 3/4 mile above dam.
The unit cost is assumed as 1.60 per cubic yard at the mixers,

cost is based. upon the following data which us in part supplied, by
the purchasing Department July 2, 1920.

Cost per bbl. El Paso 3.50

Freight to Rice 1.10
Assumed freight over Coustn. P.R. .10
Handling charge assumed. 0.50

Cross 5.00

Less 75% of sacks returned at 25 - .75
.05 .80

as follows:

cavating, screening and, loading
Washing
Transportation 3/4 mile at 0.55

per ton mile

0.65
0.35

0 62
1.62 say



GEAVITY DAlI 7ITE SIPHON SPILL7AY

El. Top of Dam 2585 El. Top of Parapets 2589

El. Normal W.S. 2575 Storage Capaeity 2,710,000 a.f.
31. Spi11wsr Crest (includes 150,000 a.f. silt)

Spiliway capacity W.Se El.
2585 130,000 s.f0

Drawing 44-0-3

pKmInLnr EST IIIA.TE

: UNIT : TOTAL :

I T E N : QUANTITY : COST : COST SJIUBY

D :

DP CUTOFF
Excavation : :

Class III : 5400 c.y. : 7.50: : 40,500

Concrete 1:3:6 : : :

Cement : 5670 bbl. : 4.20423,815 :
: 2380 c.y. : 1.60: 3,808 :

rave1 : 4800 c.y. : 1.60: 7,680 :
Ilixing & Placing 5400 c.y. : 1.50: 8,100
Plant Depreciation : 5400 c.y. : 1.00: 5.400 :

$48,802 :
Concrete in Place : 5400 c.y. : 9.00: : 48,600

TOTAL IEP CUTOFF
: 89,100

FOUNDATION GEOUTING : : :

Drilling : 22000 L.ft. : 1.50: 33,000
Gruting : 22000 1.ft. : 1.50:33,000 :

TOTAL FCIJNDLTION GROUTING : : : 66,000

FOUNDATION DRAINAGE : : :

Drilling : 14700 1 ft. g 1.50: 22,050 :

TOTAL FThTDATION DRAINAGE : : 22'05O
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:

QUAiTITY :

UNIT
COST

: TOTAL

: COST :SUM&IARY

: :

SE0OWRY DAM
Exca.vat Ion

Class II 57,600 c.y. : 2.00 4 1L5,200:

Class III ; 26,000 c.y. : 2.50 : 65.000:

Total Excavation

Concrete, in Main Dam
l:2--:6:3 Mix
Cement : 484,000 bbl.: 4.20 :2,032,800:

Sand. 171,000 c.y.: 1.60 : 273,600:

Gravel 413,00.0 c.y.: 1.60 : 660,800:

Cobb lee : 204,000 C.y.: 1.60 : 326,400:

Forrna : 550,000 C.y.: 1.50 : 825,000:

Mixing and Placing 550,000 O.y.: 1.50 : 825,000:

Plant Depreciation 550,000 c.y.: 1.00 : 550.000:

:5,493,600:

Concrete In Place, Main Dam 550,000 c.y.; 10.00 $5,500,000

Concrete In Siphon.
(Piers & Hood)

l:2:5 Mix Reinforced.
Cement 10,600 bbl.: 4.20 4 44,520:

Sand. : 3,770 c.y. : 160 : 6,032:

Gravel : 7,460 c.y. : 1.60 : 11,936:

Rein.Steel 135 lbs. o.y. :1,160,000 lbs.: 0.08 : 92,800:

Forms : 8,580 o.y. : 7.50 : 64,350:

Mixing and. Placing : 8,580 c.y. : 3.00 : 25,740:

Plant Depreciation 8,580 c.y. : 1.00 : 8.580:

4 253,958:

Concrete in Place in Siphon : 8,580 c.y. : 30.00 : 4 257,400

Concrete in Secondary Darn
l:2i6:3 Mix
Cement : 12,100 bbl. : 4.20 4 50,820:

Sand. : 4,250 c.y. : 1.60 6,800:

Gravel : 10,300 c.y. : 1.60 t 16,480:

Cobbles 5,070 c.y. : 1.60 : 8,112:

Forms : 13,700 c.y. g 1.50 : 20,550:

Mixing and Placing : 13,700 c.y. r 1.50 : 2O,550

Plant Depreciation : 13,700 o.y. : 1.00 : 13.700:

4 137,012:

Concrete in Place in Secondary
Dam : 13,700 c.y. 410.00 : 4 137.000

TOTAL M.IN DAM SIPHON SPILIJ./AY - SJi0O1DARY DAM : :46,074,600,074,600



POV)B HOUSE PiSTOCI
(3-6' Diant.part1y conduits :
t.hru darn, partlr tunnels
and equipped. with 3.5'X5' :
Hydraulic Operated nergency
Gates)

Excavation
Class III Tunnel

Concrete, Tmire1 Lining
1:2:5 Mix

:
:

:
1100 C.y. : 8.O0

:
: 8,800

Cement
Band :

682 bbl. 4.20
242 C.y. : 1.60 :

2865 ,
387 :

Gravel 478 O.. 1.60 705 :
Rein. Steel (for full a a a

h.yd.rostatio h8ad) : 106,000 ibs: 0.08 : 8,480 :
Forms : 550 o.y. : 3.50 : 1,925 :
Mixing and. Placing : 550 c.y. : 3.75 : 2,063 :
Plant Depreciation : 5b0 e.y. : 1.00 : 550 :

: 17,035 :
Corcrete Twinel Lining 550 c.y. : 31.50 : : 17,326

in Place a a

Beini'oroing Steel a

(iroanci cractujts thru Dam

ergency Gates (3-5' x 5'

: 60,100 ibs: 0.08 : 4,808

Hydraulic Operated. Sliding) a a

Gates, Frames, Bonnets
& Cylinders. 189,000 lbs. 0.20 37,800

Conduit Lining 36' oi j
60" 0.1. Pipe : 30,000 lba:0.O75 : 2,L250 :

011 Pump, Taiik, Gages S : : 1,000 :
Piping and Gages S : : 500:
Freight : 240,000 lbs: 0.01 : 2,400
Haul : 1200 T. Mi.: 0.40 ; 480 :
Installation & Painting : 240,000 lbs: 0.03 : 7,200 :

: 5 :51,630:
3ergency Gates in Plane 3 :17,210 : : 51,630

Trash Rack 1 s;000 8,000
TOTAL POVER HOUSE PNSTO0I S S : 90,563
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UNIT TOTAL :

I T E I : QUANTITY : C0T : COST : SJLThIAEY

Total Valves and Gates

Concrete, Tunnel Lining
I -L:.s:, LI

-. 14

4,425 :

2,400 :

6,825
a

47,700 :

300:
600 :

36,000 :
1,000 :

990 :
1,000 :

3,914
784 :

1l,742 :
80O0 :

: 11O030

1,042 :
141 :
279

2,160
1,500 :
1,500 :

200
6,822 :

: 6,800

Cement 248 bbls. 4.20:
Sand. 88 c.y. : l.60g
Gravel 174 c.y. : 1.60:

Rein. Steel (for full
hydrostatic head.) 27000 lbs. : 0.08:
Forms 200 O.e : 7.50:
Mixing and Plac lug 200 c.y. : 7.50
Plant Depreciation 200 c.y. 1 00'

2

Concrete Tuime]. Lining in Place 200 c.y. : 34,00:

orgency Gates)

Eavation
:

:

:

1770 c.y.
300 c.y. :

190800 lbs.
a

4000 lbs. :

180000 lbs. :

a

6600 lbs. :

10000 lbs. :

391400 lbs. :
1960 T.M11eS:
391400 lbs. :

1

a

2.50:
8.00:

Glass III Open Cut
Class III Tunnel

Total Exoation

Valves & Gates
336" Needle Valves
Pump & Str1ner
Control Pipe & Fittings
3 3' x 3' irgency

Gates (complete)
Oil Pump, Tn1r Gages & 01].

Piping & Gages
Miscel. Ietal Work

elgh.t

tisuling

Installation & Painting
Gate House

0.254

0.15:

a

0.20:
:

0.15:
0.10:

0.01:
0.40:
0.03:

:

REGULAT ING CUTLETS C 3- 0

Branch Tnne1s from
Power House Penstocks,
3-36" Balanced. Needle
Valves equlppod with
3-3' x 3' Hydraulic Operated.:



I T E

REGUlATING OUTITS (cont'cl.)

Finishing 3' Tunnel Lining

Concrete about Va].es

TOTAL REGULATIIG OUTLETS

SmIcB OUTIPS
4 5' x 5' Hydxaulic

erated. Sliding Gates
sno as Ponstock 1erency
Gates.

FinisMng 5' Conduit Lining

Trashrack Strtw?e

TOTAL SLUICE OUTLS

PABAPETS

JML POSTS

CONSTRUCT ION CAMP

PIiISHflW & CI ANING UP

Total Estimated.Pje1d Cost
ContingencIes 10%
Administrative & Engineering :

15%

: UNIT : TOTAL
: QUANTITY : COST : COST

: 240' Linft.lO.0O:

a

4 :17,210; 068840

: 600 1.ft. : 15.00: 9,000 :

1 : : 11.000 :

88,840

: 1634 l.ft; 10.00: : 16.340

: 20 : 50.00: 1,000

2,400

:

15

134000

330OO

: 684408
: 684451

1026,692

l:2:5 Mix
Cement 210 bbls.; 4.20:0
Sand. : 75 c.y. : 1.60:
Gravel g 148 c.y. : 1.60:
Rein. Steel 60 lbs. c.y. g 10200 lbs.: 0.08:
Forza : 170 c.y. : 3.00:
iixin & Placing : 170 c.y. : 2.00 :
Plant Depreciation : 170 c.y. : 1.00 :

882 :
120 :

237 :
816 :

510 :
340 :
170 :

3069

:0
Concrete about valves in place: 170 c.y. 15.00:

3075:



Lese Sa1va of Arizona astern
B.B. per Est. Engr. S. S. Carroll, Dec. 6, 1920

NET GB1ND TOTA.L COST

Cost per a.f. gross 2,710,000 at 4.45

H U ft Net 2,560,000 at 4.72

xoss TOTAL COT : : $12230551

140,000

].2,O99, 551

I T E M
UNIT

: QU2ITY : COST
: TOTAL
: COST

:

:

BELAPION & CONSTN. .BIZONA
EASTERN LB. : :

Estimate Engr. 8.5. Carroll,
Dec. 6, 1920

:

:

:3,000,720

CONSTEUCTION B.R. SAN CABLOS : :

TO1WISITE : : :

Estimate Engr. S. S. Carroll g : 296,780
Dec. 6, 1920 : :

RPAD BAN CARLOS TO DAI.i SITE : :

Estimate Engr. 8.8. Carroll : :

Dec. 6, 1920 : : : 15,690

z :

BIGHT OP WAY per P.M. letter :

Dec.1, 1920) : :

Irrigated. Land. : 568 A. : 150. :485,20O :
Land. Susceptible of Irrigation : 3022 A. : 22.50 : 68,000 :
Grazing Land, :21950 A. : 2.00 i_43900

197,100: :

I
Moving San Carlos River Bridge : 20,000

In4lsn Ancy Property : : 150,000

Indian Buildings : 3.500

TOTAL BIGHT or WAY
: 370000



El. Top of Dam - 2551
El. Normal W.5.- 2541
El. Spiliway Crest 2541.

Concrete in. Main Dan.

GRAVITY DAM WITH SIPHON SPILIMEIX.

El. Top of Parapets - 2555
Storag'e Capacity of 1,600,000 a.f.
(includes 150,000 a.f. silt)
Spiliway Capacity w.s. 21. 2551
310,000 s.f.

Drawing 44-0-3
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PRELNABY ESTIMATE

I T E N
: UNIT

QUAMTITY COST
: TOTAL :

COST :

.

SUNARY

COFF DAMS 100,000

)Ei OUT OFF

Excavation - Class III : 4440 o.y: 7.50 : 33,300:
Concrete -1:3:6 MIX : 4,440 " : 9.00 : 39,960:

TOTAL JWP CUTOFF 73,260

FOUND&TION GBOUTING
Drilling 16,000 1.ft 1.50 : 27,000g
Grouting 18000 ..ft 1.50 : 27,000:

TQTJ&L FOUNDATION GROUT flG :t 5400O

FWNDA.T ION DRAINAGE
DrillIri,g ;12,000 1.ft; ]..50 :4 18,000;

TOTAL FOUNDATION DRAINAGE
: : 181000

IAIN DAM - SIPEON SPILLWAY -
SONDARY DAM

Excavation 0 0 S

Class II ; 53,500 c.y. 2.00 $107,000;
Class III : 25,000 c.y. 2.50 : 62,50O:

Total Excavation $169,500:

1:2:6:3 MIX ;374000 c.y.:10.00 4374,000;

Concrete in Siphon
(Piers & Hood)
L:2:6:3: Mix Reinforced. 6,500 : 257,400:

Concrete in Secondary D
l:2fr:6:3: Mix 1370O 410.00 137a000;

TOTAL MAIN DAM - SIPHON
SpILLVAy - 8flONDABY 1)4

303, 900



Cost r a.Z Gross 1,600,000 a.f. at k6.12
tI ft Net 1,450,000 a,f. " 6.75

10

I T E M
:UNIT

QUANTITY :
:TaPAL :

:

POV HOUSE PENSTOCK - 3' DIi.
Same as for Darn Top El. 2585 90,563

EGUL.TLNG OUTLETS g

Sane as for Dan Top Ii1. 2585 : l29l15

SLUICE OUTLETS
Same as for Dam Top El. 2555 08,840

PARAPETS ; 1550 1.tt.: 10.00 : 15,500

LAID POSTS ; 20 50.00 1,000

0NSTBUCT ION ON CJ2 100,000

FINISHING & CINING UP 25,000

ESTIMàT FIELD COST 4999,]78
eontingnoies, lO 499,918
Administration & 1nginaering * 749,877

1I.00ATION & CQEYI!BUGTION
BIZ0NA EASTEBR I.B.
Sane as for Dam Top El. 2585 3000,?20

CONSTRUCTION B.B. S CARLOS TO :
D.M SLTE

Same as for Darn Top El. 2585 298,780

ROAD SZ CAPLCS TO DALi SITE z

Same as for in Top El. 2585 l5 690

GHT OF WAY 370,600

OSS TOTAL COST
: 9,932,'?63

Leaa Sa1vae Arizona Eastern B.R. : : 140,000

lT GRA.ND TOTAL COST : 9?92,763



El. Top of Darn 2536
El. Normal W.S. - 2526
El. Spiliway Crest 2526

COFER DAMS

Concrete in Main Dam
l:2fr:6z3 Mix

Concrete in Siphon Head.
(Piers & Hood)
1:25 Mix, Reinforced.
135-3/4 per cay.

cVITY DAM WITH SIPHON sPILI?AY.

Drawing 44-.C-3

Pro limiriar.v Estinmts

- 19 -

El. Top of Parape
Storage Capacity
(Includes 150,000

Splllway Capacity
130,000 s.f.

te - 2540

1,300,000 a.f.
a.f. silt.3
V.b. El. 2536

$100,000

: : :

t325,000 410.00 :3,250,000

S

S

8,560 " : 30.00 : 257,400:

CUTOFF
Eavatlon Class III : 4,050 c.y.: 7.50 : 30,375:
Concrete 1:3:6: Mix 4,ObO c.y.: 9.00 : 36450:

: :

TOTAL DE}2 CUTOFF : 66825
S

F0UI1A.TION IcUTING . 0 S S

Drill lug : 16,300 ift: 1.5O 4 24,450:
Grout lug : 16,300 1."g 1..5O g 24.450:

T0AL PaThrDA.T ION GBWTING : S 900
:

S

YtUNDATION DE.A. I 0

Dr flhiug :10,900 1.ft: l.50 : 16,350;

TOTAL FAT ION DRALTA 4 l6350

M DAM - SIPHON SPILLWAY -
SiXJONDAflY DAM

52,200 1.ft 2.5O 104,400avat ion - Class U
- Class 111 : 23,600 " : 2.50 :59500

Total Excavation 4 ].63,9O 163, 900

: UNIT : TOTAL :

I T E N : QUtNTITY z COST : C ST : SU1ABY



I T E II

Cozrete in Sec ond.ay Dam
1:2:6:3 Mix

ESTI1L4LD FThLD COST
Contiuencies, l0
Administrative & Tn.ineering

RELOCATION & CONSTRtTION
ARIZONA EASTNRN fl4.

Same as for Dam top El. 2585

CONSTRUCTION R.B. SAN CAiLOS
TO DAM SE

Same as for Darn Top El. 2585

OAD SAN CABLOS TO DP.M SITE
Same as f' Dam Top El. 2585

1IG}IT O' :AX

Swie as for Dam Top El. 2585

GROSS TOTAL COST

;UNIT : TOTAL :
: QUANTITY : COST : COST : SUIT1ARY
:

:

g

- 20 -

4 l8690

.

370,600

$9,278,655

z

13,700 c.y$l0.00 ;137, 000;

1400 l.ft.: Cl0.0O

20

0

3, 644,400t3,&44,4OO

: 3,808,300

90 563

129415

88,E40

14000

: i:000

90,000

22O00

Total Concrete

TOTAL LZtIN - SIPHON SPILLWPX :
SBONDY DAM

POB HOUSE NTOCJ
Same as f cr Darn Top El. 25

BE 1LAING CUTLETS
Same as forDam Top El.

SlUIcE OUTLETS
Same as for Dam Top El. 2585

PARAPETS

LA POSTS

CONSTEt.T ION CAit?

FINISHING & CIJNING UP

:

2585

.

;4:475, 693
: 447,589
: 671384

;3000,720

296780



Gross Total Cost, (Brogt :

Less SaJ.vae, A.rizona Eastern

per itnsr 5.6. Carroll 140,000

NjT TGA1 COST ;9438,656

Cost per .F. Gross l3O0OOO A.P. at 7.O3

Net l,15O,O0O A.P. at 95

- 21 -

:UNIT :TOJ!AL :

I T E 11 QU.A3TITY : COST : COST : SUfl.iAY

:



El. Top of Dn .- 2498

El. Nona1 W.S. 2488
El. Spil].way Crest 2488

Drawing 44 C

PBELThIINAFT T IMATE.

MAIN DAM- SIPHON PILLWAY
EO0NDABY DAM

E av at ion

Class II
Class III
Total Excavation

El. Top of Parapets 2502

Storage Capity 710,000 a.f.
(inc14es 150,000 a.f. I1t)

Spiliway Gapacity W08. El.
2498 130,000 s.f.

22

:52,200 c.y.: C2.O0 $104,400:
:25,900 O.y.: 2.50 : 65,000:

4169,4004 169,400

I TEN
:TJNIT

: QUANTITY : COST

gTUI!AL :

: COST : SULL4BT
a

C0FR DAMS a 100,000

DEEP CUTOFF
Excavation

Class III : 3200 c.y. 7.50 4 24,000;
: :

Concrete
1:3:6 MIX 3200 c.y. : 9.00 : 28,800:
TOTAL DP CUTOFF : 52,800

PU&TION GBOUTmG
Drilling :13,800 1.ft $1.50 4 2O700;
thoiitixi.g :13,800 " 41.50 4 20,700:

TOTAL PTNTh'&TION OBOUTING 41.400

PQUND&TION DIUINA.GE
Drilling : 9,200 1.ft4l.50 4. 13;800:

TOTAL FOUNfl&T ION DBAINL 4 13,800

VITY DAM WITH SIPHON SPILI(Y



MAIN DAM etc., (Cont'dj

Concrete in. Main. 3)m

1:2:6:3 Mix

Concrete in Siphon. Head.

(mers & Heai) 1:2:5
Mix, Beini'oroed. 135-3/4

per cay.

Concrete in Secondary Dan
1:2:6:3 Mix

221,000c.y410.00 4221O,OOO

8580 c.y.$30.00 4 2b7,400

1$70() o.y.$10.O() : 137.000

Total Concrete

TOTAL WIN 1)AM - SIPHON

42, 604.400

2,773,800
SPILLV'AY - ONDAY DiI

POWFffi HOUSE i1STOC1 -

6' Nan.
90563Same as fa Dan Top El. 2585

4

REGULATING OUTLETS
129,115Sane as for Daxi Top El. 2585

SLUIGB OUTLETS
Sane as for Darn Top El. 2585 4 88,640

PATS 1100 1.1'. $].O.0O 11,000

I41 POSTS : 20 450.00 : : 1000
S

CSTBUCTION OAP : 70,000

FINISHING & CIEMI1G UP 17O00

Estimated Cost ;3, 389,318

Continneies, 10% 338,932
Administrative & Engineering, 15%: : 508,398

: UNIT : TOTAL :

I T E N C.UiTY COST : COST : StThItA.1Y

Y :



BLATION ND CONSTRUCTION
EIZON. EASTN B.B.

Same as for Darn Top El 2585 : :3,0O072O

CONSTBUCTION B. B. SEtN CABLCS
TOTAMSITE
Same as for Dam Top El. 2585 : 296,780

.

OAD S4J C.t3BLOS TO DAJI SITE :

8eme as for Dam Top El. 2585 : 15,690

IHTOFWAY
Same as for D Top El. 2585 g : 370,600

1OSS TOTAL COST ;?92O,438

Ieee Salvage Arizona Eastern
per Engr. C. S. Carroll : 140,000

TOTAL COST ;7,78O,438

Cost per a.f. Gross 7l0OOO a.f. l0.96
Net 5O,00O s.f. l3.89

- 24 -

: UNIT T0AL :
I T E M COST COST 3tJM:Y



t1AVITY Di WITH SIPHON ILLWAY

El. Top of Dn 2468 El. Top o± Parapet A 2572
El. Normal W. S. 2458 Storage Capacity 389,000 a.f.

El. Spillway crest 258 (inc1uds 150,000 a.f. silt)
Spillway Capacity W.S. El. 2468k 130,000 s.

Drawing 44- 0 - 3

PIELIM IIt4BY EST&E

:UNIT :TOTAL
UNPITY : C0T : COST : SThThiABY

Concrete in Siphon Uead.(pjers & Hood)
Mix - Reinforced 135-3/4
per c.y. 858)z o.y.

- 25 -

COFEB DA3 IO,00o

JIBE? CUTOFF
Excavation
Class III 2,530 o.y.: 7.50 418,975

Concrete
1:3:6 Nix : 2,530 o.y.; 9.00 : 22.770 :

TOTAL 1EEZ CUTOFF : : : 4 41,L?45

FODNDATION GBWTING
Drilliu :10,300 l.ft4 1.50 $15450 :
Grout ing :10,300 " : 1.50 :l5.450 :

TOTAL FWNI14.TION OfliG- 30;900

FOUNDAT ION ]AINA
Drilling : 69O0 1.ft$1.50 $10350

TOTAL FOUNDATION flRAINAG 10.350

MAIN ( - SIPHON SPILL&Y-

52,200 c.y. .00 $104,400;

Excavation
Class II
Class III : 28,400 " : 2.50 :71,000:

Total Excavation z : :41 175400

Concrete in Main :
L:2:6:3 Mix :153,600 c.y$l0.00 :1536000

$30.00 25740O
Concrete in Sec onday
1:2:6:3 Mix :13,700 " :l0.00

4

: 137,000
Total Concrete

: :1,930,400411,930,400
TOTAL MAIN DAlI - SIPHON SPILLVvA.r

ONDABY DAM :,1O58OO



POV1R HJS PEI'TST

(3 - 6' Diain,)

Sie as for Darn Top El. 2585 : 90,563

Belati Outlets.
Bane as for Darn Top El. 2585 : 129,115

SLUICE OUTITS
Sno as for Darn Top El. 2585 : 88,640

P.AA.ETS 1050 1.ft., 1O.0O: ;rioo
LA..M? POSTS : 20 50.00: Q 3,000

CONST1UCT ION :4 52.000

FISHmG & CLA1TIiG jp : 13,000

Estimated Field. Cost $2,673,813
Gontinencies - 10

; 267,381
Eninoering & Administration l5> : 401,072

EL.aTI0N A1TD CONSTBUCTION
IZOtJk 11AiTERN B.E.

Sie as for Darn Top El. 2585 : : 3000,720

CONSTPJJCTION R.B. SN CAflLOS
TO ]WI SITE
Same as for Dam Top El. 2585 : 2670
OAD SAN CL TO DI SITE 15,L690

BI OF VAY
Sane as for Darn Top El. 2585 4 37O600

GROSS TOTAL COST $7,026,056

Less 3a1vae .4rizca Eastern R.fl.
: 140000

i7T TOTAL COST :6,896,056

Cost per a.f. - Gross 389,000 a.f. at 17.7O
Cost per a.f. - Net 239,000 a.f. at 28.80

- 26 -

ITIT : Tcli'AL

I T E M QUANTITY COST : COST TJLIIVIABY



Cable & Fittings
TOTAL SWITCH YA1W

PWBB PLANT

- 27 -

PRELflINA1Y WOB1 4,000

COFFERDAM AND PUMPING.

SUSTRUCTUFE (Below El. 2355)
.Eavatiou Class III 400 c.y. :40.00 : 4,400 ;

'I it :2360 : 2.50 : 6,400 :

Backfill :1*GG 0.50 : 500 :

Concret8 Draft Tubes : 200 S :45.00 : 9,000 :

Walls & Floors : 826 :38.00 :3l,400
Conduit a Buried Pipe 1,000 :

TOTAL SUB STEUC TUBE : 52700

StJPaSTBUCTtTh1E
251 o.y. ;C45.00 ;1l,3OOConcrete

Structural Stee' :10 TonS :2O0.0O: 2,000 :

L1ber : 2 N : 75.00: 150 :

V1tind.ows & Doors 3,200 :

Plithing and. Hard.ware 600:
Conduit & Fixtures 700:

Telephone Booth 150

Painting & Cleaning 800:
Miscel].. Labor & Material : 6,l0O:

TOTAL SUPERZTBT.E TUBES : 25,000

S1ITC}Yfl])

Excavation Class III 200 c.y. 2.50; 500
Backfill 200 C.y. 0.50: 100 :

Concrete 34 c.y. : 30.O0: 1,000 :

Structural Steel : 6 Tons : 200.00: 1,200 :
Conduit & Piping : : : 800:

: UNIT : TOTAL :

I T M UA1TITY : COST : CGT : STJAY



CIiINEEY

Hyd.rau1ic

Electrical
Auxiliary
Switchboard & Fittings
Miscellaneous Piping
Freight & Handling
labor Installing

TOTAL MHIEERY

PESTOCI : : :

Steel Penstooks in Place :50,000 1bs.: 0.12 : 6,000:
Concrete Groutin.g 167 c.y. : 45.00 ; 7,500:

TOTAL PENSTOCi : : : : 13,500

flRO1/ELThlT TO GROUN ;

TOTAL TIM&TED FIELD COST ;457,7O0
ou.tinncies 1O : : : : 457Oo

Administration & Eninep1ngl5o: : : : 68,600

TOTAL ]BTILATED COST POWER PLANT 4572OOO

TRANSMISSION LINES.

44OOO Volt - SAN CA1L TO : :

PLORi2OE-CASA GRAN :

Unit, 80 miles single ôlrcu.it, 2 : 2

STEEL POLES-Suspension insulators : :

No. 00 Copper

COST PER MII :

PTeparatory Work 2 : 110: 2

Poles - 1500 lbs. eath : 16 per mi 2;l60
Wire, cabled, insulators : 1600:

Hauling : 120: 2

Miscellaneous Material g 110
Erection : 600:

TOTAL FIELD COST 2ER JUlIE
: ;4,90O :

S S

TOT,AJJ COST 80 MIlES OF LIE
: : 4,900; 392000

- 28 -

;l335OO:
142,900:

7,200;

: 6,200;
5,t00:

18,000:
: 32,900:

:345, 700

UNIT ; TOTAL
I T I M UANTITY : CT : COST : SUMJiARY



type insulators - 110. 6 Copper.

COST PEE MILE: Preparatory Work. 4 35;

Poles, Crossarma, etc., : 300:

Wire, Cab.es & Insulators : 570:

Hauling 75:

Miscellaneous Material : 100 :

Erection g 250k
TDTAL FIELD CCT PEE MILE : :0 1,330

ALCT - 15 MILES OP WE : t19, 950

TOPAJJ ESTiMATED FIELD ;463,75O

Continncies 1O : : 46,375
Ad2ninistration & Engineering l5 : : : 69,575

L1D TOTAL - ESTIMAED COST - TRANSMISSION LINES: 579.700

- 29 -

I T E N
UNIT
COST

: TOTAL
: COST : SUMUAY

44,000 Volt - FLORENCE TO SACATON SUB.
28 miles - single circuit, wood, pole, pin
type insulators, #1 cOpper

C$T P MILE 4 40 :
Preparatory Work :

Poles, Crossarms, etc., : 300 :

Wire, Cables, & Insulators : 1,075 :

Hauling : 75 :

Miscellaneous Material : 190 :

Erection :260 : :

TOTAL FiELD COST P MILE : 41,850 :

TOTAL COST - 28 Miles of Line 41,850 : :5l,800

44,000 Volt - Sacaton Sub, to L0W z

BESVATION EtTB.
15 MiIee - single circuit, wood. poio, pin



SUB STAT IONS
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ITEL
:UNIT : TOTAL
:COST : COST

2

:
:
2

PL0RTE- CA,A GEANDE UNIT.
4 SubstatIons - 1500 ky-a each, each 44,000 to

2

:
4,000 volts : :

COST PE SUBSTATION : :
- 500 kv-e.. Transformers -sing.ph.-O.I.S.C. :20,000 :

1 - 44,000 Volt Oil Circuit Breair : 2,050 :
3 - " Disconnecting Switches : 230 :
1 - htnthg Arrester : 2,500 :
3 - ' Volt Choi Coils : 250 :
4 - 4,000 " 01]. Circuit Breakers : 1,000 :

12 - ' " Choiw Coils : 420 :

24 - " " Disconnecting vItches : 900 :
4 - ii Lightning Arresters : 2,000
4 - " " Meter Equipne ritA : 400 :
1 - Meter House : 3.50 :
Steel Towers : 1,000 :
MI sellarte ous Material : 1,500 :

o1ght anti Hauling : 1,000 :
labor Installing : 1,000 :

TOTAL 1?IELD COST - (1JE SUBSTATION 2 :33,80O :
POTAI COST - FOUB SUBSTATIONS :33,800 : : 13520O

BE5RVATION UNIT
2 SubstatIons - 1200 jv-s, 4400O to 11,000

volts.
COST PEB SUBSTATION. 2

3 - 400 kc-a Transformers-sin.ph-$.1.S.C. :18,000 : :

1 - '14,000 Volt Oil Circuit Breaker : 2,050 :
3 - 44,000 Volt D1scontect1ng Switches 225 :
3. - i ti L1htni.g Arrester : 2,500 g

3 - " " Chokø Coils : 250:
2 - u;000 n Circuit Breakers : 3,200 :
& - ' " 0ho1a Coils : 225: 2

12 - " 'I D1o11rectin Switches : 500:
2 - ' " ihtuln Arresters : 1,'?OO :
2 - " Meter Equients : 1,400 :
1 - Meter House : 150:
1 - Steel Tower : 400:

itiscellaneous Material : l500 :
Freigh.t & Ha41ng : 1,000 :
Labor Installing : 1,000 :

TOTAL FflLD COST - ONE SUBSTATION 2 :34,1O0 2

TOTAL COST - TWO SLTBSTATIONS 58. 200

TOTAL ESTI1ATED FIELD COST :
Contingencies, 10% : 20,300
An1nIstration & Engtheering, 15% : 30,100

2

BAND TOTAL - ESTIMATED COST OP StJBSTAT IONS : 253800



DISTR IBUT ION LINES

4,000 Volt - FLENCE - CSA ANDE UNIT
60 mIles - sIn1e cisuit, wood, pole - No. 4 : :

TOTAL PIEI COST PEB MIIJ :l,155 :

TOTAL COST - 60 MIIS OF LINE : 69,300

ll,'000 Volt - PESVATION UNIT
40 Miles - sin1e circuit, wood. pole, No. 6

copper :

COST P LILE

TOTAL COST - 4 MIXES OF LINE ;41,i3O : 4 45,200

TOTAL ESTIMATE]) FDL]) COST 4114,500
Contingencies, ioZ : : 11,400

Administration & Engineering l5' : : : 17.100

GILtND TOTAL - ESTILLtTEI) COST OP DITBIBUTION LINES $143800
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Preparatory : 35 :

Poles, Crossarms, etc., : 200 :

Wire, Cable, Insulators : 475 : :

Hauling : 70

Miscellaneous Material : 100 :

Erection : 260 :

TOTAL FIBI) COST PiI iIII : : 1,130 :

cor)per.

c0sTPmI
4
:
:

:

35:
200:
500:
70:

100:
2504 1,155

Preraratory Work
Poles, Crossarins, etc.,
Wire, Cab, Insulators
HauliU
Miscellaneous Material
Erection.

: UNIT : TOTAL
IT 2M COST COST :



PUMPING PLANTS.

PLENCE - GASA GTAND! UNIT
225 Plants, capacity 2-3 sea. ft. each, lift
COST OP Ci' PLANT
Drilling 1 - 15" 11 - 100 ft. deep
100 fi. of 16" Well Casing
2. - 25 hp. Vertical Motor, 220 vo
2. - 2-3 sea. ft. Deep We].]. Turbine Pump
2. - 30 ky-a Transformer, 3 ph., 2200 to 220

Volts
3 - 2200 volt L!gh.tning Arresters
1 Oil Circuit breaker
3- " " Choke Coils
2. - Watthour Meter
Discha.rge Pipe
Building
Miscellaneou.s Material
Freight & Hauling
Labor Installing

TOTAL PLD COST - ONE PCL'TG PLANT

TOTAL COST - 225 PU].ING PLANTS

2SEBVAT ION UNIT
72 Plants, capacity 3-5 sea.ft.,lift 20-30 ft.

TO4L PIEL COST - ONE PU].lNG PlANT
TOTAL COST - 72

- 32 -

4 10,000:
410,000: 720,000

COST B PLA1TT 4

: 350:4450:4700:
:l,50O :

0

2

Drilling 2. - 15" Well, 100 feet deep
100 ft. of 16" Well. Casing
1 - 40 hp. Vertical Motor, 220 v.
1 - 10" Vert. Centrifu1 Punip
1 - 50 ky-s Transfonner, 3 ph. 11000 to

220 volt 840;
Lightning Arrester : 150:
3. - 11000 volt Oil Circuit Breaker : 2.50:3- " " Choke oi18 4100:
2. - Watthotzr Meter 4 S5
Discharge Pipe 4 75: 2

Bi1ding
2

Caisson - Labor $2,650 :
Materials 41,350 2

lUsce].lanoous Material 4300: 2
Freight ansi Haulthg : 350: 2Labor Installing : 25O

: U1IIT : TOTAL :
I T E M CO : COST SUULABY

: 40 ft.:
:4350: ê4450:

: 500:
42,000 :

; 450
4 50:
4 75:
4 50:
4 85:
:4 50:
4 7004250:4300:
: 250:

: 5560 :

$5,560 ;1,251000



TOTAL ESTIMATED FIELD COST

Conties, 197,000
Administration & Enginaering 15 : : 295,700

.P.N)) TOTAL - ESTIMATED COST OF PTJ1IPINC PWTS: ;2,43i800

SULIMAIIY OF TILATED COST - PO1 D IJLING SY3T!

POV PL!NT

TRAiISSION LLES

SUBSTATIONS

DISTRIBUTINC LIN1

IUMPLMG PLANTS

GRLND TOTAL - ESTflhiAT COST - POVIER & PtIJPING SSTELk
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: 572,000

579,700

: 253.800

: 140O0

:.2 .4631800

4,012,300

UNIT g TOTAL :
I TEM COST : CT : SBY



PO2 & PtITrnG SYSTEM

( MD13rid by G. C. Fisher, Engr.

The foregoing report on "Power arid Pumpin 3ystn" does not

bring out the point as to whether or not eX0e88 power may be developed.

at the San Canoe d.azn over and, above that required. for pumping on

project lands. The ±'ol1owin figures are therefore presented. upon

this point, which result in a showing that there is an excess gross

horse power at the reservoir of about 3,000 H.P. during the period.

of maxinium irnition requirennt. TAils computation is based on

the assumption of a minimum head. in the reservoir at the time of

maximum use, which is a condit!on that cld. exist only in the

ocoasional short years. This excess horse power will reduce o.unin.g

the months of lesser irrigation demand. in proportion to such reduction

in irrigation to a minimum of about 1,000 h.p., gross.

The canputations as above outlined. ar as follows:



POWKR REQUIRED FOR P PING &
POB AVAILPBI AT SAN CiRLOS RESERVOIR.

FLORENCE - CASA GBMDE UNIT

Punipin area
Mean lift
Max. delivery, 12% of 3 a.f. per

acre in 30 days
Ir. power required at purip
*Overall efficiency

power required. at reservoir

BERVATION UNIT

Above Gila Crossing.
Pumping area (new larIa)
Mean Lift
Max. delivery
Max. power required t Pumps

Below Glia Crossing.
Piping area ( new lands)
Mean lift
Iax. delivery
Max. power required at punrps
Total Reservation unit at pps
Max. power required at reservoir

Grand. total required at reservoir

POV2 AVAILLBLE AT JflVOIB.

Max. required outflow for irrigation
LIinim head
Gross H.P. available
Excess oss H.P. available

36,000 acres
40 ft.

216 s.f.
980 h.p.
4O
2,450 H.P.

11,000 acres
30 ft.
56 s.f.

225 H.P.

l2O0O acres
20 ft.

72 s.f.
165 H.P.
390 H.P.
980 H.P.
3,430 H.P.

540 s.f.
90 ft.

6,bOO H.P.
3.070 H.P.

JtaI1 of Power fficiency:
Turbines 75/a

Generators 92%
TranIssion 95%
Transfoe rs 97%
Motors 90/;

Pumps and. &tschargi Pipe 70%

Not effic1exy 40%



APPDIX "B"

BPOPT AND ESTI1ATE

ON

RAILROAD 1flOUND BAN C.MLOS flSO

a]. o

Railroad. an.d. Wagon Road. to San Oatlos Dansite

and.

aravel Pits for concrete

by

S. B. Caro11, Exigineer U. S. R. B.

1 9 2 0.



Denver, Colorado, Dec. 6, 1920.

Engineer S. S. Carroll

Project Manager, Yuma, Ar I zoria.

Subject: Report upon Surveys and. Estimates, Bailroad.s, Road.s and
Gravel Pits - San Caries Reservoir - San Caries project.

Ground. Covered by Beport

Following is a report on surveys and. estimates on the San. Carlos
Project, begun. May 20 last. The report includes a relocation of the
Arizona Eastern Railroad around. San Carlos Reservoir between Lale Posts
734557 feet and. 1O2j4372 feet, the location of a highway to the San Ca.rJ.os
Dwi Bite from a point on the State Road. about three miljs east of Rice
Station, an. approximate estimate for a temporary construction railroad.
from the Arizona Eastern at San Carlos to the San. Caries Dam Site, anti an
examination, of the sand and, gravel supply for the San. Caries Darn.

Conciusi ons

The results of the tios show that the construction railroad, and.
the highway can. be built at niou.erate cost; that there is a sufficient supply
of sand and. gravel of fair quality near the darn site, and. that the con-
struction o± the Arizmia Eastern Railroad. on the new location is practicable
though It will enter as a considerable item in the total cost of the project.

RELATION OP ARIZONA EASTMRN RAILROAD

Derei of Accuracy

It is understood, that the railroad. canpan.y will demand. a
considerable stan above the cost of the new line as capitalization, the
proceeds to be used, to pay the ir3creaseln cost of operation. For this
reason It was assumed at the start that the survey should be made with
somewhat greater accuracy and. detail than the ordinary preliminary survey
requires, so that the results ocu].d. be compared. with confid.eno with
figures based. on an independent survey which the railroad company will
doubtless make. The various items of cost Included i the estimate have
been analyzed. with equal detail. The slight additional cost 0±' this extra
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work seems to be justified. by the fact that the amount of money
involved, Inc Jud.ing he proposed capitalization, is more than
three million d.ol].ars.

Location

The new location starts wth station 39O0L57 of the Arizona
Eastern Railroad., abOut three-quarters of a mile west of Bylas
Station, and. ends at Station 545&L64, at Rice (Station. l5349O,
new ljne. The conditions to be satisfied. restrict the location.
to an unusual degree for railroad work. The choice of routes lies
between ti possible reservoir high water contour of 2575 on one side
and. the foothills of the Gila iountains on the other. Two feasible
river crossings are to ta found., and, the line must be kept as
short and. the grad.es as low as possible. The neral route is at
right an.g].es with all drainage lines.

River Crossings.

There is no natural bridge site on the Gila within several
miles of the poin.t where the high water contour crosses and the
departure from the old, line was tain as near this point as would.
permit a suitable grade and alignment across the river. The
brjd,ge site is feasible, though some protective work will be
required. at each end of the bridge.

The San Carlos can be Cr ossed at any ptlnt between the high
water contour and. Rice Station, but the best site is at Rice and
the topography here allows a better alignment for the approaches
than would. be possible at any point below. A crossing near Rice
is also determined. by the limiting grade of one percent and certain
controlling points several miles back on the line.

Grade and. Alignment.

The new line has a grade sprozimating one percent for
about half the distan.cø and. at its t:1iest point is about 5 miles
back from the high water contour of the reservoir. The choice
of this location. as against one more nearly folling the edge of
the reservoir should. be explained.. It Is the raoct direct line
between the terminal points, and. the topography on. this location is
more favorable than In the region bordering the reservoir, or on
any possible line between.
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Starting with the GIla River, there is a narrow strip of bottom
land, ranging in. elevation from five to ten feet above th river. From
this bench the ground. rises with a slope of twenty or thirty percent
to a general elevation 80 to 150 feet higher. e line of this second.
bench is very crooked and. is broken at fregueut intervals by the
mouths of canyons and, steep coulees. A location, climbing tills bench
is Obviously impracticable. It is, therefore, necessary to get
on top of tile bench at some favorable point as soon as possible after
leaving the river.

The area between the top of tile bench and. the foothills, a strip
8 or 10 miles wide, is one side of an, old. lake bed In. which the pre-
vailing material is caliche, with caprock of lava on the higher points.
This entire area, which has a slope of about three percent toward. the
river, is badly eroded, and, is Crossed by a large rnmiber of deep
canyons. The divides between canyons are characterized by steep
buttes and. hogbanks of calicbe or other hard material.

The canyons aregenerally too narrow and. crooked, to permit
running upstream for a low crossing, while the slope èf the intervening
ridges is two or three times the one percent tnen as mazimwn grade.
In. nearly all oases the canyon walls are nearly perpendicular for twenty
to fifty feet from the bat tan, but above till a the slope gradually flattens
out, so that the usual method. of approaching a crossing with a cut,
or cut and, tunnel, can not be employed. The larger canyons are
generally parallelled, at a short distance by high hogbacks which
extend to within a mile or two from the river. As would be expected
this topography furnishes a series of controlling points which
determine the location within narrow limits.

Iethod,s Used, in. Survsr.

The location was made according to the usual methods
for rough country. A reconnaissa..nce was made betWeen the Gila and.
San Carlos bridge sites and, this was followed. by a stad.ia trial lineon which the preliminary was based. The preliminary was run with
transit and. chain and, staked out in 100foot station. The survey
was made from the east end, to Sta. 70350 and, from M vast end to
Sta. 829,L55.5 ( 70350). Levels ers run from U. S. G. S.
bench marks at Bylas and. Rice, with an error at the above
point or' 0.50 feet. Topography was taken wit, a hand, level
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and. chiu to a distance of 100 feet on each side D± the line and
skstched. for about a hundred feet farther. For distances greater
t1n. 200 feet from the line, at tunnel and bridge sites and. at
controlling points, topography was taksn with transit and stad.ia.
Hubs vere set at all transit point8. Elevation8 for all stakes and
hubs vere recorded in the field books. The topography was plotted.
on sheets to a scale of 200 feet to the inch. and. a paper location
showing the prqposed final location, with curve elnents, is
shown in pencil on blue print s of these sheets, which are on. file
in the Denver Office. It will be possible to find, the stakes
and hubs for several years and. a final location in the fields when.
required, can be made in a short time. The party consisted Of four
men and. a pack outfit.

Becord.s of Survey.

Records of the Survey consist of the following:

5 Field Note Books
1 Profile o± preliminary location.
1 Profile of paper location

2.5 Sheets showing topography and, paper location
on preliminary line.

1 General Map
1 Small scale profile of paper location
1 Report and. Estimate.

Comparison of Line.

Figures for the Arizona Eastern in the following tabl, are
tain from the profile and right-of-way maps furnished by the onipany
which ax dated 1915.

length 28.98 miles 29.07 miles
Maximum Grade 0.864,, 1.00
Total up-grade toward. lUbe 238.5 ft. 556 feet
Total down-grade toward Rice 219.5 feet §37 feet
Maximum curvature 7 degree a 8 degrees
otal curvature, degrees 1035 " 2809 "

Average degree of curve 20 58' 40 07?
Number of ou.verts 64 73
Number of bridges and trestles 52
Total length of " U U 4805 feet 9494 feet

- 39 -
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The cost of grading per cubic yard is estimated. at 40 cents
for earth, 75 cents for loose rock, 75 cents and $1.00 for caliche, and.
.1,5o for solid rock. The estimated cost for overhaul is 2 cents per
cubic yard. per station for distances over 500 feet. The profile shows
that there are several rather deep outs which would probably be made
with steam shovel equipment for which overhati costs are lower than for
lighter equipment.

The cost of finished concrete lined tunnel is estimated. at
$98.00 per linear foot. This cost is based on excavation at 46.45
per cubic yard. including some timbering and reinforced oonorete at
23.85 per cubic yard. A uniform amount (l700.00) each has been

added in eases for earth tunnel portals. The economic point of
change from open cut to tunnel with the assumed unit coats is at
depth of out of 45 feet0

The cost of reinforced concrete pipe for eu.lverts is
estimated at 2.5O per linear foot for 36" diameter pipe and
4.00 per linear foot for 48" dIameter pipe. The cost of work at
the ends of the culverts is estimated at 4180.00 and 4200.00,
respectively.

Plain concrete arch cu].verts Of 6 foot span are estimated
at 33.00 per linear foot with 4566,O0 added to each culvert to cover
work required at the ends of the barrel.

In all eases an item, depending upon the height of trestle,
has been added to the cost of trestles to cover the cost of abutments.

Fencing is estimated at 640 per mile while cattle guards
and crossings are estimated at 110 each.

Telegraph line is estimated at 52O per mile.

Basis of Prellminar.v Estimate.

The estimate is given by miles to facilitate studies for the
final location and. in order that proper deductions may be made, if
it is decided to shorten the line by decreasing the reservoir capacity.
A method for doing this is suggested on Page 48.
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The estimate is made from an analysis of the following items;

Grading
Track materials and. traok laying.
St niotures
Peneing
Telegraph Line
Station equipment
Clearing right-of-way
Purchase of right-of-way
Salvage.

Grad 1n.

According to the standards in common use, which are based
on traffic requirements and speed of trains, the Arizona aetern is a
Class "C" road, for which the subgrad.e width of road.-bed. is 14 feet.
The sections used. in computing earthwork are for fill - top width 14
feet, side slope lil: for out - base width 20 feet, side slopes 1:1.

The classification of material as made entirely from
surface indications aM from observation of ledges exposedoon the
sides and bottoms of water courses. The principal materials to be
excavated are callohe and. earth. There is very little loose or solid.
rock. The caliche varies .consid.erably in hardness. In this locality,
the caliohe is a very fine sedimentary deposit cemented with lime,
which appears in many places over the upper part of the lake basin.
It is not believed that all of it could be handled. br teams after
blasting, although a large part of it doubtless could be thus removed,
On the other hand it is probable that some of this material su be
excavated by steam shovels without blasting. A large part of the
work consists of ealiohe covered by a thin layer of earth. In some
cases the grade line is kept somewhat above the position that would.
balance cut id fill yardage for the reason that It will probabi,y be
cheaper to borrow surThoe materials of earth than to excavate and.
haul the harder material. An approximate estimate of overhaal has
been included in the grading costs.

Track.

The estimate for tra& materials is based. upon the use of
the following, which are standard, on the portion of the line to
be abandoned:

75 lb. rail
6" x 8" x 5 -0" tIes
23" angle
3/4" x 4k" track bolts
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9/16" x 5-" track spikes
Springrail frogs and standard switches.

Track laying cost Is estimated for dirt ballast, only.

Structures.

The most important structures are the Gila and San Canoe
bridges, which are to be moved from San Canoe Station to the new
locations. These are deck plategirder bridges with concrete
abutments. The Gila bridge has concrete piers and. the piers of the
Sah Canoe bnide are concrete filled steel tubes. Both bridges
appear to be of first class construction.

The dimensions of the San Canoe bridge are as follows:
Number of spans * 6, length of spans 60 feet; depth of girders
6' 6", thickness of webb plate 3/8"; diameter of piers 5' 6",
thickness of plate 1/4"; abutments 16' 0" x 23' 0" on top,
batter 1:12.

Following are the dimensions of the Gila Bridge:
Number of *pans 10, length of spans 70 feet; depth of girders 8' 4",
thickness of webb plate 7/16"; east abutment 16' 0" x 63' 3" on top,
west abutment 16' 0" x 33' 6", batter 1:12; concrete piers, area
top section 72.5 sq. ft., batter 1:12. Profiles of both crossings
are given on the 1915 revised profile of the Arizona Eastern, on
file in the Denver Office.

The estimate for moving the above bridges includes the
cost of temporary trestles at the present location and protective work
for fills at both ends at the new locations. It is assumed. that
bed..rock will not be found and that abutments and. piers will be
on creosoted pile foundations.

The estimate for the three tui'nels, totaling 1240 feet,
shown on the profile, is for a section 16 'by 20 feet, concrete lined.
The material to be excavated is believed to be ealiche and. some
timbering will probably be necessary.

Thirtysix inch and fortyeight inch reinforced concrete
pipe and plain concrete arches of 6 ft. span are used for small
drainage openings, the quantities being taken from strn,th%rcl plans
for railroad construct ion.

Framed wooden trestles are used for larger
openings. Bottoms of canyons and arroyos are Caliche or
other hard. material which would prevent the driving of



piles. There are several unusually high trestles, but no praotoable
location can be found, that would- avoid these. The limit of
height for the economic construction, of wooden trestles is given by
some authorities as about 100 feet. All trestles are corisid.srably
under this height except that at Salt Creek, which has a maximum
height of 116 feet.

The estimate for trestles with framed bents is based on
timbers of the following dimensions; Three lines of 8" x 16" stringers
under each rail, 12" x 14" caps, five 12" x 12" posts for each bent,
12" x 14" sills on concrete piers, 4" x 10" and 8" x 12" longitudinal
and. transverse struts, 4" x 10" diagonal bracing, 6" x 8" guard.
rails, 6" x 8" ties 12" c-c.

Fenc in.

Fencing, with cattle guards and. crossings every mile,
will be required. This item Includes two lines of barbed- wire
fence with four wires each and- posts spaced. one rod- apart, pit
cattle guards and plank crossings.

Te1eraph Line

A foux-wire telegraph line will be required to replace
the present line. This item includes thirty 25-foot poles to the
mile, four lines of No, 9 wire, gay wires and anchors, standard.
cross-arms and- Insulators.

Stat ion ]cn.dpment.

Stations will be submerged at San Carlos and Calva and
side tracks at Naches and Peridot. The station at Calva consists
of a 23' x 29' section house, 26' 57' buxik house, 12' x 14* tool
house, stock pens, one spur and one siding, totaling 4080 feet of
track.

The equipment at San Carlos consists of a depot about
35' x 70', a 24' x 56' bunk house, a 24' x 29' sction house,
pumping plant and. water tank, coal bin, ore bin, oil house and tool
house, two spurs and two sidings, totaling 4160 feet of track. The
passing track at Naches is 3146 feet long and the sput at Peridot
about 500 feet long.
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Under the item of station equipment are included
the costs of replacing Sari. Carlos Station at Rice, and Calva
somewhere near the Chtriquahua Rh Road, in Mile 6, as this is the
location most convenient to the large cow outfits north of the river
which now use Calva as a loading point. Another station will be
required about half way between Calva and. Rice, with section house
equipment and passing tracks of capacity equal to those now at
San Canoe. The estimate assumes that buildings at Calva and San
Canoe would be wreaked and replacements would be built of new
material. The pumping plant and water tank would be used. at Rice.

In making the estimate it is assumed that in the
weight, dimensions, and. quality of track and other construct ion
materials, as well as in workmanship on construction, the new track
will be equal to the old.

3uxsmar,r of Preliminary Estimated. Cost per Mile.

The total for the following four items, which are the same
per mile for the entire line, is included in the total by miles
shown in the fourth column of the following table. The lengbh of the
line is 29.07 miles.

Track Materials, in place, per mile l6,600
Right-of..wsy, fencing, cattle gtards,

arid crossings 750
(a) Telegraph Line 520
(d) Clearing rightofway 250

Total per mile l8,l20

Three sums for station equipment, 22,2O0 in Mile 6, 4l6,400
in Mile 18, and. l2,800 in Mile 30, are also included in the totals.
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EST IMiT C0 PER MILE.

Mile :

:

Grading : Structures :

:

Total estimated
cost, per mile.

1 45,400 4127,l0O 4190,620
2 5,870 530 24,520
3 : 30,900 10,000 59,020
4 :: 22,600 3,880 44,600
5 i 80,400 79,100 : 177,620



Estimated (lost Per Mile (Continued)

370 feet of new track.

- 47 -

Mile Grad.lng
I
s Structures :

Total estimated.
cost, per mile.

6 81,800 71,600 193,720
7 : 51,600 2,590 72,310
8 : 61,300 : 53,300 1 132,720
9 66,800 : 104,500 1 189,420
10 46,800 : 10,600 75,520

11 22,900 2,600 1 43,620
12 : 41,300 5,940 : 65,360
13 : 33,900 85,200 137,220
14 : 28,900 69,100 1 116,120
15 : 49,500 2,770 1 70,390

16 : 55,100 : 10,500 I 83,720
17 : 34,400 180,700 233,220
18 g 36,600 : 4,760 I 75,880
19 ': 80,900 : 12,300 111,320
20 51,600 5,190 74,910

a 24,900 21,900 64,920
22 : 69,600 2,210 'I 89,930
23 : 49,600 14,500 82,220
24 : 8,490 1,900 28,510
25 : 4,750 2,340 25,210

26 11,100 1,140 30,360
27 24,600 38,900 81,620
28 24,200 8,200 50,520

21,000 47,400 86,520
30* 14 570

1 1

Totals $1,167,310 : 980,750 2,726,210

Motel - Cost of tunnels in miles 5,8, aM 13 is included under struotu?ee.

Estimated, cost 4 2,726,210
Engineering and. contingencies,

272,620
Right-of-Way 1,890

Total estimated, cost .3.000.720.



Salvage.

Any value borne by materials salvaged from the track of the
krizona Eastern should be deducted from the estimated cost. As all
the rail, probably 50Z of the ties, and. a considerable portion of
other materials could be used. in temporary construot ion track at the San
Oar].os Dam and other points, the government could. afford a ,omawhat
higher estimate on salvage than their market value as juxik. It is
believed that the following credits for this second. hand. material would

Total estimated salvage c1l40.000

Correction for other HeiRhts of San Canoe Dam

If it Is decided to decrease the height of the dam and
shorten the railroad by a corresponding amount, an approximate estimate
could be reached by comparison with the estimate for the line as
located.. Although no survey was made for such a line a thorough
examination of the area between the survey and the river leads to the
conclusion that any other line would cost more, except for about two
miles from the river at each end. It Is suggested that an set irnate
which would be sufficient for the purpose of studying comparative
costs for various high water elevations could be arrived at by applying
the per mile cost found in the above estl.mate for a distance of about
two miles from each end, and an increase of, sa, lQ for any other
parts of the line that are changed.

Other bridge sites can be found. farther down on the Gila
that would. be as good as the one used, The location as made uses
the best bridge site on the San Canlos but It is probable other
:ocat ions could. be found that would be safe enough with some protective
work.
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be fairly conservative.

Rail and angle plates, frogs & Switches )95,00O
Ties 25,000

Bridge Timbers l5,000
Telegraph line and fencing 5.000



R.ILROAD FROM S AN CABLOS TO SAN CARLOS DAM SITE

Approximate length 8.5 miles.

Bisis of Estimate.

No survey w as made for this estimate but the ground. was gofle over
evera1 times during the progress of other work and. the following
igures are probably close enough for an approximate estimate. Costs are

bued on new 60 lb. rail and. other new track materials. An average fill
four feet is assumed. for the first six miles where the railroad.
1lows the river bottom and. the cost of grad.iug th3 other 2- miles is

utimated by comparison with similar country where surveys have been made.

WAGON RO.AD TO SAN OARLOS ])A.M SITE.

Approximate Length 14 Miles.

Location

The following estimate is for a road to the dan site, leaving
the State Road between Globe and. Safford. at a point about 3 miles south
:of Rice, and. running along the West side of the proposed reservoir.
There would. be no very difficult work, most of the material to be moved.
being Class 1 and. a large part of the work could be done with road

graders.

Basis of Estimate
The estimate is made from a reconnaissance survey and is for a

3.6 ft. wisurfaoed road.w*y, with metal pipe culverts for openings up to
36 inches and. wooden culverts for larger openings. Grade crossings are
used. for arroyos having rock or hard gravel bottoms.
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Cost of structures is estimated In the same way.

Summary of Prelthjnary Estimate

Track Materials and. track laying ll7,3OO
Grading 90,000

Structures 45,000
Yards and. Switches 15,000

Fencing 2.500

Estimated. Cost - .269,800

Engineering & contingencies, lO 26.980

TOTAL ESTIM.TED COST 296.78O



8D & GRAVEL SUPPLY AL1 SA1 CARLOS DAI'I SITE

There is apparently no gravel at the location of the darn but
there are bars of considerable ex.tent both above and. below.

The gravel is generally of good quality, the pebbles are of
hard. material and. wel]. graded. in size. The sand is of good. quality, and

sharp, but varies considerably in fineness. There appears to be an
excess of end. in the gravel and. there are large deposits of sand.
that do no't contain gravel.

In seine cases there are layers of silt and drift sand in
the gravel that are unfit for use.

There are two large areas within a quarter of a mile of
the clam site that are covered with hard cobbles and. boulders of
suitable size for crzshing end. there is a large quantity of loose
granite that could be orushect into aggregate.

All the material described above is below high water except
the granite, but the larger part of it is probably above water at
normal stage. -

My conclusions are that enough sand. atd. gravel are
available within an average distance from the dam site of 2,000
feet, that both are of fair quality aM that all gravel will have to
be screened.. In case the amowit of gravel should. prove insufficient,
good aggregate could. be made from loose stone to be found within a
quarter of a mile of the clam site at moderate cost. For the lower
part of the darn, sand and gravel can be hauled. to the darn site on the
eanyon bottom, except during high water. The cost of a road built
along either side of the canyon to the top of the darn would be high.
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Suimiry of Preliminary Estimate

Gradings 8,800
Oulverts, bridges and. grade crossings 5,300
Clearing 680

Contingencies, 740

Right-of-Way 170

Total stimated Cost 15.690
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SA1 CARLOS PR0JE - ARIZONA

ALMA RESERVOIR

Drawing No. 44 - C - 4

-oOo-

Descriptive Notes.

Design Data

Letter of June 1, 1920 from Project Mger to Chief Engineer.

Report for Month of April, 1920 from Project Manager to
Chief Engineer.

Report of April 27, 1920 from GeO. A. Hammond., Diamond Drill
Foreman to Project Manager.

Letter of August 10, 1920 from Engineer 0. 0. Fisher to Chief
Engineer, inclosing capacity table for A].ina Reservoir.

Letter of September 3, 1920 from Engineer 0. 0. Fisher to Chief
Engineer.

Letter of September 7, 1920 from Engineer 0. C. Fisher to Chief
Engineer.

Drawing 99 - C - 126

Preliminary Estimate Alma Darn dated. August 20, 1920.

Reservoir.

Located on the San Francisco River in the southwestern part of
New Mexico with dam about 1-1/2 miles below the town of Alma. Drainage
area above the darn site Is about 1700 square miles. The gross
eapaolty with ter surface at elevation 4992 is 162,000 acre feet,
of whloh 168,000 acre feet is assumed. as Irrigation storage and
4,0O0 acre feet as silt storage.

The stored water is to be used. on. the San Canoe Project in
Lrlzona, the reservoir being supplementary- to the San Canoe Reservoir.
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Located. near the section corner oomnon to Sections 4,5,8 and. 9, P. 11,
3. , R. 20 W., N. M. P. M., about 56 miles northwest of Silver City,
N Mexico, the nearest railroad point.

Silver City Is the end. of the Silver City, Deming and. Pacific R. IL,
which connects with the Santa Fe and Southern Pacific at Doming, New
Mexico.

An arch dam has been selected. as being the type most suitable for
the site. It is designed. as a constant radIus dam with an upstream
.ad.ius of 160 feet. The maximum height is 222 feet above bedrock.
Provision has been made for a wagon road across the top of the darn. The
slasign limits the arch thrust to 300 pounds per square inch based. upon
a formula which corrects for thiceaØ of the arch ring.

The darn site has been explored. by diamond drilling. Seven holes
were put down which Indicate about 40 feet. of sand., gravel and. cobbles
overlapping lava. The side walls are lava very much broken up with
pockets of sort ash and conglomerate.

Spiliway.

An overflow spIllwar without gates, paralleling the river, is
provided at the north abutment of the dam. It is designed. to discharge
50,000 seooth feet in accordance with the Williams runoff formula,
using "0" 1.5. This dIschvge also agrees with calculations made
by Engineer Debler. The weir Is 450 feet long and is designed to
pass the flood. with a 10 foot depth on the crest.

The wagon road. Is carried. across the aplllway channel by
a concrete bridge designed. to carry the arch thrust due to the water
head on the upper portion of the darn.

Outlet Works.

Consist of two 5' - 0" diameter regulating outlets controlled.
by 58" Balanced Needle Valves with 5' x 5' bydraullo operated. emergency
elide gates, and. two 5' - 0" diameter slutoing outlets controlled, by
5' x 5' hydraulic operated slide gates. Trash racks are provided
for all outlets.

The required. capacity of the regilatIng outlets is 700
second feet. It is estimated that one outlet will pass
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the required. discharge under a head of 46.2 feet and. two under a head.

of 11.6 feet.

All outlets are lined with semisteel to carry the arch thrust
in the dam.

Wagon Roads.

The distance from Silver City to the dam site by road. is about

75 miles. At present the road. is in poor condition. The first 30 miles
is to be put in good condition in the near future and. it Is estimated
that the last 45 miles can be made serviceable for about 4].,000 per
mile. It is doubtful if heavy hauling can be done during wet weather.

Rights of Way.

The estimate for right of way Is that furnished, by engineer
C. C. Fisher for right of way for a darn irxipounding water at elevation
5030. The same amount is assumed for this lower dam for lack of other

d.efinit e data.

Mat erlals.

Cement is assumed. to cost 9.00 per barrel at the dam site,
based upon the following:

Cost, f.o.b. 1 Paso 3.25
Freight to Silver City 0.65
Truck Haul to dam site, 75 ml. 5.70
HandlIng 0.25

Gross Cost 9.85
Less 3 Sax returned .75

Less ,p0.05 discount .05
Net Cost 9,05 (say 9.00)

Sand. an.d gravel may be obtained. at the darn site at an assumed

cost of ]..5O per cubic yard.

Plum rock is assumed in place at 4.00 per cubic yard. based upon

the following:

Cableway Charge 0.75

Derrick 2.00
ortlng & Washing

plum rpok. 1.25
4.0O
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Reinforced. Concrete in place

Pftrapet a

TOTAL DAM

PRELIMINARY EST IMA!PE

500 c.y. ;26.00
z

1,120 lin.ftlO.00

4 12,963 :

13,000

11.200

842.025

Top of parapets El. 5006
TOp Of Dam El. 5002
Norma1 Vi. S. El. 4992

Gross Storage 182,000 A.?.
Irrigation Storage 168,000 A.F.
Spillwar capacity 50,000 S.F.

IT EM
:.U1tIT : TOTAL :

(UAI]PY : COST : COST : 3tThJMABY

COFER DAM & PUI>IMG 50.000

:

xoavat ion

Class II : 17,800 c.y.42.00 4 35,600 :
Class III 8,600 O.y.: 2.50 : 21,500 :

Total Excavat ion : . 57,100

Concrete l-.2*-5 Mix
Cement g 54,700 bbl. 49.00 g492,300 :
Sand 19,400 .y.: 1.50 : 29,100 :

Gravel 38,400 c.y.: 1.50 : 57,600 :
Forms : 44,100 C.y.: 1.50 : 66,150 :
Mixing & Placing : 44,100 e.y.: l50 : 66,150 :
Plant Depreciation : 44,100 c.y.: 1.00 : 44.100 :

4755,400 :
Concrete in Place 44,100 c.y.;l?.25 760,725

Reinforced. Concrete 1: 2- 5 Mix
Cement : 620 bb1.::9.00 : 5,580 :
Sand. 220 o.y. : 1.50 330:
Gravel : 435 c.y. : 1.50 653:
Rein. Steel : 30,00 lbs. : 0,08 : 2,400t
Forms : 500 o.y. : 5.00 1 2,500 :
Mixing and Placing 500 cy. : 2.00 : 1,000 :
Plant Depreciation 500 e.y. : 1.00 500:



I T }3 M QU!4TIT!
UNIT

:CO3I
TOTAL :

COI' :SUlMARY

Ot1!Li VORK5 Q - 700 s.f.

: 190,800 lbs. 4 0.254
*

47,700:

300:

Realat ing Outlets
2 58" Bal. Needle Valves
Pump & Strainer
Control Piping & Pitt Ings : 4,000 lbs. 0.15; 600;

2 5 x 5' Hyd.raulio Operated.

Emerg. Gates : 180,000 lbs. : 0.20; 36,000:

011 Pump Tank, Gates, eta. 1,000:

Control Piping 6,600 lbs. O.15 990:

Miaci. Metal Viorlc : 10,000 lbs. : 0.10: 1,000;

2 60" 0.1. Coniluit Linings : 105,000 lbw. : O 10; 10,500;

Freight 497,000 lbs. : 0.01: 4,90:
Hauling 75 Miles : 18,600 T.M. : O 40; 7,440;

Installation & Paint jug g 497,000 lbs. : 0.03: 14,910:

Gate House 4,000;

rasi Rack Structure 11.000;

: 140,410:

Sluice Outlets

0A.L OtI VRKS

g

2 :29,000

135,000 c.y.$ 1.75

1,670 bbl.: 9.00

700 o.y.: 1.50
1,420 o.y.: 1.50

1,590 O.y.: 1.00

1,590 O.y.: 1.50

1.590 c.y.: 1.00

1,590 c.y.: 15.00
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;

4

:
:
:
:
:,

58,000

;l98.40O

SPILIWAT - 50,000 s.f.

236,250

15,030:
1,050:

2,130:
1,590:

2,385:
1.590:

236,250

23,850

Exoavat ion
Class III

Concrete Crest 1-3-6 Mix

Cement
Sand.

Gravel
Forms
Mixing & Placing
Plant Depreciation

Concrete in Plaoe

:

:

23,775;

:

Regulating Outlets

Sluice Outlets

2 :70,200 ; $140,400

2 5 x 5* Hydraulic Operated
Gates 126,000 1bs. 0.204 25,200;

Ill Pump, Tank, Gates, eta., 1,000:

Control Piping 6,600 lbs.: 0.15; 990;

2 60" C.I.Conduit Linings : 15,000 lbs.: 0.10 11,500;

Preight : 248,000 lbs.: 0.01: 2,480:

Hauling 75 Miles 9,300 T.M.: 0.40; 3,?20

Installation & Painting 248,000 lbs.: 0.03; 7,440

Trash Rack Structure

4 57,830:
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Cost per Ac. F. Gross 182,000 a.f. at 11.86

Not 168,000 a.f. at l2G85

I T IE M

:

QUANTITY :

T.JNIT

OD

:TOTAL
: CO' SUIMARY

Concrete Lining l-2-5 2 2

Cement : 8,330 bbl 9.00 : 74,970:
SaM : 2,960 o.y. 1.50 : 4,440:
gravel 5,850 c.y. 1.50 : 8,775:
Forms s 6,720 c.y. 2.25 : 15,120:

Mixing & Placing 6,720 c.y. 1.75 : 11,760:
Plant Depreciation : 6,720 c.y. 1.00 : 6.720:

$121,785:
onorete in Place g 6,720 c.y. 18.00 : $ 120,960

2 2 2

9TAL SPII4IiAY 2 : 381.060

2

1DS. Repairs & Betterments. .

Road. Silver City to Dam Site : 500O0

ION CA : 30.000

tDflSHING. LID 0L1LNING UP : : 7.500

total Estimated. Cost 2

2 :

:1,558,985
2

Contingencies - 13 : 202,668
Engineering & Administrative l7 .: : 265,027

OF VLY per Engineer 0.0. Fisher letter
: 132.620Sept.3, 1920 to Chief Engineer.

LD TOTAL coir $2,159,300



Note: If character of rock is such that it is suitable for plums
and if 2O plum rock can be placed, the coat is estimated.
as follows:
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rock

4

S

:

: 50.000CO1iiIb DAM & PtThPING
.

plum

:

: g

57,100Excavat ion

Concrete 1-2--5 with 20,
Cement : 43,700 bbl.: 9.0O :$ 393,300:
Saud. : 15,500 c.y. : 1.50 : 23,250:
Gravel : 30,870 o.y. : 1.50 : 46,305:
Plum Rock : 8,820 C.y. : 4.00 : 35,280:
Forms : 44,100 o.y. : 1.50 : 66,150:
Mixing & Placing : 44,100 c.y. : 1.50 : 66,150:
Plant Depreciati on 44,100 C.y. : 1.00 : 44.100:

$674,535
Concrete in Place : 44,100 c.y. : 15.25 : $ 672,525

Reinforced Concrete 13,000

Parapets 11.200

TOTAL D4 753.825

0I72LP WORKS : : 198.400

SPILLWAY :$ 381.060

ROADS :w 50.000

CONSTRUCT ION CAMP 28000
S

FINISHING & CLAlING UP : 7,000

Total gstimated Cost $1,468,285

: UNIT : TOTAL :

I T M ULUTITY CO : OO' : SUMMARY

Contingencies, l : 190,877

engineerIng & Administratii, 17 249,608

RIG1 OF 132.620
S

GRA1D TOTAL COST 2,041,390



Excavat ion

- 58 -

57,100

Concrete 1.2'...5-3 Mix
2

Cenieiit 42,300 bbl 49.O0;38O,7OO;
Sand. : 15,000 cay. 1.50 22,500:
Gravel 29,500 o.y. 1,50: 44,250:
5" Cobbles 17,500 c.y. 1.50: 26,400:
Forms 44,100 c.y. 1.50: 66,150:
Mixing & Placing : 44,100 c.y. 1.50, 66,150:
Plant Depreciation 44,100 c.y. 1.00: 44.100:

z : :650,250:
Concrete In Place : 44,100 o.y..14.7S: 650,475

Reinforced Concrete 13,000
Parapet s 11.200

TOTAL DAM : 731.775

OUTL V/ORK.5 198.400

SPILLWAY 381060

ROLDS :t 50.000

CONS'JRUION CAMP : 28,000

PTISHING & CLEANING 1)1' :t 7.000

Total Estimated Cost 2 : 1,446,235
2

Contingencies, 1$ : 188,011
Engineering & Adinintrative 117% 245,860

RIGHT OF A.Y 132.620

GRA1D TOTAL ESTIMAT) COST 2,012.726

: UMIT : TOTAL :
ITEM g UiU'TITY : COST: ST : S[JMABY

NOTE: If the mixture for the darn be assumed as one part cement,
two and one half of sand, five of gravel and three of
cobbles, the cost is estimated as follows:

; ;

COFFER DAM A PUMPING ; 50,000
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