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As the Nation’s principal conservation agency, the Department of the Interior has basic
responsibilities for water, fish, wildlife, mineral, land, park and recreational resources. indian
and Territorial affairs are other major concerns of America’s “Department of Natural

Resources.”

The Department works to assure the wisest choice in managing all our resources so each will

make its full contribution to a better United States—now and in the future.




GLEN CANYON DAM AND POWERPLANT

Glen Canyon Unit
Colorado River Storage Project—Arizona and Utah

General Information

Glen Canyon Dam, Powerplant, and Reservoir (L.ake Powell) comprise one and the largest of the four units
authorized by the Congress in 1956 for initial development under the Colorado River Storage project. The
reservoir will contribute to the longtime regulatory storage needed to permit the upper basin States (Utah,
Wyoming, Colorado, and New Mexico) to utilize their apportioned water under the terms of the 1922
Compact of the Colorado River. In addition to regulatory storage, the Colorado River Storage project and
participating projects will provide electrical energy to a large area where it is urgently needed. Flood
protection, sediment, retention, fish and wildlife conservation, and recreational opportunities are also
provided.

Approximately 95 percent of the costs of the Colorado River Storage project and participating projects are
reimbursable and will be repaid by the water and power users. About 60 percent of such costs will be repaid
with interest.

Glen Canyon Dam
Location: On the Colorado River in north-central Arizona, about 15 miles (24.1 kilometers) upstream from
Lees Ferry and 12 river miles (19.3 kilometers) downstream from the Arizona-Utah State line.
Type: Concrete arch

\

Reservoir: Lake Powell
Total capacity to top of active conservation level, elevation 3700.0 feet (1127.76 meters): 27,000,000 acre-

feet {33,304,500,000 cubic meters)

Active capacity: 20,876,000 acre-feet (25,750,546,000 cubic meters)

Surface area: 161,390 acres {65,313 hectares)

Maximum reservoir elevation: 3711 feet (1131.11 meters)

Dam dimensions:

Structural height: 710 feet (216.4 meters)

Top width: 25 feet (7.62 meters)

Maximum base width: 300 feet (91.44 meters)

Crest length: 1,560 feet (457.49 meters)

Crest elevation: 3715 feet (1323.32 meters)

Volume: 4,901,000 cubic yards (3,747,059 cubic meters)

Lowest point in dam foundation excavation: 3005 feet (915.9 meters)

Spillways:

One spillway in each dam abutment. Each spillway consists of an approach channel, intake structure,
combination inclined and horizontal spillway tunnel, and deflection bucket. Each spillway has a
concrete crest and concrete-lined circular tunnel through the dam abutments, controlled by two 40- by
52.5-foot (12.19- by 16.00-meter) radial gates.

The spillway tunnels for the greater part of their length are 41 feet (12.5 meters) in diameter. The
transition section downstream from the intake structure changes from a flat-arch-roof section 89 feet
wide by 52 feet high (27.13 by 15.85 meters) to a circular section 48 feet 3 inches (14.71 meters) in
diameter. From this point there is a further transition of the circular section to the 41-foot-diameter
tunnel. The tunnels are designed to flow partially full, never more than 0.7 of the height.

Length of left spillway tunnel: 1,870 feet (570 meters)

Length of right spillway tunnel: 1,696 feet (517 meters)

Elevation of top of all gates: 3700.0 feet (1127.76 meters)

Crest elevation: 3648.0 feet {1111.91 meters)

Capacity of each spillway: 138,000 cubic feet per second (3,907.75 cubic meters per second) with water
surface at elevation 3711 feet (1131.11 meters)

Penstocks:

Eight 15-foot (4.57-meter) inside-diameter steel penstocks, each reducing to 14 feet (4.26 meters)
inside-diameter within the dam, convey water to the turbines at centerline elevation 3140 feet (957.07
meters}. Centerline elevation of the concrete belimouth intake to each penstock is 3470 feet (1057.65
meters). A fixed-wheel gate upstream from each bellmouth controls the flow from the reservoir to the
penstocks.



Outlet works:

Four 96-inch (2.44-meter} diameter steel pipes through the dam, terminating at the downstream end in a
valve structure. Each outlet has a cast iron bellmouth intake, a 96-inch (2.44-meter) ring-follower gate
for emergency closure, and a 96-inch {2.44-meter) hollow-jet valve at the outlet end for regulation.

Elevation centerline all inlets: 3374.00 feet (1028.40 meters)

Elevation centerline all outlets: 3175.00 feet {(967.74 meters)

Maximum capacity of all four pipes: 15,000 cubic feet per second {424.76 cubic meters per second) at
reservoir elevation 3490 feet (1063.75 meters).

Diversion tunnels:

Left: 41-foot {12.50-meter) diameter, concrete lined, 3,011 feet (917.75 meters) long, invert elevation
3170.67 feet (966.42 meters); temporary outlet works consisting of three 7- by 10.5-foot {2.13- by
3.20-meter) outlets controlled by 7- by 10.5-foot (2.13 by 3.20-meter) slide gates in tandem.

Right: 41-foot (12.50-meter) diameter, concrete lined, 2,749 feet (837.89 meters) long, invert elevation
3137.37 feet (956.27 meters). Used for riverflows from 0 to 15,000 cubic feet per second {424.76 cubic
meters per second).

Glen Canyon Powerplant
Location: 400 feet {121.9 meters) downstream from the axis of the dam.

Structure: Indoor type; structural-steel superstructure enclosed with concrete curtain walls; intermediate
structure and substructure are reinforced concrete. The powerplant is L shaped with the longitudinal
centerline of units perpendicular to the canyon walls. The service bay and machine shop bay form the
bottom of the L and are parallel to the left canyon wall. That portion of the powerplant housing the 8
generating units is about 546 feet (166.42-meters) long and 127 feet 6 inches (38.86 meters) wide. That
portion of the plant housing the service bay and machine shop bay is about 103 feet (31.39 meters) wide
and about 230 feet (70.10 meters) long.

Number of units: 8

Total installed capacity: 1,000,000 kv.-a. at *90-percent power factor.

Generators: Vertical-shaft type; 125,000 kv.-a. at *90-percent power factor, 3 phase, 60 cycles, 13,800 volts,
and 150 r.p.m.

Turbines: Francis type, 155,500 h.p., 150 r.p.m., headof 450 feet (137.16 meters)

Glen Canyon Bridge
The bridge was constructed to serve as a vital link in the new highway to the remote damsite, extending
between Flagstaff, Ariz., and Kanab, Utah, a distance of about 200 miles (320 kilometers). The bridge was
also essential to the transportation of construction materials and equipment by truck to the damsite as
there were no rail facilities near the dam.
Location: On the Colorado River in Arizona near the Utah border (approximately 17 miles (27 kilometers)
upstream from Lee Ferry and 12 river miles (19 kilometers) downstream from the Arizona-Utah State line).
Name Change: In the authorization, appropriations, specifications, original drawings, etc., this bridge was
identified as the Colorado River Bridge. However, in 1959 the bridge was officially named the Glen Canyon
Bridge as an aid in obtaining a more precise location identification.
Technical Information:
Bridge type: Steel-arch type with a single span
Height above river: Approximately 700 feet (213 meters)
Length of bridge: 1,271 feet {387.4 meters) including abutments with an arch span of 1,028 feet (313.3
meters)
Location: 865 feet (263.6 meters) downstream from axis of Glen Canyon Dam
Elevation of bridge deck: 3828 feet {1166.8 meters)
Bridge roadway: The concrete roadway is 30 feet (9.14 meters) wide with 4-foot (1.22-meter) sidewalks on
each side.
Approximate construction quantities:
Structural steel: 7,837,000 pounds (3,555,000 kilograms)
Reinforcing steel: 371,000 pounds (168,000 kilograms)
Handrailings: 110,000 pounds (50,000 kilograms)
Concrete for bridge abutments, skewbacks and deck: 2,650 cubic yards (1,950 cubic meters)

*Rerated 95 percent, see page 296.
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FOREWORD

Technical records of design and construction are a series of publications which record the planning,

design, construction, and initial operation of Bureau of Reclamation structures.

This technical record of design and construction for Glen Canyon Dam and Powerplant is divided into
three parts. Part | is devoted to general planning, historical information, a description of the features, a
summary of costs, foundation treatment, and geology. Part |} contains eight chapters covering the design
of the various features and their components. Part 111 contains one chapter on contract administration

and five chapters comprising a concise narration of construction operations and equipment installations.

This technical record was prepared by Warren E. Foote of the Technical Services Branch, Engineering
and Research Center in Denver, Colorado, from final design reports submitted by the design branches,
final construction reports and cost information submitted by the field offices, and various planning
reports. Acknowledgment is gratefully made to the designers and field personnel for their contributions

to this work.

There are occasional references to proprietary materials or products in this technical record. These
must not be construed in any way as an endorsement, as the Bureau cannot endorse proprietary
products or processes of manufacturers or the services of commercial firms for advertising, publicity,

sales, or other purposes.
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PART I-INTRODUCTION
CHAPTER 1. HISTORY AND DESCRIPTION

1. COLORADO RIVER STORAGE
PROJECT. The Colorado River Storage project
provides for the comprehensive development of the
Upper Colorado River Basin. The project furnishes the
long-time regulatory storage needed to permit States in
the upper basin to meet their flow obligation at Lee
Ferry, as defined in the Colorado River Compact, and
still utilize their apportioned water.

Water stored by the project will provide a portion
for direct use in the upper basin and, in addition, will
control ‘sediment, control flooding, facilitate
recreational development, and aid in fish and wildlife
conservation. A significant amount of electrical energy
is created through project development to meet the
needs of the upper basin and adjacent areas.

The project includes four storage units as follows:
Glen Canyon (the subject of this publication) on the
Colorado River in Arizona near the Utah border,
Flaming Gorge on the Green River in Utah near the
Wyoming border, Navajo on the San Juan River in New
Mexico near the Colorado border, and Curecanti on the
Gunnison River in west-central Colorado. Authorized
with and linked to the Colorado River Storage project,
but not part of it, are a number of participating
projects which will share in the power revenues of the
larger project to help pay for irrigation construction
costs. These participating projects are listed in
Subsection (c). Figure 1 is a location map of the
Colorado River Storage project while the frontispiece
shows the completed Glen Canyon Dam.

(a) Plan.—The reservoirs formed by the four
units of the Colorado River Storage project have a total
capacity of nearly 34 million acre-feet. During periods
of low streamflow, the stored water in the upper basin
is released to meet the Lee Ferry obligation and, in
exchange, upstream flow is diverted for use in the
upper basin. Powerplants and other pertinent facilities
are provided at each dam except Navajo, and a
complex transmission system has also been provided.
This transmission system will carry Colorado River
Storage project (CRSP) power to key load points in the
marketing area. The system is integrated with
preference-user and private-company transmission lines
to form the CRSP Interconnected Transmission
system. CRSP hydropower is delivered to the
preference-user organizations for distribution to their
consumers as required by Federal Reclamation law.

2. UPPER DRAINAGE BASIN
DEVELOPMENT. (a) Early History.—Settlement of
the upper drainage basin began in 1854 when the early
pioneers established Fort Supply in Wyoming on the
Emigrant Trail and diverted water from Blacks Fork to

the adjacent lands. Breckenridge, Colo., on the basin’s
eastern rim, was settled in 1859 by miners and
prospectors pushing over the mountains from older
mining districts on the eastern slope of the Continental
Divide. Within the next decade, other mining camps
were established nearby. Unsuccessful miners turned to
farming and supplied agricultural products to the
mining communities. Settlements grew downward from
the mountains to the valleys, the advance being slowed
somewhat by conflicts with the Indians who occupied
the territory. Grand Junction, Colo., now the largest
community in the upper drainage basin, was not settled
until 1882. The greater part of the Uinta Basin in
northeastern Utah was established as an Indian
reservation in 1861, and lands unoccupied by Indians
were not open to settlement until 1905. Most lands of
agricultural importance in the San Juan River Basin in
Colorado, New Mexico, and Arizona were once
included in Indian reservations, and substantial areas
are still under Indian control. Numerous tributary
streams in the upper drainage basin have been diverted
to irrigate meadows and mountain valleys and
farmlands and broader valleys at the base of the
mountains.

{b) /nvestigations.—Investigations of means to
develop the waters of the Upper Colorado River system
were started by the Reclamation Service (predecessor
of the Bureau of Reclamation) in 1902, the year of its
organization. Since that year, many of the larger
irrigation projects within the basin have been
undertaken with Federal assistance, and the Bureau of
Reclamation has constructed, or is now constructing,
25 projects to utilize water in the upper basin. The
need for the Colorado River Storage project was
envisioned at the time of the Colorado River Compact
of 1922. In dividing Colorado River water between the
Upper and Lower Colorado River Basins, the compact
set aside for consumption in the upper basin 7,500,000
acre-feet of water each year. However, this allocation is
contingent upon the upper basin’s delivering to the
lower basin not less than 75 million acre-feet of water
in any period of 10 consecutive years and delivering
additional water for use in Mexico under certain
circumstances. The dividing point between the two
basins is at Lee Ferry, near the northern border of
Arizona. Water allocated to the upper basin was further
apportioned to the individual States of Arizona,
Colorado, New Mexico, Utah, and Wyoming by the
Upper Colorado River Basin Compact of 1948.

This compact also created the Upper Colorado
River Commission, consisting of representatives of the
Federal Government and each contracting State except
Arizona.
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HISTORY AND DESCRIPTION

The flow of the Colorado River is extremely
erratic, ranging from 4 to 22 million acre-feet annually
at Lee Ferry. There is a tendency for the high years or
the low years to be grouped, thus accentuating
problems of river regulation and use. in prolonged dry
periods, there is not enough water to permit the upper
basin to increase its use of water under the 1922
compact and, at the same time, make the required
deliveries to the lower basin. In wetter periods,
however, flows are more than sufficient for these
purposes. Large storage reservoirs, that can be filled
when flows are high and that can provide additional
water when needed for compact fulfillment, are
required. Favorable sites for such reservoirs are found
in the deep canyons of. the Colorado River and its
principal tributaries in the upper basin. A plan for the
Colorado River Storage project, including a series of
dams and reservoirs to provide storage capacity in
combination with power development and other
services, was presented in a Bureau of Reclamation
report in 1950, which was subsequently printed as
House Document 364, 83d Congress, 2d session. The
report was formulated in cooperation with other
Federal agencies and with the Upper Colorado River
Commission. An initial group of participating projects
that would develop water for irrigation and other
purposes in the upper basin and that would be linked
financially with the Storage project was also described
in the 1950 report. Following several years of
congressional deliberation, the project was authorized
in 1956.

{(c) Authorization.—Construction of 4 storage
units of the Colorado River Storage project and 11
participating projects was authorized by the act of
April 11, 1956 (Public Law 485, 84th Cong., 70 Stat.
105). Additional projects have been added since the
original legislation was adopted. Authorized
developments are:

Glen Canyon unit on the Colorado River in
Arizona and Utah,

Flaming Gorge unit on the Green River in
Utah and Wyoming,

Navajo unit on the San Juan River in New
Mexico and Colorado, and

Curecanti unit, consisting of three dams on
the Gunnison River in Colorado.

Participating projects originally authorized are:

Central Utah (initial phase), Utah,

Emery County, Utah,

Florida, Colorado,

Hammond, New Mexico,

La Barge, Wyoming,'

Lyman, Wyoming and Utah,

Paonia, Colorado {(works additional to existing
project),

! |_ater found to be infeasible and deleted from the plan.

3

Pine River extension, Colorado and New
Mexico,’

Seedskadee, Wyoming,

Silt, Colorado, and

Smith Fork, Colorado.

The Eden project in Wyoming, by terms of its
authorizing act of June 28, 1949, became financially
related to the Colorado River Storage project as a
participating project. In 1962, their authorizing
legislation named the following two as participating
projects:

San Juan-Chama, Colorado and New Mexico,
and

Navajo Indian {rrigation (being constructed
for the Bureau of Indian Affairs by the
Bureau of Reclamation).

And in 1964, the following three projects were
also named:

Bostwick Park, Colorado,
Fruitland Mesa, Colorado, and
Savery-Pot Hook, Colorado and Wyoming.

(d) Benefits.—The Upper Colorado River Basin
has a scarcely tapped potential of agricultural,
industrial, and recreational assets. It contains
tremendous quantities of uranium, coal, and other
minerals. Realization of the potential .in economic
growth and contribution to the national welfare is
dependent on maximum utilization of limited water
supplies. The Colorado River Storage project and
participating projects conserve the very limited
precipitation which falls principally in the form of
snow in the high mountains and utilize it for
municipal, industrial, and agricultural growth. Project
development provides municipal and industrial water
supplies, flood control, extensive recreation, and fish
and wildlife preservation.

3. LOCATION AND PURPOSE OF GLEN
CANYON UNIT. Glen Canyon Dam was constructed
on the Colorado River in north-central Arizona, about
15 miles upstream from Lee Ferry and 12 river miles
downstream from the Arizona-Utah State line. The
dam is a concrete-arch structure, 710 feet high above
foundation and has a volume of 4,901,000 cubic yards.
At the time of construction (1956-64) it was the
second highest dam in the Western Hemisphere,
exceeded in height only by the 726-foot-high Hoover
Dam. The location of Glen Canyon Dam and the Glen
Canyon Powerplant is shown on figure 2

The reservoir (fig. 3) impounded by the dam, named
Lake Powell in honor of Major John Wesiey Powell,



renowned explorer of the Colorado River and its
tributaries, has a total storage capacity of 27,000,000
acre-feet and will extend 186 miles up the Colorado
River and 71 miles upstream on the San Juan River,
with 1,900 miles of shoreline. The reservoir is a major
storage feature to provide the longtime regulatory
storage needed to permit the States of the Upper
Colorado River Basin to utilize their apportioned water
and still meet their flow obligations at Lee Ferry,
Ariz.? under the terms of the 1922 Compact of the
Colorado River (see sec. 2).

The 900,000-kilowatt Glen Canyon Powerplant will
provide the principal portion of the electrical energy
generated by the Colorado River Storage project.
Surplus revenue from sale of this energy will assist
irrigators in the Upper Basin to repay costs of
constructing the participating projects which were
authorized by the Congress in 1956 to be developed
with the Colorado River Storage project.

4. GENERAL DESCRIPTION OF GLEN CANYON
FEATURES. (a) Dam.—The dam is a constant-radius
concrete arch with fillets. it has a structural height of
710 feet and a crest length of approximately 1,560
feet. The crest of the dam is at elevation 3715, 5683
feet above the riverbed, and accommodates a
35-foot-wide roadway which is a service road for the
dam and provides access between the spillways.

A general plan of Glen Canyon Dam and
Powerplant is shown on figure 4 and elevation and
sections are shown on figure 5. Figures 68 and 69 show
the general arrangement of the gallery system of the
dam and the access to mechanical equipment in the
dam.

(b) River Outlets.—Four 96-inch-diameter
steel-lined river outlets are installed near the left
abutment, extending from the upstream face of the
dam to a point approximately 150 feet downstream
from the machine shop. Each outlet is provided with a
96-inch hollow-jet valve at the downstream end, for
regulation, and a 96-inch ring-follower gate located in
the dam at elevation 3374 for shutdown emergency
closure. One bulkhead gate is provided to close off one
outlet at a time for inspection and maintenance of the
four ring-follower gates and the outlet pipes upstream
from the ring-follower gates. The intakes for each pair
of outlets are protected by a trashrack structure on the
upstream face of the dam. General plan and profiles of
the river outlets are shown on figures 109 and 110.

INTRODUCTION

(c) Spillways.—One spillway is provided on each
abutment. Each spillway consists of an approach
channel, intake structure, spillway tunnel, and
deflector bucket. Discharges are controlled by two 40-
by 52.5-foot radial gates in each intake structure. The
deflector bucket flips the water downstream from the
spillway and away from the canyon to prevent
undercutting of the canyon wall. General plans and
profiles of the spillways are shown on figures 100 and
101.

(d) Power Waterways.—Water is conveyed from
the reservoir to the hydraulic turbines by eight
15-foot-diameter penstocks, extending from the
upstream face of the dam to the powerplant. The
intake to each penstock is protected by a trashrack. A
13.96- by 22.45-foot fixed-wheel gate is provided at
the face of the dam for emergency closure and for
inspection and maintenance of each penstock. Water
from the turbines is collected by the draft tubes and
carried to the tailrace. Bulkhead gates are provided at
the downstream end of the draft tubes for unwatering
the draft tubes. General plan and profiles of the
penstocks are shown on figures 129 and 130.

(e) Powerplant.—The powerplant is an
indoor-type structure with eight generating units, a
service bay, a machine shop bay, and a control area
located on top of the powerplant over unit bays 1 and
2. Each generating unit has a capacity of 125,000
kilovolt-amperes at 0.9 power factor. The turbines, of
the Francis type, are rated at 155,500 horsepower at
full gate opening when operating at 150 revolutions per
minute under an effective head of 450 feet. The
effective head on the turbines may range between 341
and 560 feet.

The control area consists of a control room,
cable spreading area, and office space. The control area
is designed to provide fallout protection for the
operating personnel. Because of the remoteness of
assumed targets relative to Glen Canyon, residual
radiation from fallout should be very low; therefore,
full-time occupancy by the operating personnel of the
powerhouse for the usual 14-day period should be
unnecessary in the predictable future.

The powerplant structure
concrete construction in the
intermediate structure, with a superstructure of
exposed structural-steel columns and reinforced
concrete wall panels. The general arrangement of the

is of reinforced
substructure and

2The Colorado River Compact provides principally for a division of the available water of the Colorado River
system between the “Upper Basin” and the “‘Lower Basin” at Lee Ferry, which is defined as a point on the
Colorado River 1 mile below the mouth of Paria River. The nearest stream gage to this point on the Colorado River
is at Lees Ferry, which is above the mouth of the Paria River. Lee Ferry, a few miles below the Arizona-Utah

boundary, is a natural point of demarcation.
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powerplant is shown on figures 150 through 155 and
figure 158.

(f) Switchyard.—The switchyard is located
within a fenced area 1,190 by 473 feet, approximately
850 feet southwest of the right abutment of the dam.
The elevation of the switchyard ranges from 3886.00
to 3883.62 feet for drainage purposes. The switchyard
is designed to serve loads at 345, 230, and 25 kilovolts
initially. The initial equipment includes a 345- to 230-
to 25-kilovolt, 300,000-kv.-a. bank of three
single-phase autotransformers; a 25-kilovolt regulator; a
25-kilovolt series reactor; a 25-kilovolt grounding
transformer; three bays of 345-kilovolt
breaker-and-one-half bus; three bays of 230-kilovolt
breaker-and-one-half bus; and five bays of 25-kilovolt
main and transfer bus. The general arrangement of the
switchyard is shown on figure 216.

(g) Glen Canyon Bridge.—The bridge across the
Colorado River at Glen Canyon Dam is the subject of a
prior technical record of design and construction and is
available as indicated on the inside of the back cover of
this technical record. As an aid to the reader, a portion
of that publication has been reproduced and ‘is
presented as appendix E.

(h) Access Roads.—Owing to the isolation of the
Glen Canyon damsite it was necessary to construct an
access highway from U.S. Highway No. 89 in the
vicinity of Echo Cliffs (Bitter Springs on fig. 2} to the
damsite. The nearest railhead was at Flagstaff, Ariz., on
U.S. Highway No. 89. The construction of Page, Ariz.,
as a construction camp and permanent community
necessitated building connecting roads to the access
highway and to the dam. Access to the dam crest and
both spillways was provided by service roads on each
abutment which interconnected with the dam access
highway. The service road to the powerplant was
constructed on the left abutment from a point on the
access highway downstream from the Glen Canyon
Bridge to the powerplant at the toe of the dam. Owing
to the sheer canyon walls, the last approximately 2
miles of service road was constructed in tunnel section.
The State of Arizona constructed a road from the
vicinity of the west abutment of the Glen Canyon
Bridge to the Arizona-Utah State line to provide access
from Utah. This road was later reshaped and surfaced
by the Bureau and connected to the access highway at
Glen Canyon Bridge, providing an all weather road to
communities in Utah. A detailed description of each
road is given in Chapter X.

5. CLIMATE. The climate at Glen Canyon Dam is
typical of the arid plateaus in the western deserts.
Summers are hot and dry, with occasional

INTRODUCTION

thunderstorms. Winters are dry, with frost at night the
general rule. The percentage of sunshine is very high,
averaging about 80 percent of the total possible. The
relative dryness of the air modifies the effect of the
summer heat and winter cold so that the temperature
extremes are not too noticeable. High winds and
sandstorms occasionally occur during the spring and
summer months.

Prior to the construction of the dam, the nearest
U.S. Weather Bureau station was at Lee Ferry, Ariz.,
about 15 miles downstream from Glen Canyon Dam.
At Lee Ferry, the rainfall over the 1916-1952 period
ranged from 3 to 10 inches per year, with an average of
about 6 inches per year. A large part of this rainfall
occurred in thunderstorms during the months of July,
August, and September. A total annual snowfall of
between 3 and 5 inches normally occurs in the area in
December and January, although spring snows in
March are not uncommon.

The mean annual air temperature at Lee Ferry for
the period 1931-1952 was 62.5° F. This compares with
the 6-year record at the dam of 61.6° F. at the canyon
rim and 64.6° F. at the bottom of the canyon. During
the hottest part of the year (usually July}, daily
temperatures normally range from 73° F. at night to
101° F. during the day at the canyon rim, and from
76° to 105° F. in the bottom of the canyon. During
the coldest part of the year (December and January),
the daily temperatures normally range from 26° F. at
night to 46° F. during the day at the canyon rim, and
from 28° to 47° F. in the bottom of the canyon. The
average date for the first killing frost is October 29 and
for the last killing frost is April 11, making the length
of the average growing season 201 days.

6. HISTORY AND SETTLEMENT OF THE
AREA. The first white man known to have visited the
Colorado River was the Spanish explorer, Hernando de
Alarcon. In 1540, while exploring the Gulf of
California, he found the mouth of the then unknown
river, and ventured up the reddish-brown stream some
150 miles. Two years later the Grand Canyon of the
Colorado was discovered by Cardenas. Cardenas never
succeeded in descending the sheer walls of the canyon,
and other explorers and missionaries who followed him
were also discouraged by the seemingly hopeless task
of penetrating this section of the canyon. Two
centuries passed before a passage was discovered
permitting a crossing.

By the treaty concluding the Mexican War in 1848,
and by the Gadsden Purchase of 1853, the United
States acquired the territories of New Mexico, Arizona,
and California. Discovery of gold in California in 1849
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HISTORY AND DESCRIPTION

brought hordes of adventurers westward. They poured
across the Colorado River at two points. One crossing
was near Yuma, Ariz., and the other at Needles, Calif.

With the acquiring of the territory, sentiment grew
in the United States that the area should be explored at
all costs. In 1857 the War Department dispatched
Lieutenant J. C. lves to the task, instructing him to
proceed up the river by boat as far as practicable. He
succeeded in going 400 miles up the river to the Black
Canyon, present site of Hoover Dam. He reported the
region to be valueless.

In 1869 Major J. W. Powell of the Geological Survey
succeeded in leading a river expedition down the
canyon of the Colorado. His expedition traveled from
Green River in Utah to the Virgin River in Nevada, a
few miles above where Lieutenant Ives stopped. Powell
covered a thousand miles of unknown rapids and
treacherous canyons, and became the first white man
to gaze up, at the sheer walls of the Grand Canyon and
live to describe the adventure. Further discussion of
Major Powell’s investigations is given in section 9.

Following this, efforts were made to investigate
methods whereby the river might be used beneficially.
The river, annually fed by melting snows in the
Rockies, swelled to a raging flood in the spring, then
dried to a trickle in the late summer and fall, so that
crops were frequently destroyed. Farmers built levees

to keep out the river. Even when the levees held,
however, crops withered and died during the months
when the river ran too low to be diverted into the
canals.

The flow of the Colorado River is extremely erratic,
ranging from 4 to 22 million acre-feet annually at Lee
Ferry. There is a tendency for the high years or the low
years to be grouped, thus accentuating problems of
river regulation and use. Faced with constantly
recurring cycles of flood and drought, the people of
the Southwest appealed to the Federal Government to
solve the problem. With the establishment in 1902 of
the Reclamation Service, engineers began extensive
studies of the river in search of a feasible plan for its
control. The completion of Hoover Dam in 1936
undoubtedly did more to regulate the erratic flow
pattern of the mighty Colorado than any other single
item of construction. However, the upper reaches of
this river were still more or less uncontrolied. The Glen
Canyon Dam was one of the key structures depended
upon for additional regulation of this river system.

7. COST SUMMARY. The following tabulation
summarizes the total estimated cost of construction of
Glen Canyon Dam and Powerplant and appurtenant
structures based on information contained in the Final
Construction Report. The costs are as of June 30,
1967. A listing of contracts and purchase orders is
contained in appendix A.

COST SUMMARY
Land rights $ 421,876
Labor by Government forces 394,904
Construction facilities 905,768
Construction by contract 178,087,355
Materials furnished by Government 35,192,407

Subtotal
Investigations, engineering, and other costs:
Investigations
Engineering and supervision
Design and specifications
General services
Service facilities
Subtotal
Total

Less transfers and credits

Total estimated cost of Glen Canyon Dam ard
Powerplant and appurtenant structures

1

$215,002,310

$ 1,560,384
8,634,019
9,669,859
7,797,749 -
2,348,664
$ 30,010,675
$245,012,985

142,435

$244,870,550






CHAPTER II. GEOLOGY

8. REGIONAL GEOLOGY. (a) Physiography.—
Glen Canyon Dam is situated in the Colorado Plateau
province, a vast area of nearly horizontal beds which
have been elevated without materially disturbing the
component layers. It is characterized by broad,
cliff-edged mesas cut by narrow, steep-walled canyons.
The general elevation of the province ranges from
4,000 to 11,000 feet above sea level. Between these
two elevations are plateaus at various altitudes.

Glen Canyon embraces a 200-mile section of the
Colorado River from the lower end of Cataract
Canyon, 14 miles above Hite, Utah, to Lee Ferry,
Ariz. This canyon is one of the more spectacular
canyons cut by the Colorado River. Throughout most
of its length, Glen Canyon is a narrow river gorge
confined by near-vertical, massive, red sandstone walls
with heights up to a maximum of 1,200 feet above the
river.

Formations range from Permian to Tertiary, with
the bulk of the sedimentary rocks being Mesozoic.
Sandstone is the predominant rock type, but numerous
shale formations are present. The Glen Canyon damsite
is in the Jurassic Navajo sandstone. The following is a
generalized stratigraphic section applicable to a broad
area:

- {Unconformity)
Summerville Formation
Mesozoic
Upper Jurassic —
San Rafael Group

Entrada Sandstone

Carmel Formation—pink to red
and bluish sandy shale;
white and buff sandstone

- (Unconformity)

Navajo Sandstone—(Thickness
1,200 to 1,800 feet) Massive,
cross-bedded sandstone; few
very thin limestone lenses

Mesozoic

Lower Jurassic —

Glen Canyon Group|

{Local Unconformity)
Kayenta Formation—Maroon,
cross-bedded sandstone;
conglomerate; blue-gray,
hard, dense limestone;
maroon and brown shale. All
in thin irregular beds

| Wingate Sandstone
(Unconformity)

(b) Structure.—The Glen Canyon Area is a part
of the Kaiparowits region which Gregory® describes as
follows: “As suggested by the wide, sensibly flat
plateaus and long, even crested escarpments, the rock
beds throughout most of the Kaiparowits region are
gently inclined or nearly horizontal. This simple
general attitude is interrupted in places by sharp
monoclinal flexures, which trend in a general northerly
direction and subdivide the region into large gently
tilted blocks. In places minor undulations interrupt the
otherwise regularly inclined beds between the
monoclines. West and northwest of the Kaiparowits
region northward-trending faults divide the plateaus
into blocks not unlike those produced by the
monoclines. In each of the three monoclinal folds that
traverse central southern Utah the dip of the beds is
eastward and the rocks on the west are elevated and
those on the east depressed. Along each of the faults
the movement is in the opposite direction, the rocks on
the east being elevated and those on the west dropped.
The monoclinal folds affect all the rocks from the
uppermost Cretaceous downward but do not involve
the Tertiary, whereas the faults displace the Tertiary
beds as well. The displacements of the two types are
thus of different geologic age.

“Aside from the deflections that are due to the
monoclinal folds, the general inclination of the beds in
the southern part of the Kaiparowits region is
northward, for the rocks here constitute the north
flank of the broad Grand Canyon upwarp in Arizona.”

Local uplifts, due to igneous intrusions, are
represented in the Glen Canyon area by the Navajo and
Henry Mountains. Evidence of other igneous activity in
the area- is found only in the recent basalt flows which
cover parts of the higher plateaus.

All of the large faults and monoclinal folds are
located a considerable distance from Glen Canyon
Dam, so the beds in the latter area have been only
slightly disturbed. At the damsite, the massive Navajo
sandstone beds lie essentially horizontal with only a
slight dip (1° to 2°) upstream and into the left
abutment. This is in harmony with the regional dip
which is northeastward away from the Grand Canyon
uplift.

There are no faults in the immediate vicinity of
the damsite. The area is characterized by relatively few
joints of two distinct types: (1) Steeply dipping
subparallel joints restricted principally to a single set
trending NE-SW diagonally across the axis of the dam,

t Gregory, H. E., and More, Raymond C., U.S.G.S. Professional Paper No. 164, “The Kaiparowits Region’’, 1931, p

118.
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and (2) stressrelief joints roughly paralleling the
canyon walls. The joints of the former type resulted
from regional warping. They. are generally tight and
relatively clean and continuous; individual joints can be
traced across ‘the extensive bedrock exposures for
distances of up to 800 to 1,000 feet. The latter type of
joints reflect the reduction of loading due to the
erosion of the deep canyon; they are discontinuous and
spaced from 1 to 5 feet apart, commonly open from
1/16 to 1/4 of an inch. The resulting ‘‘sheeted’’
structure parallels major natural rock faces; it
diminishes with depth back of the rock face and
disappears within 20 to 50 feet.

{c) Stratigraphy.—The Navajo sandstone forms
the canyon walls at the damsite and throughout most
of the reservoir basin. It has a larger outcrop than any
of the other Jurassic formations in the area. At the
damsite, the Navajo sandstone, over 1,400 feet thick,
extends from approximately 1,000 feet above river
level to more than 400 feet below river level.

The Navajo sandstone is buff to reddish, medium
to fine grained, and moderately hard to soft. It is
massive with pronounced crossbedding and commonly
indistinct horizontal bedding. It is composed
essentially of quartz grains with a minor amount of
feldspar and is poorly to moderately well cemented
principally by secondary quartz, chalcedony, and to a
much lesser extent by calcite and hematite. The
sandstone is moderately porous and highly absorptive,
owing to the high capillarity created by the small size
of intergrain pore spaces.

The Navajo sandstone is remarkably uniform and
homogeneous over wide areas and nearly identical
samples can be obtained from areas separated by many
miles. Two thin, shaly layers, encountered at elevations
3065 and 3115 in the right abutment keyway
excavation were the only changes in the lithology in
the entire excavation area.

9. INVESTIGATIONS. (a) Early
History .—Perhaps the first explorer to traverse the Glen
Canyon area was Father Silvestre Velez de Escalante.
Father Escalante and his party crossed the Colorado
River on September 26, 1776, at a point which has
since become known as the Crossing of the Fathers.
This crossing has been inundated by Lake Powell, as it
was located about 10 miles upstream of Glen Canyon
Dam.

Major John Wesley Powell, working under the
sponsorship of the Smithsonian Institution, made the
first ecologic traverse of the unknown canyons of the
Colorado River during the summer of 1869. The
section of the Colorado River from the mouth of the

14
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Green River to the mouth of the Virgin River, a
distance of 539 miles, was covered in 23 days. This
first trip was hurried due to the loss of supplies at the
beginning of the trip;as a result, Major Powell was able
to make only a fraction of his intended studies.

Not satisfied-with the results of his first survey,
Powell determined that he would once more attempt
to pass through the canyon in boats, devoting 2 to 3
years to the trip. Supplies were taken by pack train to
several strategic points on the river where they would
be available as the boat party progressed. The second
expedition left Green River, Wyo., in May 1871.
During this second trip and the years following, the
parties of the Powell survey completed topographic
maps of the area from the Henry Mountains to Kanab,
Utah. These maps for many years constituted the sole
available information regarding the topography and
drainage of this region.

Valuable as were these data collected by the
Powell survey, they were not sufficiently detailed for
definite planning for the development of the Colorado
River. Consequently, in the years 1921 and 1922, the
U.S. Geological Survey undertook, in cooperation with
power companies, a comprehensive survey of the
potential power and water resources of the Colorado
River. This survey consisted of taking strip topography
of the canyon with more detailed survey of potential
damsites. A hydrographic survey, with stream gaging at
key locations, constituted an important part of these
studies. Six potential damsites were studied from the
mouth of the San Juan River to Lee Ferry. The site
most favored was the Glen Canyon No. 1, located at
RM4 (4 miles upstream from Lee Ferry, Ariz.). Six
core holes were drilled at this site with the assistance of
the Southern California Edison Co.

Concurrent with the drilling and other surveys at
the Glen Canyon No. 1 site, the Bureau of Reclamation
employed a Board of Consultants to examine the Glen
Canyon damsite along with other sites on the lower
Colorado River at Boulder and Black Canyons. This
Board pointed out certain undesirable features of site
No. 1 and, in particular, one set of rather closely
spaced joints ‘which crossed the proposed axis in a
diagonal fashion. The Board suggested that the axis be
moved downstream where the foundation would be
improved without materially increasing the width of
section. Work at Glen Canyon was not resumed until
1946 when the Bureau began a reconnaissance survey,
thus initiating the studies that led to authorization of
the project.

(b) Choice Of Site.—A number of damsite
locations in Glen Canyon were considered, but
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planning investigations resulted in the elimination of all
but two. These were located at RM4 and RM15,
respectively, above Lee Ferry.

Reconnaissance studies of the two sites.in 1947
indicated that the RM15 damsite was geologically
superior to the RM4 damsite. Although the site at RM4
had serious geologic deficiencies, it had an apparent
topographic advantage so it was felt that it should not
be discarded without further preliminary testing. The
completion of three core holes in the river revealed
that soft sandstone with thin shale beds existed at an
unfavorable elevation in the foundation; accordingly, it
was decided to forego further exploration until some
comparable drilling had been done at the RM15 site.
Initial phases of the drilling revealed no geologic
defects; and, before the initial drilling program was
completed, comparative estimates showed that the cost
of a dam at this site would be less than at the
geologically inferior RM4 site. As a result, the RM4 site
was eliminated and the investigation program at the
RM15 site expanded to provide sufficient data on
foundation conditions and concrete aggregate sources
for feasibility design of a concrete dam.

(c) Construction Materials
Investigation.—Concrete aggregate sources available in
the vicinity of Glen Canyon Dam consisted of a
high-level terrace deposit on both sides of the Colorado
River and one alluvial deposit on Wahweap Creek. A
careful search for 60 to 70 miles in all
directions—involving extensive study of air photos and
ground checks—did not reveal any other important
aggregate deposits.

The high-level terrace on the west side of the
Colorado River opposite the mouth of Wahweap Creek
was the most obvious deposit of sand and gravel in the
area, so it was the first discovered. Preliminary test
pitting and sampling of this deposit indicated that it
was far too small to supply enough aggregate for
construction of the dam and appurtenant works. The
search was then expanded into the surrounding area.

The Wahweap deposit, a rather unimpressive
looking stream deposit, was not at first given serious
consideration as a possible source of aggregate. Later,
more careful investigation indicated that this deposit
contained considerable gravel, and it ultimately became
the prime source of aggregate for the dam.

The Manson Mesa deposit is in a high-level
terrace located on the east side of the Colorado River.
This deposit was covered with blow sand and was so
well hidden that it was discovered only by chance and
was developed as the aggregate source for the
construction of the townsite. Had it not been for this

15

deposit, all of the aggregate required for the
construction.of the town of Page would have had to be
ferried by highline from the west side of the river. The
highway bridge over the Colorado River had not been
completed at that time (construction on the bridge
commenced in 1957 and was completed in 1959).

(d) [Investigations For Final Design And
Specifications.—Preliminary investigations at the mile
15 site were initiated in October 1947, and a total of
28 holes and 2 test drifts was completed. All but five
were vertical holes drilled in the bottom of the canyon
to outline the bedrock profile and to determine
condition of the rock in the foundation area. One
horizontal hole and one exploration drift was
completed near the base of each abutment. Three
shallow holes were drilled near the base of the left
abutment to secure 6-inch-diameter core for laboratory
testing. Additional field investigations in 1949 included
Nx (3-1/2-inch-diameter core hole) and 6-inch-diameter
core holes, grouting, and load-bearing tests in and near
the left abutment drift.

In the latter part of 1956, additional drilling was
initiated to supply supplementary data on the bedrock
profile in the river section and to provide samples of
the abutment rock for laboratory testing. A total of 49
Nx-Bx (3-1/2- and 2-7/8-inch) holes and two
6-inch-diameter holes were completed. Six were
vertical holes about 500 feet deep. They were drilled
from the top of and a short distance back from the
face of each abutment.

Twelve of the Nx-Bx holes were angle holes (DH
A through J, Ln and Kn) drilled in the approximate
direction of the maximum principal stresses in the
abutments of the dam except DH56-J which (owing to
an overhang interfering with the original location) had
to be drilled in the direction of the horizontal
component of the principal stresses at that elevation.
The two 6-inch-diameter holes (La and Ka) were drilled
parallel to and a few feet from the lowermost Nx angle
holes (Ln and Kn) near the base of each abutment.
Figure 6 is a drawing showing the areal geology and
location of all but a few of the exploration holes.
Figures 7 through 11 are typical geologic cross sections
through the damsite.

The test drifts in each abutment were later
utilized to perform in situ jacking tests to determine
the modulus of elasticity and deformation
characteristics of the sandstone. Tests were also
performed at the Bureau’s Denver laboratories on core
samples to determine compressive strength, modulus of
elasticity, Poisson's ratio, percent porosity, and percent
set. A graphical portrayal of the principal elements of
these tests is shown on figures 12 and 13. Geophysical
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EXPLANATION OF MANNER IN WHICH DATA WAS PLOTTED

Ground profile drawn along Drilling Axis.
Points on curves are in true projection according to elevation from which sample was obtained in test hole.

Holes were drawn with true dip and length and then rotated to the drilling axis without changing the true dip or length.

All elevations are true

Refer to Dwg. 557-D-269 revised, for frue position and pl
Features between holes in close proximity can be compare!

FOR EXPLANATION OF CURVES SEE DH-B CURVES
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Figure 12.—Graphical portrayal of the physical property tests on foundation cores for the left abutment.
From drawing No. Geol. 57-123.
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(seismic) tests were also conducted at the damsite to
determine modulus of elasticity of the rock mass.

10. CONSTRUCTION GEOLOGY AT
DAMSITE. In view of the uniformity of the Navajo
sandstone, no wide area geologic mapping of keyways,
tunnels, and other excavations was necessary. From
time to time, detailed mapping of local
areas—principally to show position and spacing of
joints—was accomplished to assist in locating
structures; such as, transmission tower footings plus
length and spacing of rock bolts. Presentation of the
data was mostly in the form of partial cross sections
and marked photographs.

Exploration during construction consisted
principally of core drilling and exploration or cutoff
drifts. The drill holes fell into three general categories:
(1) Core holes to determine details of bedrock
condition beneath structure sites; (2) holes drilled to
determine depth of overburden at the toe of the dam
in order to stake the overburden excavation cut; and
(3) core holes drilled ahead of or near grout holes to
determine the location of joints and to serve as vents
during grouting.

Thin shale seams were encountered at elevations
3115 and 3065 at the base of the right abutment
keyway. The seam at elevation 3115 varied from
one-eighth of an inch to about 4 inches thick and had a
waterflow of 2 to 3 gallons per minute. A 5- by 7-foot
drift following this seam was excavated near the heel of
the dam to a depth of 73 feet into the abutment to a
point where the flow of water disappeared. The seam
at elevation 3065 varied from a thin shale parting in
the sandstone to a shale layer 1 to 2 inches thick and
had a waterflow of 75 gallons per minute. A 5- by
7-foot drift following this seam was excavated near the
heel of the dam to a depth of 215 feet into the
abutment. The flow of water decreased with depth and
at the end of the drift was just a small trickle. Both
drifts were backfilled with concrete and grouted to
form a barrier to seepage through the foundation.

Although the Navajo sandstone is remarkably
uniform and vyields remarkably smooth excavation
surfaces, it has two principal characteristics which
contributed to design problems. The stress-relief
jointing parallel to the canyon walls showed a tendency
to open slightly with time and slab or peel off
onionskin fashion. The second defect is that the rock
has a fairly large percentage of '‘set” or unrecovered
strain occurring during the first loading of the
sandstone. Special grouting design was developed to
offset this characteristic.

Rock bolts were used extensively as shaped
excavations developed; such as, tunnel portals and
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reentrants in the powerplant foundation adjacent to
the base of the canyon walls. When excavation faces
cut through sheeted-type, stress-relief joints, the free
ends of slabs or sheets tended to separate and warp.
The low tensile strength of the sandstone contributed
to fallouts, and bolting was used for safety and to
maintain the original integrity of the rock. Experience
demonstrated that multiple lines of bolts installed
adjacent to the edge of a proposed excavation surface
prior to blasting was the most satisfactory procedure.
Similarly, edges of rock slabs were *‘sewed’’ with bolts
to prevent progressive warping and deterioration.

The influence of stress-relief in the rock in the
canyon walls was perhaps the most important single
geologic problem encountered during the construction
at Glen Canyon Dam. These joints increased the
estimated quantities of excavation, rock bolting, and
wall scaling.

The problem of stressrelief jointing was first
noticed during the excavation for skewback No. 2 for
the Glen Canyon Bridge on the right canyon wall. A
large slab had to be removed which extended from
below the skewback at elevation 3570 to the canyon
rim at elevation 3828. This overexcavation resuited in
considerably more concrete under the skewback.

A second local problem area caused by stress-relief
jointing occurred at the downstream portal of the left
diversion tunnel. A large rock slab fell during
excavation due primarily to warping along stress-relief
joints. That part of the slab which did not fall was later
removed and the sandstone area stabilized with rock
bolts.

Stress-relief jointing, along with undercutting by
water discharging from the right diversion tunnel,
caused a large rock slab, estimated at 18,000 cubic
yards, to fall into the outlet portal of this tunnel. This
rock mass almost completely choked the outlet portal,
and the tunnel had to be unwatered before the rock
could be removed and repairs made to the portal area.
This operation involved closing of the gates at the
upstream portal and construction of a cofferdam
around the downstream portal. The problem was
corrected by building a concrete wall to support and
protect the sandstone. In addition, the area
downstream from the outlet portal of the left diversion
tunnel was lined with concrete to prevent the
occurrence of erosion or undercutting.

Excavations in the powerplant area near the right
canyon wall and in the machine shop area near the left
canyon wall were troubled with slabbing along
stress-relief joints. The bench-type excavation design
was modified to more or less fit the joint attitude.
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Zones of less well-cemented sandstone encountered
in the keyway excavations, although surrounded by
normally cemented sandstone, required considerable
local resloping to meet existing design concepts. A
program of extensive rock bolting and drainage
immediately downstream of the dam was accomplished
to securely anchor large slabs of rock which were the
result of jointing. This work was done for about 200
feet downstream of the toe from elevation 3190 to
elevation 3450 on the right abutment and from
elevation 3190 to elevation 3350 on the left abutment.
The problem of stress-relief joints in the keyway was
taken care of by grouting the joints, one lift at a time,
as the dam rose in elevation.

Laboratory tests performed on cores of Navajo
sandstone showed a high percentage of ‘‘set’” or
unrecovered strain during the initial loading period.
This adjustment is thought to be due to a slight
rearrangement of the quartz grains in the interstitial
cement. With subsequent loadings, the unrecovered
strain decreased and the sandstone became more
elastic. The range in “set’’ under the first loading was 5
percent in drill hole J at a load of 800 pounds per
square inch to 29 percent in drill hole H at 200 pounds
per square inch. The range under the second loadings
were zero percent in drill hole D at 800 pounds per
square inch to 9 percent in drill hole H at 400 pounds
per square inch. Figures 12 and 13 are graphic
presentations of the principal variations in engineering
properties of the Navajo sandstone as related to the
exploration drilling and typical canyon section.

The correction or adjustment for this characteristic
of the sandstone was accomplished by prestressing the
dam so as to bring the first loading onto the rock
before the reservoir exerted a force. This was done by

cooling the blocks of the dam concrete down to 40° F.

and grouting the contraction joints. As the dam
warmed up, the reservoir load was transmitted to the
abutment. This load will be maintained and so becomes
the minimum load imposed by the dam on the rock.
After this first loading, the sandstone becomes
essentially an elastic substance which will deform
slightly with loading and will recover this deformation
when unloaded.

Transformer circuit towers are located on the
canyon rim downstream from the highway bridge. The
joints in the area were mapped and examined in detail
prior to construction. Three test pits were excavated
on joints to determine the dip of the joints and study
their character underground. There was no evidence to
indicate the joints extended very far below the surface.
Similar joints intersecting the canyon wall are visible
for only 50 to 60 feet down from the canyon rim.
Most of the joints dip away from the canyon, and all of
the joints exposed in the test pits tightened with depth
and were well cemented.
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11. GLEN CANYON RESERVOIR
GEOLOGY. The main body of Glen Canyon Reservoir
(Lake Powell) occupies a long, narrow canyon of the
main stem of the Colorado River for a distance—at full
reservoir—of about 186 miles. A number of long,
slender arms extend out from the main canyon where
tributary streams enter the Colorado River. The largest
of these is the arm extending approximately 70 miles
up the San Juan River.

The canyon as a whole is long and narrow and is
characterized by smooth, steep walls and a gentle
stream gradient. The average slope for the first 165
miles upstream is 2 feet per mile. The gradient
increases rapidly above this point as the reservoir enters
the lower end of Cataract Canyon.

Except at the Waterpocket Fold, where Chinle shale
is exposed, the confining walls of the main body of the
reservoir basin are the massive sandstone cliffs of the
Glen Canyon Group made up of the Wingate, Kayenta,
and Navajo formations. Throughout its course in the
sandstone formations, the canyon is narrow and
straight-sided; but, in the weaker shale, its bottom
widens and the sides become gently flaring slopes. That
part of the reservoir which will extend up the San Juan
River will be largely in Triassic beds made up of the
Moenkopi, Shinarump, and Chinle formations.

Porosity of the Navajo sandstone ranges between 20
and 25 percent, so the bank storage or waterholding
potential is considerable. The reservoir started filling in
1963; and, since that time, a program has been
underway to determine the volume of water in bank
storage. This program is continuing, and it will be
several years before an accurate quantitative figure on
bank storage can be determined.

Minor problems have arisen as the reservoir rises
regarding rim stability. Sand dunes and talus deposits
slide into the reservoir as the materials become
saturated. Most of this material goes into the zone of
dead storage so has only a very small effect on the total
storage capacity. Rockfalls have only occurred on a
very small scale and in areas where the sandstone has
been undercut.

A slight movement along an existing joint was
observed on the right side of the reservoir several miles
upstream of the dam. It is assumed that such slight
readjustments are occurring elsewhere in the reservoir
area as the reservoir level reaches successively higher
levels. This movement is a normal reaction and
represents readjustment along existing joints resulting
from the increasing waterload of Lake Powell. Future
movements will be recognized, as in the case of the
other large reservoirs, only as slight shocks on
seismograph instruments.






CHAPTER 1II. FOUNDATION TREATMENT

12. GENERAL. The foundation treatment of Gien
Canyon Dam consists of three parts: Grouting,
drainage, and excavation of cutoff drifts and
backfilling them with concrete. The cutoff drifts and
the grouting will seal the cracks and joints. The
drainage hole pattern will relieve the water that may
seep through the massive sandstone.

13. GROUTING. The general plan for grouting the
rock foundation beneath the dam provided for
low-pressure shallow grouting of the upstream 60 feet
of the foundation, to be followed by high-pressure
deep curtain grouting from the foundation gallery.
Grout holes were also provided for in the foundation
tunnels which would complete the deep-curtain
grouting in the vicinity of the tunnels and which could
extend the grout curtain further into the abutment if
desirable at a later date. The low-pressure shallow holes
were to seal any near-surface cracks and were
designated as B-holes. The main cutoff or grout curtain
beneath the dam was to be formed by the high-pressure
deep-curtain holes known as A-holes. In addition to the
above foundation treatment for the dam, radial
grouting was provided for in the spillway tunnels and
around the diversion tunnel plugs, and periphery and
perimeter grouting was provided for around the
backfill and tunnel plug concrete placed in the
diversion tunnels. Provisions were also included for
grouting major seams, cracks, crevices, and channels,
both under the dam and under the powerplant.

Consolidation grouting of the near-surface rock by
means of the B-holes was originally required to be
completed prior to placing the overlying concrete.
Because of the steepness of the abutments and the
possibility of lifting the near-surface rock, this method
was modified so that B-hole grouting above elevation
3110 was to be performed from the tops of concrete
lifts in the abutment blocks. The B-holes were to be
spaced at 20-foot centers in both directions, and were
to be drilled and grouted to 25-foot depths. The
upstream row of B-holes was located just inside the
upstream face of the dam.

The A-hole deep-curtain grouting in the lower part
of the dam was to be performed generally at 40-foot
spacings to a depth of 250 feet, with intermediate
holes at 20-foot spacing going to 150-foot depths, and
with the final grout holes at 10-foot spacing going to
100-foot depths. This curtain varied uniformly from
the above pattern to approximate 110-, 65-, and
45-foot depths for the 40-, 20-, and 10-foot spacings,
respectively, at about elevation 3450. Above elevation
3480, the curtain decreased in depth to a 50-foot
depth at the top of the dam, all holes to be at 10-foot
spacings and drilled from the foundation tunnels.
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Because of vertical and near-vertical joints
encountered in the upper parts of the abutments, adits
paralleling the abutments were constructed in the dam
between elevations 3157.5 and 3630. These adits were
constructed with a twofold purpose. The first was to
provide a means of grouting the concrete-rock contact
at any time in the future as the need required. The
second purpose was to provide the means for extending
the B-hole consolidation grouting so as to cover
practically all of the abutment area in the steeper part
of the abutments, Grout holes from these adits were to
be drilled and grouted at 40-foot spacings along the
profile of the abutment and at 80-foot spacings across
the width of the abutment. All holes were to be 50 feet
into rock.

One near vertical joint, called the A-joint, was
observed in the right abutment above elevation 3120
and required special grouting. This was done through
nearly horizontal holes drilied 30 feet beyond the
A-joint and spaced at 20-foot centers horizontally.
Pipes were calked into these holes and brought above
the top of the next lift of concrete to be placed. After
placement of the lift of concrete, similar holes 7 and
1/2 feet above the lower holes were drilled beyond the
A-joint. The lower holes were then grouted using the
upper holes as vents. After use as vents, the upper holes
were washed and then used as grout holes for the next
7-1/2-foot lift. This procedure was repeated
throughout the A-joint area. The A- and B-hole
grouting patterns and layouts are shown on figures 14
and 15. The grouting performed from the special adits
is shown on figure 16.

Two water-bearing seams were discovered in the
foundation on the right abutment at elevations 3118
and 3070 and one on the left abutment at elevation
3080. The one on the ieft was treated by extending the
B-hole grouting downstream in this area an additional
60 feet. The two on the right were treated by
excavating drifts into the abutment at the upstream
side of the foundation area and backfilling with
concrete 1o increase the path of percolation (fig. 17).
The lower drift was extended 160 feet and the upper
drift 60 feet into the abutment. The extent of the
drifts was determined by field inspection of the leakage
in the water-bearing seams.

A joint opened up between the rock-contact line at
the right abutment, block 26. This break in contact
between the concrete and the rock extended about 30
feet down the upstream and downstream faces of the
dam. Since the upper grout lift in the dam s
ungrouted, no arch action was transmitted to the
abutment. It was necessary to grout this joint to
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