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PREFACE

Flagstaff is the principal trade center of northern Arizona. [t is
experiencing population growth and economic expansion caused by the
annual increase in tourism and enrollment at the Northern Arizona
University.

The local water supply on which the city is dependent for its
municipal and industrial use comes from three ground-water well fields
in the area and from surface water developed on Walnut Creek. The
city plans to fully develop the weli fields prior to developing addi~
tional surface water and could, therefore, defer the requirement for
the water developed by the installation of the Mogollon Mesa Project
for many vyears. Although development of the ground water is quite
expensive on a unit cost basis, it does not require as much immediate
capital layout as would be required to construct the Mogollon Mesa
Project. Based on the city's expressed preference, a decision was
made to prepare a concluding report to cover the feasibility investi-
gations at this time.

The Mogollon Mesa Project is a multipurpose proposal which would
provide a supplemental municipal and industrial water supply to the
city of Flagstaff, fish and wildlife benefits, and recreation oppor-
tunities. The project as presented in the concluding report would be
developed in two stages. The first stage would consist of the Wilkins
Dam and Reservoir on Clear Creek, and an aqueduct system to deliver
supplemental municipal and industrial water to Flagstaff. The second
stage would consist of lining and enlarging the existing Upper Lake
Mary on Walnut Creek. The logistics of maintaining a viable water

supply during construction dictate the sequence.



Studies of all phases of the investigation except for the enlarge-
ment of the Upper iLake Mary and transmission line location were
conducted on a feasibility level. Designs and estimates for the rehabil-
itation and enlargement of Upper Lake Mary are of appraisal level.

The environmental quality plan was developed to comply with
Procedure No. 1 for planning and water related land resources. This
plan would provide 14,000 acre-feet of water annually to Flagstaff,
Arizona, and 4,400 acre-feet annually for waterfowl refuges. In
addition water not needed initially for M&! uses would be used tempo-
rarily for lake stabilization and maintaining full streams in Clear
Creek and Walnut Creek.

The project is in compliance with Executive Order No. 11296.
Protection aga»inst dam failure due to flooding has been provided for
by designing the spillway and reservoir surcharge with capacity to
pass the design fioods without overtopping the dam.

A preliminary study of the archeclogy of the Wilkins Reservoir
site was made by the Department of Anthropology, Museum of Northern
Arizona in 1969 for the Bureau of Reclamation. The WNational Park
Service prepared an evaluation report based on the Museum's findings.

The project investigations were conducted under the traditional
procedures for planning. Under these procedures the plan of project
development was found to be engineeringly and environmentaily feasible
and economically justified, as demonstrated by the economic rate of
return of 7.8 percent. This concluding report on the Mogollion Mesa
Project, Arizona, was prepared in accordance with Procedure No. 1,

Level C of the Water Resources Council's Notice of Establishment of



Schedule and Application of Principies and Standards to implementiation
Studies in Progress, pubiished in the Federali Register, Voiume 3%,
No. 143, July 24, 1974. Any future investigations of this project wiii
be made to compiy with the Water Resources Councii's Principies ana

Standards for Pianning Water and Related Land Resources and i
accordance with the Office of Management end Budget's Circuiar No.
A-87, as suppliemented and amended, or any oiher policy or procequrs

that may be enforced at that time.
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SUMMARY SHEETS

Mogoilon Mesa Project, Arizona

LOCATION: The project is located in Coconino County, Arizona.

Witkins Dam and Reservocir wouid be iocated on Clear
Creek, a tributary to the Littie Coiorado River. An
aqueduct system wouid extend from Wilkins Dam north-
westward to the city of Flagstaffis existing irunkline
near Lower Lake Mary. A  proposed storage and
regulating reservoir wouid be iocated on Walnut Creek
at Upper Lake Mary, about 11 miles south of FlagstafT,

Arizona.

AUTHORITY FOR REPORT: Federal Reclamation Law (Act of June

17, 1902, 32 Stat. 388, and Acts amend-
atory thereof or supplementary thereto).
Authority to engage in feasibility investi-
gation was authorized by Public Law
89-561, September 7, 1986, and Public
Law 90-254, February 13, 1968.

The pian wouid provide a suppliementai municipai and
industrial water suppily to the city of Fiagstaff, fish and
wildlife benefits, and recreation opportunities.

The Mogollon Mesa Project would be developed in two
stages. The first stage wouid consist of Wiikins Dam and
Reservoir and the aqueduct system to deliver supplemental
municipal and industrial water to Flagstaff, Arizona. The

second stage would consist of lining and enlarging Upper

L ]



Lake Mary when required to meet Flagstaff's Tuture water
demands. It is estimated that first siage facilities would
provide the city with 11,900 acre-feet of water and would
meet estimated water reqguirements untii ebout 2003. This is
based on the premise that the locali water suppiy availabie
to the city is 2,400 acre-feet untii Upper Lake Mary is
taken out of operation for reconstruction at which time the
local supply will be reduced to 1,000 acre-feet, in addition
to the 11,900 acre-feet made avaiiable by the first stage.

In the first stage the pipeline of the agueduct wouid
connect Wilkins Reservoir tec the existing Fiagstaff trunkliine
of Lower Lake Mary and project water would be diverted
directly to existing treatment facilities. In the second
stage a bifurcation would be constructed on the aqueduct
near the upper end of Upper Lake Mary and additional
pipeline and structures would Dbe constructed to divert
Wilkins Reserveir water directly into Upper Lake Mary.
The second stage of construction would maxe possibie an

increase of 6,500 acre-feet of firm water supply.

i1



TOTAL PROJECT COSTS: (Aprii 1976 prices)

First Stage
Feature
Wiikins Access Road
Wilkins Dam and Reservoir
Wilkins Pumping Piant
Chavez Pass Pumping Plant
Jaycox Mountain Pumping Plant
Pipeline and Structures
Transmission System
Communication Equipment
Fish and Wildlife
Recreation Activities

Subtotal (First Stage)

Secend Stage
Pipeline and Structures
Upper Lake Mary Dam and Reservoir
Fish and Wiidiife and Recreation
Facilities

Subtotal (Second Stage)

Investigation Costs 1/

Total Project Costs

1/ Included in the Total Project Costs

iid

Cost

$ 6,830,000
16,550,000
2,600,000

1,225,000

1,225,000

34,470,000
2,270,000
767,000
1,191,000

$67,068,000

$ 400,000
15,460,000

__ 2,462,000

$18,322,000

$85,390, 000

$67,068,000

$18,322,000

$(1,250,000)

$85,390,000

1



CONSTRUCTION PERIOCD: Approximately 4 vears

ANNUAL OPERATION, MAINTENANCE, AND REPLACEMENT COSTS:

First Stage
Total
OM&R OM&R
Feature Cost Cost
Wilkins Dam and Reservoir $ 56,000
Access Road 98,000
Agueduct 73,000
Aigae Control in Pipeline 3,000
Pumping Plants 287,000
Transmission System 40,000
Communication Equipment and
Remote Control System 14,000
Pumping Energy | 695, 000
Fish and Wildlife and Recreation
Facilities 58,000
Subtotal (First Stage) $ 1,324,000 $ 7,324,000
Second Stage
Upper Lake Mary Dam and
Reservoir 30,000
Pumping Energy 205,000
Fish and Wildlife and Recreation
Facilities 181,000
Subtotal (Second Stage) $ 416,000 416,000
Total Project $ 1,740,000

iy



PROJECT iINVESTMENT:

First Stage Second Stage Total
Construction Costs 1/ $66,068,000 $18,072,000 $84,740,000
Interest During
Construction 6,157,000 1,323,000 7,480,000
Total $72,225,000 $19,395,000 $81,620,000

ANNUAL EQUIVALENT COSTS:

Project investment $ 4,614,000 $ 385,000 $ 4,999,000
Project OM&R Costs 1,155,000 79,000 1,234,000
Total $ 5,769,000 $ 464,000 $ 6,233,000
ANNUAL EQUIVALENT BENEFITS:
Municipal and Industrial
Water $ 6.631,000 $ 421,000 $ 7,052,000
Recreation 23,000 35,000 108,000
Fish and Wildiife 180,000 93,600 273,000
Total $ 6,834,000 $ 599,000 $ 7,433,000

ANNUAL EQUIVALENT COSTS FOR BENEFIT-COST ANALYSIS:

Annual Equivaient

Investment Costs $ 4,445,000 $ 48,000 $ 4,493,000
Annual Equivalent

OM&R Costs 1,324,000 416,000 1,740,000

Total $ 5,769,000 $ 464,000 $ 6,233,000

NET BENEFITS: $ 1,065,000 $ 135,000 $ 1,200,000

1/ Investigation costs of $1,250,000 (31,001,000 first stage and

$249,000 second stage) are excluded.



ALLOCATION OF COST:

Project interest OM&R Costs
Construction Construction During At Full Project
Cost 1/ Construction Development

First Stage

Municipal and
Industrial

(Reimbursable) $ 64,015,000 $ 64,019,000 $ 5,364,000 $ 1,264,000
Recreation and

Fish and
wildlife
(Nonreimbursable) 2,048,000 2,048,000 137,000 60,000
Total $66,067,000 $66,067,000 $ 5,501,000 $ 1,324,000

Total Project

Municipal and
Industrial

(Reimbursable) $77,772,000 $77,772,000 $ 6,286,000 $ 1,480,000
Recreation and

Fish and
wildlife
(Nonreimbursable) 6,368,000 425,000 260,000
Total $84,140,000 $77,772,000 $6,711,000 $1,740,000
Project Total $ 84,140,000
Investigation Costs 1,250,000 1/

$ 85,390,000

REPAYMENT OF PROJECT COSTS:

First Stage Total Project

Reimbursable Costs Allocated to M&! Water

Construction Costs 1/ $64,019,000 $77,772,000
Interest During Construction 5,364,000 6,286,000
Total $69,383,000 $84,058,000

1/ Investigation costs of $1,250,000 ($961,000 first stage) are excluded
and are comprised of $80,734 contribution by the State of Arizona,
$290,787 from the Colorado River Development Fund, and $878,479
General Investigations Fund, which are nonreimbursable under the
provision of Public Law 92-149.

Vi



Municipal and industrial water users would repay the
first stage costs allocated to this purpose with interest at
4.371 percent on the unpaid balance during a 50-year period.
Costs allocated to municipal and industrial water for the
second stage development would be repaid with interest in
a 50-year period starting the first year of operation of the
second stage.

The water charge to Flagstaff, including repayment of
investment costs with interest and payment of annual
OM&R costs, would be about $390 per acre-foot the first
year, gradually reducing to about $314 per acre-foot in the
21st year. Annual OM&R charges would be about $91 per
acre-foot in the 10th year of project operation and about
$68 when the full first stage water supply is used.

PROJECT FEATURES:

Dams and Reservoirs

Wilkins Dam--Thin, double curvature, concrete structure

Location: On Clear Creek in Sections 31 and 32, T. 15 N.,
R. 13 E., G&SRM, about 32 miles southwest of
Winslow, Arizona.

Unit

Elevation at top of parapet e e feet 6219.5
Elevation at top of dam .. . . . feet 6215
Elevation at top of active conservatlon

storage . . . e v o . . . feet 6194
Height of dam above streambed . . . . . feet 228
Crest length s e e e e e . ... . . feet 790
Volume of dam . . . . . . . . . . . . . cubic yards 96,350
Spillway capacity . - « « . . . . . . cubic feet

per second 57,200

Reservoir capacity, top of active
conservation . . . . . . . . . . . . . acre-feet 34,600



Reservoir capacity, inactive storage .

Reservoir capacity, top of dead

storage .

Total reservoir capaaty
Sediment storage, 100 years .
Reservoir area, top of conser‘vatlon

storage capacity

. acre-feet

. acre-feet
. acre-feet
. acre-feet

acres

4,400
6,000
45,000
7,260

568

Wilkins Reservoir Pool Evaluations and Water Surface Areas

Maximum Water Surface
Top of Active Conservation Capacity
Top of Inactive Conservation Capacity

Dead Storage

Upper Lake Mary Dam--Rolled earthfill

Location: On Walnut Creek,
River in Section 27, T. 20 N.,

about 11 miles southeast of Flagstaff, Arizona.

Elevation at top of dam
Elevation at top of active conservatlon

storage

Height of dam above str‘eambed

Crest length
Volume of dam
Spillway capacity

Reservoir capacity, top of active

conservation

Reservoir capacity, mactlve storage .
Total reservoir capacity R
Reservoir area, top of conservatlon

storage capacity

viii

Pool Water
Evaluation Surface
(feet msl) (acres)

6215 650
6194 568
6104 220
6080 167

a tributary to the Little Coiorado

R. 8 E., G&SRM,
Unit
feet 6855
feet 6842.6
feet 65
feet 1,500
. cubic yards 253,000
cubic feet
per second 6,150
. acre-feet 24,060
acre-feet 4,840
. acre-feet 29,500
acres 1,089



Upper Lake Mary Reservoir Storage Allocation (acre-feet)

Second Stage

Surcharge Pool
Active Conservation Pool
Minimum Pool

Total Capacity

Initial

7,300
24,060

5,440

29,500

Upper Lake Mary Reservoir Pool Elevations and Water Surface Areas

Maximum Water Surface

Top Active Conservation Capacity
Top inactive Capacity

Dead Storage

Aqueduct System

Pumping Plants

Witkins Pumping Plant

Type of pumps--electric driven
Number--3 with 1 standby

Capacity total--37 cubic feet per second

Maximum head (feet)--560

Chavez Pumping Plant

Types of pumps--electric driven

Number--3 with 1 standby

Capacity total--37 cubic feet per second

Maximum head (feet)--435

Jaycox Pumping Plant

Type of pumps--electric driven
Number--3 with 1 standby

Capacity total--37 cubic feet per second

Maximum head (feet)--435

ix

Pool Water
Evaluation Surface
(feet msl) (acres)

6849 1,202
6842.6 1,089
6815 596
6800 155



Pipeline

Wilkins Reservoir to Lake Mary

Type--Concrete or equivalent

Length (miles)--51 (applicable to first stage construction)
Diameter (inches)--30 to 42

Normal design capacity (cubic feet per second)--37

Hydrology

Wilkins Reservoir

Contributing drainage area above Wilkins

gage 321 square miles
Historic average annual runoff

(1947-1969) 56,000 acre-feet
Maximum annual runoff 142,200 acre-feet
Minimum annual runoff 12,700 acre-feet
Inflow design flood

4-day volume 116,800 acre-feet
Peak discharge 61,500 cubic feet

per second

Upper Lake Mary Reservoir

Contributing drainage area above

Lake Mary Dam 53.5 square miles
Historic average runoff (1947-1969) 8,700 acre-feet
Maximum runoff 21,400 acre-feet
Minimum runoff 1,200 acre-feet
Inflow design flood

4-day volume 12,920 acre-feet

Peak discharge 20,760 cubic feet

per second
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SUMMARY



. SUMMARY

A Introduction

This is a Concluding Report on the findings of the feasibiiity
investigations of the multipie-purpose Mogolion Mesa Project in the
Little Colorado River Basin in Coconino and Navajo Counties, Arizona.
it presents a plan for the development of storage on Clear Creek, a
tributary to the Little Colorado River, and a system of pumping
plants and pipeline for supplying municipal and industrial water to
the city of Flagstaff, Arizona. It includes development of offstream
storage by enlarging and lining present Upper Lake Mary for the
purpose of increased total project vields. The plan would also pro-
vide fish and wildlife benefits and recreation opportunities.

The development of local ground-water supplies in the project
area for the purpose of providing suppliemental water for the future
growth of the cities of Winslow and Holbrook is evaluated in the
report. The project area and main features of the plan are shown on
the frontispiece, General Map, Drawing 1066-314-50.

B. Authority for the Report

The report has been prepared under the general authority of the
Federal Reclamation Laws (Act of June 17, 1902, 32 Stat. 388) and
acts amendatory thereof or supplementary thereto. Authorization for
feasibility investigations of the Project is contained in Public law
89-561, dated September 7, 1966, and Public Law 90-254, dated
February 13, 1968. A portion of the costs of the feasibility investi-
gations was provided by funds contributed by the State of Arizona

under terms of Contracts Nos. 14-06-300-1490 dated October 24, 1964;



14-06-300-1757 dated January 27, 1966; and 14-06-300-2077 dated
December 11, 1969, between the United States and the Arizona Inter-
state Stream Commission 1/.

C. Purpose and Scope of Investigations

Investigations of the Mogoilon Mesa Project were oriented toward
the most economical development of the water resources to meet the
increasing multiuse needs of the area. The project plan as proposed
contemplates the regulation and delivery of Clear Creek flows to meet
increasing demands for municipal and industrial water and provides
facilities for fish and wildlife and recreation use. The report also
presents an analysis of the ground-water resources in the
Winslow-Hoibrook and Flagstaff areas.

Studies of all phases of the investigation except for the enlarge-
ment of Upper Lake Mary were conducted on a feasibility level.
Designs and cost estimates are of feasibility level for the storage and
diversion facilities pertaining to Wilkins Dam and Reservoir and the
pipeline and pumping plants system. Estimates for the rehabilitation
and enlargement of Upper Lake Mary are of reconnaissance level.

D. Present Conditions

Flagstaff, Arizona, is the principal trade center of northern
Arizona. It is located at the junction of Interstate 40 and U.S.
Highway No. 89, both important intercontinental highways. Winslow
and Holbrook, Arizona, lying 65 miles and 87 miles east, respectively,

and Williams lying 20 miles west of Flagstaff on Interstate 40, are

1/ Name changed to Arizona Water Commission on April 13, 1971.



also important trade centers of northeastern Arizona. All four cilies
are served by the Santa Fe Railrocad and a number of motor freight
lines. Tourism is an important industry common to all four cities.
Lumbering, manufacturing, and the increasing growth of Northern
Arizona University are additional important factors of Flagstaff's
economic base.

Flagstaff depends upon surface water storage, a limited and
expensive ground-water source southwest of the city, and relatively
inexpensive springs and welis in the Inner Basin of the San Francisco
Peaks for its municipal and industrial water supply. All of these
possess limited potential for expansion; therefore, there is a need to
develop outside sources of water to meet the projected population
growth.

The cities of Winslow and Holbrook are totally dependent upon
ground-water sources providing fair to good quality water for their
municipal and industrial purposes. Water requirements for their
projected population can be adequately met from the ground-water
reserves available for development. Williams depends upon surface
storage of runoff from several small drainages of Bill Williams
Mountain for its water supply. This supply, although erratic, is
generally adequate.

E. Local Development Plans

As a result of studies made and testing done by the Bureau of
Reclamation in the Inner Basin, the city of Flagstaff drilled one
production well in 1968. Drilling on a second well was initiated in

1969 and completed in 1970. Also in 1970, drilling was commenced on



a third well and completed in 1971. Production from the first two
wells has been tested with each well capable of producing about 800
galtons per minute (gal/min). During the latter part of the summer
of 1971, the third well was also equipped for pumping. The Inner
Basin well field would not undergo further development in the near
future since any additional wells would have to be drilled into bed-
rock. This well field is only used in the summer to help the city meet
the peak requirements.

Six wells are producing in the Woody Mountain Well Field. These
wells have a maximum capacity of about 3.7 million gallons per day
(Mgal/d). A seventh well will be in production in 1977. The average
water quality of this well field is total dissolved solids (TDS) 142 and
hardness 110.

Five wells have been drilled in the Lake Mary Well Field. Two
are used only for observation, and two are connected to the city's
water system. The two producing wells provide about 2 Mgal/d. The
estimated yield of the well not connected is 1.5 Mgal/d.

The city is waiting until additional wells have been drilled to
determine the size of pipe that will be required to deliver water from
the existing unconnected well and future wells to the city's system.
The average quality of water from this well field is TDS 271 and
hardness 250.

With all weli fields in production, it is estimated that about 7
Mgal/d of water could be produced. The city is doing more work to
determine the rate of recharge of the well fields and plans full
development of its ground-water resources prior to the importation of

water supplies from Clear Creek.



F. Project Plan of Development

The plan of development of the Mogollon Mesa Project would
involve the construction of Wilkins Dam, a 228-foot high concrete
thin-arch structure, an aqueduct system involving about 51 miles of
30~ to 42-inch-diameter reinforced concrete pipe, and three pumping
plants having capacity to divert 37 cubic feet per second (ft3/s) of
water from Wilkins Reservoir to Flagstaff, Arizona.

The total storage at the Wilkins Reservoir site is limited by the
poor water-holding capacity of the Kaibab limestone to elevation 6194
or 45,000 acre-feet by the existence of a contact zone between the
Coconino sandstone formation, which forms the lower portion of the
canyon wall, and the Kaibab limestone formaticn which occurs about
125 to 200 feet above the canyon floor. In order to obtain better
utitization of the Clear Creek fiows, the plan also contemplates the
lining and enlargement of Upper Lake Mary to a capacity of 29,500
acre-feet. This would provide for more effective regulation of Clear
Creek flows, as weli as conserve the historically large seepage losses
from Upper Lake Mary. Facilities for recreation would be constructed
at both reservoirs, and benefits to fish and wildlife, as well as
recreation, would result from the plan of development.

Projected municipal water requirements of the city of Flagstaff
can be met by diversions from Wilkins Reservoir for many years.
Therefore, the plan of development contemplates stage construction in
which the enlargement and rehabilitation of Upper Lake Mary would be
deferred with consequent savings in interest and operation costs.

The financial analysis of the project was based on the premise that



local water in the amount of 2,400 acre-feet would be avaitable il
Upper Lake Mary is taken out of operation for construction, at whici.
time the Jocal water supply wculd be reduced to 1,000 acre-feet
annually.

Under this concept the enlargement and rehabilitation of Upper
Lake Mary would be deferred for a period of about 21 years after
construction of the first stage.

It is contemplated that the city of Flagstaff would operate ihe
project facilities after construction. The city would have the respon-
sibility for providing the necessary connection facilities between thes
terminal point of the project pipeline and the city's trunkline, and for
providing additional treatment facilities when needed. Maintenance cof.
and additions to, the distribution system would also be the respon-

sibility of the city of Flagstaff.

G. Project Costs and Benefits

1. Project Costs. The estimated total construction cost of the

Mogolion Mesa Project under stage development is $85,390,000 based
on April 1976 prices ($67,068,000 for the first stage and $18,322, 000
for the second stage) and $1,250,000 for investigation. Estimated
annual operation, maintenance, and replacement costs at full projecy
deveiopment are $1,740,000 ($1,324,000 for the first stage and
$416,000 for the second stage). The plan contemplates that the ity
of Flagstaff would cperate and maintain all project works except
recreational facilities. Operation and maintenance of the recreationa:
and fish and wildlife facilities would be managed by the U.S. Forest

Service.



The annual equivalent Federal project costs for a 100-year perion
of analysis are estimated to be $5,769,000 for the first stage develoo-
ment and $6,233,000 for full project development.

2. Prcject Benefits. The first stage project benefits are

estimated to be $6,834,000 annually. The benefits under full project
development are estimated toc be $7,433,000 annually.

The first stage is economically justified with annual equivalent
net benefits of $1,065,000. The total project, consisting of the first
and second stages, is economically justified with annual equivalent
benefits of $1,200,000.

3.  Project Investment (Excluding Investigation Costis). The

estimated Federal invéstment, inctuding construction costs and
interest during construction, is $72,224,000 for first stage develop-
ment and $91,620,000 for full project development. Reimbursabie
costs allocated to municipal and industrial water supply, repayabie
with interest at 6.375 percent, are $69,383,000 and $84,058,000 for
first stage development and full project development, respectively.
Costs allocated to fish and wildlife and recreation are estimated to be
$6,368,000 for full project development and are nonreimbursable.

H. Support for the Project

Community and civic leaders of Flagstaff are interested in
long-range development of the Mogollon Mesa Project. They have also
expressed reservations about commitment to repayment until additioral
assessments of the ground-water supplies have been made and points

on the city's estimated growth curve be confirmed.



I. Other Investigations and Reports

Supplemental funds for investigation use were contributed to the
Bureau of Reciamation for northern Arizona water studies by the
State of Arizona through a series of contracts beginning in 1960.
The first of these studies made under cooperative contract (No.
14-06-300-1008) presented an inventory of water resource data and
served as a guide for water resources planning in Coconino and
Navaje Counties. A report entitled "Cooperative Water Resource
Inventory, Arizona," published by the Bureau of Reclamation in 1965,
summarized these water resource data.

In 1962 reconnaissance investigations of potential water resource
developments were initiated on the basis of a contract (No.
14-06-300-1214) between the United States and the Arizona Interstate
Stream Commission. A second contract (No. 14-06-300-1416) with the
Arizona interstate Stream Commission, dated November 12, 1963,
provided additional funds for completion of the reconnaissance investi-
gation. These contracts with the State were for the purpose of
defining alternative water resource plans either by direct diversion of
water from the Colorado River, by water exchanges, by interbasin
transfers, or by developing unappropriated tributary water in areas
of the State outside the Central Arizona Project.

In the reconnaissance report entitled "Arizona-Colorado River
Diversion Projects, Little Colorado River Basin and Adjacent
Counties," dated September 1966 (revised June 1968), plans were
presented for the development of municipal and industrial water

supplies for the cities of Winslow and Holbrook by construction of a



dam on Chevelon Creek at the Wildcat site and a pipeline and pumping
plant system. The report also included plans for developing new
water cupplies for Flagstaff, Williams, and Ashfork by constructing a
reservoir on Clear Creek at the Wilkins site and a system of pipelines
and pumping plants to serve the cities. This report was used as a
basis and guide to initiate feasibility investigations on the
Flagstaff-Williams Division and the Winslow-Holbrook Division of the
Mogollon Mesa Project.

J. Cooperation and Acknowledgments

The data and services of several Federal, State, and local
government agencies, as well as private consulting firms and indivi-
duais, were used in the preparation of this report. The State of
Arizona, through the Arizona Interstate Stream Commission, contri-
buted funds to assist in the investigations for the Mogolion Mesa
Project. The National Park Service, Bureau of Outdoor Recreation,
Fish and Wildiife Service, Environmental Protection Agency, and the
Forest Service have contributed consultative services and data and
have also prepared reports on their cooperative studies of the project
potentialities. The Geological Survey and the Soil Conservation
Service also provided consultative services and data in the prepara-
tion of this report.

Special acknowledgment is made to city officials of Flagstaff for
their continued and strong support of the project investigations, and
to the College of Business, Northern Arizona University, for its
special report on the population growth of Coconino and WNavajo

Counties.
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1. GENERAL DESCRIPTION
A. Location

The Mogollon Mesa Project area is located in southern Coconino
County and southwestern Navajo County, Arizona, as shown on
Drawing 1066-314-50. Wilkins Dam and Reservoir would be on Clear
Creek in Sections 31T and 32, T. 15 N., R. 13 E., G&SRM. An
agueduct system consisting of a pipeline, pumping plants, and other
appurtenant works would extend from Wilkins Reservoir northwestward
to deliver municipal and industrial water supplies for Flagstaff,
Arizona.

The city of Flagstaff, county seat of Coconino County and
northern Arizona's largest city, is located at about elevation 63900 on
the southern slopes of the San Francisco Peaks. The city lies 137
miles north of Phoenix at the major crossroads of northern Arizona.

The cities of Williams lying 32 miles west of, and Winslow and
Holbrook lying 58 and 87 miles east of Flagstaff, respectively, while
not proposed for physical connection with project facilities could
benefit from use of the studies made during investigations of the
project and through receipt of indirect benefits made possible by
development of the project.

B. Physiography

1. Topography. The Mogollon Mesa Project area comprises the
southwestern portion of the Little Colorado River Basin of the
Arizona-Colorado Plateau Province of Arizona. The Grand Canyon,
Kaibab Plateau, San Francisco Plateau, and Echo Cliffs are notable

features of this province while individual plateaus, together with
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valleys, buttes, painted deserts, and flat-topped mesas, occur as
well. Probably the most outstanding features of the western portion
of the area are the 12,680-foot high San Francisco Peaks, the highest
point in Arizona. South of Williams, Bill Williams Mountain, an extinct
volcanic cinder cone, rises to 9,250 feet.

The Mogolion Rim, the southern boundary of the project area,
separates the Colorado Plateau physiography from the Central
Highiands Zone of Arizona. The major portion of the project is on
the Mogollon siope, a subdivision of the Colorado Plateau
Physiographic Province. The plateau is a relatively smooth rolling
area. Locally major streams have cut narrow canyons as much as
hundreds of feet deep, and a few prominent buttes and ridges rise
abruptly from the regional ground level.

2. Regional Geology. The geology of the area comprises a thick

sequence of near-horizontal sedimentary and volcanic strata. The
rolling plains are mostly deveioped on relatively resistant formations
by the erosion of overlying softer formations. The ridges and mesas
generally represent local remnants of an overilying sequence of soft
formations wilh an erosion-resistant layer at the top. A few of the
mesas are due to vertical displacement along faults. Local drainage is
mostly through shallow, low-gradient, dry channels, but the larger
creeks and rivers of the area are mostly in narrow, steep-walled
canyons.

Several significant geclogic units occur at or near the surface in

the project area. From oldest to youngest, they are as follows:
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The Coconino sandstone is exposed in the lower walls and bottoms
of several deep canyons. It is a uniform unit of fine-grained, weakly
to moderately cemented, cross-bedded, quartz sandstone. Its thick-
ness ranges from 200 to 1,000 feet, but only the upper portion is
exposed in the canyons of the project area. The Coconino is in part
saturated with water and is the principal aquifer of the region.

The Coconino sandstone is the principal aquifer in the Flagstaff
study area and in combination with the upper 200 to 300 feet of the
underlying Supai formation supplies most of the water to deep wells.
Water quality ranges between 100 and 575 milligrams per liter (mg/l)
total dissolved solids.

The Kaibab Ilimestone in the Flagstaff area, overlying the
Coconino sandstone, is mostly silty or sandy limestone that varies in
color from vyellowish or light gray to white and averages about 300
feet in thickness. It is above the water table throughout the area so
is not a significant aquifer; however, because it is strongly jointed
and fractured, it is important as a recharge medium to underlying
rocks.

The Moenkopi formation is composed of red or reddish-brown
siltstones, mudstones, and sandstones and where present in the
Flagstaff area ranges from a few feet to 300 feet or more in thick-
ness. Within the study area it is above the regional water table.
Because of its less permeable nature, however, the Moenkopi may
impede the downward percolation of ground water, creating perched
water bodies that locally contribute smail amounts of water to wells or

springs.
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Afluvial deposits in the area consist of coalescing fans at the base
of San Francisco Mountain and of thin silt, sand, and gravel deposits
along washes or underlying the wvalleys. These deposits vary in
thickness. Wells in the Flagstaff area usually penetrate less than 50
feet of alluvium while some wells south of the area penetrate up to
300 feet of alluvium. Limited data on quality of water from the
alluvium indicate total dissolved solids range from 150 to 390 mg/i.

Large areas of the plateau surface are capped with volcanic rocks
consisting of flat-lying basalt flows with interflow zones of cinders
and tuff.

The proposed project is involved to some degree with all of the
described geologic formations and topographic features. in  the
Wilkins Reserveir impoundment area, Ciear Creek and its tributaries
flow through deep narrow canyons. The damsite is in a 500-foot-deep
canyon which penetrates the Kaibab Jjimestone and about 200 feet of
the underlying Coconino sandstone.

The pipeline route is along the rolling plateau surface. Along the
first several miles of the route, the surface is formed on the Kaibab
limestone. At the Chavez Pass Pumping Plant site, the alinement
extends up a steep slope on the Moenkopi formation to a basalt-capped
higher plateau, which continues on to the Upper Lake Mary area.
Much of the volcanic plateau is a poorly drained area and the aiine-
ment passes within a short distance of several small shallow lakes.

Upper Lake Mary, the terminus for the proposed pipeline, is in a
long, narrow, flat-bottomed walley formed by the depression of a

crustal block between two parallel fault zones. The valley floor is
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covered with an unknown thickness of clayey alluvium overlying
volcanic rocks.

The soil cover in the area reflects climatic factors, parent
materials, and the topography. Generaliy, the soil is thin and rocky
and interspersed with frequent rock exposures. The steeper slopes,
especially canyon walls, are ailmost bare, but the soil thickness
reaches several feet in the broader, poorly drained plains and
meadows. Over the Kaibab Ilimestone the soils are sandy and
calcarecus with minor organic content. Over the volcanic rocks the
soils are mostly clay, with a large percentage of rock fragments and
low tc moderate organic content. The clayey soils typically are
subject to swelling and cracking because of fluctuations in moisture
levels during the year.

No minerals of commercial value are known in the project vicinity.
Sandstone and basalt suitable for building stone and similar uses, and
limestone for making portland cement are available in large quantities.
However, these low-value materials have not been developed since the
regional market is adequately supplied by less remote deposits.

3. Climate. The higher elevation of the project area, the
Mogollon Rim, Flagstaff, and Williams have typical mountain climate
with mild cool summers and moderately cold winters. At Flagstaff
there are only 3 days a year, on the average, when temperatures rise
to 90°F. or above, and there are only 9 days a year, on the average,
when the temperature falls to zero or below. Precipitation during the
summer is in the form of thunderstorms, while winter precipitation is

generally in the form of snow. The annual average snowfall at
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Flagstaff is 80 inches and the total annual average precipitation is
about 18 inches. The average annual growing season is 120 days,
with the longest and shortest on record being 164 and 73.

At Winslow and Hoibrook, in the lower eievations of the project
area, the climate is arid with warm summers and moderateiy cold
winters. Precipitation averages less than 8 inches & vyear. Mean
monthly temperatures and precipitation are given in Table 1.

4. Vegetation. The project area is found in the Transitionai Life
Zone of the Colorado Plateau Physiographic Province consisting of
hostly pincn-juniper community. Some ponderosa pine may be found
along the western reach of the pipeline route in the Upper Lake Mary
area; and Douglas fir in the inner gorge and on the north facing
canyon slopes of Clear Creek. The flood plain is riparian community
consisting of mostly cottonwood-ash-boxeider association. There is a
wide diversity of biotic habitats resulting in a wide range of meso-
phytic and xerophytic plants and their associated fauna. The vegeta-
tion at the top of the piateau is typically pinon and juniper, with
scattered shrubs and subshrubs such as snakeweed, prickly pear,
and mendora. Limestone outcrops support fernpush and rockmat.

C. Historical or Archeological Sites

A preliminary study of the archeology of the Wilkins Reservoir
site was made by the Department of Anthropology, Museum of
Northern Arizona, in 1969, for the Bureau of Reclamation. Nine
archeological sites consisting of six rock sheiters and three areas with

petroglyphs were investigated and recorded. The report sets out
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NORMAL MONTHLY TEMPERATURES 1/
Mogollon Mesa Project, Arizona

Table 1

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

Williams 31.0 33.2 38.5 46.9 54.8 63.6 68.7 66.6 61.4 51.0 40.4 34.4 49,2

Flagstaff 27.3 29.6 35.6 43.3 50.9 59.5 65.5 63.9 58.5 47.0 36.1 30.4 45.6

Winslow 31.0 37.5 45.6 55.6 64.8 74.3 80.2 77.8 70.7 57.4 41.3 32.5 55.7

Holbrook 33.4 38.8 45,7 54.3 62.4 71.5 77.6 75.5 69.1 57.1 42.6 34.8 55.2
AVERAGE RAINFALL 1/

o Jan. Feb, Mar. ‘Apr. May June July Adgt' Sept. Oct. Nov. QEELN:«“XEEE
Williams 1.89 2.15 1.85 1.38 0.66 0.54 2.59 3.73 1.85 1.32 1.06 2.23 21.25
Flagstaff 1.83 1.78 1.45 1.18 0.51 0.69 2.28 2.84 1.58 1.52 1.00 1.65 18.31
Winslow 0.43 0.48 0.39 0.45 0.32 0.26 1.02 1.43 0.91 0.66 0.36 0.52 7.23
Holbrook 0.47 0.54 0.46 0.45 0.28 0.33 1.16 1.46 1.01 0.68 0.41 0.49 7.74

1/ From Arizona Climatologi
Administration, Environment Data Service.
on the period 1931-1960.

-
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Ry

U.S. Department of Commerce, National Oceanic and Atmospheric
Normals for all stations are climatological means based



several recommendations with regard to future archeological investiga~
tions 1o be made before construction of Wilkins Reservoir. These
are:
1. Further study and analyses of the art work of the three
petroglyph sites.

Excavation of four of the six rock shelter sites to gain know-

o

ledge of settlement, subsistence, and cultural-temporal
affinities within the locality of the impoundment area.
Tihe National Park Service concurs with these recommendations.

There are additional sites along or adjacent to the aqueduct
right-of-way. As a matter of policy for preservation of archeological
sites from vandals, pot hunters, and other unauthorized excavators,
the locations of these sites are disclosed to properly accredited
perscns or institutions.

Nc historical sites, as listed in the National Register of Historic
Places, are found within the project area.

D. History of Settlement

1. Flagstaff. Flagstaff, located in central Coconino County, was
estabiished during the early 1870's to serve as a work camp for
construction crews building the Atlantic and Pacific Railroad. In
1880, there were only a few people living in Flagstaff, but the build-
ing of the railroad improved accessibility and by 1890 the population
had rzached nearly 1,000. |In 1882, the first sawmill was established
te furnisih ties for the railroad under construction, which eventually
became Santa Fe's main transcontinental line through Arizona. From
that time lumbering and more recently wood products manufacturing

have czontinued to play an important part in Flagstaff's economy.
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Northern Arizona University was founded in 1899 as the Arizona
State College of Flagstaff. The university has experienced acceler-
ated growth in recent years. In 1970, enrollment was about 9,000.
In 1894, Lowell Observatory was founded and in 1908 the U.S. Forest
Service established its first experimental station in the newly created
Coconino National Forest.

Astronomy, astrophysics, and astrogeology have become important
in recent years and Flagstaff has been established as a major center
for astronomical space and other scientific research.

The Navajo Ordnance Depot was constructed 12 miles west of
Flagstaff in the early 1940's. Although the depot underwent a drastic
reduction in force in 1971, it has been one of the county's largest
employers.

2. Williams. Williams, located in western Coconinc County, is the
only early settlement besides Flagstaff that has maintained status
throughout the vyears as an incorporated city in Coconino County.
First settled in 1876, the post office was established in June 1881.

The town grew as an early division point on the Santa Fe
Railroad and lumbering and cattle and sheep raising in the surround-
ing area contributed to its growth. Later it achieved importance as a
tourist center and today Williams is known as the "Gateway to the
Grand Canyon."

3. Winslow. By 1882, the construction of the Atiantic and
Pacific Railroad had progressed westward to the Little Colorado River.
Here the available water supply fixed a division point, and the city of

Winslow was established at the western edge of central Navajo County.
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Prior to this time the Mormons had established agricultural settiements
on the Little Colorado River, but these proved unsuccessful because
of the settlers inability to control the Little Colorado River for irriga-
tion purposes.

with the establishment of the railroad, the cattie industry in
norther"n Arizona began to thrive, and in 1884 the Aztec Land and
Cattle Company established what became known as the famous Hash
Knife Outfit on the banks of the Little Colorado River. The railroad,
cattle, tourism, and more recently lumbering have been the chief
industries of Winslow.

4. Holbrook. Holbrook was founded in 1882 as a new railroad
station on the north bank of the Little Colorado River at about its
present site. A post office and Wells Fargo station were established
in Holbrook in 1882 and 1885, respectively. Holbrook became the
Navajo County seat in 1895. Today it is the trading center for
numerous ranches, and the employment center for approximately 100
Federal employees engaged in forestry, conservation, geology, and
Indian affairs. There are many additional employees in moteis and
restaurants which support the tourist industry.

E. General Economy

1. Employment. Total employment in Coconino County provided
mostly by government manufacturing, and services located in
Flagstaff, increased from 13,900 in 1960 to 19,675 (annual average) in

1970, an increase of 41.5 percent 1/.

1/ Source: Arizona Statistical Review by Valley National Bank,
September 1971.

19



According to records of 1970 almost 70 percent of the total
employment is in the services, wholesale, and retail trade, and
government sectors of the economy.

Legging and the manufacturing of timber into wood and paper
products have accounted for most of the manufacturing employment.
In Flagstaff alone, over 400 persons are so employed. The services
industry, catering fargely to tourists, comprises about 18 percent of
the total employment. Government and services account for about 30
percent and 18 percent, respectively 1/.

Comparable employment figures for Navajo County during the
past decade are not available. However, total annual average
emploeyment in 1970 was 11,600 2/, an increase of about 19 percent
over 1967.

It is reported that the labor supply in Navajo County is generally
adequate to meet all needs. Employment reaches annual highs during
July and August and is lowest during December and January. This
is true for services supporting tourism, manufacturing, and in high-
way and railway maintenance.

Indians living on the Navajo, Hopi, and Fort Apache Indian Reser-
vations constitute a large, untapped labor resource. A recent survey
made on the Navajo Indian Reservation by the Arizona State Employ-
ment Service showed that there are a great number of unemployed

Indians who desire employment. The major barriers which present

1/ Arizona State Employment Service.
2/ Source: Arizona Statistical Review by Valley National Bank,
September 1971.
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ready employment are: isolation (poor transportation and communica-
tion facilities on the reservations); low occupational skills; low educa-
tional attainment; and language. As these barriers are removed, a
large labor reserve in the county can be utilized.

2. Tourism and Recreation. Tourism has been important to

Coconino County since the time of early settlement when William Boss
discovered an Indian trail into the Grand Canyon and set up tent
houses to accommodate guests. It has been a 