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SUMMARY

This report summarizes the results of a schematic design prepared for the

Salt River Project to determine the construction cost of a one-directional

gravity flow interconnection facility, with and without hydropower, between the

Central Arizona Project Granite Reef Aqueduct and the Salt River Project at

Granite Reef Diversion Dam. The project site is located approximately 25 miles

east of Phoenix, Arizona.

The design for the one-directional gravity flow interconnection facility,

with and without hydropower, involved determining the designs and costs for

three alternative points of delivery and five different flows. The direct

construction costs of the interconnection facility, excluding contingencies,

engineering and administration, varied from $373,000 to $1,135,000 depending on

the delivery point and design discharge.

The study included determining the technical feasibility of developing the

interconnection facility for hydropower generation. A hydropower plant consist­

ing of one horizontal or vertical Francis turbine operating under an approximate

net head of 170 feet and having capacities of either 1225, 3478 or 8058 kilowatts

for the minimum, most and maximum flow conditions, respectively, was found to

be technically feasible. The direct construction costs of the hydropower plant,

excluding contingencies, engineering and management were determined to be

$1,619,000, $3,034,000 and $5,580,000 for installed capacities of 1225, 3478 and

8058 kilowatts, respectively.

The design for the one-directional gravity flow interconnection facility

with an open-channel chute and stilling basin instead of a pressure conduit and

energy dissipation valve was performed under an extra work order. This design

was for the same three alternative points of delivery and the same five flows.

The direct construction costs of this design, excluding contingencies, engineering

and administration, varied from $319,000 to $972,000 depending on the delivery

point and design discharge.
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CHAPTER I

INTRODUCTION

Section 1: Purpose of the Study

The purpose of this study was to establish the technical feasibility and

prepare construction cost estimates and schematic design drawings for a one­

directional gravity flow interconnection facility, with and without hydropower,

between the Central Arizona Project (CAP) Granite Reef Aqueduct and the Salt

River Project (SRP) at Granite Reef Diversion Dam.

Section 2: Authorization

This study was authorized by the Salt River Project, Phoenix, Arizona, by

Purchase Order No. V-3003B-R dated June 23, 1983.

Section 3: Scope of Work

The Scope of Work involved preparation of a Schematic Design for a one­

directional gravity flow interconnection facility, with and without hydropower

development, with three alternative points of delivery and five different flows.

The interconnection facility provides a means of conveying water from the CAP

Granite Reef Aqueduct near the outlet of the Salt River Siphon to either the

Granite Reef Forebay or the South Canal near Granite Reef Diversion Dam or to

both. The specific engineering services performed include:

a. Collection and review of existing data on the Project.

b. Preparation of schematic layouts and designs of the various features

of the interconnection facility including sizing and alternative cost

studies for:

1-1
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(0 conduit, (2) energy dissipation and by-pass valve, (3) turbines, (4)

canal, (5) diversion and flow control structures, (6) road culverts, (7)

drop structure, and (8) powerhouse.

c. Calculation of hydraulic losses.

d. Analysis of hydraulic transients.

e. Sizing and selection of hydropower equipment.

f. Preparation of schematic design drawings to document the design

concepts developed for each alternative.

g. Preparation of construction cost estimates for five different flows

and three alternative points of discharge plus cost estimates for a

hydropower plant for three different flow conditions.

h. Preparation of a Schematic Design Report containing the design

criteria and results of the studies for each of the alternatives.

Section 4: Subcontractors

Preparation of the topography for the project site was performed using the

services of a subcontractor, Aerial Mapping Company, Inc., Phoenix, Arizona,

and aerial photos obtained from the United States Bureau of Reclamation (USBR)

office in Phoenix, Arizona.

The geotechnical firm, Sergent, Hauskins and Beckwith, Phoenix, Arizona,

conducted a seismic refraction survey of the proposed interconnection align­

ments and prepared a report contained in Appendix C.

1-2
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Section 5: Acknowledgements

Special acknowledgements are given to the Phoenix and Denver offices of

the USBR for the high level of cooperation and assistance provided throughout

the course of this study. Acknowledgment is also given to the SRP staff for

their close communicaiton and coordination during the study.
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CHAPTER II

SITE CHARACTERISTICS AND EXISTING FACIUTIES

Section 1: General

The proposed CAP/SRP Interconnection Facility is located west of Bush

Highway between the Salt River and the Central Arizona Project Canal in

Maricopa County, approximately 25 miles east of Phoenix, Arizona. The general

location is shown on the Location Map, Figure II-I and the Vicinity Map, Figure

11-2. The specific location is shown on the Area Map, Figure 11-3.

The CAP Granite Reef Aqueduct is presently under construction and is

scheduled for completion and delivery of water to the Phoenix metropolitan area

by mid-1985. The turnout is located on Reach 12 of the Granite Reef Aqueduct

at Station 793 + 40.L.T. and is scheduled to be constructed under a USBR

contract that is presently out for bids. The turnout is scheduled to be completed

no later than March 1, 1985.

Section 2: Geology

Extensive geological investigations were performed by the USBR in 1974

for construction of the Salt River Siphon and the Granite Reef Aqueduct.

Several drill holes and test pits are located on the centerline of the Salt River

Siphon approximately 1,500 feet west of the general area where the interconnec­

tion facility will be located. Geologic data associated with these drill holes are

as follows:

Ground Top of Rock Water Table
Hole No. Elevation (ft) Elevation (ft) Elevation (ft)

DH 2-SGS 1319.8 1269.8 Not determined
DH 110-SRS 1322.8 1302.3 1300.4
DH 111-SRS 1343.9 1304.9 Not reached

II-I
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The refraction survey also showed that there is a complex geologic feature at

the base of the steep slope near the end of the penstock alignment where the

A more accurate method of determining the elevation of top of the rock

was to conduct a seismic refraction survey of the site. A field program and

analysis were performed and the results are shown in Appendix C.

Estimating the elevations of the top of rock in the vicinity of the proposed

powerplant and along the conduit and canal alignment from these drill holes was

difficult and would have been inaccurate. The drill holes along the centerline of

the Salt River Siphon and the drill hole on the centerline of the Granite Reef

Aqueduct near the Salt River Turnout were too far up the slope to extrapolate.

The data on this drill hole near the turnout are as follows:

Not reached

Water Table
Elevation (ft)

1478.30

Top of Rock
Elevation (ft)

Ground
Hole No. Elevation (ft)

DH-122-GRI2 1482.30

The results of the seismic refraction survey indicated that the granite

along both canal alignments varies from 5 to 30 feet below the ground surface.

The survey also determined that the rock in these areas is not rippable, which is

different from the granite found along the Granite Reef Aqueduct. Near the

South canal the granite is rippable and is about 30 feet below the ground surface.

However, along the west edge of the Spook Hill floodway the granite is

approximately 10 feet below the ground surface and is not rippable.

The rock in the area of the Granite Reef Aqueduct and Salt-Gila pumping

plant is an intensely weathered to decomposed granite. The inspectors for the

Salt-Gila Pumping Plant, which is located approximately 3,300 feet downstream

from the turnout, reported that the granite near the Salt River Project turnout

was ripped with a Caterpiller D-IO tractor (with attached single shank ripper),

and that blasting was not used in the excavation.

I
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proposed hydropower plant was located~ The feature appears to be an old

streambed filled with large rocks and boulders and extends approximately 100 to

150 feet along the alignment of the penstock and canal. The rock pr?files are

shown on Figure 11-4.

The project area is considered to have low seismicity. Based on historical

seismicity, Algermissen and Perkins (U.S. Geological Survey Open-File Report

No. 76-416, 1976) shows that the interconnection facility alignment is in an area

with a 90-percent probability of not having ground shaking with a horizontal

acceleration exceeding 0.04g (gravity) in a 50-year period. This probability is

equivalent to a source earthquake having a return period of 475 years.

Section 3: Site Characteristics

A. Proposed Salt River Turnout

The proposed SRP turnout consists of a reinforced concrete turnout

structure, two slide gates, and two 96-inch diameter precast concrete pressure

pipes extending 200 feet from the turnout to a point approximately 275 feet left

of the centerline of the Granite Reef Aqueduct at Station 793 + 40. The turnout

is shown on Figure 11-5. The design criteria for the turnout is listed in the USBR

memorandum dated October 28, 1982 shown in Appendix A.

The turnout was designed for downstream flow control and energy dissipa­

tion using a sleeve valve. With flow control provided by a sleeve valve, full pipe

flow can be maintained in the pipelines for all flows. Full pipe flow is required

for use of acoustic flow meters for flow measurement which the USBR proposes

to use for flow measurment in the turnout.

The ends of the turnout pipes are located at approximately the edge of the

embankment fill for the canal. Therefore, all of the excavation for the

interconnection facility should be in original ground, not in fill material.

11-3
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B. Existing Commercial Gravel Processing Operation

Located north of the roadway and west of the Spook Hill Floodway is a

medium-sized gravel processing operation which has been in operation for

several years. The operation is privately owned and the owner has a lease to use

the land, process the material from the annual dredging of Granite Reef

Forebay, and sell the processed gravels commercially. It would be considered

good public relations to not disturb this operation with the canal to the Granite

Reef Forebay unless it is absolutely necessary.

C. Dam Tender's Residence

Located just south of the left end of the Granite Reef Diversion Dam is the

dam tender's permanent residence and parking lot. This residence should not be

disturbed in any way by the canals delivering water to either the Granite Reef

Forebay or the South Canal.

D. Spook Hill Floodway

Located directly north and to the east of the SRP Turnout is the Spook Hill

Floodway. This floodway was constructed by the Flood Control District of

Maricopa County. It is designed to catch the flows from the mountains southeast

of Bush Highway and to settle out sediment in the runoff water before it enters

the Granite Reef Forebay. The floodway should not be used as part of the

interconnection facility unless it is redesigned and the design coordinated with

the Flood Control District. It was stated in the Environmental Assessment

Report that the interconnection facility will not in any way interfere with the

operation or function of the Spook Hill Floodway.

11-4
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CHAPTER m

ENVIRONMENTAL AND SAFETY CONSIDERATIONS

A Draft Environmental Assessment Report was prepared on the CAP/SRP

Interconnection Facility by the SRP Environmental Services Department and

submitted to the USBR, Department of the Interior in April 1983. Environmental

impact due to construction of the interconnection facility will be minimal. The

one item of environmental concern is the reduction of the water quality in the

SRP due to introduction of CAP water into the system. It was determined that

water quality issues were not part of the scope of work of this study. Further,

no work related to water quality was to be performed during this phase of the

CAP/SRP Interconnection Facility design. However, water quality was con­

sidered in locating the point of delivery to the Granite Reef Forebay.

The Environmental Assessment Report also states that, "Any open channels

or ditches will be walled or fenced, both above and below the ground surface, to

prevent entrapment of Desert Tortoises and Gila Monsters as well as other

species".
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CHAPTER IV

HYDROLOGY AND HYDRAULICS

Section 1: Interconnection Facility Use

The Interconnection Facility will primarily be used to transport CAP water

deliveries via the SRP for eligible users as well as upstream exchange deliveries.

The location of the interconnection was based on a study conducted by the SRP

Water Group Management Staff which produced a report titled, "Location,

Design and Funding of tne CAP/SRP Interconnection", dated October 1982.

Because the primary purpose of the interconnection is the delivery of

irrigation water, which governs the operation of the interconnection, any power

production is secondary. The annual energy estimated in this study is, therefore,

based on irrigation releases.

Section 2: Hydrology

The flows for design of the interconnection facility and for the hydropower

analysis were provided by the SRP. These flows were based on speculative CAP

deliveries through the CAP/SRP Interconnection. A statistical analysis was

performed by the SRP to arrive at estimates of the minimum, most, and

maximum probable deliveries. Based on these results and a similar analysis by

the USBR, which established the upper limit delivery rate, the design dischages

for the interconnection facility were established at 220, 360, 450, 540 and 800

cubic-feet per second. By developing designs and cost estimates for the

interconnection facility for each of these discharges, a cost curve was devel­

oped. Therefore, when the final design discharge is known, an estimate of the

cost of constructing the interconnection facility can be obtained from the curve.

The development of the design discharges for the interconnection facility are

explained in more detail in the report, "Location, Design and Funding of the

CAP/SRP Interconnection".

IV-l
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Section 3: Hydraulics

The flows for the years beteen 1988 and 2005 and between 2005 and 2017

were determined by linear interpolation and are shown on Tables VI-I, VI-4, and

VI-5.

The purpose of the hydraulics studies were to determine the net head

available for hydropower generation, to determine the net head at the bypass and

energy dissipation valve and to size the various features of the interconnection

facility. Net head is calculated by subtracting head losses from gross head.

499
343
264

Maximum
Probable

143
160
139

40
61
66

October-March
Minimum Most
Probable Probable

658
508
418

262
284
254

TABLE IV-l

Hydropower Flow Rates (cfs)

77
119
128

April-September
Minimum Most Maximum
Probable Probable ProbableYear

The flows for the hydropower analysis were also established by the SRP

using a similar approach to that described above. The procedure and criteria are

detailed in a letter dated July 26, 1983 from the SRP to PRC Engineering. The

results of this analysis were the flow rates shown in Table IV-I for use in

developing the interconnection facility for hydropower generation.

1988
2005
2017

The CAP Granite Reef Aqueduct normal water surface at the SRP Turnout

is at elevation 1493.0 and the interconnection .canal water level was set at

elevation 1318.0. Therefore, the gross head at the site is approximately 175 feet

and is relatively constant. The criteria used to establish the water level in the

interconnection facility canal is discussed in Chapter V, Section 5.

I
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The hydraulic losses in the interconnection facility with and without

hydropower were computed and the results shown in Tables IV-2 and IV-3~

Hydraulic losses through the USBR turnout were estimated to be five-tenths

velocity head across the trashrack and through the square and round entrances.

Friction losses in the conduit pipe were computed using the Manning's Formula

with an "n" value of 0.012 for both steel and concrete pipe. The USBR turnout

has about 200 feet of 96-inch diameter concrete pipe. Approximately 400 feet

of conduit was required between the end of the USBR turnout pipe and the

hydropower plant or the energy dissipation valve. An additional piece of conduit

estimated to be approximately 50 feet long was required for the bypass around

the hydropower plant. Hydraulic losses were estimated to be one tenth of the

difference in velocity head for the tapered contractions from the USBR pipe to

the conduit and from the conduit to the energy dissipation valve and five tenths

of the difference in velocity head at the bifurcation for the bypass pipe.

The head losses in the box culverts and diversion structures were mini­

mized by sizing the rectangular channel to maintain the same velocity through

the structures as was in the canal upstream.

The hydraulic losses in the interconnection to the turbine in the hydro­

power plant were determined by the computer program written for the power

studies. The results are shown in Tables VI-l through VI-5. Hydraulic losses

through the USBR turnout structure, turnout pipe, contractions, and conduit

were estimated using the same criteria as for the interconnection without

hydropower. Hydraulic losses through the butterfly valve located upstream of

the turbine were estimated to be fifteen-hundreths velocity head.
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TABLE 1V-2

HEAD LOSSES WITHOUT HYDROPOWER

USBR Conduit Contraction Friction Contraction Valve Valve Total
Discharge Turnout Diameter Losses Loss Loss Diameter Loss Loss

Losses

(cfs) (£1) (in) (it) (ft) (ft) (in) (ft) (ft)

220 0.3 30 3.1 91.6 0.0 30 43.2 138.2
360 0.7 42 2.1 40.8 6.2 30 115.1 164.9
450 1.2 42 3.3 64.5 2.9 36 87.2 159.1
540 1.7 42 4.7 91.8 0.0 42 67.8 166.0
800 3.7 54 3.5 52.7 2.4 48 87.2 149.5
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TABLE 1V-3

HEAD LOSSES WITH HYDROGENERAnON

USBR Conduit Contraction Friction By-pass Contraction Friction Valve Contraction Valve Total
Discharge Turnout Diameter Loss Loss Conduit Loss Loss Diameter Loss Loss Loss

Losses Diameter
(cfs) (ft) (in) (ft) (ft) (in) (ft) (ft) (in) (ft) (ft) (ft)

220 0.3 54 0.3 4.0 30 14.1 12.3 24 4.5 105.5 141.0
360 0.7 66 0.3 3.7 36 18.4 12.4 30 4.3 115.7 155.5
450 1.2 78 0.2 2.4 36 30.0 19.4 36 0.0 87.2 140.4

H 540 1.7 84 0.1 2.3 42 22.9 12.3 36 4.2 125.6 169.1<:,
\Jl 800 3.7 96 0.0 2.4 48 29.5 13.2 48 0.0 87.2 136.0
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CHAPTER V

ONE-DIRECTIONAL GRAVITY FLOW INTERCONNECTION FACILITY

Section 1: Layout and Design

The one-directional gravity flow interconnection facility was designed for

flows of 220, 360, 450, 540 and 800 cubic feet per second to convey water to

either the Granite Forebay, the South Canal, or to both. In addition, the facility

was designed with and without the potential to add a hydropower plant in the

future.

The alignment of the interconnection facility was chosen according to the

following criteria: 0) provide the shortest possible routes to the Granite Reef

Forebay and/or the South Canal; (2) provide maximum amount of mixing of CAP

water with SRP water by locating the delivery point to the Granite Reef Forebay

as far upstream from the Granite Reef Diversion Dam as practical; (3) provide

minimum interference with the aggregate processing operation located adjacent

to the west edge of the Spook Hill Floodway; and (4) provide minimum

interference with the dam tender's residence and parking area. The layout of the

interconnection facility is shown on Figure V-I.

Section 2: Chutes

A. General

Both open-channel and pipe type chutes were considered for that portion of

the interconnection facility between the Salt River Project turnout on the

Granite Reef Aqueduct and the energy dissipation device. A requirement of the

design criteria in the technical specifications was that the interconnection

facility should be designed to be compatible with the USBR turnout. Also the

interconnection was to be designed to provide control of flow from the turnout.
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The designs and design criteria for the turnout are discussed in Chapter II,

Section 3. To be compatible with the turnout, which requires downstream flow

control and full pipe flow for accurate flow measurement using a acoustic flow

meter, the chute had to be a pipe conduit. An open channel chute was not

compatible with the USBR turnout. The design utilized only one of the 96-inch

diameter turnout pipes for all of the design discharges. A contraction section

was selected to reduce the conduit diameter from the 96-inch diameter of the

turnout pipe down to the design diameter of the conduit. An adapter section was

provided for attaching the welded steel pipe to the end of the proposed precast

concrete turnout pipe. The adapter and contraction sections are shown on Figure

V-2. A secondary benefit of using only one outlet pipe is that hydropower can be

developed in the future by using the other outlet pipe if the interconnection is

initially constructed without the provision for hydropower.

Three kinds of pipe materials were considered for the conduit, welded

steel, precast concrete, and fiberglass. A welded steel conduit was chosen for

the project cost estimate based on experience, reliability, and a cost study

comparing the costs of each type of pipe. Welded steel is also the commonly

used material for penstocks. In addition, at the South Consolidated Hydroelec­

tric Project on one of the SRP canals near Phoenix the penstock was first bid as

concrete pipe, but prices were excessive, so it was rebid as steel pipe. The

penstock at this plant was 84 inches in diameter.

Concrete pipe was a viable option and can be competitive in price for the

smaller penstock sizes. For the larger diameters, concrete pipe becomes as

much as twice as expensive as the welded steel pipe. The concrete pipe is not

normally manufactured in the larger diameters for the pressure requirements of

this project. Therefore, the concrete pipe would have to be manufactured

especially for this project which would increase the cost of the pipe. On the

CAP pumping plants, concrete pipe was used for the discharge lines on three of

the plants while welded steel pipe was used for the discharge lines on one of the

plants. This indicates that concrete pipe was competitive with steel depending

on the pipe manufacturer. Both steel and concrete pipe should be included in the
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specifications for construction of the interconnection to allow the contractors to

bid the type of pipe they believe can be furnished and installed for the least cost.

Fiberglass pipe was slightly less expensive than steel pipe but it has not

been used extensively for hydropower applications and therefore there was some

reluctance to recommend it for this application.

The conduit could be either exposed or buried. The buried conduit was

recommended for this project because it requires less maintenance, experiences

smaller temperature stresses, eliminates vandalism and results in better

aesthetics.

B. Without Hydropower

The conduit was sized for the scheme without hydropower by balancing the

available gross head at the energy dissipation valve with the head losses through

the turnout, conduit, and valve. The valve passes the design discharge if the

total head losses in the system are less than or equal to the gross available head.

If the head losses are greater than the design discharge, the valve will pass less

than the design discharge. The losses for the system are shown in Table IV-2.

The final conduit and valve sizes are shown in Table V-I.

TABLE V-I

INTERCONNECTION FACILITY WITHOUT HYDROPOWER

CONDUIT AND VALVE SIZES

Design Conduit Valve
Discharges Diameter Diameter

(cis) (inches) (inches)

220 30 30
360 42 30
450 42 36
540 42 42
800 54 48
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c. With Hydropower

The conduit (penstock) diameter for the interconnection with hydropower

would normally be determined from an economic study by comparing the change

in cost of the conduit with the change in the benefit of energy generated due to

a change in head loss in the conduit. Since the scope of work did not include the

completion of an economic study and since this was a schematic level design, the

conduit diameter was determined by assuming a maximum velocity of 15 feet per

second. A conduit diameter based on this velocity produces minimum friction

losses and will be close to the diameter determined by an economic analysis.

During final design when the design discharge has been established, the penstock

diameter should be determined by an economic study as described above.

The bypass conduit and energy dissipation valve diameters were determined

by balancing the total losses through the system with the available gross head at

the valve. The losses for the system are shown in Table IV-3. The hydropower

conduit, bypass conduit, and bypass valve sizes are shown in Table V-2.

TABLE V-2

INTERCONNECTION FACILITY WITH HYDROPOWER

CONDUIT AND BYPASS VALVE SIZES

Design Conduit By-Pass Valve
Discharges Diameter Diameter Diameter

(cfs) (inches) (inches) (inches)

220 54 30 24
360 66 36 30
450 78 36 36
540 84 42 36
800 96 48 48

Section 3: Energy Dissipation and Flow Control

Once it was determined that the chute would have to be a pressure pipe to

be compatible with the turnout, it followed that a valve or gate was required to
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provide flow control. The design criteria also required the energy to be

dissipated before the water reached the delivery point~ The following five types

of valves and energy dissipation schemes were considered:

a. Fixed-cone valve (Howell-Bunger).

b. Hollow-jet valve and stilling basin.

c. Sleeve-type valve and stilling well.

d. High pressure slide gate and stilling basin.

e. Jet flow gate and stilling basin.

The Howell-Bunger valve was chosen because it provides both flow control

and energy dissipation; does not require a stilling basin; is manufactured

commercially in standard sizes and therefore less expensive; and can easily be

operated automatically by remote control. The Howell-Bunger valve does have

the disadvantage of creating a considerable amount of spray because it normally

discharges into the atmosphere. A reinforced concrete cylindrical hood is used

when the spray from the dispersed jet is objectionable. A hood was proposed for

the design for the interconnection to confine and direct the discharge from the

valve. This type of valve cannot be used in locations where the air temperature

may drop below freezing because the dispersed jet would create considerable

icing problems. The coldest month at the project site is January which has an

average daily minimum temperature of 380 F. Rarely does the temperature drop

to freezing overnight. Therefore, the Howell-Bunger valve was applicable to the

project.

Each of the other types of valves and gates considered are all custom

designed and therefore more expensive. Also, each requires the use of a stilling

basin which adds more cost. The sleeve-type valve proposed by the USBR in

their turnout design criteria is not normally manufactured in the sizes required

for this project.
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Diameters of the Howell-Bunger valves sized for each of the design

discharges and for the schemes with and without hydropower are shown in Tables

V-I and V-2.

Section 4: Diversion and Flow Control

An interconnection facility capable of conveying water to both the Granite

Reef Forebay and the South Canal required the addition of a diversion structure

to divide and control the flow. A reinforced concrete box shaped structure

containing a radial gate to control the flow was selected for the diversion

structure. Radial gates were chosen over slide gates because they are preferred

for accurate and reliable flow control. The radial gate can also easily be

automated for remote control operation. In addition, slide gates would be

required where one radial gate can be used to pass the same flows. The use of

slide gates requires a more complicated structure and a more complicated

control system due to the requirement for more than one controller. The

diversion and radial gate structures are shown on Figure V-3.

The sizes of radial gates chosen for the design flows was based on the

depth of flow in the canal designed for the most economical channel section.

These depths of flow are shown in Table V-3. Using these criteria and rounding

off the depth of flow to the next largest one-half foot resulted in the gate

heights shown also in Table V-3. The SRP has standard radial gate designs for

heights of 6.0, 7.0, and 8.0 feet which are applicable to the gate heights required

for each of the design discharges. The actual computed gate heights were used

in the cost estimates for the project. The use of the SRP standard gates will

increase the costs slightly since they are slightly higher, but this increase in cost

will be insignificant and will not effect the results of the study. When the final

design discharge has been established, the standard SRP radial gate designs can

be utilized.
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TABLE V-3

RADIAL GATE DIMENSIONS

Design Depth of Gate Gate
Discharge Flow Width Height

(cis) (ft.) (ft.) (ft.)

220 5.05 10.0 5.5
360 6.11 12.5 6.5
450 6.59 13.0 7.0
540 7.14 14.0 7.5
800 8.16 17.0 8.5

Section 5: Canal

A lined trapezoidal canal was selected for the water conveyance channel

between the energy dissipation device and the point of delivery. A reinforced

concrete pipe was investigated as a possible conveyance channel. The concrete

pipe was ten times more expensive than an unreinforced concrete lined canal.

Both unreinforced formed concrete and shotcrete canal linings were

investigated. A four-inch thick unreinforced concrete lining was about the same

cost as a two inch thick shotcrete lining. It is seldom economical to place

shotcrete linings thicker than about two inches and their use is limited to small

canals or to mild climates where service requirements are not severe. Shotcrete

linings are generally constructed thinner than concrete linings which makes them

more readily damaged by hydrostatic pressure and by settlement of the subgrade.

Furthermore, the inherent difficulty in controlling the thickness of the shotcrete

application may result in a lining with areas where the thickness is less than

specified which results in a potential weak area. The shotcrete lining may also

be more susceptible to cracking due to the difficulty in controlling the water

content in the mix. Curing of shotcrete linings is more difficult because they

should be water cured and protected from direct rays of the sun for three days or

the canal should be flooded.
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The unreinforced concrete lining is less susceptible to shrinkage cracking

since it requires less water and cement and the water content can be more

accurately controlled. The concrete lining is also smoother which reduces

friction and requires less curing compound. Furthermore, the thickness of a

formed concrete lining is uniform, eliminating the possibility of thin areas.

The shotcrete lining could be used for the lower range of flows in the

study, but would probably not be applicable to the higher range of flows. The

two types of linings were almost equal in cost, and the unreinforced concrete

lining is applicable over the entire range of flows. Therefore, for consistency of

the study, the unreinforced formed concrete lining was used in the cost

estimates. During final design when the design flow has been established, the

two types of linings will be evaluated again to determine which one is the most

applicable.

The canal cross section was designed using the criteria for the most

economical channel section. The most economical section has a minimum

wetted perimeter, and the minimum amount of excavation and canal lining. The

most efficient trapezoidal section with side slopes of 1 vertical to 1.5 horizontal

has a base width to depth of flow ratio of six tenths. The canal section for the

interconnection facility was designed using these criteria. The amount of rock

excavation required along the canal was minimal and did not affect the cost of

the canal excavation significantly. If the depth of the canal using these criteria

require considerable rock excavation, then a canal section that has a wider

bottom and a shallower depth of flow should be considered to minimize the rock

excavation.

The canal water surface was selected at elevation 1318.0 to minimize the

amount of excavation below the original ground surface throughout the length of

the canal. The elevation of the bottom of the canal varies for each of the design

flows. The canal section is the same for the interconnection facility with and

without hydropower. The top of the canal lining and the earth bank above the

water surface was based on standard USBR practice shown in Figure V-4. The

canal section dimensions for the design flows are shown in Figure V-5.
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The cost of the canal includes the cost of chain link fences and service and

access roads on each side of the canal acccording to the requirements of the

Environmental Assessment Report and at the request of the SRP staff, respec­

tively.

Section 6: Road Culvert

The interconnection facility crosses the road leading to the Granite Reef

Diversion Dam for conveyance of water to the Granite Reef Forebay or to the

South Canal. For conveyance to both delivery points, two road crossings are

required. Three types of road crossings were investigated, a concrete box

culvert (cast-in-place or precast), a bridge, or a reinforced concrete pipe. The

cast-in-place concrete box culvert was the preferred road crossing structure

because it was the least expensive. Bridge spans of approximately 30 and 45 feet

for the lowest and highest design flows were about twice as expensive as the box

culvert. Use of reinforced concrete pipe as a road crossing required either one

very large pipe or two smaller pipes to pass the design flows. In either case the

reinforced concrete pipe was more expensive than the box culvert and the head

losses through a pipe were greater than for a box culvert. The road crossing was

designed as a single barrel box culvert with a freeboard of approximately 1.90

feet. The width of the culvert was computed to maintain the depth of flow in

the canal through the box cuIvert which minimizes losses through the cuIvert.

The dimensions of the culvert for the design flows are shown in Figure V-6.

Section 7: Drop Structure

The water level in the canal was designed to be at approximate elevations

1317.0 and 1317.5 at the points of delivery to the South Canal and the Granite

Reef Forebay, respectively. The water level in the Granite Reef Forebay is

normally between elevations 1312.4 and 1311.9 except for a few times during the

year when the forebay is drawn down to approximately elevation 1309.3 for

maintenance purposes. The water level in the South Canal is at approximately

elevation 1307.0 for the minimum flow of 220 cubic feet per second. The drop of
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the water surface from the interconnection canal to the Granite Reef Forebay

was approximately 5.5 feet and to the South Canal was approximately 10~0 feet~

The energy from the falling water, for these heights of drops, can be dissipated

satisfactorily by use of a concrete lined vertical drop structure and stilling pool.

For larger discharges in the South Canal from either the interconnection or the

Granite Forebay, the height of drop was less than 10.0 feet. The dimensions of

the drop structures for the interconnection facility were assumed to be the same

for the points of delivery to the South Canal and to the Granite Reef Forebay.

The design of the drop structure at the South Canal does not include provisions

for vehicular access across the structure because access was available by

crossing the interconnection facility canal at the road crossing. The design

criteria and dimensional data for the drop structure are shown on Figure V-7.
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Annex V-A: Open-channel Chute Design

A. General

At the request of the SRP, this alternative was investigated under an extra

work order and was added to the report to complete the schematic design study.

The open-channel chute and stilling basin are alternatives to the pressure conduit

and flow control and energy dissipation valve, assuming the turnout design is

modified to provide upstream flow control. The remainder of the interconnec­

tion facility, downstream of the energy dissipation device, remains unchanged.

However, the design of the interconnection facility with an open-channel chute

eliminates the possibility of hydropower development.

The open-channel chute and stilling basin were designed for flows of 220,

360, 450, 540 and 800 cubic feet per second.

B. Assumed Turnout Design

The proposed USBR Salt River turnout was designed for downstream

control and energy dissipation to force full pipe flow through the acoustic flow

meter. The turnout design has to be modified to be compatible with an open­

channel chute which conveys the water down the steep slope into a stilling basin

where the energy is dissipated. Based on discussions with the USBR engineering

staff, the following modifications were assumed will be made to the proposed

turnout design to make it compatible with an open-channel chute:

(1) A slide gate will be added to provide upstream flow control.

(2) The invert of the turnout will be lowered to a level which provides

ten diameters of straight, level pipe between the turnout and the acoustic

flow meter structure.

V-ll



I
I
I
I
I
I

:1
I
I
I
I
I
I
I
I
I
I
I
I

(3) A baffle (weir) will be added downstream of the acoustic flow meter

to force full pipe flow through the meter for all flows~

A sketch of the assumed turnout configuration is shown in Figure V-8.

C. Open-channel Chute

The open-channel chute was designed as a rectangular channel with the

grade following the general slope of the original ground surface. The chute

replaces the pressure conduit and some of the canal in the closed conduit design

since the slope of the existing ground is steep enough to extend the chute beyond

the end of the conduit. The open-channel chute was designed using standard

proceduresl! and the results are shown in Figure V-8.

D. Stilling Basin

The water flows down the steep chute and enters the stilling basin at a

velocity greater than the critical velocity. The abrupt change in slope where the

flat grade of the stilling basin floor meets the steep slope section, forces the

water into a hydraulic jump and energy is dissipated in the resulting turbulence.

The stilling basin was proportioned to contain the jump. 7/ In addition, the

stilling basin requires tailwater to force the jump to occur where the turbulence

can be contained. The general dimensions of the stilling basin for the design

flows are shown in Figure V-8.

E. Flow Measurement

There are many different types of devices and structures used for the

measurement of flow in irrigation systems. The types most commonly used that

are applicable to this project are Parshall flumes and weirs.

Parshall flumes are specially designed inline open-channel measuring

structures in which canal water flows over a broad, flat-converging section
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through a narrow downward sloping throat section and then diverges on an

upward sloping floor. The flume geometry forces the water at free-flow

conditions to pass through critical depth on the crest, thereby providing a means

of determining the rate of flow from a single water depth measurement. Free­

flow conditions occur when the downstream canal water surface (tailwater) is

low enough to have no efect on the depth of water on the crest. These

conditions prevail over a wide range of tailwater depths. The tailwater elevation

may be appreciably higher than the flume crest without affecting the free-flow

discharge through the flume. However, if the downstream water surface exceeds

specified limits, submerged flow conditions occur and two water depth measure­

ments are required to determine the rate of flow.

Parshall flumes can be designed to measure flow from 0.01 cubic foot per

second (cis) to 3000 cis. They are recognized as accurate and reliable flow

measuring structures and have the following advantages: (1) capable of

measuring the rate of flow with relatively small head loss, (2) capable of

measuring a wide range of free-flow dischages with relatively high tailwater

depths using a single water depth measurement, (3) capable of measuring

submerged flow using two water depth measurements when the degree of

submergence impedes the free-flow discharge, (4) virtually a self-cleaning

structure because of flume geometry and the throat velocity, (5) cannot be easily

altered to obtain unallocated water, (6) unaffected by velocity of approach,

which is automatically controlled, when the flume is built to standard dimensions

and used where the incoming flow is uniform, evenly distributed, and free of

turbulence.

Parshall flumes have the following disadvantages: (1) are usually more

expensive to construct than weirs, (2) must be constructed carefully and

accurately for satisfactory performance.

Modified Parshall flumes are dimensioned so that the flume fits the canal

profile. Generally, only flumes operating at free-flow conditions are modified,

and the major modifications are made downstream of the throat section. All
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critical factors which can significantly affect accurate measurement such as

dimensions for the crest, throat, and location of the pressure tap are constructed

to standard dimensions. For free-flow measurement, that portion of the flume

downstream of the throat is not required.

Stilling wells are used in combination with Parshall flumes and weirs to

permit more accurate reading of gages. They provide a water surface essentially

free from surface fluctuations. Stilling wells are connected to the measuring

structures by small pipes and provide a place for the installation of staff gages,

hook gages, float gage recorders or any other type of device suitable for

measuring water surface levels. The water surface in the stilling well is

essentially the same elevation as in the measuring structure at the pressure taps.

Weirs are overflow structures built across open channels to measure the

rate of flow of water. They are the most serviceable and economical measuring

device where there is sufficient available fall in the canal and the quantity of

water to be measured is not too large. Weirs have been used for many years and

offer a simple, reliable method for water measurement if they are built

correctly and maintained properly.

Weirs are identified by the shape of their openings. These openings can be

either sharp-crested or broad-crested. Sharp-crested weirs are useful only as a

means of measuring flowing water. Weirs not sharp-crested are commonly

incorporated in hydraulic structures, and though sometimes employed to measure

water, this is usually a secondary function.

Weirs have the following advantages: (1) capable of accurately measuring

a wide range of flow, (2) easy to construct. Some disadvantages of weirs are: (1)

impose a greater head loss in the canal system than other water measurement

structures, (2) weir pools must be cleaned of sediment periodically and kept free

of weeds and trash, (3) can be easily altered to obtain unallocated water.
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The broad-crested weir is recommended for use in measuring the flows in

the interconnection facility because: (0 it is less expensive than a Parshall

flume, (2) can be easily constructed in a rectangular channel upstream of the

drop at the end of the canal, (3) it is the preferred water measurement device by

SRP.
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CHAPTER VI

HYDROPOWERFACQITY

Section 1: Layout and Design

The location of the hydropower plant was determined by maximizing the

head on the turbine, minimizing the length of the penstock, which reduces the

head loss due to friction and the penstock cost, and minimizing the excavation

required for the plant site. These criteria were best satisfied by locating the

plant at approximately the toe of the steep slope below the turnout structure

location.

During final design, when a specific design discharge has been established,

the location of the hydropower plant along the canal alignment should be

established by performing an economic study for several sites by comparing the

change in penstock and excavation costs with the change in the benefit of energy

generated due to a change in head loss in the penstock. A study of this type was

not performed for this phase of the project because an economic analysis was not

included in the scope of work for the schematic design. This type of economic

study would probably not improve the results of the Schematic Design due to the

uncertainty of the final design discharges at this time.

The final location of the hydropower plant should be based on the results of

more extensive geotechnical investigations. The location chosen for the

hydropower plant for this study appears to be an old streambed, as was discussed

in Chapter II, Section 2. Depending on the type of turbine to be installed, which

is dependent on the final design discharge (see Figure VI-I), a suitable foundation

may not be available at this site. If this is the case, the plant should be moved

downstream to a point where a more suitable foundation can be obtained.

For a horizontal Francis-type turbine the bottom of the powerhouse

structure was relatively shallow and probably does not set on rock. A typical

horizontal Francis turbine layout is shown in Figure VI-2.
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For a vertical Francis-type turbine, the bottom of the powerhouse struc­

ture was relatively deep and may besetting on rock~ In addition,some rock

excavation may be required for the structure. A typical vertical Francis turbine

layout is shown in Figure VI-3.

More extensive field exploration is required prior to final design, including

drill holes in the area, to determine the exact depth of the granite and the

properties of the materials in the area of the plant location.

For purposes of this study, the powerhouse for a horizontal Francis turbine

was assumed not to be founded on rock with no rock excavation. For the

powerhouse with a vertical Francis turbine, the excavation was assumed to be 50

percent common and 50 percent rock with the powerhouse founded on rock.

A butterfly valve was provided upstream of the turbine to shut off the flow

and provide for maintenance of the turbine.

Section 2: Turbine Selection

Several different types of turbines were considered for use on the project.

The water surface in the Granite Reef Aqueduct and the Interconnection Canal

were assumed to be constant at elevations 1493.0 and 1318.0, respectively. This

gave a gross operating head on the turbine of approximately 175 feet. The water

level in the canal fluctuates with the changes in discharge but these fluctuations

were considered negligible. These fluctuations were approximately 1.39, 1.86,

and 2.57 feet for the minimum, most, and maximum probable flow conditions.

Net head available at the turbine also depends on the head losses in the

system between the turnout structure and the turbine. These head losses vary

depending on the actual discharge and are shown on Tables VI-I through VI-5.

Using the minimum, most and maximum probable discharges of 128, 284,

and 658 cubic feet per second, respectively, for each of the design discharge
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conditions, produced approximate installed generator capacities of 1600, 3600

and 8300 kilowatts, respectively assuming that the plant operated 100 percent of

the time. Figure VI-l shows that horizontal and vertical Francis and Crossflow

turbines are applicable for the unit sizes and head at the site. The horizontal

Francis was applicable to the minimum and most probable flow conditions and

the vertical Francis was applicable to the maximum probable flow condition.

The Crossflow turbine could have been used, but it is a proprietary unit and

was more expensive than a Francis turbine. Also, the Crossflow turbine has a

peak efficiency of approximately 85% which was less than the peak efficiency of

the Francis turbine of approximately 90% for the computed turbine sizes.

Consequently, the Crossflow turbine produces less annual energy than a Francis

turbine which makes it less economical. The Crossflow turbine should probably

be given further consideration during final design if the design discharge chosen

is within its operating range.

For the minimum and most probable flow conditions, the horizontal Francis

turbine was selected because it is usually set higher with respect to minimum

tailwater than a vertical Francis turbine, which decreases the amount of

excavation and structure below the ground, thereby reducing costs. Also,

generator costs for horizontal units are usually less than for vertical units. The

horizontal Francis turbine requires a simpler installation, is more easily main­

tained, and is installed above tailwater , which provides for easier access and

routine repair of the runner. For the maximum probable flow condition, the

vertical Francis turbine was selected.

Available head at the site is greater than most Kaplan turbine designs,

which eliminates the use of this type of turbine. Several foreign firms indicate

in their catalogs that Kaplan units can be manufactured for heads up to 180 feet,

but these would be specially custom designed units and would probably be

expensive. In addition, experience shows that they have not actually manufac­

tured Kaplan turbines for this high of head.
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Pumps were also considered as another possible alternative type of turbine.

The use of standard "shelf item" centrifugal pumps as turbines has limited

applications due to their relatively narrow operating range. Most of the recent

installations of this type have been at sites with relatively low flows, usually less

than 100 cubic feet per second, and with installed capacities between 50 and

1,000 kilowatts. Therefore, the use of centrifugal pumps as turbines was not

applicable to this project.

Site improvement and tailrace costs were included in the cost estimates.

Site improvements include drainage, erosion control, grading and miscellaneous

site features including parking, fencing, landscaping, and environmental controls

during construction. A much larger service yard and access road to the site will

be required for the interconnection facility with hydropower. A tailrace cost

was also included in the cost estimates to include the additional excavation

required downstream of the hydropower plant.

Section 3: By-Pass

A requirement of the design for the interconnection facility with hydro­

power was the ability to by-pass the design discharge. A high pressure valve or

gate that can be operated automatically by remote control was required adjacent

to the hydropower plant to satisfy this requirement. Several types of valves and

high pressure gates are available for this application and are listed in Chapter V,

Section 3.

The Howell-Bunger valve was selected for the by-pass to provide both

energy dissipation and flow control. The valve characteristics are discussed in

Chapter V, Section 3. The sizes and hydraulic losses for the by-pass pipe and

Howell-Bunger valve are shown in Table IV-3.
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Section 4: Hydraulic Transients

A. Closing Time of Wicket Gates and Pressure Rise

It is important to study the hydraulic transients induced by the turbine wicket

gate closure and examine the effects on each component of the interconnection

facility. Waterhammer is the main hydraulic transient phenomenon, which is

defined as the change in pressure, caused by sudden changes in the rate of flow

of water. It occurs at all points in the penstock between the Granite Reef

Aqueduct and the powerplant.

The USBR concrete pipe extends about 200 feet (measured horizontally)

from the canal turnout structure and was designed to withstand the internal

pressures listed below:

Horizontal Length Pipe Diameter Design Pressure
from Intake (it) (Inches) (it H2O)

0 to 50 96 150
50 to 125 96 75
125 to 200 96 125

Governor regulation was selected so that the wicket gate closure times

under the most severe conditions did not create a pressure rise in excess of the

pipe design pressures.

The pressure rise was calculated for the following alternative installed

capacities of power plant:

Design Design Penstock Installed
Discharge Head Diameter Capacities

Alternative Flow (cis) (it) (inches) (kw)

A2 Minimum Probable 100 170 36 1225
B1 Most Probable 284 170 60 3478
C1 Maximum Probable 658 170 90 8058
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B. Flywheel Effect and Speed Rise

The following relationship gives the speed change as a function of head

change in flywheel effect, WR2ll/.

The pressure rise was calculated for the above alternatives using Allevi's

charts for various wicket gate closure times and the results are plotted in

Figures VI-4, VI-5, and VI-6.!.!~

100 percentx

1,620,000 t (hp)
WR2

VI-6

Time required by governor to move turbine gates to new

position.

Instantaneous change in horsepower delivered externally

by the turbine

Turbine speed in rpm at the instant of external load

change

Polar moment of inertia of rotating masses about axis in

pounds-feet-seconds.

N - No

No

Instantaneous turbine speed in rpm at the end of time t.

=

=

=

=

WR2 =

hp

N

Speed Rise

Although the turbine and generator are designed to withstand runaway

speed, severe vibrations sometimes develop at excessive speeds, which may

possibly damage the gate operating mechanism. To minimize such vibrations,

speed rise of a turbine is usually limited to 60 percent for the condition of full

load rejection where there is no need for close regulation of the connected

electrical system by the turbine.

in which, t
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The correction for water hammer was calculated as follows:

The power input of the turbine will be:

the relative speed of the turbine at runaway expressed as a

percentage to the normal synchronous speed

n

Speed rise corrected for runaway speed

Pressure rise due to water hammer = HI - Ho

lOOn
100 + (S - 100)

=

Let S =

h

(HP)l = (HP)O (l + h) 3/2

The above computed speed rise requires two corrections: the first to

compensate for the fact that at any given head there is an upper limit to the

speed which the turbine is capable of reaching, namely the runaway speed; the

second to make allowance for the effect of water hammer.

The correction for runaway speed was calculated as follows:

The water hammer increment or decrement changes the power supplied to

the turbine according to the 3/2 power of the resultant relative value of the

increased head in accordance with established principles.

If Ho is the initial head on the turbine and H is the increased head after load

rejection due to water hammer, then
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Since speed rise varies directly as the power, speed rise corrected for

water hammer will be:

nrs + wh = nrs (l + h)3/2

The relevant values of pressure rise are obtained from water hammer

analysis.

c. Water Hammer/Speed Rise

The determination of acceptable governor characteristics for the turbines in the

CAP!SRP Interconnection Facility was subject to three constraints:

1. The allowable pressure rise in the penstock produced by closure of the

wicket gate should not overstress the turnout pipe and should not exceed 45

percent of the maximum static head at the wicket gates.

2. The allowable turbine speed rise should not exceed 60 percent of their

synchronous speed.

3. The polar moment of inertia (WR2) added to enhance the flywheel effect of

the generator should not exceed 50 percent of the normal polar moment of

inertia of the mass of the generator rotating about its axis. Values of

additional WR2 exceeding 50 percent result in considerable cost increases,

as well as lowered generator efficiencies.

The values of turbine speed rise for various wicket gate closure times were

computed on the basis of the method described above and are plotted in

Figures VI-4, VI-5, and VI-6. The wicket gate closure time required to

limit speed rise to 60 percent and the corresponding values of maximum

pressure rise was read from the curves and are tabulated below for

Alternatives A2, B1 and C1:
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Wicket Gate Corresonding Maximum
Alternative Speed Rise Closure Time Pressure Rise

(Percent) (Seconds) (Percent)

A2 60 6.8 20
Bl 60 6.5 32
Cl 60 9.5 26

The pressure rise was assumed to vary linearly from a maximum at the

turbine wicket gates to zero at the water surface in the Granite Reef Aqueduct.

The values of the pressure rise were computed for the USBR pipes and found to

be well within the allowable pressures for which the pipes were designed as

shown below for alternative Bl, which has the maximum pressure rise.

Actual
Distance Pressure Static Total Design

Alternative From Intake Rise Head Head Head
(ft) (Percent) (ft) (ft) (ft)

Bl 0 to 52.7 2.8 30.6 31.4 150
52.7 to 131.8 6.9 38.93 41.6 75

131.8 to 211 11.0 80.40 89.3 125

Therefore, a hydropower plant was included as part of the interconnection

facility without any adverse effects on the intake structure or the pressure pipe.

The outlet valve provided in the interconnection facility was utilized as a bypass

valve, which will automatically open when the wicket gates are closed and

ensure that the water hammer was minimized. No significant wave action or

surges are, therefore, expected in the CAP canal. A more detailed analysis of

water hammer in the penstock and surges in the canal should be performed

during the final design phase when the actual design discharges have been

established.

The alignment and profile of the penstock was designed without any abrupt

kinks which ensure that there is no flow separation at any point in the pipeline

during negative surges.
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Section 5: Alternative Power Development Schemes

One unit was selected which covered the entire range of flows for the most

and maximum probable flow conditions. There was no advantage of two units

because the amount of annual energy generated was unchanged.

A single unit sized to discharge the maximum flow was not the best

alternative for the minimum flow condition. The maximum flow occurs in the

last year of the 30-year study period and there were several years at the

beginning when no energy was generated because the flow was below the

minimum operating flow of the Francis turbine. A more economical installation

was one which was sized based on the minimum flow and generates as much

energy as possible in the early years of the study. Since the present worth of

energy generated in the early years is greater than the present worth of energy

generated in the last few years of the study, a greater net benefit is realized

with a smaller unit which generates more energy in the early years. An added

alternative to the minimum flow condition is to add a small unit some time in

the future to utlize the by-passed flows from the unit sized on the minimum

flow. The study of this alternative was reserved for the time when the actual

design dischages for the interconnection are known.

Only one turbine size was selected for each of the three alternative flow

conditions for the study. The next section discusses in detail the selection of

these unit sizes.

Section 6: Power Potential

The flows furnished by the SRP, to be used for the hydropower study, and

the constant gross head of approximatly 175 feet were the criteria used to select

the hydropower plant size. The fluctuation of the canal water surface was

discussed in Section 2. The flows are listed in Table IV-I. The design head and

design discharge of a turbine were selected to maximize the annual energy

generated at the site.
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Since the head at the site was relatively constant, the unit operates at

approximately 100 percent of design head over the range of flows and the design

and maximum discharges are identical for the turbines used in the study.

According to Figure VI-7, when the unit is operating at 100 percent of rated

head, the maximum discharge is 100 percent of rated discharge and the unit is

producing 100 percent of rated capacity.

For a Francis turbine, the lower limit of operation is approximately 40

percent of rated discharge. This corresponds to a desirable lower limit of

operation, for reaction turbines, of 75 to 80 percent efficiency, depending on the

specific speed of the unit. At lower efficiencies, which correspond to smaller

gate openings, there will be accelerated damage from cavitation. To prevent

excessive damage from cavitation at low discharges, the runner is made out of

stainless steel. The cost estimates in this report include stainless steel runners.

The USBR typically specifies that Francis turbines shall be guaranteed to

operate at 0.3 gate opening for a specified amount of time without any

significant cavitation damage. A gate opening of 0.3 corresponds to discharges

below 40 percent for specific speeds between 25 and 75. The specific speeds for

the Francis turbines used in this study are within this range. This shows that a

lower limit of operation of approximately 40 percent for a Francis turbine is not

unreasonable and does not depart from normal turbine design practices.

For an installed capacity determined by the maximum flows of 128, 284

and 658 cubic feet per second for the minimum, most and maximum probable

flow conditions, respectively, the minimum flows at which the turbine can

operate are 51, 114 and 263 cubic feet per second, respectively. Comparing

these minimum flows to the minimum flows for each of the three flow conditions

shows that for the most and maximum flow conditions, a unit size based on the

maximum flow operates over the entire range of actual flows and produces the

maximum amount of energy possible. For the minimum probable flow condition,

the unit size based on the maximum flow does not operate over the entire range

of flows. There was a period of about nine years starting in 1988 when the unit

does not generate any energy during the October to March period because the
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The basic equation used to determine the rated generator capacity in kilowatts

when a discharge and net hydraulic head are known is:

Normally, the product of Et times Eg is taken as 0.85 for preliminary sizing

and establishing installed capacity. The operating conditions for the hydropower

plant were not given as part of the design data. Therefore, it was assumed that

the plant could operate 100 percent of the time, 24 hours per day and 365 days

per year. The plant factor was calculated by dividing the average annual energy

by the product of installed capacity and 8,760 hours per year. The hydropower

unit data for the flow conditions at this site are shown in the following table:

flow was below 51 cubic feet per second. A better alternative for this flow

condition was to size the unit based on the minimum flow. This required a unit

operated between 100 and 40 cubic feet per second. This unit produces almost

the same total energy over the 3D-year period, depending on the penstock size,

because it operates 100 percent of the time. During the years 1998 to 2017,

flows varying from 1.7 to 28 cubic feet per second, respectively, are by-passed

to satisfy downstream delivery requirements. An additional small unit of about

350 kilowatts added some time after 1998, to utilize these by-passed flows,

increases the total energy generated over the 3D-year period. Since the design

discharge for the interconnection has not been established, it was not worthwhile

during this phase of design to investigate the benefits of adding this small unit.

(Kilowatts)

discharge in cubic feet per second

net hydraulic head in feet

turbine efficiency in percent

generator efficiency in percent

Rated Capacity = Q H EtEg

11.8

Q =
H =
Et =
Eg =

where
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HYDROPOWER UNIT DATA

Design Minimum Design Installed Penstock Plant
Alternative Discharge Discharge Head Capacity Diameter Factor

(cfs) (cfs) (ft) (kw) (ft)

A 1 128 51 170 1567 3.5 0.59

A2 100 40 170 1225 3.0 0.76

B 1 284 114 170 3478 5.0 0.74

C 1 658 263 170 8058 7.5 0.69

The penstock size was based on a velocity of 15 feet per second and the

maximum flow. A penstock sized on this basis produces minimum head losses

due to friction, since the flows vary from summer to winter and from year to

year. The velocity equals 15 feet per second only during the six-month summer

period for the one year when the maximum flow occurs. At all other times, the

flows are less and, therefore, the velocity was less. At minimum flow, the

velocity was approximatly 6.0 feet per second. The average velocity was

approximately 10 feet per second, which is usually the value chosen if flows are

relatively constant. A penstock designed for this velocity has minimal head

losses due to friction and the water hammer effect on the penstock does not

require extra thickness if the penstock is relatively short.

A computer program was used to compute the energy generated for each

six-month period and the total energy for the 30-year period from 1988 to 2017.

The program also computed the head losses in the system based on the actual

discharges. The program used a generator efficiency of 95 percent and a

constant turbine efficiency of 90 percent, for a combined efficiency of 86

percent. Turbine efficiency curves are shown in Figure VI-8. Use of a variable

turbine efficiency based on percent of rated discharge was not appropriate for

this phase of the design, since the head was practically constant and the final

actual design discharges are not known. This kind of refinement can be made

during the final design phase when the design discharge has been established.

The results of the power studies are shown in Tables VI-1 through VI-5.
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Computer printouts for two alternatives for the minimum probable flow condi­

tion are provided to allow the SRP staff to perform an economic study to verify

that the 1225 kW unit is more economical than the 1567 kW unit. In addition,

two printouts for two different penstock diameters for the 1225 kW unit are

provided to show that by increasing the penstock diameter six inches the total

energy generated increased a small amount. Since the final design discharge has

not been established, it was not considered necessary to determine the most

economic penstock diameter during this phase of the design.
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TABLE 3ZI- I

SALT RIVER PROJECT
CENTRAL ARIZONA PROJECT/SALT RIVER PROJECT INTERCONNECTION FACILITY

SCHEMATIC DESIGN POWER STUDY

SEPTEMBER 21, 1983

ALTERNATIVE: Al
INSTALLED CAPACITY: 1567 KW
DESIGN HEAD: 170 FT
DESIGN DISCHARGE: 128 CFS
MINIMUM DISCHARGE: 51 CFS
GROSS HEAD: 175 FT
PENSTOCK DIAMETER: 3.5 FT

ANNUAL
MINIMUM PROBABLE TURBINE FLOWS HEAD LOSS MINIMUM PROBABLE ENERGY
FLOW RATES (CFS) (CFS) (FEET) ENERGY (MWH) <I'!WH)

YEAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR TOTAL

1988 77.0 40.0 77.0 0.0 2.7 0.0 4204. O. 4204.
1989 79.5 41.2 79.5 0.0 2.9 0.0 4334. O. 4334.
1990 81.9 42.5 81.9 0.0 3.1 0.0 4464. O. 4464.
1991 84.4 43.7 84.4 0.0 3.2 0.0 4594. O. 4594.
1992 86.9 44.9 86.9 0.0 3.4 0.0 4723. O. 4723.
1993 89.4 46.2 89.4 0.0 3.6 0.0 4851. O. 4851.
1994 91.8 47.4 91.8 0.0 3.8 0.0 4980. O. 4980.
1995 94.3 48.6 94.3 0.0 4.0 0.0 5107. O. 5107.
1996 96.8 49.9 96.8 0.0 4.3 0.0 5235. O. 5235.
1997 99.2 51.1 99.2 51.1 4.5 1.2 5361. 2815. 8176.
1998 101.7 52.4 101.7 52.4 4.7 1.2 5488. 2882. 8370.
1999 104.2 53.6 104.2 53.6 4.9 1.3 5613. 2949. 8562.
2000 106.6 54.8 106.6 54.8 5.2 1.4 5738. 3016. 8754.
2001 109.1 56.1 109.1 56.1 5.4 1.4 5863. 3083. 8946.
2002 111.6 57.3 111.6 57.3 5.7 1.5 5987. 3150. 9136.
2003 114.1 58.5 114.1 58.5 5.9 1.6 6110. 3216. 9327.
2004 116.5 59.8 116.5 59.8 6.2 1.6 6233. 3283. 9516.
2005 119.0 61.0 119.0 61.0 6.4 1.7 6355. 3349. 9705.
2006 119.1 61.4 119.7 61.4 6.5 1.1 6392. 3372. 9764.
2007 120.5 61.8 120.5 61.8 6.6 1.7 6429. 3394. 9823.
2008 121.3 62.3 121.3 62.3 6.7 1.8 6466. 3417. 9883.
2009 122.0 62.7 122.0 62.7 6.8 1.8 6503. 3439. 9942.
2010 122.7 63.1 122.7 63.1 6.8 1.8 6540. 3461. 10001.
2011 123.5 63.5 123.5 63.5 6.9 1.8 6576. 3484. 10060.
2012 124.2 63.9 124.2 63.9 7.0 1.9 6613. 3506. 10119.
2013 125.0 64.3 125.0 64.3 7.1 1.9 6649. 3529. 10178.
2014 125.8 64.8 125.8 64.8 7.2 1.9 6686. 3551. 10237.
2015 126.5 65.2 126.5 65.2 7.3 1.9 6722. 3573. 10296.
2016 127.2 65.6 127.2 65.6 7.4 2.0 6759. 3596. 10354.
2017 128.0 66.0 128.0 66.0 7.4 2.0 6795. 3618. 10413.

TOTAL: 244053.
AVERAGE: 8135.
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TABLE 3ZI-2

SALT RIVER PROJECT
CENTRAL ARIZONA PROJECT/SALT RIVER PROJECT INTERCONNECTION FACILITY

SCHEMATIC DESIGN POWER STUDY

SEPTEMBER 21, 1983

ALTERNATIVE: A2
INSTALLED CAPACITY: 1225 I(W
DESIGN HEAD: 170 FT
DESIGN DISCHARGE: 100 CFS
MINIMUM DISCHARGE: 40 CFS
GROSS HEAD: 175 FT
PENSTOCK DIAMETER: 3.0 FT

ANNUAL
MINIMUM PR08A8LE TURBINE FLOWS HEAD LOSS MINIMUM F'ROBABLE ENERGY
FLOW RATES (CFS) (CFS) (FEET) ENERGY (MWH) (tiWH)

YEAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR TOTAL

1988 77.0 40.0 77.0 40.0 5.4 1.5 4137. 2199. 6337.
1989 79.5 41.2 79.5 41.2 5.8 1.6 4261. 2266. 6527.
1990 81.9 42.5 81.9 42.5 6.1 1.6 4384. 2333. 6717.
1991 84.4 43.7 84.4 43.7 6.5 1.7 4506. 2399. 6905.
1992 86.9 44.9 86.9 44.9 6.9 1.8 4628. 2466. 7093.
1993 89.4 46.2 89.4 46.2 7.3 1.9 4748. 2532. 7280.
1994 91.8 47.4 91.8 47.4 7.7 2.1 4867. 2598. 7465.
1995 94.3 48.6 94.3 48.6 8.1 2.2 4986. 2664. 7650.
1996 96.8 49.9 96.8 49.9 8.5 2.3 5103. 2730. 7833.
1997 99.2 51.1 99.2 51.1 9.0 2.4 5220. 2796. 8015.
1998 101.7 52.4 100.0 52.4 9.1 2.5 5255. 2861. 8117.
1999 104.2 53.6 100.0 53.6 9.1 2.6 5255. 2927. 8182.
2000 106.6 54.8 100.0 54.8 9.1 2.7 5255. 2992. 8247.
2001 109.1 56.1 100.0 56.1 9.1 2.9 5255. 3057. 8313.
2002 111.6 57.3 100.0 57.3 9.1 3.0 5255. 3122. 8378.
2003 114.1 58.5 100.0 58.5 9.1 3.1 5255. 3187. 8443.
2004 116.5 59.8 100.0 59.8 9.1 3.3 5255. 3252. 8507.
2005 119.0 61.0 100.0 61.0 9.1 3.4 5255. 3317. 8572.
2006 119.7 61.4 100.0 61.4 9.1 3.4 5255. 3338. 8594.
2007 120.5 61.8 100.0 61.8 9.1 3.5 5255. 3360. 8615.
2008 121.3 62.3 100.0 62.3 9.1 3.5 5255. 3382. 8637.
2009 122.0 62.7 100.0 62.7 9.1 3.6 5255. 3403. 8659.
2010 122.7 63.1 100.0 63.1 9.1 3.6 5255. 3425. 8680.
2011 123.5 63.5 100.0 63.5 9.1 3.7 5255. 3447. 8702.
2012 124.2 63.9 100.0 63.9 9.1 3.7 5255. 3468. 8724.
2013 125.0 64.3 100.0 64.3 9.1 3.8 5255. 3490. 8745.
2014 125.8 64.8 100.0 64.8 9.1 3.8 5255. 3512. 8767.
2015 126.5 65.2 100.0 65.2 9.1 3.9 5255. 3533. 8788.
2016 127.2 65.6 100.0 65.6 9.1 3.9 5255. 3555. 8810.
2017 128.0 66.0 100.0 66.0 9.1 4.0 5255. 3576. 8832.

TOTAL: 243133.
AVERAGE: 8104.
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TABLE 'JZI-3

SALT RIVER PROJECT
CENTRAL ARIZONA PROJECT/SALT RIVER PROJECT INTERCONNECTION FACILITY

SCHEMATIC DESIGN POWER STUDY

SEPTEMBER 21, 1983

AL TERNATIVE: A3
INSTALLED CAPACITY: 1225 KW
DESIGN HEAD: 170 FT
DESIGN DISCHARGE: 100 CFS
MINIMUM DISCHARGE: 40 CFS
GROSS HEAD: 175 FT
PENSTOCK DIAMETER: 3.5 FT

ANNUAL
MINIMUM PROBABLE TURBINE FLOWS HEA[I LOSS MINIMUM PROBABLE ENERGY
FLOW RATES (CFS) (CFS) (FEET ) ENERGY (MlrJH) (MWH)

YEAR APR-SEP OCT-MAR APR-SEP DCT-HAR APR-SEP OCT-MAR AF'R-SEP OCT-MAR TOTAL

1988 77.0 40.0 77.0 40.0 2.7 0.7 4204. 2209. 6412.
1989 79.5 41.2 79.5 41.2 2.9 0.8 4334. 2276. 6610.
1990 81.9 42.5 81.9 42.5 3.1 0.8 4464. 2344. 6808.
1991 84.4 43.7 84.4 43.7 3.2 0.9 4594. 2411. 7005.
1992 86.9 44.9 86.9 44.9 3.4 0.9 4723. 2479. 7201.
1993 89.4 46.2 89.4 46.2 3.6 1.0 4851. 2546. 7397.
1994 91.8 47.4 91.8 47.4 3.8 1.0 4980. 2613. 7593.
1995 94.3 48.6 94.3 48.6 4.0 1.1 5107. 2681. 7788.
1996 96.8 49.9 96.8 49.9 4.3 1.1 5235. 2748. 7982.
1997 99.2 51.1 99.2 51.1 4.5 1.2 5361. 2815. 8176.
1998 101.7 52.4 100.0 52.4 4.5 1.2 5400. 2882. 8283.
1999 104.2 53.6 100.0 53.6 4.5 1.3 5400. 2949. 8350.
2000 106.6 54.8 100.0 54.8 4.5 1.4 5400. 3016. 8416.
2001 109.1 56.1 100.0 56.1 4.5 1.4 5400. 3083. 8483.
2002 111.6 57.3 100.0 57.3 4.5 1.5 5400. 3150. 8550.
2003 114.1 58.5 100.0 58.5 4.5 1.6 5400. 3216. 8617.
2004 116.5 59.8 100.0 59.8 4.5 1.6 5400. 3283. 8683.
2005 119.0 61.0 100.0 61.0 4.5 1.7 5400. 3349. 8750.
2006 119.7 61.4 100.0 61.4 4.5 1.7 5400. 3372. 8772.
2007 120.5 61.8 100.0 61.8 4.5 1.7 5400. 3394. 8795.
2008 121.3 62.3 100.0 62.3 4.5 1.8 5400. 3417. 8817.
2009 122.0 62.7 100.0 62.7 4.5 1.8 5400. 3439. 8840.
2010 122.7 63.1 100.0 63.1 4.5 1.8 5400. 3461. 8862.
2011 123.5 63.5 100.0 63.5 4.5 1.8 5400. 3484. 8884.
2012 124.2 63.9 100.0 63.9 4.5 1.9 5400. 3506. 8907.
2013 125.0 64.3 100.0 64.3 4.5 1.9 5400. 3529. 8929.
2014 125.8 64.8 100.0 64.8 4.5 1.9 5400. 3551. 8951.
2015 126.5 65.2 100.0 65.2 4.5 1.9 5400. 3573. 8974.
2016 127.2 65.6 100.0 65.6 4.5 2.0 5400. 3596. 8996.
2017 128.0 66.0 100.0 66.0 4.5 2.0 5400. 3618. 9018.

TOTAL: 247851.
AVERAGE: 8262.
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TA BlE 3ZI-4

SALT RIVER PROJECT
CENTRAL ARIZONA PROJECT/SALT RIVER PROJECT INTERCONNECTION FACILITY

SCHEHATIC DESIGN POWER STUDY

SEPTEMBER 21, 1983

AL TERNATIVE: III
INSTALLED CAPACITY: 3478 KW
DESIGN HEAD: 170 FT
DESIGN DISCHARGE: 284 CFS
HINIMUM DISCHARGE: 114 CFS
GROSS HEAD: 175 FT
PENSTOCK DIAMETER: 5.0 FT

ANNUAL
HOST PR08A8LE TUR8INE FLOWS HEAD LOSS HOST PROBABLE ENERGY

FLOW RATES (CFS) (CFS) (FEET) ENERGY (MWH) (MWH)

YEAR APR-SEP OCT-HAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR TOTAL

1988 262.0 143.0 262.0 143.0 6.1 1.8 14018. 7846. 21863.
1989 263.3 144.0 263.3 144.0 6.2 1.9 14082. 7900. 21981.
1990 264.6 145.0 264.6 145.0 6.3 1.9 14146. 7953. 22099.
1991 265.9 146.0 265.9 146.0 6.3 1.9 14210. 8007. 22217.
1992 267.2 147.0 267.2 147.0 6.4 1.9 14274. 8060. 22334.
1993 268.5 148.0 268.5 148.0 6.4 2.0 14338. 8114. 22452.
1994 269.8 149.0 269.8 149.0 6.5 2.0 14401. 8168. 22569.
1995 271.1 150.0 271.1 150.0 6.6 2.0 14465. 8221. 22686.
1996 272.4 151.0 272.4 151.0 6.6 2.0 14529. 8275. 22803.
1997 273.6 152.0 273.6 152.0 6.7 2.1 14592. 8328. 22921.
1998 274.9 153.0 274.9 153.0 6.8 2.1 14656. 8382. 23037.
1999 276.2 154.0 276.2 154.0 6.8 2.1 14719. 8435. 23154.
2000 277.5 155.0 277.5 155.0 6.9 2.1 14783. 8489. 23271.
2001 278.8 156.0 278.8 156.0 6.9 2.2 14846. 8542. 23388.
2002 280.1 157.0 280.1 157.0 7.0 2.2 14909. 8595. 23504.
2003 281.4 158.0 281.4 158.0 7.1 2.2 14972. 8649. 23621.
2004 282.7 159.0 282.7 159.0 7.1 2.3 15035. 8702. 23737.
2005 284.0 160.0 284.0 160.0 7.2 2.3 15098. 8755. 23853.
2006 281.5 158.3 281.5 158.3 7.1 2.2 14976. 8662. 23638.
2007 279.0 156.5 279.0 156.5 7.0 2.2 14854. 8569. 23423.
2008 276.5 154.8 276.5 154.8 6.8 2.1 14732. 8475. 23207.
2009 274.0 153.0 274.0 153.0 6.7 2.1 14610. 8382. 22991.
2010 271.5 151.3 271.5 151.3 6.6 2.0 14487. 8288. 22775.
2011 269.0 149.5 269.0 149.5 6.5 2.0 14364. 8194. 22558.
2012 266.5 147.8 266.5 147.8 6.3 2.0 14240. 8101. 22341.
2013 264.0 146.0 264.0 146.0 6.2 1.9 14117. 8007. 22124.
2014 261.5 144.3 261.5 144.3 6.1 1.9 13993. 7913. 21906.
2015 259.0 142.5 259.0 142.5 6.0 1.8 13868. 7819. 21687.
2016 256.5 140.8 256.5 140.8 5.9 1.8 13744. 7725. 21469.
2017 254.0 139.0 254.0 139.0 5.8 1.7 13619. 7631. 21250.

TOTAL: 680861.
AVERAGE: 22695.
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TABLE n-5

SALT RIVER PROJECT
CE.NTRAL ARIZONA PROJECT/SALT RIVER PROJECT INTERCONNECTION FACILITY

SCHEMATIC DESIGN POWER STUDY

SEPTEMBER 21, 1983

ALTERNATIVE: C1
INSTALLED CAPACITY: 8058 KW
DESIGN HEAD: 170 FT
DESIGN DISCHARGE: 658 CFS
MINIMUM DISCHARGE: 263 CFS
GROSS HEAD: 175 FT
PENSTOCK DIAMETER: 7.5 FT

ANNUAL
MAXIMUM PROBABLE TURBINE FLOWS HEAD LOSS MAXIMUM PROBABLE ENERGY
FLOW RATES (CFSl (CFS) (FEET) ENERGY (MWH) (MWH)

YEAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR APR-SEP OCT-MAR TOTAL

1988 658.0 ..99.0 658.0 "99.0 7.5 ".3 3..920. 26985. 61905.
1989 649.2 "89.8 649.2 489.8 7.3 4.2 34493. 26513. 61006.
1990 640.4 "80.6 640." 480.6 7.1 4.0 34064. 26040. 60104.
1991 631.5 471.5 631.5 471.5 6.9 3.8 33633. 25566. 59199.
1992 622.7 462.3 622.7 462.3 6.7 3.7 33201. 25090. 58291.
1993 613.9 453.1 613.9 453.1 6.5 3.6 32767. 24613. 57380.
1994 605.1 "43.9 605.1 443.9 6.3 3.4 32332. 24134. 56466.
1995 596.2 434.8 596.2 434.8 6.2 3.3 31895. 23655. 55550.
1996 587.4 425.6 587.4 425.6 6.0 3.1 31457. 23174. 54631.
1997 578.6 416.4 578.6 416.4 5.8 3.0 31017. 22692. 53709.
1998 569.8 407.2 569.8 407.2 5.6 2.9 30576. 22209. 52784.
1999 560.9 398.1 560.9 398.1 5.4 2.7 30133. 21724. 51857.
2000 552.1 388.9 552.1 388.9 5.3 2.6 29689. 21239. 50928.
2001 543.3 379.7 543.3 379.7 5.1 2.5 29243. 20752. 49995.
2002 534.5 370.5 534.5 370.5 ".9 2.4 28796. 20265. 49061.
2003 525.6 361.4 525.6 361.4 ".8 2.3 28348. 19776. 48124.
200.. 516.8 352.2 516.8 352.2 4.6 2.1 27898. 19287. 47185.
2005 508.0 343.0 508.0 343.0 ... 5 2.0 27447. 18796. 46243.
2006 500.5 336.4 500.5 336.4 4.3 2.0 27062. 18444. 45506.
2007 "93.0 329.8 "93.0 329.8 4.2 1.9 26677. 18091. 44768.
2008 "85.5 323.3 "85.5 323.3 4.1 1.8 26291. 17737. 44028.
2009 478.0 316.7 "78.0 316.7 4.0 1.7 25903. 17383. 43287.
2010 470.5 310.1 "70.5 310.1 3.8 1.7 25515. 17029. 42544.
2011 463.0 303.5 463.0 303.5 3.7 1.6 25126. 16674. 41801.
2012 . "55.5 296.9 "55.5 296.9 3.6 1.5 24737. 16319. 41056.
2013 4"8.0 290.3 "48.0 290.3 3.5 1.5 24346. 15963. 40309.
2014 ....0.5 283.8 ....0.5 283.8 3.4 1.4 23955. 15607. 39562.
2015 "33.0 277.2 "33.0 277.2 3.2 1.3 23562. 15251. 38813.
2016 "25.15 270.6 ..25.15 270.6 3.1 1.3 23169. 14894 • 38063.
2017 "18.0 264.0 "18.0 264.0 3.0 1.2 22775. 14536. 37312.

TOTAL: 1471464.
AVERAGE: 49049.
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CHAPTER vn

ESTIMATED CONSTRUCTION COSTS

Section 1: General

Cost estimates were made for each of the alternative project schemes.

Costs were based on October 1983 dollars for all components of the interconnec­

tion facility except the hydropower plant. Costs for the hydropower plant

structure and its associated electrical and mechanical equipment were based on

January 1988 dollars.

Section 2: Basis of Costs

A. Direct Construction Cost

This cost includes the total of all costs directly chargeable to the actual

construction of the project and can be considered equivalent to a contractor's

bid. The direct construction cost for each alternative was obtained by summing

the individual items listed in Tables VII-l through VII-12.

Data for the cost estimates were obtained as follows:

1. Manufacturer's quotations for October 1983 costs were used for the

conduit, turbines, generators, butterfly valve, governor, switchgear, station

service transformer, control and protection system, and installation. These

quotations are included in Appendix B.

2. Feasibility Studies for Small Scale Hydropower Additions USACE,

July, 1979 , was used for estimating powerhouse excavation and structure,

station electric equipment, and miscellaneous powerplant equipment costs.

VII-1



VII-2

The Direct Construction Costs do not include a cost for a switchyard or

transmission line. These costs are to be determined by the SRP. The single unit

one-line electrical diagram is shown in Figure VII-I.

3. Feasibility level estimates based on the engineer's experience and

historical cost data sources were used, in costing the Howell-Bunger valve

and structure, canal excavation and lining, road culverts, diversion struc­

ture, and radial gates.

The Direct Construction Costs, January 1988, for the hydropower plant and

associated electrical and mechanical equipment, were derived by applying an

escalation factor to the Direct Construction Costs, October 1983. The escala­

tion factors associated with each item in the hydropower plant cost estimates

were determined by extrapolating the USBR cost indexes for each item to

January 1988. These escalation factors are as follows:

1.26

1.26

1.26

1.21

1.21

1.21

Escalation Factor
October 1983 to January 1988

These costs were escalated from July 1978 to October 1983 using the

appropriate factor for each item reflecting the USBR Cost Indexes for

water and power construction in the western states for the corresponding

time frame. These factors were 1.37 for the powerhouse excavation and

structure and 1.42 for the station electric and miscellaneous powerplant

equipment costs.

Item

Turbine, Generators, Excitors and Valves

Station Electric Equipment

Miscellaneous Powerplant Equipment

Powerhouse: Excavation, Structural, and

Foundation

Site Improvements

Tailrace

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Direct Construction Cost curves are shown on Figures VII-2, VII-3 and VII-4

for each alternative.

B. Construction Contingency

To allow for unforeseen conditions during construction and miscellaneous

items not included in the estimate, a 20 percent construction contingency would

normally be added to the direct construction cost. At the direction of SRP, this

cost was omitted from the cost estimate.

C. Engineering and Management Costs

Engineering and management costs are based on actual experience with costs for

similar work and include engineering design, administration, supervision and

inspection. Normally these costs would be provided for by adding 16 percent to

the direct construction cost plus contingency cost. At the direction of SRP, this

cost was omitted from the cost estimate.

D. Total Construction Cost

Total construction cost is arrived at by summing total direct construction cost

plus contingency and engineering and administration costs.

VII-3



TABLE VD-l

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

WITHOUT HYDROPOWER

DELIVERY TO SOUTH CANAL

178 203 215 245 273

76 97 97 97 120

25

39

800

($ x 1000)

21 22

32 36

20

29

17

25

429 482 515 579 658

ALTERNATIVES

220 360 450 540

Costs of Alternatives

133 133 150 179 201

Drop Structure, Excavation, Backfill,

and Reinforced Concrete

Direct Construction Cost Plus Contingency

Direct Construction Cost, October 1983

VII-4

Construction Contingency ( %)

Total Construction Cost, October 1983

Discharge (cfs)

Box Culvert, Excavation, Backfill,

and Reinforced Concrete

Conduit, Transition, Excavation, Bedding,

and Backfill

Engineering and Management ( %)

Canal, Excavation, Lining and Fencing

Howell Bunger Valve, Excavation, Backfill,

and Reinforced Concrete

I
I
I
I
I
I
I

II

I
I
I
I
I
I
I
I
I
I
I



TABLE VD-2

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

WITHOUT HYDROPOWER

DELIVERY TO GRANITE REEF FOREBAY

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Discharge (cfs)

Item

Conduit, Transition, Excavation, Bedding,

and Backfill

Howell Bunger Valve, Excavation, Backfill,

and Reinforced Concrete

Canal, Excavation, Lining and Fencing

Box Culvert, Excavation, Backfill, and

Reinforced Concrete

Drop Structure, Excavation, Backfill, and

Reinforced Concrete

Direct Construction Cost, October 1983

Construction Contingency ( %)

Direct Construction Cost Plus Contingencies

Engineering and Management ( %)

Total Construction Cost, October 1983

VII-5

ALTERNATIVES

220 360 450 540 800

Costs of Alternatives ($ x 1000)

76 97 97 97 120

133 133 150 179 201

122 137 147 167 187

25 29 32 36 39

17 20 21 22 25

373 416 447 501 574



TABLE Vll-3

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

WITHOUT HYDROPOWER

DELIVERY TO SOUTH CANAL AND/OR GRANITE REEF FOREBAY

Drop Structure, Excavation, Backfill, and

Reinforced Concrete 34

Box Culvert, Excavation, Backfill, and

Reinforced Concrete 50 58 64 72 78

40 42 44 50

95 110 131 223

76 97 97 97 120

ALTERNATIVES

220 360 450 540 800

Costs of Alternatives ($ x 1000)

236 269 287 329 367

133 133 150 179 201

600 692 750 852 1039

Discharge (cfs)

Item

Howell Bunger Valve, Excavation, Backfill,

and Reinforced Concrete

Conduit, Transition, Excavation, Bedding,

and Backfill

Diversion Structure, Radial Gate, Excavation,

Backfill, and Reinforced Concrete 71

Canal, Excavation, Lining and Fencing

Direct Construction Cost, October 1983

Construction Contingency, ( %)

Direct Construction Cost Plus Contingency

Engineering and Management ( %)

Total Construction Cost, October 1983

VII-6
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I
I
I
I
I
I
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TABLE Vll-4

Howell Bunger Valve, Excavation, Backfill,

and Reinforced Concrete 119 133 150 150 192

Conduit, Transition, Bifurcation, Excavation,

Bedding, and Backfill 117 143 173 189 225

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

WITH HYDROPOWER (EXCLUDING COST OF HYDROPOWER PLANT)

DELIVERY TO SOUTH CANAL

17 20 21 22 25

25 29 32 36 39

178 203 215 245 273

ALTERNATIVES

220 360 450 540 800

Cost of Alternatives ($ x 1000)

456 528 591 642 754

Discharge (cfs)

Item

VII-7

Drop Structure, Excavation, Backfill, and

Reinforced Concrete

Canal, Excavation, Lining and Fencing

Box Culvert, Excavation, Backfill, and

Reinforced Concrete

Direct Construction Cost, October 1983

Direct Construction Cost Plus Contingency

Construction Contingency ( %)

Total Construction Cost, October 1983

Engineering and Management ( %)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



TABLE VD-5

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

WITH HYDROPOWER (EXCLUDING COST OF HYDROPOWER PLANT

DELIVERY TO GRANITE REEF FOREBAY

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Discharge (cfs)

Item

Conduit, Transition, Bifurcation, Excavation

Bedding, and Backfill

Howell Bunger Valve, Excavation, Backfill,

and Reinforced Concrete

Canal, Excavation, Lining and Fencing

Box Culvert, Excavation, Backfill, and

Reinforced Concrete

Drop Structure, Excavation, Backfill, and

Reinforced Concrete

Direct Construction Cost, October 1983

Construction Contingency ( %)

Direct Construction Cost

Engineering and Management ( %)

Total Construction Cost, October 1983

VII-8

ALTERNATIVES

220 360 450 540 800

Costs of Alternatives ($ x 1000)

117 143 173 189 225

119 133 150 150 192

122 137 147 167 187

25 29 32 36 39

17 20 21 22 25

400 462 523 564 668



ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

WITH HYDROPOWER (EXCLUDING COST OF HYDROPOWER PLANT)

DELIVERY TO SOUTH CANAL AND/OR GRANITE REEF FOREBAY

Diversion Structure, Radial Gate, Excavation,

Backfill, and Reinforced Concrete 71 95 110 131 223

Drop Structure, Excavation, Backfill, and

Reinforced Concrete 34 40 42 44 50

ALTERNATIVES

Discharge (cfs) 220 360 450 540 800

Item Costs of Alternatives ($ x 1000)

Conduit, Transition, Bifurcation, Excavation,

Bedding, and Backfill 117 143 173 189 22.5

Howell Bunger Valve, Excavation, Backfill,

and Reinforced Concrete 119 133 150 150 192

Canal, Excavation, Lining and Fencing 236 269 287 329 367

Box Culvert, Excavation, Backfill, and

Reinforced Concrete 50 58 64 72 78

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE VD-6

Direct Construction Cost, October 1983

Construction Contingency ( 96)

Direct Construction Cost Plus Contingency

Engineering and Management ( 96)

Total Construction Cost, October 1983

V11-9

627 738 826 915 1135



TABLE Vll-7

ESTIMATED DIRECT CONSTRUCTION COST OF HYDROPOWER PLANT

MINIMUM PROBABLE FLOW CASE

ALTERNATIVES

Costs of Alternatives ($ x 1,000)

1,225
100

1,567
128

990 800

341 298

77 68

96 85
24 22
4 3

28 28

27 27

1,587 1,331

1,929 1,619

Rated Capacity (kw)
Rated Discharge (cfs)

Powerhouse: Structural
Excavation, Backfill
Foundation

Miscellaneous Powerplant Equipment

Item

Turbines, Generators, Excitor, Valve

VII-1 0

Direct Construction Cost, October 1983

Station Electric Equipment

Tailrace

Direct Construction Cost, January 1988

Construction Contingency ( %)

Site Improvements

Direct Construction Cost Plus Contingency

Engineering and Mangement ( %)

Total Construction Cost, January 1988

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



TABLE VU-8

ESTIMATED DIRECT CONSTRUCTION COST OF HYDROPOWER PLANT

MOST PROBABLE FLOW CASE

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

!I

Rated Capacity (kw)
Rated Discharge (ds)

Turbines, Generators, Excitor, Valve

Station Electric Equipment

Miscellaneous Powerplant Equipment

Powerhouse: Structural
Excavation, Backfill
Foundation

Site Improvements

Tailrace

Direct Construction Cost, October 1983

Direct Construction Cost, January 1988

Construction Contingency ( %)

Direct Construction Cost Plus Contingency

Engineering and Management ( %)

Total Construction Cost, January 1988

VII-II

3,478
284

Cost ($ x 1,000)

1,720

454

105

140
25

4

29

21

2,498

3,034



TABLE VD-9

ESTIMATED DIRECT CONSTRUCTION COST OF HYDROPOWER PLANT

MAXIMUM PROBABLE FLOW

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Rated Capacity (kw)
Rated Discharge (cfs)

Item

Turbines, Generators, Excitor, Valve

Station Electric Equipment

Miscellaneous Powerplant Equiment

Powerhouse: Structural
Excavation, Backfill
Foundation

Site Improvements

Tailrace

Direct Construction Cost, October 1983

Direct Construction Cost, January 1988

Construction Contingency ( %)

Direct Construction Cost Plus Contingency

Engineering and Mangement ( %)

Total Construction Cost, January 1988

VII-12

8,058
658

Cost ($ x 1,000)

3,300

575

145

411
70
11

44

32

4,588

5,580



TABLE VII-l0

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

OPEN-CHANNEL CHUTE

DELIVERY TO SOUTH CANAL

25 29 32 36 39

17 20 21 22 25

375 435 467 528 591

800

($ x 1000)

ALTERNATIVES

220 360 450 540

209 244 263 299 335

Costs of Alternatives

124 142 151 171 192

VII-13

Item

Discharge (cis)

Box Culvert, Excavation, Backfill,

and Reinforced Concrete

Canal, Excavation, Lining and Fencing

Open-channel Chute, Stilling Basin, Excava­

tion, Backfill and Reinforced Concrete

Drop Structure, Excavation, Backfill,

and Reinforced Concrete

Direct Construction Cost, October 1983

Construction Contingency ( %)

Direct Construction Cost Plus Contingency

Engineering and Management ( %)

Total Construction Cost, October 1983

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

OPEN-CHANNEL CHUTE

DELIVERY TO GRANITE REEF FOREBAY

ALTERNATIVES

Discharge (cis) 220 360 450 540 800

Item Costs of Alternatives ($ x 1000)

Open-channel chute, Stilling Basin, Excava-

tion, Backfill, and Reinforced Concrete 209 244 263 299 335

Canal, Excavation, Lining and Fencing 68 76 82 90 104

Box Culvert, Excavation, Backfill, and

Reinforced Concrete 25 29 32 36 39

Drop Structure, Excavation, Backfill, and

Reinforced Concrete 17 20 21 22 25

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE VII-II

Direct Construction Cost, October 1983

Construction Contingency ( 96)

Direct Construction Cost Plus Contingencies

Engineering and Management ( 96)

Total Construction Cost, October 1983

VII-14

319 369 398 447 503



TABLE VD-12

ESTIMATED DIRECT CONSTRUCTION COST OF INTERCONNECTION FACILITY

OPEN-CHANNEL CHUTE

DELIVERY TO SOUTH CANAL AND/OR GRANITE REEF FOREBAY

Diversion Structure, Radial Gate, Excavation,

Backfill, and Reinforced Concrete 71 95 110 131 223

Drop Structure, Excavation, Backfill, and

Reinforced Concrete 34 40 42 44 50

209 244 263 299 335

7864 725850

ALTERNATIVES

220 360 450 540 800

Costs of Alternatives ($ x 1000)

182 208 223 257 286

546 645 702 803 972

Box Culvert, Excavation, Backfill, and

Reinforced Concrete

Discharge (cis)

Item

Canal, Excavation, Lining and Fencing

VII-15

Open-channel chute, Stilling Basin, Excava­

tion, Backfill and Reinforced Concrete

Direct Construction Cost, October 1983

Construction Contingency, ( %)

Direct Construction Cost Plus Contingency

Engineering and Management ( %)

Total Construction Cost, October 1983
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FI GURE :SZ:-I

CONSULTANT: PRe ENGI NEERING

SALT RIVER PROJECT
WAT£Jt-POWER PHOENIX,ARI

CENTRAL ARIZONA PROJECT/SALTRIVER
PROJECT INTERCONNECTION FACILITY

SCHEMATIC DESIGN

2500

o
+
III

'"

HYDROPOWER PLANT DATA

~

t
:::>
~
<I)

~
'It:

Q

INTERCONNECTION FACILITY DATA

~
MINIMUM MOST MAXIMUM
PROBABLE PROBABLE PROBABLE

INSTALLED CAPACITY (KW) 1225 3478 8058
DESIGN HEAD (ft. ) 170 170 170
DESIGN DISCHARGE (CFS) 100 284 658
MINIMUM DISCHARGE ICFS) 40 114 263
PENSTOCK DIAMETER (in.) 42 60 90

~S) 220 360 450 540 800FEATURES .

PRESSURE CONDUIT

WIO HYDROPOWER
- CONDUIT DIA. (·in.) 30 42 42 42 54
- VALVE DIA. (in.) 30 30 36 42 48

WITH HYDROPOWER
- PENSTOCK DIA. (in.) 54 66 78 84 96
- 8YPASS DIA. (in.) 30 36 36 42 48
- VALVE D lAo (in.) 24 30 36 36 48

LINED CANAL

- BASE WIDTH IH.I 3.0 3.5 4.0 4.0 5.0
- HEIGHT OF LINING (ft.) 6.0 7.5 8.0 8.5 9.5
- LINING FREEBOARD (ft.) 1.0 1.4 1.4 1.4 1.4

R.C. BOX CULVERT

- SINGLE BARREL-WIDTH (ft.) 11.0 13.0 14.0 15.0 16.0
- HEIGHTlft.1 7.0 8.0 8;5 9.0 10:0

DIVERSION STRUCTURE

- RADIAL GATES - WIDTH (ft) 10.0 12.5 13.0 14.0 17.0
- HEIGHTlft.l 5.5 6.5 7.0 7.5 8.5

x

"'"ll'Jl
0°0

CULVERT

W.S. EL 13/7.0:!

• (\j

2000
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x
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DISCHARGE WIDTH LENGTH
Q W L

(ets) (tt) (f t)

220 10 27
360 12 28
~50 13 29
540 14 30
800 17 31

FIGURE
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r2O 'MIN·...

1

IE20' MIN'~I
t

SLOPE = 0.0005 A F
n = 0.015 D[ 'Zr B ~I :::::JI

1.5

LINING BANK
DISCHARGE BASE WIDTH DEPTH OF FLOW CRITlCAL CRITICAL HEIGHT HEIGHT LINING VElOCITY

Q B h SLOPE DEPTH 0 F· THICKNESS V
(c fs) (f t ) ( f t) ( ftl (ft) (ft) (Inches) (ft Is)

220 3.0 5.05 0.0031 3.36 6.0 1.5 2.5 4.12

360 3.5 6.11 0.0029 4.12 7.5 1.5 2.5 4.66

1---

450 4.0 6.59 0.0028 4.47 8.0 2.0 2.5 4.92

540 4.0 7.14 0.0028 4.88 8.5 2.0 3.0 5.15

800 5.0 8.16 0.0026 5.63 9.5 2.0 3.0 5.68

.. III NIMUM

CAP/SRP INTERCONNECTION FACILITY
CANAL SECTIONS

.
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I
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I PRe ENGINEERING FIGURE v- 6
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TRANSITION

I DISCHARGE WIDTH HEIGHT CLEARANCE LENGTH
Q W H CL L

(c f s) (ft) ( ft ) ( f t ) (f t )

I 220 II. 0 7.0 , .95 18

I
360 13.0 8.0 1.89 21

I ,

450 14.0 8.5 I. 91 22

I
I 540 15.0 9.0 1.86 24

I 800 16.0 10.0 1.84 24

I
I

CAP/SRP INTERCONNECTION FACILITY
ROAD CULVERTS

I



L= [z.5+ 1.1 dhc +Q7(~C)J v'h dc
dc

h=y

DEPTH OF CRITICAL INVERT SILL BASIN BASIN
FLOW DEPTH OFFSET HEIGHT LENGTH WI DTH

DISCHARGE d de h hi L B
( c 15) (ft) ( ft) (ft ) (ft) (1t) (ft )

220 5.05 2.39 9,95 1.2 14.0 10.5

FIGURE V-7
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FIGURE v-a
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CONSULTANT: PRC ENGINEERING

SALT RIVER PROJECT
WATER·POWER PHOENIX,ARIZO'

CENTRAL ARIZONA PROJECT/SALT RIVER
PROJECT INTERCONNECTION FACI LITY

OPEN-CHANNEL CHUTE

NOTES:

CANAL W.S.
EL. 1318.00

, CHUTE AND STILLING 8ASIN DIMENSIONS ARE PRELIMINARY
AND WILL BE REFINED FOR FINAL DESIGN.

2. CHAIN LINK FENCE PROVIOED ON BOTH SIDES OF CHUTE
AND STILLING BASIN.

EXISTING GROUND SURFACE

TRAJECTORY

1324.60

~

-EL. 1333.30

CHUTE CHANNEL

LONG ITUDI NAL SECTION
I NOT TO SCALE)

GROUND SURFACE

I
I

ELEVATION i
EX/SirING

30'

TRANSITION

MEtER STRUCTURE

--i!'EL. VARIES

'" " ! J

100 MIN.

OPEN- CHANNEL CHUTE AND STILLING BASIN DATA

ACOUSTIC FLOWMETER

EL. 1506./2

USSR TURNOUT STRUCTURE

EL.I500.12

CONTROL GATE

DESIGN PIPE CREST 01 02 W 81 82 83 HI H2 03 H3' L ELEVATION ~JECTOR'I STA. 8
DISCHARGE DIAMETER ELEVATION 1FT) 1FT) 1FT) 1FT) 1FT) I FTl 1FT) 1FT) 1FT) 1FT) 1FT) A LENGTH 1FT)

tCFS) I INCHES) 1FT) 1FT) 1FT)

220 48 1474.0 4.5 3.3 10.0 3.5 4.0 10.0 0.67 1.6 8.1 1.7 26.0 1311.2 67.0 10+23.0

360 60 1470.0 5.5 3.6 11.0 4.5 5.0 11.0 0.85 2.0 10.3 2.8 35.0 1309.1 72.0 10+37.0

450 66 1468.0 6.0 3.8 11.5 5.0 5.5 11.5 0.96 2.2 11.6 3.6 40.0 1307.8 75.0 10+45.0

540 66 1468.0 7.0 4.4 11.5 5.0 6.0 11.5 1.05 2.3 13.4 4.3 45.0 1306.6 78.0 10+ 53.0

800 78 1464.0 8.0 4.8 12.5 6.0 7.5 /2.5 1.25 2.5 16. I 6.0 55.0 1303.8 83.0 10+68.0

(NORMAL WS. EL 1493.05

-J..- £CHECK W.S EL./489.22

- EL. 1479. /2
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I PRe ENGINEERING FIGURE JZ:[-I

I
I

20

200

300

V)

v
Z
et
a:
LL
..J
et
U

V) ~
1&1 a:z w
CD >
a:
:;:)

V)
t-

W Z
~ et
CD ..J

Q.a: c:;:)
t- ~

~
:E 0 0
a: z ..J

C LL
0 a: V)

z w V)
C[ ..J 0
t- ..J a:
z LIJ v
C[ Q.
..J 0
V) f"j
..J ..J

i c
~

&J t-
CD a:
:;:) LIJ
t- >

155 10
GENERATOR CAPACITY ( MW)

o

50

30

40

10

c
C
1&1
%

t-

~ 100
90
80
70

60

-

1&1
>-t-
V
1&1
LL.
LL.
1&1

1&1
.~

CD
a:
~

t-

I
I
I
I
I
I
I
I

I
I

I
I

I
I

SOURCE: USACE FEASIBILITY STUDIES
FOR SMALL SCALE HYDROPOWER
AD D I TIONS I VOL. V,) FIGURE 2-2.

I
I

CAP/SRP INTERCONNECTION FACILITY
TURBINE OPERATI NG RANGE



D =2.10"1: MIN. PROS.
D =3.60:t MOST PROS.

{TW EL. 1318 +
----ae~-

~TAILRACE

.-J--_-.J":t MIN. PROB.
18':t. MOST PROS.

FIGURE JZI- 2

PENSTOCK

TURBINE SHUTOFF VALVE

CAP/SRP INTERCONNECTION· FACILITY
HYDROPOWER PLANT LAYOUT

MINIMUM AND MOST PROBABLE FLOWS

PLAN

SECTION A

---I!E!IIH-+....l-+-i +--+--- € UN IT

20' MIN. PROS.r 27' MOST PROB. l

STOPLOG SLOT

IL
A

EQUIPMENT:

I. GENERATOR
Z. TURBINE
3. GOVERNOR
4. GENERATOR BREAKER
5. CONTROL PANEL
6. NEUTRAL GROUND CUBICLE
7. COOLING PUMPS
8. SUMP PUMPS
9. AIR COMPRESSOR AND TANK

RC ENGINEERING

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



CAP/SRP INTERCONNECTION FACILITY
HYDROPOWER PLANT LAYOUT
MAXIMUM PROBABLE FLOW

FIGURE lZI- 3
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MIN 1MUM PROBABLE CASE - A2
INSTALLED CAPACITY = 1225 KW
DESIGN HEAD = 170 I

CAPt SRP INTERCONNECTION FACILITY
PRESSURE RI SE AND SPEED RISE CURVES
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MOST PROBABLE CASE- B I
INSTALLED CAPACITY = 3500 KW
DESIGN HEAD = 170'
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MAXIMUM PROBABLE CASE-CI
INSTALLED CAPACITY: 8000 KW
DESIGN HEAD: 170'

CAP/SRP INTERCONNECTION FACI LITY
PRESSURE RISE AND SPEED RISE CURVES
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CAP/SRP INTERCONNECTION FACJLITY
TURBINE PERFORMANCE CURVES
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CAP/SRP INTERCONNECTION FACILITY
TURBINE EFFICIENCY CURVES

SOURCE: USACE FEASIBILITY STUDIES FOR
SMALL SCALE HYDROPOWER ADDITIONS,
VOL. V FIGURE 3-5.

NOTES:
1. ER = Turbine Efficiency at rated output, kWR and head, HR
2. The values shown are typical for a turbine with a 1 foot

diameter runner. The values shown in the size step up curve
may be added to the E values for larger units. Values apply
for Francis, fixed an§ variable pitch propeller, tube, slant,
bulb and rim turbines. Do not apply step up on impulse or
cross flow turbines.
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TO
MAIN STEP-UP TRANSFORMER

AND POWER SYSTEM

CAP/SRP INTERCONNECTION FACI LITY
SINGLE UNIT ONE-LINE ELECTRICAL
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(REVISED OCTOBER 28,1983)
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BOX 1980 PHOENIX, ARIZONA 85001 TELEPHONE 273.",,,10

Dear Mr. Hutton:

File: RT-20078
July 26, 1983

Maximum
Probable

527
499
343
264
146

October-March
Minimum Most

Probable Probable
36 140
40 143
61 160
66 139
73 108

Flow Rates (cfs)

April-September

2. Profile of the South Canal in area of interest. Also,
stage-discharge relationship to broad-crested weir
downstream of the South Canal head gates.

Salt River Project
WATER" POWER

1. The draft Environmental Assessment Report for the
CAP/SRP Interconnection.

3. The following new flow rates are to be used to determine
the range of feasibility of developing the .
interconnection facility for hydropower generation.
(Reference Addendum #1, Item 4, Section 6.2.1.2). (See
Attachment 1 for background information on Item No.3.)

Enclosed are the following items that were discussed in your
telephone conversation with C. J. Kissel:

Re: Additional Data for the Schematic Design Phase of the CAP/SRP
Interconnection

Mr. Chuck Hutton
PRC Engineering Consultants, Inc.
Denver Technological Center
Building 40 DTC West
P.O. Box 3006
Englewood, CO 80155
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Should you have any questions or comments, do not hesitate to
contact C. J. Kissel (602-273-2978).

CJK/sw
Attachments
c: Edward A. Adair, PRe Toups, Phoenix, w/attach

The CAP Aqueduct water levels were obtained from Bruce
Hutchison of the USBR. The control water surface elevation is
1489.22. The normal water surface elevation is 1493.05.

You also requested information on the water surface elevation
changes in the Granite Reef Forebay, water surface levels in the
CAP~Aqueduct, and the high-water mark in the vicinity of the
Granite Reef Diversion Dam.

File: RT-20078Mr. Chuck Hutton
July 26, 1983
Page 2

Sincerely ~

t:,.,.(4 -s ~ton:Manager
~vr -~i~~~kngineering

The concrete crest of the Granite Reef Diversion is at
elevation 1309.8. The tops of the flashboards on the dam crest
are at elevation 1312.9. These elevations were taken from
Drawing No. A-123-23, entitled the Granite Reef Dam and Intakes
(South Side). The drawing is dated June 1908, however, the
elevations were recorded in March 1970. Under normal operating
conditions the water surface elevation in the Granite Reef
Forebay is 0.5 to 1.0 feet below top of flash boards. However,
the water surface elevation in the forebay does drop to 0.5 feet
below the crest of the dam, a few times during the year for
maintenance purposes.

The high-water mark in the vicinity of the Granite Reef
Diversion Dam was recorded on February 16, 1980. The water level
on the south side of the dam was recorded to be 1317.5. However,
at the time the high water level was obtained, the river flow
breached the north bank and some of the water bypassed the 1000
foot dam crest. From examining the files in the Hydrology
Department, the estimated peak discharge at the dam was 170,000
cfs. Assuming that the entire 170,000 cfs flows over the dam
crest, the water surface elevation would have been approximately
1321.0. The final flood protection/flood proofing elevation will
be dependent on the Consultant's recommendation on the degree of
flood protection/flood proofing required for the interconnection
facility.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ATTACHMENT 1



Date July 21. 1983

File: ORG 3

SALT RIVER PROJECT

In accordance with our discussions last week. I have updated the CAP delivery
estimates through the CAP/SRP interconnection for use by PRC Toups in
preliminary design. The information transmitted in this memo supersedes
similar information provided in the report "Location. Design and Funding of
the CAP/SRP Interconnection" (October. 1982).

The revised delivery.estimates are derived in Attachments 1 and 2 and
portrayed graphically in Attachment 3 (Compare Appendix 1. Appendix 2 and
Exhibit 3 respectively of October. 1982 report). Over the past several
months. Water Group Management Staff has made an active effort to tie down
water deliveries through the interconnection. A summary of contacts with
potential co-users was distributed in a July 1. 1983 memo from R. W. Mason to
Reid W. Teeples. Although many CAP allottees have now been eliminated as
potential co-users. others (like AMWUA, Avondale. Goodyear. Chaparral City
Water Company and Rio Salado Development District) have been added. At the
same time, some co-users have given firm indications of their intent to
participate in the interconnection while others are still evaluating other
options.

Ironically, the updated range of possible deliveries has increased rather
than decreased since October, 1982. Despite our efforts to narrow the range,
the "maximum probable" estimate has increased (due mainly to the possibility
of substantial deliveries by AMWUA in the early years) and the "minimum
probable ll estimate has decreased (due to the fact that RWCD and other
co-users, who were previously considered certain participants, are now
considering other options). The "most probable ll delivery estimate. however,
has not changed drastically.

Also as requested, I am including Attachment 4 which is an update of flow
rates for use in PRC's hydrogeneration analysis (Compare Appendix VI. Figure
I. Assumption 17. p. 81 of October, 1982 report). These flow rates were
derived using both the updated delivery estimates in Attachment 1 and the
following delivery schedule for al~ co-users but AMWUA and Rio Salado•

• Apr - Sept (6 mo.) -- 66% of annual deliveries
. (11% per month maximum allowable by CAP)

• Oct - Mar (6 mo.) -- 34% of annual deliveries

----
UPDATED DELIVERY ESTIMATES THROUGH CAP/SRP INTERCONNEC~N ~RE:

TO Joe Kissel
./

FROM ~cott Atkinson

• >

FORM 12·1005
FORM 137o4tOO
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UPDATED DELIVERY ESTIMATES THROUGH CAP/SRP INTERCONNECTION
July 21. 1983
Page 2

The delivery schedules for AMWUA and Rio Salado were assumed constant
throughout the year because of the non-seasonal nature of their demands.

If you have questions on any of the above information. please let me know.

Scott L. Atkinson
SLA/cml
Attachments

xc: R. Mason
E. Kirdar
T. Stanton
H. Mattingly
E. Lauerman
G. Harris
K. Wanttaja

0154a-07/21/83



- - - - - - - - - - - - - - - - - - -
ATTACHMENT 1

SPECULATIVE CAP DELIVERIES
THROUGH CAP/SRP INTERCONNECTION

(JULY 15, 1963)

Del Ivery __S.p.eculatlve DelIveries
CRna' or ( AF/YR) Case
Exchange Mfn. Most Max.
River . Ent I ty ....12.~ ~QQL 193~ Probable Probable Probable

I • Transportat Ion
DelIverIes

, I

A. MAlI (a) DNA ..... - AHWUA (b) 250.000 100,000 0 X
South Avondale 690 3,058 11,099 X X X
South Chandler 1.012 2,725 3,666 X X
Al Glendale Cc) 1,000 1,800 '2,800 X
South GoodyeRr 112 1,201 2, H" X X X
South Phoenix Cd) 20,000 30.000 ..6,000 X X X
South '..J.'. Rio Sa Iado Ce ) 10.000 21,000 0 X X
South S8n Tan 1.0. 101 183 236 X
Al.,South Tempe 1,112 3,367 11,315 X X

8. Non-IndIan
Ag. (f) Al ArcadIa Water Co. 1.300 980 525 X X X

Al Roosevelt 1.0. 26.100 19,0"0 10,~30 X. South RWCO 59,800 ,., ,1'1I0 16,9'10 X X
South San Tan 1.0. 1.700 5,600 3,010 X
Al,South SRP 29,100 21,350 0 X X

C. IndIan AZ SRPMIC (g) 2,000 3,000 11,000 X

TransportatIon Oellvery Subtotals CAr/YR): 1985 22,102 121t,326 Itl1,221
2005 35.239 125,121 25".71111
203" ~2,996 11,921 96,397

II. Upstream Exchange
Deliveries

A. MAlI (a) Verde Chaparral City W.C. 1,5110 5,310 6,976 X X XVerde Cottonwood Water Co. 0 763 1,789 XSltlt Globe 0 1,899 3,/'80 XSit I t InspiratIon Copper 0 11,613 2,906 XSa I t Miami-Claypool 0 1.561 1,829 XVerde Payson 950 2,212 11,995 X XSit It Phelps-Oodge llt,ooo 20,7116 111,665 X X XVerde Pine (E&R Witter Co.) 11 69 161 X XSalt PInto Valley Copper 0 3,265 2,271 X X XVerde Prescott 3.21,,. ",250 7,127 X XVerde RIo Verde UtIlItIes Ill'; 261t 812 X X XVerde State Land Dept. (h) 1,500 1,800 3,900 X

.1. Ys-st6392a-0183 -1-



-- - - - - - - - - - - - - - - - - -
Speculative Deliveries

8. Ind Ian (I)

Delivery
Canal or
[xchange
_~lY~

Verde
Verde
Verde
Verde

£nt I t.Y.

Camp Verde
Ft. McDowell
Tonto-Apache
Yavapai-Prescott

~8-'_

1.200
".300

128
500

l __ AF /YR)

-20J!i­

1.200
",300

126
500

.JD3..

1,200
".300

128
500

Case
MTn. Most Max.

Probabi! Probable Probable

X
X
X
X

" I.

Upstrea/ll Exchange Delivery Sustouts CAr/YR):

Total Deliveries (I + II)

1985
2005
203"

1985
2005
203"

15.685 19,896 27,52"
29.585 36,116 52,880
2".126 37,009 57,0111

38,387 1"".222 "38,751
64,82" 161,237 307,62"
17,72" 114,930 155,438

NOTES: (a)

(b'

(c)

(d)

(e)

( f)

(g)

(h)

(I)

Unless noted otheNlse, M«el deliveries for years 1985 and 2005 are based on ADWR StAff Recommendations (Dec. 2,
1981'. Year 203,. deliveries are based on final CAP water allocations for M&I (Federal Register, March 2", 1983,
pp. 12....7-12....9'.

AMWUA does not hAve a CAP allocation but anticipates using excess water In the early years of the CAP for groundwater
recharge and subsequent withdrawal by AMWUA member cities. Delivery estimates are based on discussions with Leonard
Dueker, General Manager of AMWUA (7-1"-83'.

Glendale wants to use the CAP/SRP Interconnection as back-up to lIIaln delivery through Glendale's proposed Pyralllid
Peak Water Treatlllent Plant on the CAP aqueduct. Delivery estimates arblt.r&rlly a,;sume 20 percent of Glendale's
allotment will be conveyed through the Interconnection.

Phoenix expects to transport a portion of Its CAP allocation through the CAP/SRP Interconnection to the Val Vista
Water Treatmnnt Plant on the South Canal. Delivery estimates are based on discussions with Bob Steytler, Assistant
Director of Water and Wastewater Department for City of Phoenix (1-14-83'.

Rio SalAdo Development District does not have a CAP allocation but stili hopes to obtain one or use excess CAP water
for Its supply source. Delivery estimates are based on discussions with Tim Bray, General Manager of Rio Salado
(6-30-83'.

See £xhlblt 2 for computation of delivery estimates for Non-Indian Ag.

The Sal t River Plma-Ma rlcopa Ind Ian Commun I ty (SRPMIC) present Iy takes delivery of about 35,000 AF/year of water vi a
the Arizona Canal. It Is assumed that 8 portion of the tribe's CAP allocation will be delivered by SRP via the same
route to alleviate the Indian's supply problems south of the Arizona Canal, with the remainder being delivered
through A direct turnout from the CAP Granite Reef aqueduct to serve the Indian land north of the Arizona Canal and
south of the CAP aqueduct.

The State Land Department was granted a CAP allOCAtion to provide a water supply for new developments on State of
Arizona lands lying outside the service areas of cities and private water companies. One such development Is being
considered directly north of Fountain HII Is with tentative plans to lise CAP exchange water 8S the source of domestic
supply. Arizona legislAtion limits each development to 10 percent of the Land Dnpartment's total alloclltlon.

IndiAn deliveries for yeArs 1985, 2005 and 203" are bllsed on final CAP water al locations (Federal Register. March 21,.1983. p. 124"7». .

.. ,

ws-st6392a-0183 -2-



- - - - - - - - - - - - - - - - - - -
ATTACHMENT 2

COMPUTATION Of SELECTED NON-INDIAN AG. ALLOCATIONS (a)

PROJECTtD
_ ~2~Q05 ALLOCATION

Percent
9f Ag. Supply (c) Af/VR

PROJ£CTtD
203.. ALLOCATION

Percent
of Ag. Supply (c) Af/VREnt~

Arcadl. Water Co.
Rooseve I t I. D.
RWCD
San Tan 1.0.
SRP

__~1~98..5 ALLO=C=A'-'.T-'-'IO=N"--__
Percent

of Ag. SupplY (b) -MlXR__

0.13 1,300(d)
2.61 26,100
5.98 59,800
0.11 1,100
2.91 29,100

0.1"
2.12
5.92
0.60
3.05

960
19,0"0
1t1, ....0

5,600
21,350

0.15
2.98
".8"0.86
0.00

525
10,"30
16,9"0

3,010
o

NOT£S: (a) [stlmated non-Indian ag. supplIes for the y~ars 1985, 2005 and 203.. are 1000, 700 and 350 KAf/year, respectIvely
(Dennis Sundle, ADWR, 1-1"-63).

(b) AllocatIon percentages for 1985 are based on final CAP water allocations for non-Indian AgriCUlture (federal
Reqlster, March 2", 1983, pp. 12....9).

(c' AI locatIon percentages for years 2005 and 203.. are projected using 1985 percenta9"S .."nus supply to be delIvered to
eligible lands converted to M&I or otherwise removed from Irrigation lsee AOWR uruanlzatlon proJections, Dec. 2,
1981) •

(d' Sample computatIon: 1,000,000 Af x 0.0013 = 1,300 ~[
yr yr

ws-st6392a-0183
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ATTACHMENT 3

GRAPH OF SPECULATIVE CAP DELIVERIES
THROUGH CAP/SRP INTERCONNECTION­
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ATIACHMENT 4

SPECULATIVE FLOW RATES (CFS)
THROUGH CAP/SRP INTERCONNECTION

April - September October - March
Min. Most Max. Min. Most Max.

Year Probe Probe Probe Probe Probe Probe

1985 69 258 685 36 140 527

1988* 77 262 658 40 143 499

2005 119 284 508 61 160 343

2017* 128 254 418 66 139 264

2034 142 210 283 73 108 146

*Computed by straight-line interpolation.
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FU.JMF nrMFN~;JON{\I .. nATA (FT): SJLI.. HEl(;HT:~ 4. 690 K= O. 00050000
Bl=51. 900 21= 1. 319 Xl= 1. 000 B3=58. 200 73= 1. 330

TI..=15. 900 .
CI..=12. 000
ER= 6. 000

V:3 M. L.

4- E::?

VI AI..F ~~

2. 96 1. oo:~ 9. 30 O. 891~1

3. 04 1.. 002 9. 42 O. 901
3. 1;~ 1.. (l0;~ 9. 5:3 O. 902
~7:l. 19 1.. 002 9. 64 O. 904
3. 27 1. 002 9. 75 O. 905

3. 35 1. 002 9. 8f.:. O. 907
3. 4-' 1.. 002 9. 97 o. 90:::::" .
3. 50 1. 002 10. 07 O. 909
3. 58 1.. 002 10. 18 O. 910
3. 65 1. 002 10. 28 O. 9L?

J«q.e. C.e&sr; /..?t?S": 7

[tATE 11-

O. 9891
O. 9895
0.98'?7
O. 990l
O. 9904

1670. 0000
1737.0(100
'80!::•. 0000
1873. 0000
19'13.00(10

2014. 0000 Q 9907
2086. 0000 O. 9909
2'59.0000 0.9912
2234. 0000 Q 9915
?30·~. 0000 O. 9918

L 162 O. '.59
1. 803 O. 212
2 3~~:;~ O. 249
~I

7~/9 O. 277..c••

3. :;~:;~:~: O. 300
~~:. 616 O. ~";(19

::<. 984 O. ::-~::~5

4. :~::~::l O. 350
4. 662 O. ~~63

4. 979 O. ~7:l74

5. 282 o. ::--::84
5. 575 O. 394
~. 857 O. 40::;-~

6. , 31 O. 4'.0
6. 396 O. 417
6. 654 O. 424
6. 90t. O. 4:30
7. '.51 O. 4~~6

7. 391 O. 441
7. 625 O. 446
7. E:54 O. 45'.
8. 07E: O. 456

k s .a.h
(OA sl.,..

FR. NO.
AT V IflEAI..-l::! DISC:. C

O. 702
1. 089
1. 409
1.69'.
1.947
2. 185
2. 407
2.617
2.817
3.008
3.19:1
3. 3b~:

3. 53'~J

3. 704
3.8t.4
4. 020
4.172
4. azo
4.4·65
4. 606
4. 745
4.880

Vr.:.
FT

2. 86 O. '9l0
2. 94 O. 1960
3. 0' O. 2000
? O'~J O. 2040'Oil.

? 16 O. 2080...•.

~. 24 O. 2110
? 31 O. 2150.....
3. 39 O. 2'.90
3. 4t. O. ;~;?3()

:::. 54 O. ~?:?60

Q
CF~;

SRP SOUTH CANAL.
SIMPLE TRAPE70JD

VI
FT.

-

·..

-4. 100165:'-'. 0000
4. ~0017'j9.0000
4. :::0017f-:6. 0000
4. 4001855. 0000
4. 50019;?~. 0000

• r

4. ~.()01995. 0000
4. 70020!;-.7. (1(100
4. F.:00?j40. 0000
4. ~(l022:i5. 0(100
5. 000;?290. 0000

100. 000
7.00. 000
300. (100
400. 000
500. 0(10
~OO. (100
700. 000
800. 000
900. 000

1000. 000
1100.000
1200. 000
1800.000
1400. 000

~ 1500. 000
1600. 000
1700.000
1800. 000
1900.000
2000. (100
7.100.000
2200. 000
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Tna following tM~ design concepts have been considered for control of the
in1t1al !Jravity turnout flow cndmeasurerent of flOtt in either direction:

This ~randUG is tn response to a request fron pgrs~nnel on your staff
to rlascr1~e the alternativa design concepts for ~le Salt River Project
turnout.

The subject turnout is to be des1~ned to opento initially ~s a t;lravfty
flow turnout with provision for possible future h~Jro:cneration and p~back.

Presently, the recOlrended turnout c~pac1ty is SOO ft.J/s a..,d the future PtJ:0)­
back ca~nc1ty is 1,O~O ft3/s. T~c canals1r~ inlet st~JCture and turnoutl~~p
discharge 1in~ wil 1 W 1ocateo on ! steep hi11s1da near Reach 12.
St~t1on 7~3+!te. T~~ 95-1nch-d1aneter pipes ftTe ~ntic1patcd for the turnout/p~p

discharge lines 41nd a~ustic ~tel"'S will be used for "'Otl Fteasur~nt.
. -

1---...:...:.---­
I
r--- -------
Ir - - - - - - -- - -
LI --------
I
r--- ------
Ir-- - ------
Ir----------
I,- - - - - - - - - - -
I
1-- - - - - - - - - - -
IL _

°CT28 ~

1l"t~UI<""A IIUNAL. KUUT ING

Construction Engineer, Phoenix. Arizona

Chief Design Enqineer

~1t River Project Turnout OCs19n Concer>ts .. 'Tu·mouts ­
Granite Reef AQueduct - Granite Reef 01vfs1on - Centeal
Arizona Project

1. Upstrear.: flow control with s1id~ gates. - A mn1nl!'Z1 of 10 d1aneters
ofstra1~ht. le:vel pipe bebfeen the canalside inlet strtJc'ture and the
turnout flow aco~st1c neter instal1~t10n 1s TCQuired for this alternative.
fin l.:~ward bend would be provided in the pipes beyond the n-:!ters for an
cverflo\-l tte1r to force the necessary full i)1n~ flow for accur.a-te turn:Jut
nc~sure~cnt of all fl~ts. C-ncause of the hil1s;da location. this concept
would rCquire ! deep canalside inlet structure (up~r~xil:~tely 50 feet at the
headwall). A sei~rate acoustic ~ter installation would be required for
pu~~ack flaw j.~asure~nt. Also. the level length of pipe &nd the upward bend
resul ts in a pu""!P discha1"'C)e line profile thl1t would ap~c:ar to f"CQuire dO'o.'Osl:rse
protection. The est1aated size of an o~en su~a tzL~k. locate; at the uP\f:rd
bend to provide C<Mlsurr,e pr.:>tect1on, is 20 feet in dilor.£ter by 35 feet high.

The water user has 1ndicau-d that a baffled pipe outlt:t would be used for
ener~y dissip3tion for the initial r.ravity turnout flow. For A turnout flow
of eoo ft3/s ~nc.l head of approxir.,ately 200 feet. the width of the baffled
outlet str-lJcture would L'e about 3D feet. HO\'revcr. unless the f'lipe profile
is· such that a hydraulic jUt\" fon'1$ in the pipe upstreao fron the baffled
outlet. very high entrance v~loc1ty \(111 result in hiC!h uv1tat1on potent1-al
with possible tiaI"'!a~e to the pipe ann/or hl\fflr.d outlet structure. Oi?;x:nding
on the location selected for the Qrav1ty turnout outlet and the future
hydro~encration plant. tne site topo~r~phy 1ndi~tQs that th~ pipe profile
~y flatten for S~-~ distance near the cutlet and a hydraulic j~ cay foro
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fn the p1pa. This flow condition should Dlso b~ avoided; however.
stnce slug flow with I1ttenda1th1gh pressure blowback surgc:s '.tay develop
for sooe flow range.

2. Oowostrcaa control with sleeve valve. - A 54-in~~ sleeve valve near the
cutlet would'be utilized for the initial gravity tt:rnout or future hydro­
gener~tfon bypass flo\1 control and dissipation of eoor9Y~ With control of
the flow at the outlet by a sleeve valve. full pipe flow can be maintained
in the pipelines for all flows.

later installation of a hydroQenerttion plant wtth wicket qates or proper
unit 51:109 would result in full pipe flow in the pipelines. Of course.
full pipe flow would exist in the p~back mode of operation.

A canals1de inlet structure sf~l1ar to the other Granite ~f AQueduct
turnout inlet structures can be u~ed. "Ie slide qates would be 'open for
norr.~l turnout and p~~~~ck operation and Nould cloSQ only to prevent flow
from the c~nal in caso a valve or 9~te ·fails to close at the pUblp-gener~t1cn

plant after a po\-:eroutage. An overflow \':eir ..:~11 l;)?A~$ would be 1nc.:>rporated
into the inlet structure design to handle the p~phack ccpacity in the event
that the slide 9ates were closed ",'hen pu:::ps ,:erc inadvert.ently turned on.

The upper portion ~f ~le buried turnout/pur.~ dfscharge 11n~s would t~ 1~1d on
a 3:1 slo~. Uith full pipe flow f~r- all cond1tfGlis, one aco~t1c r:eter
installation for flow r~asurerent in either t!ir~t1on \-:auld he constructed at
any desired lcciltion "'ong the pipel1ne where a ~in1t'~:r;J of 10 pi?e c!ia::~ters

of stra1gnt pi;;~: C~n be pf"Ovi~ed on each side of ta~e rJeter structure. The
ccoustic l:1eter ~:;stalht1on \.tould have to he constr'.Jcted fn the "'iltcr user's
portion of thr- pipeline. subject to reiriliurser...c.nt by the £ureau of Ji,(;c1a~"ition.

Tne suitability of concept Ho. 2 nay 00 nffect~d by the water user's co::n1tr.ent
to provide pressure conduit for troc future hydroQenerat1cn plant and by possible
cost participation by the rur~~u to ~cco;~Dcate future r~;pback o~~ration.

However, it appears that with it C!)st sharing and opc;r~tfn9 agre~nt between
the hater user and ~le vureau. design con,ept fro. 2 would be c fetsiole. economic
design ~d would avoid s~1C of the t-vrdrl.luHc proble-:;s assoc1~~d lI\th the
61 tcrnathe conc~pt.

Unless othentfse lldv1sed, we will proceed with design concept Ifo. 2, as described
above. for. the salt R1 ver Project turnout.

Copy to: Re!}icnnl Director, Boulder City, Nevada. Attention: LC-200
Project ~~na~er, rhettn1x. ~.rizorla

Resident Engineer, Phoenix, 1~1zona

Blind to: 0-210, 0-270~ 0-273, 0-273 (Fish~r)
ALHelson:jas

2
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A AWS-CHALMERS
BOX 712 • YORK. PENNSYLVANIA 17.0517,7-7112-3511

HYDRO-TURBINE DIVISION
ALLIS-CHALMERS FLUID PRODUCTS COMPANY

September 12, 1983

Planning Research Corporation International
Division of PRC Engineering
Denver Technological Center
Building 40 West
7935 East Prentice Avenue
Englewood, CO 80111

I
I
I

ATTENTION:

SUBJECT:

Gentlemen:

Dr. B. T. A. Sagar
Assistant Chief Mechanical Engineer

CAP/SRP Interconnection
Salt River Project
Your File 13l4/3-DG 126183
Allis-Chalmers Inquiry 6-34626

I
I
I
I
I
I
I
I
I

In response to your letter dated August 24, 1983, we wish to provide
present day preliminary prices for hydroelectric generating equipment.
Based on the design conditions indicated in Table 2 of your letter,
we have estimated the present day cost for a standardized equipment
package consisting of the following components:

Horizontal Francis Turbine (AI, A2, A3, BI, B2, B3)

or a

Vertical Francis Turbine (CI, C2, C3)

Coupling and Guard Screens

Hydraulic Power Unit

Wicket Gate Positioning System (Positioner only--black start,
isolated operation or speed regulating capability is not
included)

Generator Switchgear

Control Panel (semi-automatic)

Protection Cubicle

(NOTE: No intake valve, step-up transformer, high voltage
disconnect equipment is included.)
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The present day preliminary price F.O.B. shipping point for the
equipment package outlined above is as follows:

Alternative Turbine Size Preliminary Price

Al 30" $1,058,000.00
A2 25" $ 975,000.00
A3 23" $ 918,000.00

Bl 44" $1,577,000.00
B2 40" $1,390,000.00
B3 32" $1,190,000.00

Cl 70" $2,778,000.00
C2 66" $2,652,000.00
C3 60" $2,439,000.00

The dimensional data you have requested for the size range of equipment
is not available in its entirety. The dimensions shown on the attached
sketch (9404-PCS-2) are preliminary and can be scaled directly to the
sizes you wish to study.

RB/csl
Attachment

cc: Doyle E. Young, U&ISD Denver
303/989-0684

Ted D. Miller, Ted Miller Associates
303/758-3912

L. D. Wyss, U&ISD Los Angeles
714/533-4700

Very truly yours,

~~.
Robert Baginski
Sales Engineer
Standard Turbine

I
I
I
I
I
I
I
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If you
of our
know.
below.

should have any questions regarding the information, scope
estimate or other outputs of the equipment please let us
We can be contacted through our area representatives listed
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Jonathan Whitehead
Sales Manager

Please do not hesitate to contact us if you have any further
questions.

FU

"';-
J.' ...

Member of
The A>.eJ Johnson GroupTele\ 330421

AXEL JOHNSON
ENGINEERING

Telephone
415 7i7·j~OO

666 Howard Street
San Franci.co. CA ~I05

Alternate Capacity (KW) Budget Price

Al 1567 $ 866,000
A2 1225 675,000
A3 980 560,000

Bl 3478 1,500,000
B2 2817 1,200,000
B3 2204 1, 000,000

Cl B058 3,250,000
C2 7347 2,900,000
C3 6735 2,700,000

Re: Salt River Project

Attention: Dr. Sagar

Axel Johnwn
Engineering Corporation

September 27, 1983

PRC Engineering Consultants, Inc.
Post Office Box 3006
Englewood, Colorado 80111

Gentlemen:

Very truly yours,

AXEL JOHNSON ENGINEERING CORPORATION

We are pleased to supply budget pricing for water-to-wire Francis
turbine packages. The package would comprise direct coupled hori­
zontal Francis turbine, generator, gate positioner, inlet valve,
switchgear and controls. In order to offer a firm price we would
require a more detailed specification. Equipment would be offered
F.O.B. jobsite, 12 months from receipt of a purchase order.

JW:ak
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Th. dl.grems glv. Ih••pproximal. cher.clen.lics
of Baying Francis turbines.

1()()%, , , , , I , , , ii' iii

Fr8ncl. TurbIn••

Fnlncle tUfbl..........ull.bl. lor he.de 01 between
20m .nd 800m For heeds below SOm K.pl.n lurblnes
p<OY!de • fI.tter ."iclency curve and higher running speed..
bul .re more complic.ted .nd ..xpensive. For h...ds .bo...
200m Pelion lurbln.s .Iso pro.ld... 1I.tt.r elflciency curv..,
but h••• lo_r running speeds .nd .re more expensl••.

Sm.,ter Fnlncle lurblnes can h... • horllonl.1 eh.II, which
c.n ..n.ble th..m 10 be sk~mounl..d log..therwlth e sl.ndard­
'rem.. g..ner.lor in Ihe leclory, .nd IransPOrt..d In en

.s....mbl.d el.t. 10 Ih.. sll... For horllonl.1 m.chlne.. the
runner will usuelly be mounled direclly on Ihe generalor
eh.'t with no s..parale lurbin.. beering.

Aperl Irom h..ad .nd outpul Ihe m.ln design crll.rlon
.lfecllng slle end running speed Is Ih.. e••iI.ble
submergence. A higher setting 01 Ih.. mllChine .bov.. Ihe
I..ilweler le.el wlilleed 10 I.rg..r dlm..nsions end slow..r
running sp..eds. Normally. Ihe machine Is sel so Ihal Ih..
runner is Just above the tallwater level at lero "ow.

Aunn., Pr..clslon casl 13%Cr 4"bNI .t.lnl..,. .t ,
Quid••en.e Pr..cl.lon cast 13%Cr 4"bNi stelnl..,. .1 1
SpireI c..lng F.brlcaled plate sl llopllon.1 m.nhole}
81.yr1ng F.bric.led plale .1 1
Co..... F.brlcated plate ste.' (opllcal .1.ln.... ch..kpl.l....
oran lube Fabrlcaled steel piaIe (optional m.nholel
Be.rtng W.'er lubrlcal..d rubber loptlon.1 oil lubrlceledl
Sh.ft •••1 Mechanical
QuId••en. protection Friction d...lc.. belw n sl.m .nd ....r
Quid. y.n. conlrol 011 ser.omotor/guid en.. link nng
Runner/eh.n connection R..mo.able friclion de.ice wllh exlal Ihru.1 pl.l..

500 1-+-WLW--+-+~-H7fttttr'17::;;r:71~

~

IAJ~ ....r~"1 Lf""" .Y1/!.J"1'71 'J'./I/'t"(~ I ---I.
1/1 J.-rI~~T V_Wlgl.lTY/..t'lA'" nY50fL--,....-F-H~"'----ht#f--7"'¥---iIIiJT-~n~~~

1oo~~~~~~~

20 L.oII:L.....W:J....ilLI....1l~~.....I..llI~~z..IIt.l....c...G....L...J...K;....."e:.L..~-::--..LL._........
0.5 5 10 50

Output(MW) 0 _

200~lttr--t---1'T-.~~-J~~~~;+.~~,e.A:jf

Head 1m,

~#f
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September 28. 1983

PRC Engineering Consultants
International

Building 40 DTC West
7935 East Prentice Avenue
Englewood. Colorado 80111

SHB Job No. E83-l24
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Attention: Mr. Charles Hutton

Re: Seismic Refraction Survey
Near Granite Reef Diversion Dam

Gentlemen.

In accordance wi th your request. our .report concerning sei s­
mic refraction survey exploration along an alig~~ent between
the CAP Grani te Reef Aqueduct and the SRP South Canal at
Granite Reef Dam in ~faricopa County is submitted herein.

1. Introducti on

This report is submitted pursuant to an explo~ation

seismic investigation on the aforementioned site for
purposes of obtaining data to assist in the estimation

of depth to unrippable material in proposed excavations
and trenches on the site.

2. Project Description

Details of the project were provided by Mr. Charles

REPLY TO; 3940 w. CLARENDON. PHOENIX. ARIZONA 85019

I
PHOENIX

'602) 272·6848
ALBUQUERQUE

'50S I 884·0950
SANTA FE

'50S) 471-7836
SALT L.AKE CITY
(8011 566·5411
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Seismic Refraction Survey
Near Granite Reef Diversion Dam
SHB Job No. E83-124

Hutton of PRC Engineering. Mapping of the si te at a

scale of 1 inch equals 100 feet with 2-foot contours
showing the centerlines to be investigated was provided,
along with boring logs of three exploratory holes about
400 feet west of the nearest centerline. These included
borings 110SRS, 2SGS and 111SRS drilled for the Sal t
River siphon of the Central Arizona Project (CAP). Ad­
ditional geologic and test pit data from near the site
was available to SHB from in house CAP documents. These
included test pit logs TP-8-SRSO and TP-7-SRSO from the
investigation for the same project. (Reference: Speci­
fications 3D-C7448 Salt-Gila Pumping Plant, Central
Arizona Project, Arizona, Drawings Volume 3 of 3, u.S.
Department of Interior, Water and Power Resources Ser­
vice.)

It is understood that extensive excavation may be nec­
essary along the centerlines indicated and that a plant
will be constructed wi th foundations which may extend
to a depth of up to 40 feet. It is also understood
that the results of this investigation may influence
the design of the CAP-SRP interconnection.

3. Investigation

Seismic refraction exploration measurements were made
by Michael L. Rucker, staff engineer, and John A.
Cassidy of Sergent, Hauskins & Beckwith (SHB) on
September 19th and 20th, 1983. A Nimbus 12-channel
signal enhancement engineering seismograph was used.

I
_~sI_S_ER_G_E_NT_,_H_AU_S_K_IN_S_&_B_E_C_K_W_IT_H

8 l CONSULTING GEOTECHNICAL. ENGINEERS
PHOENIX. AlBUQUERQUE' SANTA FE' SALT 'AXE CIT\'-f-
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Seismic Refraction Survey
Near Granite Reef Diversion Dam
SHB Job No. E83-124

3.1 Site Conditions

The site of the proposed CAP-SRP interconnection is

roughly south of Granite Reef Dam and extends from the

Granite Reef Aqueduct to the SRP South Canal. Two topog­

raphies dominate, including flat floodplain topography

near the Sal t Ri ver and Grani te Reef Dam, and desert

foothill topography from the CAP aqueduct down to the

proposed plant location having slopes ranging to 30 per­

cent. From the aqueduct to the Spook Hill Floodway,

the ground was covered wi th thick stands of brush and

cactus. The rest of the site had either been cleared

in the past or, along one stretch, was a leveled area

being usen. as a sand stockpile. On the surface near

the South Canal, there are remnants of old concrete
slabs scattered over the area.

3.2 Areas of Investigation

Sei smi c refracti on surveys were performed on two 750­

foot test lines and three 300-foot test lines. These

lines are shown in Figure 1 and are named to avoid con­

fusion with the number system for individual refraction

lines. A singie 300-foot line, named "aqueduct", "laS

run north-northeast from the base of the aqueduct. A

750-foot line, named "conduit" and consisting of four

overlapping refraction lines, was run down the hill

along the proposed conduit centerline. Another 750­

foot 1ine, named "stockpile" and consi sting of four

overlapping refracti on lines, crossed through the sand

SERGENT, HAUSKINS & BECKWITH
CONSULTIN3 GECTE:CHNICAL ENGINEERS

PHOENIX· ALBuQUERQUE· SANTA FE • SALT lA~£ CITY
3
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Seismic Refraction Survey
Near Granite Reef Diversion Dam
SHB Job No. E83-l24

stockpile area across the road from the damkeeper resi­

dence. A single 300-foot refracti on line, named

"floodway", was run alongside the road in the Spook

Hill Floodway. Finally, a single 300-foot refraction

line, named "canal", was run near the South Canal. A

total of 11 seismic refraction survey lines were run to

investigate a total of about 2,200 feet of proposed

centerline.

3.3 Seismic Exploration Methodology

Refraction seismic exploration was accomplished using

the l2-channel Nimbus signal enhancement seismograph in

conjunction with cabling to provide 25-foot spacing

between the 12 geophones for a total coverage of 300

feet per setup. This configuration gives a depth of

investigation of as great as 100 feet. For refraction

lines 9, 10 and 11, the spacing between the source and

the first two geophones was reduced to 12.5 feet to

improve resolution near the surface. A sledge hammer

wi th a metal plate target served as the seismic energy

source. Orientation to the supplied mapping was used

as location control. For each refraction line, a for­

ward and reverse refraction profile was obtained to

assist in interpretation of the data. Refraction lines

were overlapped on the "condui ttl and "stockpile" lines

to improve coverage for interpreting subsurface condi­

tions. Seismic refraction line setups are shown in

profile in Appendix A, along with results of the inter­

pretation.

I
_~I_S_ER_G_E_NT_._H_AU_S_K_IN_S_&_BE_C_K_W_IT_H

e , CONSULTING GEOTECHNICAl-ENGINEERS
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3.4 Readings

4.1 Results of Interpretation

4. Results of Seismic Refraction Survey

Time-travel plots for the 11 refraction line readings
are included in Appendix A.

5CONSUL.TING GEOTECHNICAL. ENGINEERS
PHOENIX. ALBUQUERQUE. SANTA FE. SALT LAKE CITY

SERGENT, HAUSKINS & BECKWITH•_(;;11
~~I-,-

Geologic interpretation of the refraction survey is

presented in Figures 2 and 3. In general, a layer of

low velocity material is present across the site and is

usually from about 5 to 15 feet thick, although this

layer thickness may be in excess of 30 feet below the

base of the foothill. This material has compression

wave velocities of 1,000 to 3,000 feet per second and

may be assumed to be rippable. It probably consists of

in-place weathered grani tes on the foothill, and ri ver
deposits in the floodplain.

Due to the general and approximate nature of the re­

fraction seismic technique, all depths, locations and

velocities must be considered approximate. However,
trends and general conditions are apparent.

Below this low velocity layer is much harder material

with compression wave veloci ties ranging from 8,000 to

12,000 feet per second. This probably is granite and

could be considered unrippable by normal equipment,

such as a D-9 Caterpillar or its equivalent.

Seismic Refraction Survey
Near Granite Reef Diversion Dam
SHB Job No. E83-124
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Seismic Refraction Survey
Near Granite Reef Diversion Dam
SHB Job No. E83-124

Occasionally at depths in excess of 60 feet, there is

evidence of very hard and intact material with compres­

si on wave veloci ti es exceeding 16,000 feet per second.

This material probably is unweathered granite.

Two subsurface features, one in the center of the "con­

dui t" line and one in the center of the "stockpile"

line, should be noted. These features are possibly

buried river channels filled with boulders or other

rubble having an average veloci ty of 4,000 feet per
second to 7,000 feet per second. The a pproximat e el e­

vation of the bottom of these two features appears to

be 1286 feet, which correlates well with the elevation

of the granite bedrock in the Salt River bed at the toe

of Granite Reef Dam. The feature at the "conduit" line

also correlates well with the toe of the foothill.

This feature may require further exploration to clarify

foundation conditions for the proposed plant.

4.2 Corroboration of Refraction Survey with Other Data

Because the CAP Sal t River siphon is adjacent to this

site, other investigations have been performed nearby

and some of their resul ts were provided to SHB or were

available wi thin SHB. Of most use were logs from three

borings located about 400 feet west of the "canal" line,

and several backhoe test pi ts located on the foothill

about 700 feet west of the "condui t" line. Approximate

elevations of unrippable grani te based on these logs

are shown in Figure 1.

•_~I_SE_R_G_E_NT_._H_AU_S_K_IN_S_&_B_E_C_KWI_T_H
e I CONSULTING GEOTECHNICAL ENGINEERS

PHOENIX. ALBUQUERQUE. SANTA FE • SALT LAKE CITY-t-
6



Copies: Addressee (1)
PRC Engineering

Attn: Edward A. Adair,

Seismic Refraction Survey
Near Granite Reef Diversion Dam
SHB Job No. E83-124

When the boring data is compared with the "canal" line

and the west end of the "stockpile" line, it becomes

apparent that the elevation of the top of the unrippable

granite is dipping to the west and north. At the west

end of the "stockpile" line, granite is at elevation

1310 approximately. At the "canal" line, it is at about

elevati on 1305 away from the ri ver and drops to about

elevation 1292 near the canal. Similarly, boring 110SRS

reached granite at elevation 1302.5, while nearer the

ri ver at boring 2SGS grani te was encountered at about
elevation 1270.

Backhoe test pits TP-7-SRSO and TP-8-SRSO show that

solid roc'k was encountered at depths of 5 to 7 feet.

These pi ts were located on the foothill west of the

"condui ttl line and corroborate the approximate 5 to

15-foot depths to unrippable granite determined through
the refraction survey.

Should any questions arise concerning this report, please
do not hesitate to contact us.

Respectfully submitted,

Sergent, Haus'kins &Beckwith Engineers

•
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~~ PHOEN'X • ALBUQUERQUE. SANTA FE • SALT LAKE C'"'"-,- 7



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APPENDIX A



- ----- .. --,PS
25,000 .

<:>

50'

...~-----

>./2,000 F,P5

~_ ..~.~~-~~
._-~

_._-~ .
.. ~ -
---~ .

_.\i ...

L....I:-.~/--Z:---:;-=--~4:---S=--~~:--~7=---,!J~--::9::;--~/~~;--~/1~-I."j';'Z;-------N

~
SERGENT, HAUSKINS & BECKWITH 6'E'()PHtJNE JoPr°bjeNeto-'~E~B-:-:3~--/-:-2'-=-4~------

- S 8 --C-ON-.U-LT-'N-oo-Eo-n-cH-N'-CA-LE-NO-'N-U-".- ,-tJSITIPA/IN6 Computed by: Mt./f Ckd. by: _
-t- --.AL8UQUEAClUE 'llANlA FE'llALT LAKE CITY

Date 9-8$ Page_of, _

10

ELEY..

I:
I~

I~

I! 1450

II
J"fOt)

II
Ii

1.!5tJ

II
Ii
1:8)

()

I ; ~ $0
'~

~
~")

liJ
~I . 40

~I ~ ~

30
,

Ii
I} 20

11



"N24-tJ°
FPS

",.,; 10, 000r;~:;p,~---

2-LINE

- '--. ~ •. _. ••••• _. __ '.__ -<0 .. ,.' ._-: •• ~••• •

> /2,000 rPS"

~_._~_._- _.. ' .. _...• -- _.- ; - _... . -. -. -- -- -". -, -:-- ..

I
I

I
1. ELF
I 1400

••I
I
~
f"1J 50

~
I'"',

~
W4a

I .30
)

I
~ 2tJ

I
~ 10

~

I
I s

I

, I

-~
-t-

"G>

--- : --~

Z 3 4 S ~ 7 8 9 It) /I 12 IVProjeet ,-- _

SERGENT,HAUSKINS & BECKWITH GE'OPNONc Job No' E 83- /24-
CONSULTINGGEOTECHNICALENGINEl:IIS pOSli/(JNINtr; Computed by:MlR Ckd. by: _

PHOENIX' ALIUQUEIlQUE • SANTA FE 'IIAI.T lAKE CITY

Date 9-83 Page_of _



2 3 4 S (; 7
SERGENT, HAUSKINS & BECKWITH 6E()!W()AlE

CONSULTING GEOTECHNICAL ENGINEEIlS POSITIO#/ N6
_IX'ALIIUQU£IlOUE' SANTA FE 'lIAI1l.NtE CITY

. -/5()O FPS-"J4<JOO -7tJOO FPS-;;- --
!:'OSSISL.E ,sOUL[)ERS ?

3

6' !J /0 /I /z NProjeet --,- _

Job No· £83-/24
Computed by: AIL R Ckd. by:__-..,....._
Date 9-83 Page_ofr _

·:-lINt-

L 50' J
-:r~1

o

o

'""-------.....:- - . - -

. --- - --~.. _.~.~~~

I
15
I

I FUV.

:1 J4-()O

il/30IJ

;1
30

;1
1120
~I

!I/O

il
. /350

11



I
I

4

/

"'"--. --_.,..: ... ' ._',_:. :. ""
\1\

....,8000-/1000 FP.5

~ 12S0 Ff'S

'----SO"'-- ..: ~. - ~I

7 ~ 5·4 .5 2.
6E()PH()N£ Projeet_~~-___::___------

POSITION/N~ Job No' £83-/24­
Computed bv: NL Ii' Ckd. by:__--
Date 9-83 Page_of _

---- --_ .-_., __ ~_ _._. • ,_. __ , __ ¥._~_.. _0_." .. . _#. _ ._. _ •• _•• _ •••__ ._~ _ •• _ .• ._._ • •••••• ..,--__~._ "

I EL£J!.
1350

I
I 13tJO

I
I
,~

•150

'J

I
I 40

·1J.;:

'1
30

il
120
II
I 10

II
;1 £ I /2 1/ - -;~. '!J 8

-~I SE~~~~L::~~~::~A~E~~=E:nH'I ~ PMClENUt· ALIIUOUEIlClUE 'lIANTAFE' SALT LAKE cnv



....... ._ ~ __ ••••••--__-- •• _- _, or _ ._.~. _ _. • ._ ._._ .~. __ ._._ ;_._,..._ •• •• '._ ". :- __ __ __••,.

. .._-'. ;~. -_.. - ._.-. _.- .-.

i
i
i ELF¥.

IJ.5()

i

--- -~_ .. _----._ - .". _.. _------,- ---._.-. ..:... , _._"- .-.' .-- _ ~ .
____ ~ __ •. __ ••" •__ ••. __• ..,J... _~_,__ ._,~ ._._. _ .• __ : •.•...•••••_. _~._ •• _

-----... ----.-.--.•----:-.---.-~.~.-.-~--. ----- _.- ~ .•.•.•. -.-~ •.•.•_ •.• ~ --~ "--'-'"""7 ._~ - -- •
• _ •. ~ ••, ...••~._-_. .~ .,. __: ... ! .__ • _. __ . _._ '••__ .._...• __ , .. 4 __ •• __ , •• _._~•••__ •.. - ..... ~ . ~ .. . ~ ~ .

w

--.;yB()OO -/I,OOt) FPS

I 12 /I If) 3 8 7 ~ 5 4 3 Z I

1Bl SERGENT, HAUSKINS & BECKWITH 6EOPHONE :~~:-.-E~9=-3:=--_-:/2-:=-'4~-------
- B CON.ULTINO OEOTECHNICAL IENOINEEIl. 1'0.:51TIONINQ ~ ~'L ~-t- I'HClENIX·AUIUOUEROUE·SANTAFE·SAIJ'LNlEcrrv Computed by:"'" FT Ckd. by: _

Date 51-8.3 Page_of -

i "-J1250FPS
1300 L...:--- --.... ---

i
I
.~
~

i~ SO

~
;~

I~
" ~40

I·
4J

I~
30

I
I 2t:J

I
I If)

I
I £

I



w

. i#

#OJ /100 FPS

.. ' I '.-. .. __ ..... __ ._ ."

. _. -. ---~ -_ ... --- ..-.~-~..
.-_ .. _. '_ .. ,- -~-' •..... - - .." ..

. 1.. 50 . ....
. :. -.. . . ..,

::-~:LINE ...~

o

-1300 Ff'S

--8000 -1/, 000

-_._- .-.. _-.~ .. _-- .. -1-._"._- -- '-'--'~-'----- __'_'_ ... _-..

----_.---.--- ._- ---~ ..,... _--_.... --_ ...._- . _.~ ..._---- .__.- ..--. .---_.~._--- ~--- .. -----_ .._---~--,.- --_._----_.~_.

- .-. --_ _.. --- _-- -.._-_.~ --_.__ .-- -~- ,_.~_ .

--'""'""- ..... _.- _.._.._- ..- _.'~'-. .,;....... __ .... _.....- ..._....,... -- .. -

._-_._~-'_._- ... -.-.~----~. .."'--._'.-- - -.- -.,

E .~ fl M 9 8 7 C S ~ $ 2 I

_~. e SERGENT, HAUSKINS & BECKWITH ~F()PH~N£. Project___________ POS/T/ON/A/6 Job No,_'..::::;e:;,,::"P.~'.3~--7/...::::2=-4~ _
,,::,,::.u=:~~~=~~.ES:;~"~ Computed by: UL. R Ckd. by: _

-t- Date 9-83 Page_of _

10

so

40

20

IJOt:)

Etc6/.
IJ50

II
If
11
II
I
I
I
i~

,()

I~
~

ii
;:!
;":

I."
~

I~

i
i
I
I
I
I

-



._-_._--_.-..----------,'

i
i

~ -.--..--- - ..-----7 --- ..--~---..-,----.--- .. ------ ~.-'" .. -.---. - ' -.._- '_.-. -- - - . ---'. _.. -. -

I £LEV­

• /~50

w7 ~ 5 4 ~ 2 I
6EOPHON£ ~~~:. E83-/24-

P()SIT/ONINS COmpu'-te.....:d~by.....::-M.~'L:-:-::R=--..;..C-k-d.-b-y-:----

Date 9-83 Page_of _

, .
- _.". --.- .- .. -.

. '

SO'.--: r..----·I':-

FP~
, 0°, D A-

I' 0

.:..;...;..;..-_----_ /300 FPS ~-------------
---- -800tJ-//,OOO~

-" ~ ,- ..... ,--- _. __.-
-'~

-~

~ - - ,' ..

~ --~-~-,.,'----~-~,--- :_~ -



I
I

-_ ..... -._._- _._--.- -_.- -_.-. --.- ~.- .-. _.. -. -. -

-----_._--
--_--' _ •..-.;._. .. ~. ...... _.L._~_.;,.. __... _. .;..._~ ... _. __ .•...•._._.~_ . __ .' .• _ . _+ • ._ ••••

-.------~._--_.,._-_ _~_._- ~_....:.-_--- -~. -.--_ ~_._- •.._-_.-.- _ -. _."'.--" - ..•. ~ .

--_.__ .. ~.__ _- -~ _,---- .. -.-._-_ _--.-----_ - ---_.--. __ .~ .._._- - •...~ .. -. ,

-'---_ ..- __. -.- .. _--.._----- -.- - ---. -~ -.-_ -

.- .... - ... _.. ,_ ... _.... -.~ --~. - .:.---_ ...•-._-;.-.-.. _. -

_. ~--_. - --_.. _- -.;--- -- -- -,- ._-_. -.- . ~ ._--
----'-----.-_ ...._--... -:..._ ..- .... --- -- .- .....

----_ .._._. ~ _....... -...,-_.-...__._--_.._._--_.- _._--- ..__. -- .~ ..._~ .. ~ ..-.------_._---_._--_._- -_._- -...__._._-_._._---

- _....- ------p -- 't- ....--_· -_. "',-"---; .~- - --'------.--.-- .
-------------..-~---.-.--.--.;..- .. - --.- - _.. - --.----.------ _. _ .. -. - - --~-._ ..- ~_·t -.-.

--_ _-.._.- _ _-- ,~ ~_._--_. _ -

-_---:.--_.-'- - - •.. _ .. _. -_.__.- _ .•-_.- • --- •......• _. _.- .•... - _.. _. _.. - _ ..•..- -..• ---.--•..•- ••.. - .-.+ - ••.__.-.- -_.

0- 'V 1200 FPS

II

___ o.

()"O-70()O FP5;r-- _;::;..0 ----~-_:_------
PtJ5SllU.E ._'_ __..,
BOIJLIJ£IPS' 0 . '00 .. --- -:--- -- ...v BO()() -1Z',tJOO 'rFS --

•.•• _...• --_.. ---+- _..••..•. _- .. -.~.. - ..... --._- ~ . -- .

...--
24,000 FPS

o

.....•..--.- -. -- !

• • - - _.- ._........ - ..... + -
• 0 •

o , •

... t -- .... -....-.:-..:.- ..~ -~ ...

,.•.. J •._ .• __ ._ .• _ .__..•. __

5 4 .3 Z I ·N
Projeet_--::-=-=---:--=-:;-- _
Job No' £83- /24
Computed by: All R Ckd. by: _
Date 9-83 Page_of, _

-NIi::)
Ii::)

"""____ . . _.__ :__ 0:-_: : _ ~_'_::':'__' o:._-~.:-- .~

7 6
6EOPHONE

P()SITIONIN6'

. :. ::: : ,0- ,0 SO' . 1- -. 0 . - - --:~: : ._ ....

. .. .-- .~ ~ - ~ .. _. . - ~ ~ --~ ~~.~~. ~ -..

.. ~. - .-_. ---_ ... -..._.__ ..._. '- .._-... .- --- - _.-- _. __ . - ...•.- --- _._. ----_...._.._- -~------_ ...- ...-_ .

. .- .... - - .- _. -- ....
~I't

il s

:1



I
I

._ . ~_ .•.... ~_. __ • __ ....... _ ;__ ..... __ l-. ._ .-:. •..• •• __ ._~.,.__ •.

- BOOt) - /Z.OOO FP5

____ ._ . __. ._ •. _ ....-_. __;._......o-~._._ •.. _•...__~ __ .'~ ~ _•.__ .. _ ..•. __ •.• _ .,. '.~_~ _. __ .._.~._, _,_, ..•. _ _ ._~..

I£I.EY. :~:-=~-.~~:-~.~.:;:.:._~:?~~-~>·:-:--~-l~-··EN/)·coNbuir :. ---.: :.--~'~ :-:--.-:. ~

1/3S-{)_~I;~ ~;S~F~S-~-- ..:..:·u. u~ :-: .;_u.:.:~~.;::_~
__ ~/SOO FPS

------
I --400tJ-7000rP$? - --

- _.. ..-- F05SIBL E BOt.lLD£RS? :.---------

I
1/250

I

5 4 ~ Z I N
Project._=--__-....,-,,--------
Job No' £83-/24
Computed by: /.IlL R Ckd. by: _
Date 9- 93 Page_of _

so'

1 C
tJEOP170NE

PO 51rlONI N5

ff> .
- 0- ~O - -

(, .

• /2 II 10 9 8

-~8 SERGENT, HAUSKINS & BECKWITH
CONSULTING GEOTECHNICAL ENGINEERS- t- _.AL8UOUEAQUE' SANTA FE· 8AI1 LAKE CITY

">
I~so
~

I~
-..J

I~,
I~
i: 30

I
I 20

I
1 10

I
I s

I



I
I

- -:.-~-.--~ .-:~ --~--L-IIt!£10
. . ~- .. - - .... --- -_ ...- .. -.;;;;--..;.-.-,;;;;-_..........-

. . .~._._._._ ' __-0' '_'_.~"' "_'_.'_'_" .-_~_~ ••_._. __ . _ .

•• .......---- •• -.-.-~.--: .• -..---.. -----.-- ..•--. .:.. •.-._.• •.._. _... - ._·t..
. -- .•---.• -- ----.-........--.---- •...__.~ _._ .. __... _.l. • .. _ __.... ,_ .

J

iELElI..1350

l300

._.~.-._-- ---_.~- _.-.. "', - - - -.__ .. _. - .- .'.
... __ ..- --.------ _.- - ---- - ----_ . ...,; "-".-- .- -

--_ ....- ._ .. _...... _- _._-~_._ ..-_._.._._...._--_ ..._-- -- ._~- .- -.... - _.-. ---_.__.. ,._._~_.- ._--_._... -- ,.-..;------------..-

-~ - ~- _. -. - ;. -_. - ,.._---.- ..

"V 1700 FPS
. ~__ ""J. 11,000 FPS

I
I.
t
,~

~
;: ......

.J 2 3 4 5 ~ 7 8 S ro H N
_~8 _S_ER_G_E_NT_,_H_AU_S_K_IN_S_&_B_E....C_KWlT__H 6£OPHON£" :~j:~-.-E-=-8.='3-=---/....,..Z-:=4~------
~ ~~':.u~~:e~::i.E~~"~ ,cOS/TltJAlIAl9' Computed by: Aft I? Ckd. by: _

-.- Date 9-83 Page_of _

JI-1

!

:1
:1 s
,
~I



......... , __ ~. _ .... ~--_--- __ .•__.. ~ ~ ._4-__

~ _._,__ ._. ._, __ .... _._.__•. _ •. ~ ._ -0-.0'_ "_

, '
- ----:--.. - --;---- -..;...--.--- --r-.--- -. -_.- - _ __ .- _._.~ _,-

._._._•. .__..:_~-. -- __•__.,..._~l_._ ~. .. ~._ •.. _..• , __ ., __ :-_ ~ .-'0-•.__.~ ,._•• __ • ; _. ".-. _._ •••

J

I
I

____...... ,__ ~ ._.'.•.. '_•.••_~ _":"".__.~ . __ •. _ ._ .. ._ .. _.. __ •... _ .._.'. __ ··_·0-. _ ..... • _' .• _._,_ •..• ,_.~ ~ _._. _." .. _. . _ .... ' -+ .

_._------_._-_ ..._----_...__._...._ .._.__...-_.-- ._._.----_.__._._--_.--_._._-----_._._-_._-_.. -~ ....._- ---- ~.- .
.'- ..~-- - - ~ _ ;. _.~ ----._ _.

.. ,.." 3500 '--PS

"'/400 FF'S

-

-- ~ -_._- ~_ -_.. .~.- -:-- -. -;- ~._-

~9000FPS

---,.- -.. --..- ---.--:- -. ----._--- _.. _.-. - .....•.' "..._._-- -..-_... . .._ -.•._.. - .. ~..-. -_._"." .. ,- --"--., - ..

_ -.~_ - -. ~ - --- .,- ~-....;...- _. -., _ -.. _.-

ilt

ELev.
I 1350

II
I
11/300

,- \

~ -•..•. ..;,.. , • • • ••.. - -to - • -

.. _... ~-

> /2, tJO" FPS?

~ ;' $ 9 /0 II /2 N
6£OPI{ONE Projeet_-=-::;;:;-:=--~~ _

POS/ TI"N/Nt; Job No_o_E=..;:8.~'3~-/:..,:c,:-'4..:-- _
Computed by: ML R Ckd. by: _

Date 9-83 Page_of-,... _

CON.ULTINO GEOTECHNICAL ENOINU".
PHOENIX· ALIIUOU£llQUE • SANTA FE.lIAlJ' LAKE CITY

2 ..3 4 5
SERGENT, HAUSKINS & BECKWITH

<:>

~.
.. ,-'--"-

. ... _..

- . . ..
. . - .. . ... -

. . - _ ..

• I

-~
-t-

.,
Iil
!~
f~50
I~
,l.l"

i~
, ~ 40

:1
·10
,~

:( ",0

11
~11 20
.
'.,I

1 10

I
I 5

I



I
I III SitS

S (130.,)

I
I

If'SRS
S (rJOl.;

l._~, •
::.~ ... ~ .

""..

.~

"

./

~

I 100' I

SCAL!.

\
'".,\
~

&RA/f/Tl. /lEE', FOIl£IA'I

...

\
/.­

/

\

'"\

\
.... - _../

/
I

2. SG.5
S (1210)

Ii Tp· 7-SRSO

#
I.' ~- :: - ' . -- - -

Yo' .' " ,/ ['JQS)- , ~".
:/ \ -II

I I " " 'CANAL' "i;;;'

". / I
• ~.., I /

JTOC«PlLE' /" .'/' / 1/ /'

//,/'///;; ..

/~ ../ o"./ .,.,'

*.... ,:;+" /'

/V (an) , // " ' •/" ?~... / .,//
'< / '

/ '
// ",'I'-.y:-, ) --4

~
'~Y~(i~,' ~.\\\>-~~C\-"."~(p~~ c ! ---J

(_y.J

.~JJ": ~
,.' o". '~ ~
/.. ,','\., ~

/ / . ~ .....0\... "-
'~ "",'FLOODWAY'

. ,:\, ' ....,
i;~i),'y

-;>".

iP-8-SRSO
III

//

)

'1-----.---...~

~
///

CAP "'NJ;n// .
____ ..... ...?- UlF

~~uc

/

I
I

I

I
I

I
I
I
I
I

I .. £LE.V) - API'KQ~.NlATE. i.L£VATfON OF UN"I'PABL£ KOCK

51 T£sr ?11 ~1?tM PREV"·U.s .51"L.(Dt

I
I
I
I

~ - 8IJRJN~ :.I?OM PRE.VIOU5 5TV.O'l

NO. DESCRIPTION DATE

REVISIONS

-'-® SERGENT. HAUSKINS a BECKWITH
• 8 - CONSULTING GEOTECHNICAL ENGINEERS

t

CAP· SKI' iWTEK'OIJIJ£CrfON 5U5MIC KEtI?ACT!ON SUKVEY
F:GURE 1 SITE PLAN ANO APPKOXIMATE HlVATfON OF

UNKIPPABLE KO'K

J08 Ito. OAT[ DESIGNED BY DRAWN By CHECKED BY SHEET NO

£ 8J·IZ.~ I fl' .83( MLK I ML.~ I LAH I



;.:.~~

~
I

£
"
l
8
~

L
.L

o!!!

0_.
......

j
:

"
0

-
_

_
~

i[III(,'iIIIIII"~I

,il,I·11:1:111·;1;1~il·,III



t+
--~

t1

t

I'"

ft :
-j

:t -i-
-

+-

....
"
'-

'1

:::':
~-,j+-+

I II 11 /1il IIIIIIII :1:1IIIII 1

1.1I'I j


