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LAKE POWELL RESEARCH PROJECT

The Lake Powell Research Project (for
mally known as Collaborative Research on
Assessment of Man's Activities in the Lake
Powell Region) is a consortium of univer-
sity groups funded by the Division of Ad-
vanced Environmental Research and Techno-
logy in RANN (Research Applied to National
Needs) in the National Science Foundation.

Researchers in the consortium bring a
wide range of expertise in natural and so-
cial sciences to bear on the general prob-
lem of the effects and ramifications of
water resource management in the Lake
Powell region. The region currently is
experiencing converging demands for water
and energy resource development, preserva-
tion of nationally unique scenic features,
expansion of recreation facilities, and
economic growth and modernization in pre-

viously isolated rural areas.

The Project comprises interdisciplin-
ary studies centered on the following
topics: (1) level and distribution of
income and wealth generated by resources

development; (2) institutional framework

ii

for environmental assessment and planning;
(3) institutional decision-making and re-
source allocation; (4) implications for
federal Indian policies of accelerated
economic development of the Navajo Indian
Reservation; (5) impact of development on
demographic structure; (6) consumptive wa-
ter use in the Upper Colorado River Basin;
(7) prediction of future significant

(8)

recreational carrying capacity and utili-

changes in the Lake Powell ecosystem;

zation of the Glen Canyon National Recrea-
tional Area; (9) impact of energy devel-
opment around Lake Powell; and (10) con-
sequences of variability in the lake level

of Lake Powell.

One of the major missions of RANN proj-
ects is to communicate research results
directly to user groups of the region, which
include government agencies, Native Ameri-
can Tribes, legislative bodies, and inter-
The Lake Powell Re-
search Project Bulletins are intended to

ested civic groups.

make timely research results readily acces-
sible to user groups. The Bulletins
supplement technical articles published by

Project members in scholarly journals.
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ABSTRACT

Many of the physical impacts of the
creation of Lake Powell now studied by
Subprojects of the Lake Powell Research
Project were anticipated in legislative
debates which preceded the authorization
of Glen Canyon Dam. Not only were these
impacts considered in the 1950s during
debate of the Colorado River Storage Proj-
ect, but many were discussed in the 1920s
at the time Glen Canyon was considered as
an alternative to Boulder Canyon for the
site of the first great dam to be built on

the Colorado.

Scientific issues considered during
the debate preceding authorization of Glen
Canyon Dam included: (1) streamflow--
uncertainties in the future flow of the
Colorado due to the absence of a long his-
tory of stream gage records for the
Basin; the uncertainties would plague at-
tempts to meet water allocations guaran-
teed by Compact and legal assignments;

(2) geological foundations of the dam

site--weakness of the Navajo sandstone,
particularly when exposed to water, would
require the design of a dam with low
bearing pressure on the rock abutments;

(3) suitability of Chinle shale to contain
a reservoir, due to its propensity for
slumping;
voirs, needed to store water in the des-

(4) evaporation--large reser-

ert, would evaporate more water with
greater surface area; (5) sedimentation--
reservoirs would fill with silt possibly
at rates significantly rapid compared with
their anticipated economic lifetimes; and
(6) water quality--developments in the
Upper Colorado Basin would worsen water
quality downstream, although some chemical
constituents would be precipitated within
the reservoirs. In addition, one physical
science issue raised during the 1950s was
It was debated

whether very large amounts of water might

that of bank storage.

leave the Glen Canyon reservoir and enter
the banks due to the high porosity of the
Navajo sandstone walls.






" SCIENTIFIC INFORMATION
IN THE DECISION
T0 DAM GLEN CANYON

Evidently the flow of the Colorado
and its tributaries is not sufficient to
- irrigate all the irrigable lands lying

within the Basin.

The water available for irrigable
lands below the Virgin may finally be de-
rived almost entirely from the runoff of
that part of the Colorado River Basin
above the mouth of the Paria River.

E. C. La Rue (1916)%’2

Mr. HALEY.

I am a layman as you

gentlemen are and I, as you, must depend
on the experts and authorities for scien-

tific information.

Congressional Record (1956)3

INTRODUCTION

The first evaluation of the water
supply of the Colorado River Basin, pub-
lished by the United States Geological
Survey in 1916, showed that water would
be a scarce resource in the Basin even if
dams were eventually built to regulate the
erratic flow of the silt-laden Colorado
Public demands for dependable
water supplies, hydroelectric power, and
flood protection would necessitate the
construction of dams which in turn would

River.

cause increased water losses due to evap-
oration from reservoirs in Basin deserts.
Furthermore, large exports of water from
the Colorado to areas outside the Basin in
Southern California were planned, even
though the water survey had shown the in-
adequacy of the water supply to serve ir-
rigable lands within the Basin.

E. C. La Rﬁe, the author of the Geo-
logical Survey study, urged careful plan-
ning for development of the river which
would "prevent an unnecessary waste of
water."4 Since La Rue's study, decision-
makers have looked to scientists and engi-
neers for information to support their
arguments for and against various water
projects in the Colorado Basin. Informa-
tion from scientists and engineers has
become political capital in legislative

debate.

The problem of decision-making under
the risk of mismanaging a scarce water
resource involved (1) political judgment
of the willingness of society to invest in
large, public development projects, (2)
anticipation of the costs and benefits of
development, and (3) reliance on (and



dispute of) scientific forecasts of the
likely consequences of dam construction.

To improve the quality of decision-
making and to enhance rational choice with
respect to the scarce water resources of
the Colroado River Basin, authoritative
observers have urged greater use of plan-
ning and "better technologicg} fore-
casting"5 in the process of decision-
making. In view of the present national
effort encouraging improvement of scien-
tific prediction of the impact of large
resource developments (exemplified by the
National Environmental Policy Act, NEPA,
of 1969), it is of interest to investigate
the historical use of "technologiéal fore-
casting” in the controversial decision to
construct Glen Canyon Dam on the Colorado
River. ‘The construction of a dam near
Lees Ferry, proposed by La Rue in 1916 and
finally authorized in 1956 as the "cash
register" of the Colorado River Storage
Project (CRSP), was the subject of inter-
mittent political debate for 40 years. In
the debate, scientific evidence, conjec-
ture, and prediction were used to bolster
arguments for and against the dam. The
lengthy consideration of the project rep-
resents an unusually long planning period
during which the use of scientific fore-
casting may be traced in the decision-

making process.

The public record of the debate about
construction of a dam in Glen Canyon has
been examined by the Law and Political
Science Subproject of the Lake Powell Re-
search Project (LPRP) to determine
"whether, and to what extent, scientific
data and evidence was presented to and
considered by the decision-making body.“6
This study has revealed that many of the
physical impacts of dam construction now
studied by Subprojects of the LPRP were
not only extensively discussed in the leg-

islative record of CRSP but in fact had

Canyon for the site of the first great dam

been anticipated and discussed in the
1920s at the time when Glen Canyon was
considered as an alternative to Boulder

to be built across the Colorado.

Gilbert White has pointed out that in
some cases of creation of large reservoirs
in the tropics, "those people responsible
for deciding to go ahead with the con-
struction projects were unaware of the
consequences to which later studies are

7 In the case of the Glen Can-

addressed."
yon reservoir, however, it appears that
most of the physical impacts were at least
qualitatively anticipated before »

construction.

This Bulletin mainly concerns the
contribution of physical sciences and en-
gineering to the Glen Canyon Dam debate. .

Consideration of the biological conse-

guences forms a very small part of the ar-
gument in the legislative history. The
role of social sciences in the debate is
not described in this Bulletin, but it
must be noted that economic arguments form
a much more extensive part of the record
than do those concerning issues in physi-
cal sciences.

ESTIMATES OF THE WATER SUPPLY
OF THE COLORADO RIVER BASIN

In his original evaluation of the
water resources of the Colorado River Ba-
sin in 1916, La Rue stated that "the aver-
age annual runoff available for storage at
the Colorado-San Juan reservoir site [his
name for a reservoir behind a proposed dam

just above Lees Ferry] is about 15,000,000
acre-feet, or 92.6 percent of the mean an-
nual runoff of the Colorado River at La- .
n8 This

estimate was made using data from stream

guna Dam [near Yuma, Arizona].




gage records along the three main tribu-
taries of the Colorado River: the Green,
the Grand (later called the Colorado), and
the San Juan. However, all those gages
were located far above Lees Ferry, due to
the impassable terrain of the Canyonlands.
There was, in 1916, no gage at Lees Ferry,
and depletion estimates for water use in

the Upper Basin were vague.

La Rue reasoned that the flow in the
middle section of the Colorado could be
approximately evaluated by measurements of
flow in the main channel in the Lower Ba-
sin where more reliable data had been ac-
cumulated since the turn of the century.
La Rue's estimates of flow in the Colorado
near the Boulder site, which he gave for
Hardyville [at the site of the present
Davis Dam reservoir], were derived by de-.
ducting the "measured flow of the Gila
from the measured flow at Yuma."9

In the summer of 1921, the United
States Geologicdl Survey, in cooperation
with Southern California Edison Company.,
established the first gaging station at
Lees Ferry.lo In 1922, the Colorado River
Compact was signed, which allocated water
to the Upper and Lower Basins with a divi-
sion point at Lee Ferry. By the summer of
1923, the Lees Ferry gage had recorded two
full years of data, giving a measured dis-
charge of 16,372,000 and 16,135,000 acre-

feet for 1922 and 1923 respectively.ll

Records for streamflow at the time of
the signing of the Colorado Compact and
the planning for the first big dams on the

* Colorado were not of sufficient duration

to give very much credence to estimates of
future supply. However, it should be re-

called that "the middle section of the ba-

sin of the Colorado...[was at that time]
probably the most remote and inaccessible
region within the domain of the United
nl2 so that the
lack of information for that area is

States exclusive of Alaska

understandable.

In 1925, three years after the
signing of the Colorado Compact, La Rue
published graphs showing "estimated annual
discharge of Colorado River at Lees Ferry,
Arizona 1851-1922."13
(1) annual flow “without correction for

The graphs depicted

depletion” with a mean of 16,000,660 acre-
feet;
irrigation depletion," with a mean of

14,300,000 acre-feet; and (3) flow with
"compléte irrigation development in the

(2) annual flow "corrected for past

upper basin" with a mean of 8,810,000

acre-feet.

Although measurements had only been
made at Lees Ferry for two years at the
time of preparation of La Rue's 1925 re-
port, he estimated the past flow at Lees
Ferry for the period beginning in 1895 Ly
extrapolating records from gages on the
tributaries of the Colorado in the Upper
Basin. Records in the Lower Basin had been
kept at Yuma since 1878 (by the Southern
Pacific Company from 1878 to 1902 and by
the Bureau of Reclamation after 1902). La
Rue extended the extrapolation even further
by using records kept of the level of the
surface of Great Salt Lake (which is lo-
cated in the Great Basin, not in the Colo-
rado River Basin).
of the Great Salt Lake had been kept since
1875, and before that date "the location

of the shoreline...at several definite

A gage height record

dates before 1875...[was] very clearly
fixed in the memories of the pioneers."14
Thus the estimates of annual flow at Lees

Ferry for one-third of the 1851-1922 period



averaged by La Rue were based on the
memories of the pioneers in another drain-
age basin.

In 1925, hearings on the Colorado Ri-
ver Basin were held before the Committee
on Irrigation and Reclamation of the Uni-
ted States Senate.
George H. Maxééll, Executive Director of

During the hearings,

the National Reclamation Association,
stated that "the Colorado River is a
very erratic stream, its annual flow vary-
ing from about 8,000,000 acre-feet to
25,000,000 acre-feet.
of that flow of the river averaged over

A standardization

twenty years would produce a regulated
f£low of 16,000,000 acre~feet."!> such
estimates of river flow were used to sup-
port proposals in the 1920s for a large
dam to be built on the Colorado River.

A vigorous debate ensued between Califor-
nia and Arizona on whether the first big
dam should be built at Boulder Canyon or
at Glen Canyon.

The Boulder site was eventually cho-
sen, and construction of a dam was auth-
After World War II, pro-
posals were again revived for a large dam

orized in 1928.
in Glen Canyon. In renewed debate in the
1950s over CRSP, streamflow in the Colo-
rado was again an issue. By this time,
the Colorado Compact was in force, and
there was a legal cﬁhmitmen; on the part
of the Upper Basin to delf?ér 75 million
acre-feet to the Lower Basin every ten
years. Accumulated records of streamflow
indicated that estimates made at the time
of the Compact formulation were probably
too high.VJ
In 1955, Senator Kuchel of California
inserted into the record the text of a
paper dated December 7, 1954, by Raymond
A. Hill, employed as an engineer by
the State of Colorado, entitled "Colo-

rado River Deficits." In the paper, Hill .
remarked that at the time of the signing

of the Colorado Compact in 1922, "it was
believed that the flow of Colorado River

would be in excess of all probable uses.

Some still believe, others have awakened

to the fact that nature was not bound by

n16 He added that "the flow

of the Colorado River has not been great

that compact.

enough during the past 40 years to have
satisfied consumptive demands of even 15.5
million acre-feet per year...The histor-
ical flow of Colorado River at Lee Ferry
...[for the period 1914-1945] was 13.79,
million acre-feet per yeéar...[and] the
natural undepleted flow was found to be
15.64 million acre feet per year“l7 in
studies made in connection with plans for

the Upper Basin Compact of 1948.

Hydrological studies by the Lake
Powell Research Project have recently

yielded an estimate of the reconstructed
virgin runoff from the Upper Colorado
River Basin. Using techniques of dendro-
chronology, a reconstruction of runoff
for the past four centuries has been made.
The reconstructed runoff in this period
has a mean value of about 13.5 million acre-
feet per year.18 Yy

SCIENTIFIC ISSUES INFLUENCING

DAM SITE SELECTION

Early Proposals for a Dam at Glen Canyon

In 1916, La Rue proposed a "Colorado-

San Juan"19

storage reservoir to be lo-
cated behind a 244-foot dam between the
Paria River and Lees Ferry. There were

inadequate topographic surveys of the area

to be flooded by the reservoir, which led
La Rue to suppose erroneously that the




reservoir behind this dam would back water
up to Cataract Canyon beyond Hite, Utah,
with a capacity of 3 million acre-feet.

In the summer of 1921, in cooperation
with the Southern California Edison Com-
pany, the Geological Survey made a topo-
graphic map of the Glen Céhyon danm site
Later, in 1923,
La Rue published a paper in which he sug-

identified by La Rue.20

gested that an enormous rock-filled dam
could be constructed at the Glen Canyon
site by "blasting in the canyon walls."21
He proposed a "780-foo€ﬁdam...with a ca-
pacity of about 50,000,000 acre-feet" with
backwaters "nearly to the junction of the

Green and the Grand Rivers."22

This sug-
gestion was greeted with amazement by the
engineering community, since it was well-
known that rock-fillied dams of much more
modest dimensions had failed in a number
of localities. 1In response to criticism,
La Rue reduced his proposal to a dam "400
feet high with 8 million acre-feet of

storage.“23

In 1928, W. F. Durand, Special Advi-
sor to the Secretary of the Interior, pre-
pared a report on "A Proposed Reservoir
and Dam at Glen Canyon." In the report he
stated that "topographically, the Glen
Canyon site is well adapted to the con-
struction of a high dam, with large capa-
city reservoir and power equipment. Geo-
logically the formation is of dubious
reliability for a dam exceeding perhaps
400 feet in height and giving a reservoir
of some 800,000 acre-feet in capacity, of
which perhaps one-half might be active

storage."

Public leaders in Arizona favored the
site at Glen Canyon because it was the
only site for a large dam which lay en-
tirely within the State of Arizona.25

Furthermore, water from a reservoir at

Glen Canyon might be carried by gravity in
tunnels to central Arizona for irrigation,
while water in an impoundment at Boulder
would be more accessible for use by
California.

In 1925, H. S. MéCluskey, Secretary to
the Governor of Arizona, discussed a stor-
age reservoir at Glen Canyon with a diver-
sion canal from Bridge Canyon to central
However, he admitted that "we

do not believe it is absolutely essential
w27

Arizona.26
to go to Glen Canyon. However, Arizona
was seriously considering La Rue's pro-
posal for the rock-filled dam. Rep. Carl
Hayden wrote in 1924 that the "proposal
that the State of Arizona shall build a
rock-£fill dam at Glen Canyon will be
closely scrutinized by the engineers of
There is so
much doubt about the safety of this type

of dam that every precaution will undoubt-
w28

the Federal Power Commission.

edly be exercised. Arizona seemed to

be operating at a disadvantage as far as
engineering information was concerned.
Senator Fred T. Colter wrote in 1924 that
"Arizona has not sufficient money to obtain
engineering data and facts to protect her
sufficiently and protect these filings

[for dams with the Federal Power Commis-
w29 the rock-filled

dam appealed to Arizona because of its

sion]. In addition,

relatively low cost and its suitability
for a site 135 miles from the nearest

railroad.

Bedrock at the Glen Canyon Dam Site

La Rue's bold proposal for a high
rock-£fill dam drew many critical comments
30 .

Kirk
Bryan, a geologist with the Geological Sur-

from engineers and geologists.

vey, wrote of the Glen Canyon dam site:
"the crushing strength of the rock is low,
but the fact that it stands in great walls
in a state of nature indicates that its



crﬁshing strength is ample for a high

structure."31

A board of three engineers of the
Bureau of Reclamation and a geologist, F.
L. Ransoﬁe (later called in to analyze the
failure of the St. Francis Dam in Cali-
fornia in 192832), stated in a report
dated December 20, 1922, that the Navajo
sandstone was composed of "grains...imper-
fectly cemented...It crumbles under shock,
such as that of ordinary blasting...a con-
spicuous feature [of the canyon wallsl...
is the presence of a series of vertical
fractures or joints...at such places, the
sandstone is divided into great vertical,
closely fitting slices. The joints...ap-
pear to be as a rule cemented by films of
calcite. Under the action of the weather,
however, the joints form zones of relative
weakness, and where they occur there is a
tendency for the rocks to fall off in
blocks...“33 A. J. Wiley, one of the
three engineers, later wrote in a letter
dated November 27, 1923: "It does not
seem feasible to build any type of masonry
dam of the necessary height for effective
storage on the soft sandstone at Glen Can-
yon, at least no type or height requiring
maximum pressures of more than 20 tons per

square foot."34

H. W. Dennis, chief construction en-
gineer for the Southern California Edison
Company, in a memorandum dated December
19, 1924, described the results of tests
on samples of Navajo sandstone from the
Glen Canyon site obtained from core drill-
ing undertaken by the Company between No-
vember 1922 and January 1923. He reported
that three samples from a depth of 88 feet
had an average compressive strength of
2,220 pounds per square inch, while those
from a greater depth of 210 feet showed
strengths of 12,900 and 10,480 pounds per

square inch.35 He noted that "the lowest

"ing it; and such a sample carried in one's ‘

crushing strength...is 1,315 pounds per .
square inch, which is very much in excess

of any unit stress which would be per-

mitted in concrete of which the dam itself

would be made.">®

He therefore concluded
that he had "no hesitation in recommending
the site of the Lees Ferry dam for a
flood-control reservoir of such height as
may be financially justified in the com-
plete comprehensive development of the
Colonel William Kelly
of the U.S. Corps of Engineers agreed,
stating in 1925 that "the rock will cer-

tainly bear more than the load which it is

Colorado River."

safe to place on concrete in a dam.
at that time
Chief Engineer of the East Bay Municipal

Arthur P. Davis, however,

Utility District, Oakland, was more con-
servative about the "poor rock in Glen

Canyon."39 He remarked that "the rock in
Glen Canyon is so soft that it is diffi-

cult to break off a sample without crush-

luggage for a few days is apt to yield

more fine sand than rock."40

Praising the foundation at the compet-
ing site of Boulder Canyon, William Mulhol-
land of the City of Los Angeles assured
Senators that the foundation at Boulder "is
very hard granite in the form of syenite.
The foundation there is as secure as the
foundation can be in any dam site I ever
looked at."41 Thus, although there were
other arguments in addition to geologic ones
in favor of the Boulder site, the character
of the Navajo sandstone at the Glen Canyon
site was a distinct disadvantage to those
wishing to argue that the first big dam

should be constructed near Lees Ferry.

Questions about the weak sandstone
at Glen Canyon were revived in the CRSP
debate of the 1950s by David Brower:?

by Rep. Craig Hosmer of California43 as

and

arguments against Glen Canyon Dam. Kenneth




B. Keener, Chief Designing Engineer of
the Bureau of Reclamation, assured Con-
gressmen in 1955 that a "series of labora-
tory tests made in 1950 on 6-inch cores
from the Navajo sandstone showed average
direct stress failure at 4,400 pounds per
square inch without lateral stress...the
preliminary trial locad analysis...indi-
cated that a high concrete dam can be de-
signed for the Glen Canyon site with
stresses at the concrete-to-rock contact
surface not exceeding 750 pounds per

square inch."44

In the final design of
the dam, the maximum value of "principal
stress at abutments" is 645 pounds per

square inch.45

EVAPORATION

Evaporative loss of water is a price
which must be paid for the storage of
water in regulatory reservoirs. La Rue
understood this principle and attempted
to estimate the rate of evaporation for
different parts of the Colorado Basin
where reservoirs might be constructed. He
estimated that the average loss due to
evaporation in the region between Green
River and Hardyville (on the Arizona-
Nevada border) would be 3.5 feet per year,
and that it would be 7 feet per year for
(The Bur-
eau of Reclamation obtained a value of

the region south of Hardyville.

slightly more than 7 feéﬁ for Lake Mead in
195346 )

Given the figure for evaporation in
feet per year, the loss for a reservoir
may be calculated from the surface area.
In 1923, Arthur P. Davis, then Director of
the U.S. Reclamation Service, estimated
that evaporation from the Glen Canyon res-
ervoir proposed by La Rue would be 6 feet
per year,47
surface area was supposed to be "an extra

and consequently, since the

100,000 acres" over the area which Davis

thought would be reasonable, the high Glen
Canyon'dam would cost an extra 600,000
acre-feet of evaporation per year.47 He
argued that La Rue's reservoir would
"waste a large quantity of water by
evaporation."”

The proposals for Boulder Dam were
C. Mer-
rill, Executive Secretary of the Federal
Power Commission, stated in 1925 at a Sen-
ate Hearing that the chief drawback of the

greeted with similar objections.

605-foot dam proposed for Boulder Canyon
was the excessive evaporation loss which
would be caused by the rapid increase in ,
surface area of the reservoir in the uppe}
100 to 200 feet of dam elevation.48 La
Rue argued that due to the lower elevation
of Boulder Canyon compared to Glen "evap-
oration at Boulder Canyon would be greater
than at Lees Ferry for a given area of

water surface.“49

In the 1920s, engineers and scien-
tists could not agree on a standard figure
for evaporation. George W. Malone, State
Engineer of Nevada, thought that evapora-
tion at Glen Canyon would be 3.§'feet per
year, and at Boulder Canyon 5 Eeet per

year.50

Similar arguments about comparative
evaporation rates for alternate reservoir
sites were revived in the CRSP debate in
the 1954-1956 period. The Bureau of Rec-
lamation's report of 1950 had stated that
the gross evaporation rate from Glen Can-
yon reservoir would ke 63 inches per year,
and the "net rate of evaporation at the
maximum water surface level" would be 54
inches per year.51 (The present evapora-
tion is considered to be possibly as much

as 72 inches per year.sz)

In the debate over the proposed Echo
Park Reservoir, Under Secretary of the



Interior Tudor reported the increased
amount of evaporation to be expected if al-
ternate sites (Desolation, Dewey, and Gray
Canyon combinations) were chosen instead of
Echo Park. Anticipated losses by the con-
struction of alternatives to Echo Park
ranged from 70,000 to 228,000 acre-feet per
year.53 The Upper Colorado River Commis-
sion calculated increased evaporation of
up to 560,000 acre-feet per year for an
alternative to Echo Park.54 During the
hearings, David Brower identified mis-
takes in the presentation of evaporation
figures by Tudor, which apparently re-
‘sulted from "misreading of an elevation
n33 After-

wards, Tudor wrote to the House subcom-

versus evaporation curve.
mittee: "I am aware that this error in
the evaporation calculations for the
high Glen Canyon reservoir may cast doubt
as to the reliability of the calculations

for other reservoirs."56

SEDIMENTATION

When La Rue was proposing a 380~foot
dam in Glen Canyon in 1925, he was asked
by Senator Charles L. McNary of Oregon,
Chairman of the Senate Committee on Irri-
gation and Reclamation, whether he had
taken into account "the rapid deposition
of silt on the bottom of the reservoir"
and what estimate he had made "of the de-
posit annually at Glen Canyon expressed in

37 La Rue replied "I would

acre-feet."
estimate it somewhere around 70,000 acre-
feet a year."57 La Rue stated that he
estimated the rate of silt deposition to
be about 100,000 acre-feet "at Yuma, and
somewhat less at Boulder and still less at

Glen Canyon.“57

A figure of 70}066 acre-feet per year
for Lake Powell was used by the Bureau of
Reclamation in 1971, by which time consid-
erably more information had been accumu-

lated about the problem than was available .
to La Rue. In a letter dated August 19,

1971 (copy supplied to the Lake Powell

Research Project by Bureau of Reclamation),

R. W. Gilbert, Acting Director of Region 4,
wrote to Howard A. Nibecker of Guadala-
jara, Mexico, that "records indicate that
the annual flow of sediment into Lake
Powell with the present regulation up-
stream by Flaming Gorge, Blue Mesa, and
Navajo Reservoirs, is about 70,000 acre-
feet per year...it appears that Lake
Powell would fill with sediment in about
if other factors did not re-
In the 1950
report, the Bureau used a figure of "long-

400 yedrs">8
duce the sedimentation rate.

time average sediment deposition at Lees
Ferry" of approximately 100,000 acre-feet
annually.59

SILTATION AND IMPACT ON
GRAND CANYON .
In the 1925 Senate hearings, there

were already indications that there would

be opposition to constructing dams near

Grand Canyon. Senator Oddie of Nevada

asked La Rue what "the American people

will have to say about damming the river

in Grand Canyon National Park for power

"outside of

purposes?" La Rue answered

our own party in 1923, there are not more
than five men now living who have seen the
Grand Canyon from the inside. I say they
will have to let them construct dams, and
they can put motor boats on them so that
the people can see the inside of the can-
yon. I would not object at all to pre-
senting that subject to the Park Service
as a policy to be prosecuted 50 years from

now."60

Almost 30 years later, the Bureau

Dams at Glen, Bridge, and Marble

of Reclamation prepared the 1950 report
which was published in 1954 as House Docu-
ment 364.




Canyons were considered in the report. In
replying to the report, the National Park
Service commented that Grand Canyon Na-
tional Park would be affected by the con-
struction of a dam at Glen Canyon. Since
the San Juan River was known to be a heavy
silt contributor, the Park Service noted
that the Glen Canyon project "would mate-
rially reduce the silt content of the Col-
orado River through the Grand Canyon" and
"on the basis of maintaining the natural
onditions of National Park Service areas,
fany alteration of the silt content or
istream flow could be considered as an ad-

'verse effect.“61

In addition, assuming
that Bridge Canyon Dam were to be con-
structed, the Park Service noted that "re-
duction in silt and river debris which
would occur as a result of the Glen Canyon
Dam would likewise reduce the unsightly
effects of fluctuation in the lower reser-

voir."61

However, illustrating the lack
of predictability of ecological effects,
the Park Service admitted that "it is not
possible to determine exactly, at this
time, how extensive effects on Grand Can-

yon National Park would be.“61

The Sierra Club took a similar posi-
tion in 1949, actually insisting on the
construction of Glen Canyon Dam to prevent
rapid siltation of the Bridge Canyon

reservoir.62

One of the major present impacts of
the Glen Canyon reservoir is on white-
water boating on the Colorado in Grand
Canyon, a recently developed sport post-
dating the decision to build Glen Canyon
Dam. The erosion of beaches in the canyon
by the water released from Glen Cdnyon Dam
is an important present impact. The prin-
ciple of erosion by such water was recog-
nized by William Kellé;, Chief Engineer of
the Federal Power Commission, who in 1925

wrote that "complete desilting at Boulder

will greatly accentuate the ever-present
tendency to erode banks and pick up a
heavy load of silt from the...bottoms...

between that point and Yuma.“63

However,
such an argument was apparently not used
to oppose the construction of Glen Canyon
Dam, because the use of the beaches in the
Grand Canyon was not considered at the

time that the decision was made.

BANK STORAGE

The Navajo sandstone, which forms
much of the walls of Glen Canyon, has a
high

in Navajo sandstone seeps into the canyon

porosity. Water from an impoundment
walls which are porous and permeable, and
the quantity of water transferred into the
rocks from the reservoir is called bank

storage."

The problem posed by bank storage was
recognized by Kirk Bryan, who in 1921
worked in the vicinity of Lees Ferry. He
criticized La Rue's proposal for unlined
bypass tunnels in Navajo sandstone men-=
tioned in the rock-fill dam proposals.
Bryan wrote "it seems likely that there
will be losses to the adjacent porous sand-
stone if the water in the tunnel is under
great pressure, and this water...in the
sandstone may eventually find or work out
channels large enough to produce serious

losses."64

A Geological Survey document accom-—
panying the 1950 Bureau of Reclamation re-
port suggested an annual seepage loss of
100,000 acre-feet for the proposed Glen
J. Neil Murdock,
gional geologist for the Regional Office
of the Bureau in Salt Lake City, testified
in 1955 that "2 million acre-feet is the

. 65
Canyon reservoilr. re-

maximum [for bank storage at Lake Powell].

And that will take a period, we figure, of



approaching a hundred years to complete
and fill.
nificant. It might be of interest to know
that the bank storage at Lake Mead has
been calculated at 3,200,000 acre-feet.
So this is only two-thirds as much in this

So that annually it is insig-

reservoir as we have down at Lake Mead."66

By contrast, the
the House stated that
pendently calculated,

Minority Report of
"it has been inde-
assuming 250 miles
of canyon wall and an
feet, that(32 million

N

average depth of 200
acre-feet] would be

absorbed bywthe canyon walls."67

There is
no description of the basis for this cal-
culation in the Minority Report. However,
one of the authors of the Report, Rep.
Craig Hosmer of California, presented sim-
ilar numbers in his debate with geologist
Murdock, stating "I have calculated this,
that assuming you have 250 miles of canyon
-walls and an average depth of 200 feet,
you would have a volume of around 32 mil-
lion acre-feet of rock into which this

water might go through
68

the porous Navajo

sandstone." Perhaps 32 million acre-

feet of rock became 32 million acre-feet
of water in the course of argument.

Hosmer stated later in 1956 that the
Kaiparowits and Henry Mountains structural
basins might eventually be filled with
bank storage water, amounting to "350
million acre-feet of water, or at least
26 years' flow of the whole Colorado
River."69

Recent estimates of bank storage for
Lake Powell, compiled by the Bureau of
Reclamation, give a cumulative bank stor-
age of 6,327,000 acre-feet as of June 30,
1971.70
cumulation of bank storage[ namely a mil-

The figures for the rate of ac-

lion acre-feet in each of the years 1964,
1965, and 1970, considerably exceed the

differences in evaporation cited as rea-

10

sons for choosing among reservoir sites.
However, further refinement of evaporation
measurements will be necessary to ascer-
tain more precisely the amount of water

in bank storage at Lake Powell.

IMPACT ON RAINBOW BRIDGE

Rainbow Bridge National Monument was
established in 1910. 1In 1975, La Rue
included a picture of the Bridge in his
report on the Colorado River, calling
it "one of the scenic wonders of the

world."71

The Glen Canyon reservoir
which he proposed "would not in any way
interfere" with the Bridge and would back
up water only "to a point 1-1/4 miles

In fact, if the Glen

Canyon dam were constructed [with a higher

below the Bridge.

reservoir elevation]...to raise the water
to the abutment of the Rainbow Bridge...
[it]...would provide an easy means of ac-
It is
estimated that after the completion of

cess...by motor boat to the bridge.

automobile highways leading to the reser-
voir the number of tourists to this region

would exceed 200,000 annually.“71

in comments
to the Krug repert of 1950, stated that
a "maximum water elevation...at the site

The National Park Service,

of the bridge, would rise approximately 56
feet within the restfic;ed'channel...more
than 11 feet below. the lower of the two
abutments.“72

"Water backing up Rainbow Bridge
Creek under the Rainbow Bridge would leave
unsightly deposits of flotsam, as well as
staining the walls of the gorge. However,
by far the most serious effect of flood-
waters reaching the bottom of the water-
course beneath the span would be the dan-

ger of undermining the buttresses of the




72 The Park Service took

bridge itself."
the position that "no potential recrea-
tional values which could otherwise be
determined to be inherent in the reservoir
could compensate for the loss of this ir-
and the

Park Service "would be opposed to the Glen

replacable natural feature..."

Canyon Reservoir on any basis or plan of
operation which threatened the stability
or natural scenic value of this national

monument.“72

The Park Service suggested
a modification of the proposed height of
the reservoir, to reduce the maximum water
level "from the proposed 3710 feet to

3650." /2

The Park Service thus took a differ-
ent position from the one later adopted by
environmental interests in the 1950s hear-
ings. The Park Service suggestion of max-
imum lake level was not based on the boun-
dary of the National Monument (3,600
feet), but on the estimated impact of wa-
ter backed up Bridge Canyon. The environ-
mentalist position73 has been that no wa-
ters from a reservoir should encroach on

boundaries of a National Park or Monument.

BIOLOGICAL CONSEQUENCES OF
DAM CONSTRUCTION

In the reply of the Fish and Wildlife
Service to the Krug report of 1950, the
inadequacy of ecological investigations is
iliustrated by the following comment:
"hiological investigations...were begun in
194§/[on the effect of proposed develop-
ments] but due to the immensity of the in-
dividual projects, the complexity of the
habitat, the shortage of time and person-
nel available, complicated by the inacces-
sibility of the area, the information ob-

. . 4
tained was necessarily meager."7

The Fish and Wildlife Service pre-
sented a table compiled from information

11

given by the Bureau of Reclamation Region
4 in November 1950, which stated average
annual water level fluctuations antici-
pated for various reservoirs. The value
for Glen Canyon reservoir was given as

20.3 feet.’?

In a general statement about the
plans for CRSP, the Service stated that

the reservoirs would "expand the produc-

tion of already abundant rough fish at the
expense of more desirable forms of wild-

life.“76
sediment loads are reduced by deposition

But it was also noted that "where

in the reservoirs and...favorable releases
of cool water are achieved below the dams,
highly desirable sport fishing may be in-
creased.“76 The Service also noted that
the "damage that would result to fish and
wildlife" would be highest in mountain
areas and lowest in the relatively inac-
cessible canyon of the Colorado River
where the wildlife only consisted of
"those animals which live in its muddy

waters, or are able to subsist on the
sparse vegetation among the cliffs."76
Therefore, they concluded that Glen
Canyon reservoir "would inundate 153,000
acres of poor-quality wildlife habitat...
The presence of the reservoir...would make
the entire area acecessible to boats...
Fishery values in the Colorado and San
Juan Rivers without the project based on
present harvests would be insignificant."77
But it was expected that "r;;érgdirﬂfish-
ing would not be fully utilized" in the
Glen Canyon reservoir because "of its in-
accessibility and the fact that there are
other fishing areas nearer important cen-

ters of population.“77

CONCLUSIONS

In this review of scientific issues

in the decision to dam Glen Canyon,



The
general features of most impacts in the

several general themes have emerged.

physical sciences were already anticipated
by 1925.
not necessarily the quantification of

These estimates of impact were
correct values, but for legislative de-
cision-making the sense of the impacts

was sufficient.

o
(1) streamflow--
—

future flow of the

Colorado due to the absence of a long his-

These issues were:

uncertainties about the

tory of stream gage records for the

Basin; the uncertainties would plague at-
tempts to meet water allocations guaran-
(2)
geological foundétions of the dam site--

teed by Compact and legal assignment;

weakness of the Navajo sandstone particu-
larly when exposed to water, which would
require the design of a dam with low bear-
(3)
questions about the su;;ability of Chinle

ing pressure on the rock abutments;
shgie to contain a resé}voir, due to its
propehsity for slumpihg; (4) evaporation--
large réservoirs, needed to store water in
the desert, would evaporate more water
with greater surface area; (5) sedimenta-
tion--reservoirs would fill with silt pos-
éibly at rates significantly rapid com-
pared with the economic lifetime of the
dams and impoundments; and (6) water qual-
ity-~developments in the Upper Basin would
worsen water quality downstream, although
some chemical constituents would be preci-
In addi-

tion, one physical science issue not

pitated within the reservoirs.

raised until the CRSP discussions in the
1950s was that of bank storage, by which
significant amounts of water might leave
the reservoir and enter the banks due to
the high porosity of the Navajo sandstone.

There were few major physical conse-
quences which are now being investigated
by the Lake Powell Research Project which
the debate

were not anticipated. However,
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shows that little attention was given to
the impact of the creation of the dam on
biological processes.

Although it was re-
marked that a reservoir in Echo Park would
have a deleterious effect on the shoreline
ecology in that area, the effect on the
Glen Canyon area was considered to be one
of inundation of a "poor-quality"

habitat.

The
the Glen
that the
movement, which has developed since the

history of the role of science in
Canyon dam controversies suggests

"environmental” or "ecology"

Glen Canyon reservoir was being debated,
is a movement seeking better forecasting
of biological effects to match that con-
ventionally achieved in the physical sci-
It would seem that Gilbert White's
statement is correct, that it is in the

ences.

area of prediction of biological and so-
cial impact (exclusive of economics) where
White has
observed that "typically, the national

deficiencies are most evident.

agency responsible for planning a new dam
does not have competence in either biolog-
ical matters or those related to social

. . 78
organization and process."

A hypothesis which emerges from the
record of the Glen Canyon dam debate is
that even the physical issues would not
have been so well defined in the absence
of a vigorous debate with a strong, vocal,
and informed opposition to the dam's
authorization. Further, it may be conjec-
tured that in the absence of such opposi-
tion, in order for impacts to be adequa-
tely considered, there has to be imposed
from outside a regulation (such as re-
quirements of NEPA) that physical impacts
be investigated thoroughly. It may be
that one reason why the physical issues
were better defined in the case of Lake

Powell than they were for the tropical

examples cited by White is that some large




development projects in the tropics have
been national projects without a vocal,
scientifically based opposition, and it is
in this situation that potentially disas-
trous impacts can be ignored.

We might consider, for example, the
case of the St.
fault in California.

Francis Dam, built on a

79 One-half of the
dam rested on sandstone which dissolved

in water, and the sandstone had not been
tested before the dam was constructed.
Perhaps the geological inadequacies of the
foundation had not been considered because
of the lack of opposition to question the
rationale of building the dam.

Another general feature of the 40
years of debate about Glen Canyon is that
the dam was considered several times in
In the 1920s

the question was a choice between Boulder

the context of alternates.

Canyon and Glen Canyon for the first big
dam; in the 1950s there were the choices
of a "high Glen" or a combined "low Glen"
and Echo Park. Glen

Canyon dam was postponed, and in the sec-

In the first case,

ond, the high Glen was eliminated together
with Echo Park.
sion to build Glen Canyon dam was based on

Thus the ultimate deci-

consideration of alternates, and on evalu-
ation of estimated physical impact, two
goals which are considered desirable today
in evaluation of environmental impact.

The more outlandish suggestions did not
materialize: an enormous rock-fill dam
impounding ten times the volume of the
present Glen Canyon dam was never built,
and the bank storage shows no signs of

approaching 26 years' flow of the whole

manuscript received August 28,

Colorado River. Instead, factors which
were thought to be known with some pre-
cision, such as the compressive strength
of Navajo sandstone, and values for evap-
oration, had a greater influence on

decision-making.

Scientific issues were examined from
many points of view and by people with
technical and non-technical backgrounds.
The tone of the Glen Canyon decision is
well described by Representative Udall,
near the close of debate in 1956: "We
have heard, just to give you a few
illustrations, of collapsible dams,
counterdams, counterpropaganda, counter-
blueprints, counterengineers, counter-
geologists, counterhydrologists, counter-
agronomists, countergeographers, and
countercartographers..."80 This was
in fact the means by which the decision
to dam Glen Canyon was scientifically
informed.
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