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Abstract

The results of a study of the surface water drainages
within Glen Canyon Recreation and Resource Area are
reported. The drainages which contribute significant
amounts of surface water to Lake Powell have been identi-
fied, and their surface areas measured from topographical
maps. Forty-three drainages were visited ard surveyed for
flowing water, local geology, plant ard animal life, and
the presence of tar sands ard uranium. Each site was pho-
tographed, flow measurements were recorded where possible,
ard water samples were collected for chemical analysis.
The drainages included in this study are: Alcove Canyon,
Bowns Canyon, Bullfrog Creek, Castle Creek, Cha Camyon,
Chaol Camyon, Clearwater Canyon, Copper Canyon, Cow
Canyon, Coyote Gulch, Crystal Spring Canmyom, Dark Canyon,
Desha Canyon, Forbiddimng Canmyon, Forgotton Canyon, Four
Mile Canyon, Grard Gulch, Hansen Creek, Iceberg Canyon,
Johns Canyon Lake Camyon, Long Canmyon, Moki Camyon, Mtn.
Sheep Canyon, Nasja Creek, Navajo Creek, Nokai Wash, Oak
Canyon, Oljeto Wash, Padre Canyon, Piute Creek Waterfall,
Piute Creek, Red Canyon, Reflection Canyon ( right fork),
Rockhouse Gulch, Slickhorn Canyon, Slickrock Canyon, Smith
Fork, Ticaboo Creek, Trachyte Creck, White Canyon and
Wilson Canyon.

Introduction

Congress established Glen Canyon National Recreation Area in 1972,
declaring that the National Park Service would administer the area and
"provide for public outdoor recreation use and enjoyment of Lake Powell and
lands adjacent thereto . . . and to preserve scenic, scientific, and his-
torical features contributing to public enjoyment of the area" (P.L. 92-593).

The Park Service has formulated a general management plan using this
directive as a guideline and proposed a series of objectives to be met in
administering the recreation area. Any proposals concerning water rights
reservations must be justifiable according to these management plan objec-
tives. The objectives which are most applicable are listed as Level III
objectives in the General Management Plan (NPS, 1979). One objective is "to
encourage the maintenance of high water quality in all bodies and sources of
water and to perpetuate the natural flow of free water." Another is "to
accommodate many varieties of use, but to favor water-oriented recreation.”

Water in the Lake Powell area is derived from two sources: groundwater
and surface runoff. The drainages which sustain intermittent flow do so
largely from runoff. They tend to sustain a regular flow in the spring during
snowmelt and to flash flood in the monsoon season. These drainages would be
highly susceptible to ecological distsurbance if a diversion of water were to

occur.




Those drainages which flow perennially usually maintain flourishing
riparian vegetation, markedly increasing the scenic and aesthetic value of
these stream valleys. These perennial streams rely mostly on groundwater as
their source, except in the area of Navajo Mountain. Besides sustaining large
amounts of vegetation, these perennial streams support insect, fish and wild-
life communities. Also, many of these stream valleys were sites of American
Indian cultivation and often boast historic ruins.

Description of Study Area. Glen Canyon Recreation Area is a water-based
recreational use area in northern Arizona and southern Utah. The region
includes tributaries to Lake Powell and the Escalante, San Juan, Dirty Devil
and Colorado rivers. Figure 1 is a vicinity map showing the study area.

Previous Imvestigations. Several previous investigators have surveyed
different areas of the Lake Powell region. Cooley's (1965) work was an exten-
sive air survey in which springs and seeps were located and their discharge
estimated, and no sampling was attempted. Most of these springs are now
inundated by Lake Powell. Hand (1979) and Williamson (1985) surveyed springs
in the Orange Cliffs, Waterpocket Fold, and Wilson Mesa areas. Samples were
taken by both investigators and chemical analyses were performed. Laity and
Malin (1985) inventoried seeps and springs in Bowns and Longs canyons as part
of a larger study, but no chemical analyses were reported. Blanchard (1986),
in an analysis of groundwater conditions for the Lake Powell area, did a
partial inventory of springs in the area north of the Utah border, east of
Halls Creek and west of the San Juan River. Some chemical analysis was
included in Blanchard's work.

Purpose of this Study. A reconnaissance-level survey of streams draining
into Lake Powell in Glen Canyon National Recreation Area (GCNRA), is needed
for several reasons. The Glen Canyon National Recreation Area contains Tim-
ited water resources (other than Lake Powell), and it is important that they
be identified and characterized. In addition, GCNRA contains several areas
which could be targeted for future development of energy resources. The
development of these resources would require large volumes of water to be
removed from local aquifers. The National Park Service wishes to protect and
maintain its water resources to provide for the Recreation Area. The purpose
of this survey was to pinpoint perennial sources of water and establish their
baseline chemical composition.

The Recreation Area is protected by Federally Reserved Water Rights, but
these water rights may be subject to adjudication in state water courts. For
proceedings such as these, quantification of claims may be necessary to fully
protect park water resources. Therefore, the Park Service is investigating
methods of quantifying instream flows needed to maintain its resources.

Methodology

The Survey Area. The part of Glen Canyon Recreation Area surveyed for
this study extends north of Glen Canyon Dam in Arizona to just above Hite,
Utah on the Colorado River, and includes the San Juan and Escalante river
drainages. It does not include the Dirty Devil River. This area is included
on the USGS map titled Glen Canyon Recreation Area, Utah-Arizona, 1969.
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The geologic strata of the area range from Pennsylvanian to Cretaceous in
age and are mostly sedimentary eolian and marine deposits (see Fig. 2). The
Lake Powell area is part of the Colorado Plateau and consists of mostly hori-
zontal sediments cut by steep vertical canyons. The trend of the strata is
generally west at about 5° of dip. Major structural features are the Water-
pocket Fold, the Henry Mountains, Navajo Mountain, and the Echo Monocline.

The Henry Mountains and Navajo Mountain are all igneous structures. Principal
aquifers for the region reside in the Navajo, Wingate, and Entrada sandstones.

: Drainage Selection. A topographic map of Glen Canyon National Recreation
. Area (1:250,000 scale, USGS, 1969) was used to delineate 86 drainages. Deline-
ation was accomplished by outlining drainage divides (high points which con-
trol which way water will flow) and application of the rule that water flows
rpendicular to contours (Manning, 1987). These drainages empty into Lake
well, or into major tributaries (the San Juan and Escalante rivers) which

ed Lake Powell. Drainages emptying into the Dirty Devil River were not
included in this study due to time and accessibility limitations.

, A survey of the geologic formations present in each drainage was done
using the USGS map Geology, Structure and Uraniwm Deposits of the Escalante
adrangle, Utah and Arizona (Hackman et al. 1973). Drainage areas were
asured with a planimeter, the reported value being an average of three
ials.

Time limitations prevented every drainage from being visited by the

rvey crew. Therefore, a list of about 30 drainages were chosen to represent
cross section of streams feeding into Lake Powell. Criteria for selection
re: 1) geologic type; 2) drainage size; 3) location along the lake (lower,
ddle and upper), and; 4) the presence of tar sands or uranium (both of which
n have significant effects on surrounding water resources if they are re-
ved mechanically). These 30 drainages formed the core of the survey. Other
rainages in the vicinity were visited as time permitted.

1 Survey Process. Access is probably the single greatest problem faced by
lany researcher in the Lake Powell area and it played an important part in the
inal results (which drainages were actually surveyed) of this project. All
rainages surveyed were accessed from the lake by powerboat because this is
he most expedient way to reach the survey areas. Notes were made on access-
bility and are included in the presentation of results.

At the site, the drainage was described geomorphologically and photo-
raphs were taken to help with site documentation. Water discharge measure-
ents were taken with a Price AA pygmy meter when water depth permitted;
owever, this was possible on less than a third of the discharging streams.
ther methods employed to measure discharge rates were: 1) bucket and stop-
L watch, and; 2) visual estimation. Water samples were collected in 500 ml,
cid-washed, CPE polyethylene bottles at each site where water volume per-
itted, and returned to the Ralph M. Bilby Research Center of Northern Arizona

niversity for chemical analysis.

7 Vegetation type and plant density were estimated at each drainage in the
L study and the presence of tamarisk was noted qualitatively. A search for
ndangered plant and animal species was not done due to lack of qualified
ersonnel.
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Figure 2. Geologic Strata of the Glen Canyon Recreation Area




Special attention was made to identify areas which could have a bearing

n reserving instream flows or which could be classified as “"critical
~reaches." A critical reach is any section of a drainage which would be influ-
enced more drastically than other sections by a reduction of water. Critical

eaches were identified by applying the following criteria: 1) Is there a

hreat to the instream flow which supports the site or area? 2) Does the site

r area have any unique characteristics of scenic, historic or scientific

nterest? 3) Would a reduction of instream flow reduce access to the site, or

0 an area for recreational purposes? 4) Would a reduction of instream flow

e detrimental to the site or area? 5) Is this site readily accessible to a

easonable amount of users of GCNRA?

Chemical Amalysis. The measurements that were recorded include: pH,
lkalinity, chloride, nitrate, sulfate, calcium, magnesium, sodium, potassium,
ron, manganese, zinc, selenium and arsenic. The pH was measured with an
rion Model 701A Digital Ionalyzer select jon meter equipped with Beckman com-
ination pH electrodes, Model 39502. The pH meter was standardized at values
fpH=7.0 and pH = 4.0 with commercially prepared buffers (J.T. Baker Chemi-
al Company) and corrected for any temperature differences between the buffers
and the water sample. The pH values recorded in this manner are considered

accurate to within +0.1 pH unit.

Alkalinity titrations were performed in duplicate by titrating 50.00 mL
of water samples with 0.1000 M hydrochloric acid. The acid was added to the
water sample from a 10.00 mL micro-buret (Corning No. 2128) and the titration
E was monitored using the pH meter described above. The alkalinity titration
was considered complete at a pH of 4.3.

Cation and anion determinations were made in the laboratory on samples
that were collected, transported and stored in CPE polyethylene bottles. Two
| water samples were collected at each site. The first was not treated before
transporting to the laboratory but the second was treated with one mL of
redistilled nitric acid to prevent the formation of metal precipitates.

Iron, calcium and magnesium levels were determined by flame atomic absorp-
tion spectrophotometry with a Perkin-Elmer Model 560 A.A. spectrophotometer
(Perkin-Elmer, 1980; Christian and Feldman, 1970). Lanthanum (1000 PPM final
concentration) and cesium (1000 PPM final concentration) were added to the
water samples to control chemical and ionization interferences for the calcium
and magnesium analyses. Sodium and potassium levels were determined by flame
enission spectrophotometry with the same instrument. Cesium solution (1000 PPM
final concentration) was added to water samples to control jonization interfer-
ences before preforming the sodium and potassium analyses. The values reported
for cation levels determined by these procedures are accurate to 0.1 PPM.
Electrothermal atomization atomic absorption spectrophotometry was used to
measure the manganese, zinc, selenium and arsenic concentrations. A Perkin-
Elmer Model 5000 atomic absorption spectrophotometer equipped with a Perkin
Elmer Model 400 graphite furnace was used for this purpose. The Mn, Zn, Se
and As levels are considered accurate to # 10 percent of the reported value.

Bicarbonate levels were determined titrametrically from the alkalinity
titration described above. Sulfate and nitrate levels were determined by the
‘technique of ion chromatography using a Spectra-Physics SP8700 pump equipped
with a Wescan ion conductivity detector and Vydac anion colums. The bicarbon-




te values are considered accurate to within 1 percent of the reported value
hile the sulfate and nitrate levels are considered accurate to within 5 per-
ent of the reported value. Chloride levels were determined potentiometric-
1y in the laboratory with an Orion Model 701A Digital Ionalyzer equipped

ith an Orion chloride electrode. All samples were diluted 1:1 with a commer-
ial total ionic strength adjusting buffer before pCl values were recorded,

nd the reported values are considered accurate to within +0.01 ppm.

_Results

A total of 43 drainages were visited, with only 18 containing sufficient
~amounts of water to permit sampling for chemical analysis. Tables I and II
~contain alphabetical listings of each drainage visited.

Table I is titled "Drainage Characteristics" and summarizes the name of
he drainage and the name of the area drained, the geologic units represented
t each site, and gives the total area drained. Table II is titled "Drainage
bservations" and lists the vegetation identified at each site, the dischagre
ate for flowing water and comments about: 1) access, 2) whether or not
amples were taken for chemical analysis, 3) a qualitative description of the
egetation, and 4) observations about critical reaches, the presence of uran-
um or tar sands, and miscellaneous field observations. Table III contains
dditional field observations that could not be incorporated into Tables I and
I. The chemical results are listed separately in Tables IV and V.

Discussion

Charge balance calculations were performed on all water samples to insure
hat no chemical constituents were missed in the analysis. The results of
hese calculations are shown in Table VI.

A1l water samples are alkaline with pH's ranging from 7.24 (Bowns Canyon)
to 8.44 (Johns Canyon). The measured alkalinities (due almost exclusively to
bicarbonate ion, HCO3) ranged from 134 mg CaCO5/L (Bowns Canyon) to 882 mg
Caﬂh/L (Slickrock Canyon No. 2). The calcium levels are high in all samples
ranging from 15.3 PPM Ca (Bowns Canyon) to 114 PPM (Dark Canyon) and the
magnesium levels range from 6.60 PPM (Bowns Canyon) to 63.6 PPM. These data
represent typical values expected for waters which have been exposed to lime-
stone and dolomite minerals in arid environments; these waters would be clas-
sified as "hard" to "very hard."

Two water sources (Dark Canyon, 410 PPM, and Hanson Creek, 302 PPM) have
sulfate levels that exceed the 250 PPM standard for domestic water quality
criteria (see Table VII). There is no established sulfate standard for fresh-
water aquatic, marine or wildlife use (see Table VIII). The high sulfate
levels in these water sources indicates exposure to gypsum, a mineral common
to the area.

The chloride concentration was less then 10 PPM in all cases except for
two water samples (Grand Gulch, 38.7 PPM and Slickhorn Canyon, 24.7 PPM). The
sodium level in Grand Gulch was 58.4 PPM and, 47.6 PPM in Slickhorn Canyon,
suggesting the source of chloride in these waters to be sodium chloride.
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Table III. Additional Comments on Surveyed Drainages.

Chaol Canyon: Lovely waterfall and probable perennial flow coupled with close-
ness to main Wahweap marinas make this canyon a good target to justify
instream flow requirements. Access by either boat or trail would aid in
further study.

Dark Canyon: This canyon drains such a large area, much further study would be
needed to ascertain where the perennial flow originates. One of the few
drainages in the upper Tlake which sustains perennial flow. Lower canyon
contains perfect site for stream flow monitoring.

Desha Canyon, Left Fork: Ease of access by boat at low lake levels would make
this the ideal representative location for the San Juan arm of the lake.

Long Canyon: Availability of good-sized seeps makes this site a good one for a
hanging garden study. At low lake level, watch for large submerged rocks.

Oak Camyon: Very well developed riparian growth; a high recreational use area
with easy access by boat at Tow lake Tevels.

Slickrock Canyon: Main drainage never inundated due to drop-off at lake/stream
contact.

- Wilson Canyon: Good candidate for riparian vegetation study. Easy access from
Dangling Rope. Drainage never has contact with lake due to dropoff at
lake/stream contact. Lightly impacted with only a single trail. Source
of flow accessible. Flourishing vegetation/insect/wildlife community.
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Table VI. Charge-Balance Relationships for Glen Canyon Recreation Area
Water Sources.

Water Source Cation Meq Anion Meq % Agreement
Bowns Canyon 1.48 1.58 3.3
Coyote Gulch 3.53 3.02 <7.8
Dark Canyon 11.88 11.68 0.8
Desha Canyon 4.71 5.23 5.2
Forbidding Canyon 1.82 2.08 6.7
Grand Gulch 8.23 8.71 6.1
Hanson Creek 9.17 9.63 2.4
Johns Canyon 5.59 5.10 4.68
Long Canyon 6.57 6.01 4.5
Navajo Creek 4.99 5.04 0.5
Piute Creek 2.29 2.98 13.1
Reflection Canyon 4.47 3.83 7.7
Slickhorn Canyon 8.57 8.23 2.0
Slickrock Canyon (No. 1) 4.58 4.10 5.5
Slickrock Canyon (No 2) 9.03 8.12 5.3
Ticaboo Creek 5.00 4.44 5.9
Trachyte Creek 6.92 6.36 4,2
Wilson Creek 2.84 2.47 7.0

|[Cation Meq] - [Anion Meq]|
[Cation Meq] + [Anion Meq]

Percent Agreement = x 100
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Table VII. Water Quality Criteria for Domestic Water Supp]iesl’z’3

Constituent Permissible Criteria Desirable Criteria
Arsenic, As 50 Absent
Baruum, Ba 1,000 -
Boron, B 1,000 -
Cadmium, Cd 10 -
Chlorides, CIl 250,000 <25
Chromium, Cr (Hexavalent) 50 Absent
Copper, Cu 1,000 Virtually absent
Iron, Fe (Filtrable) <300 Virtually absent
Lead, Pb <50 Absent
| Manganese, Mn (Filtrable) <50 Absent
i Mercury, Hg 2 -
L Selenium 10 Absent
Silver 50 - j
Sulfates 250,000 <50 |
Zinc 5,000 Virtually absent i

111 concentrations reported as micrograms of solute per liter, part-per- i
billion (PPB). |

Znquality Criteria for Water," U.S.EPA Report-440/9-76-023 (1976).

3"Report of the Committee on Water Quality Criteria." Federal Water Pollution
Control Administration, U.S. Dept. of the Interior, U.S. Government Printing
0ffice, Washington D.C., 1968




ffTﬂﬂe VIII. Water Quality friteria for Freshwater Aquatic, Marine and
f Wildlife Uses.

Concentration, Micrograms of Solute per Liter, PPB

f Element Freshwater Aquatic Marine Wildlife

E Cadmium, Cd 1.22 5.02
E Chromium, Cr 100 -
; Copper, Cu 893 893
L Iron, Fe 1,000 -
 Lead, Pb 13.8% -
L Mercury, Hg 0.05 0.10
| Nickel, Ni 3925 3925
Selenium, Se 25 25
 Silver, Ag 1000 1006
| Zinc, Zn 727 727

1 liguality Criteria for Water," U.S. EPA Report-440/9-76-023
| ? Hardness in excess of 150 PPM.

; 3 For Rainbow trout, Salmo gairdner, hardness of 290 PPM.

é 4 For Rainbow trout, Salmo gairdner, hardness of 300 PPM.
% 5Species of fish unspecified, 'hard' water specified.

_- 6 For Stickleback, Gasterosteus aculeatus.

g T For Rainbow trout, hardness of 333 PPM.
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? Potassium levels ranged from 0.85 PPM to 6.06 PPM, well within the range
| expected for natural waters of this type (Hem, 1970).

1 Iron, manganese and zinc concentrations are important because they can be
| used as indicators of environmental pollution. Although there are many natu-
. ral sources for these elements in surface waters, mineral extraction and min-
ing operations will result in elevated iron, manganese and zinc levels. The
 jron and manganese concentrations listed in Table V are significantly higher

L than for similar water samples in the Grand Canyon. Iron concentrations

| exceed the permissible criteria for domestic water supplies, 0.300 PPM, at

L eight sites (Bowns Canyon, Coyote Gulch, Forbidding Canyon, Long Canyon,

| Navajo Creek, Reflection Canyon and Slickrock Canyon, Nos. 1 & 2). The iron

! concentration for freshwater aquatic, marine and wildlife use, 1.000 PPM, is

E only exceeded in one water source (Navajo Creek, 1.289 PPM). There are no

' established standards for freshwater aquatic, marine, and wildlife use for
manganese in water, but the permissible standard for domestic drinking water
is 0.050 PPM. This manganese standard is exceeded in ten water sources (Bowns
Canyon, Coyote Gulch, Desha Canyon, Forbidding Canyon, Hanson Creek, Johns
Canyon, Long Canyon, Navajo Creek, Reflection Canyon and Slickrock Canyon Nos.
1&2). The zinc levels for both domestic water supplies and freshwater

| aquatic standards were within acceptable Tlevels at all sites. Although these
L measured iron and manganese concentrations were higher than expected, they do
ot indicate external pollution. The concentrations reported for these
elements are within the ranges expected for uncontamainated, natural waters.

Selenuim and arsenic concentrations were measured in the water samples
because they represent a serious health threat if present, and they have been
reported at elevated levels in many Grand Canyon waters (Foust and Hoppe,
1985).. A1l of the selenium and arsenic levels recorded were within both the
limits established for domestic drinking water and for freshwater aquatic,
marine and wildlife use.

The focus of this survey was primarily on establishing the location of
perennial streams. But, the availability of water can influence a particular
| area in many different ways. First of all, since the ratio of dry drainages
- to running drainages is quite high in GCNRA, the scarcity of running tributar-
 jes to Lake Powell (excluding major tributaries such as the San Juan and
Escalante rivers) is itself a basis for protection (i.e., "preserving the
| natural flow of free water," NPS, 1972). Many of these streams maintain a
L delicate balance which could be easily disrupted by withdrawal of water from
the watershed.

; For this study, a cross section of drainages was selected with the

| initial idea that perhaps some "average" of instream flow could be calculated
L for the Lake Powell area. In reality, the influencing factors of instream

L flow requirements are so variable that each individual area or specific drain-
| age would have its own set of minimum flow requirements; these requirements

i could not be transferred to another area. The only real commonality might be
. the minimum requirement to maintain riparian vegetation.

4 A reduction in flow due to groundwater diversion could easily upset the
L ecological balance of the drainages in GCNRA. Certain points in life cycles
L of fish and vegetation could be disrupted by lack of water. If the instream
i flows were decreased or stopped, sites with unique characteristics such as
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waterfalls or natural bridges, would not only have their aesthetic appeal
reduced but also the processes causing their formation. Water-sensitive vege-
tation in hanging gardens, for example, would be severely impacted by reduc-
tions in flow due to groundwater diversion. In the dry climate of GCNRA, the
occurrence of verdant pockets of vegetation contrasted against the stark red
walls of the canyons is of major aesthetic importance to the recreation area.
Since most of these gardens are dependent on groundwater seepage, diversion
from the supporting aquifer through wells would be the greatest danger.

Surface water diversion would also disrupt the cleansing cycle of flash
floods, increasing the influence of vegetation enroachment on stream channels.
This could be a hazard since only a proportionally larger flood could use the
channel, perhaps after building up a dangerous head of pressure behind damming
obstacles. Vegetation encroachment is also undesirable if it obstructs
recreational use of the area. Tamarisk thickets pose the greatest threat of
vegetation enroachment to the drainages of GCNRA.

Reduction of instream flow may have an adverse affect on the control of
Tamarix pentandra, commonly known as tamarisk, a non-native type of riparian
vegetation. Seedlings of tamarisk, unless washed away by periodic fluctua-
tions in river level, will grow in thickets which obstruct access to banks of
tributaries. This restricts available campsites which are accessible from the
lake and restricts recreational use by fishermen and hikers (Irvine et al.,
1976). Tamarisk, unless controlled, has a competitive advantage over the two
native tree species of the area, Salix exigua and Populus fremontii. Besides
the physical problems caused by thick encroachment along shorelines, it can be
argued that since tamarisks are not a native tree and the nature of their
growth pattern is so different from that of native species, they are destruc-
tive to scenic and aesthetic features of the recreation area.

If diversion of surface runoff causes a significant and consistent
decrease in flood characteristics, tamarisk encroachment becomes a serious
threat at the lake/tributary mouth interface. This area is where many of the
available campsites are found at Lake Powell.

In a water-sensitive area, any diversion could have a negative impact far
downstream. Glen Canyon Recreation Area contains few of the sources for
drainages which end up in the park. Only by protecting the resources which
maintain areas within GCNRA can the recreation area fulfill its obligation to
its users.

Reasons for Hydrologic Diversion. Diversion of instream flow could arise
from several sources. Many areas of the recreation area already are impacted
by cattle grazing. To provide for these cattle, ranchers want to be allowed
to divert surface runoff into tanks. These tanks are often formed by blocking
off a source of runoff. One use of water appropriated by the state would be
to allocate runoff for cattle.

Another use for instream flow is for mineral/energy fuels extraction.
Besides the potential environmental damage from tar sands or uranium develop-
ment due to erosion and pollution, there is also the amount of hydrologic
impact to consider. The damage resulting from lowering the water table by
intensive water extraction has yet to be assessed, but vegetation which is
dependent upon groundwater seepage would be strongly impacted. In many places
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in GCNRA, there are no other consistent sources of water. If the groundwater
resources are lost, hanging gardens and riparian vegetation will be lost also.

Reservimg Instream Flows. There are several justifications the Park
Service can use to reserve rights to instream flows. One is to justify the
water demand under a need for recreation. This can be water-oriented recrea-
tion, such as fishing, boating, and other water sports, or land-based recrea-
tion such as camping and hiking.

Another way for GCNRA to justify water reservaton claims is to argue that
the water is needed for the preservation of species, be they endangered or
simply sensitive to fluctuation of water supply. Such species would include
wildlife, fish or vegetation. This sort of preservation would fall under pro-
tection of scientific and scenic features. Tables IX, X and XI contain lists
of plant, animal and bird species known to be in the Glen Canyon National Rec-
reation Area (Foust, 1981). Unfortunately, Tittle is known about indigenous
native fish species in smaller tributaries of Lake Powell.

Any historic site in the recreation area which needed flowing water to
maintain its historic interest or authenticity could also be used as a suffi-
cient reason to reserve instream flows.

Finally, the broadest justification for GCNRA to reserve in stream flows
would be the protection of scenic or aesthetic features contained in the Lake
Powell area. This would include of the above. justifications, in addition to
any site which had intrinsic appeal due to flowing water.

Identification of Critical Reaches. Only those drainages sustaining
perennial discharge were considered when identifying critical reaches, thereby
reducing the selection field from 43 to 23, including Alcove Canyon, Bowns
Canyon, Chaol Creek, Cow Canyon, Coyote Gulch, Dark Canyon, Desha Canyon,
Forbidding Canyon, Grand Gulch, Hansen Creek, Iceberg Canyon, Lake Canyon,

Long Canyon, Navajo Creek, Oak Canyon, Piute Creek Waterfall, Piute Creek,
Reflection Canyon (right fork), Slickhorn Canyon, Slickrock Canyon, Ticaboo
Creek, Trachyte Creek and Wilson Canyon. O0f these, Slickhorn Canyon and Grand
Gulch were eliminated due to very limited access (river raft only).

As the best example of hanging gardens seen in the surveyed group, Long
Canyon was selected as a representative of drainages with hanging gardens.
Alcove and Cow canyons and Ticaboo Creek, other examples of well-developed
hanging gardens, were eliminated. However, if a representative for their
areas was needed, any could be the site of further vegetation water require-
ment studies.

The presence of uranium and/or tar sand deposits in the drainage area of
a discharging stream was considered to be a threat to its instream flow. Dark
Canyon, Desha Canyon and Piute Creek Waterfall were selected as unique and
widely separated examples of areas whose resources would be threatened by
mineral extraction. Desha Canyon and Piute Creek Waterfall are both on the
San Juan River, but Desha Creek has a drainage area of 25 square miles and
Piute Creek Waterfall springs from a cliffside and runs 200 yards to meet Lake
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Tab]e IX. List of vascular plant species known to be present in the Glen Canyon National

I'8eS

Fraxinus anomalus

| Juniperus osteosperma

| Pinus edulis

| Quercus gambelii

hrasses

| iristida lomgiseta

b iristida sp.

b Bouteloua barbata
Bouteloua eriopoda

| Bouteloua gracilis

| Bromus Sp.

L Distichlis stricta
Bilaria jamesii

| Hilaria sp.

| Muhlenbergia pungens

| Munroa squarrosa
Oryzopsis hymenoides
Sitanton hystriz

| Sporobolus airoides

L Sporobolus cryptandrus
 Sporobolus spp.

| Stipa comata

- Stipa Sp.

orivs

 Artemisia arbuscula var. nova
Artemisia bigelovii
fchinocactus xeranthemoides
irtemisia tridentata
irtemisia sp.

itriplex canescens
itriplex confertifolia
| (hrysothamnus greenit
(hrysothamnus nauseosus
lowania mexicana

Iphedra viridis
utierrezia microcephala
utierrezia sarothrae

| Opuntia Spp.

luntia whipplei

fhus sp.

fucca amgustissima

hrbs

thronia fragrans

| indrostephium breviflorum
lster arenosus

lster tanacetifolius
fster tephroides
fstragalus breviflorum

Astragalus mollisimus
Calochortus muttallii
Castilleja linariifolia
Chaenactis stevioides
Chenopodium fremontit
Chenopodium Spp.

Cirsium wheeleri
Cordylanthus wrightii
Crypthantha circumscissa
Crypthantha crassisepala
Crypthantha jamesii
Cymopteris newberryi
Delphinium scaposum
Descurainia obtusa
Descurainia pinnata
Eriogorum cerwum
Eriogonum corymbosum var. corymbosum
Eriogorum leptocladon
Eriogorum wnmbellatum
Erigeron divergens
Erotia lanata

Euphorbia fendleri
Euphorbia melanadenia
Gilia lomgiflora

Gilia polyantha

Gilia simuata

Gilia sp.

Helianthus spp.
Hymenopappus filifolius
Lepidiun montarum

Lirum aristatum

Lupinus pusilus

Menzelia pumila
Malocothrixz glabrata
Oenothera pallida

Pectis papposa

Penstemon Sp.

Plantago purshii
Phacelia ivesiana
Portulaca oleracea

Rumex Sp.

Salsola kali

Solidago petradoria
Sphaeralcea cocecinea
Sphaeralcea grossulariaefolia
Streptanthella longirostris
Stephanomeria exigua
Townserdia incana
Zygaderus elegans

flsed on a vascular plant inventory of Pinyon-Juniper Woodlands in the vicinity of nearby
liajo Mountain. By permission of Northern Arizona University, Emirommental Impact
Wudies of the Navajo amd Kaiparowits Power Plants, 1973-1974. Third Anmual Report. Vol.
[, 390 pp. NTIS Access. No. PB 242845,




Table X. List of mammals known to be present in the Glen Canyon National

Recreation Area.

Common Name

Scientific Name

. Carnivores:

Coyote

Red Fox

Gray Fox

Ring-tailed Cat

Spotted Skunk

Striped Skunk

Mountain Lion

Bobcat

Long-legged Myotis
California Myotis
Western Pipistrelle

Big Brown Bat

Townsend's Big-eared Bat
Brazilian Free-tailed Bat
Pallid Bat

Northern Grasshopper Mouse
Spotted Bat

Badger

Merriam Shrew
Black-footed Ferret

Hervivores (Primary Consumers):
Mule Deer
Antelope
Black-tailed Jack Rabbit
Desert Cottontail
White-tailed Prairie Dog
Spotted Ground Squirrel
Rock Squirrel
White-tailed Antelope Squirrel
Colorado Chipmunk
Valley Pocket Gopher
Silky Pocket Mouse
Apache Pocket Mouse
Ord's Kangaroo Rat
Western Harvest Mouse
Canyon Mouse
Deer Mouse
Brush Mouse
Rock Mouse
Pinyon Mouse
Stephen's Woodrat
White-throated Woodrat
House Mouse

Canis latrans mearnsi

Vulpes vulpes

Urocyon cinereoargenteus scotti
Bassaricus astutus arizonensis
Spilogale puterius gracialis
Mephitis mephitis estor

Filis concolor

Lyrx rufus baileyt

Myotis volans interior

Myotis californicus stephensi
Pipistrellus hesperus hesperus
Eptesticus fuscus pallidus
Plecotus townsendi pallescens
Tadarida brasiliensis mexicana
Antrozous pallidus pallidus
Onychomys leucogaster pallescens
Euderma masculata

Taxridea taxus

Sorex mirriami

Mustela nigripes

Odocoileus hemionus cooki
Antilocopra americana

Lepus californicus texiarnus
Sylvilagus auduboni warrent
Cynomys gunmisoni zuniensis
Ccitellus spilosoma cryptospilotus
Citellus variegatus grammirus
Citellus leucurus cinnamomeus
Eutamias quadrivittatus hopiensis
Thomomys bottae aureus
Peroganthus flavus hopiensis
Peroganthus apache apache
Dipodomys ordii longipes
Reithrodontomys megalotis
Peromyscus crinitus auripectus
Peromyscus maniculatus
Peromyscus boylii rowleyi
Peromyscus nasutus nasutus
Peromyscus truei truet

Neotoma stephensi relicta
Neotoma albigual laplataensis
Mus musculus
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ple XI. List of bird species known to be present in the Glen Canyon National Recreation

mon Name

Scientific Name

Winter Summer Permanent
Resident Resident Resident

rkey Vulture
arp-shinned Hawk
ger's Hawk
-tailed Hawk
rruginous Hawk
lten Eagle

iirie Falcon
rin

irrow Hawk
gh-legged Hawk
sh Hawk

mon Nighthawk
rowing Owl

eech Ow1l

hit Horned Owl -
rning Dove

kser Goldfinch
ik Bunting

kiern Meadowlark
ern Kingbird
ned Lark

ntain Bluebird
irling

ton's Vireo

y Vireo

e Sparrow

it's Oriole
hn-headed Cowbird
hitic Tanager
k-headed Grosbeak
s Finch

e Siskin

ws-sided Towhee
n Towhee

it Sparrow
it-throated Sparrow
i-eyed Junco
y-headed Junco

fining Sparrow

wer's Sparrow
gk-chinned Sparrow
te-crowned Sparrow
h-winged Swallow
ff Swallow

pller's Jay

ik-throated Gray Warbler

Cathartes aura
Accipiter striatus
Accipiter cooperii
Buteo jamaicensis
Buteo regalis

Aquila chrysaetos
Falco mexicanus

Falco columbarius
Falco sparvernus

Buteo lagopus

Circus syaneus
Chordetiles minor
Athene cunicularia
Otus asio

Bubo virginianus
Zenaidura macroura
Carduelis psaltria
Calamospiza melanccorys
Sturnella neglecta
Tyrannus verticalis
Eremophilia alpestris
Stalia currucoides
Sturnus vulgaris

Vireo huttoni

Vireo vicinior
Derdroica nigrescens
Passer domesticus
Icterus parisorum
Molothrus ater

Piramga flava
Pheucitus melanocephalus
Carpodacus mexicamis
Carduelis pinus

Pipilo erythrophtalmus
Pipilo fuscus
Chondestes grammacus
Amphispizo bilineata
Junco hyemalis

Junco cantceps
Spizella passerina
Spizella breweri
Spizella atrogularis
Zonotrichia leucophyrs
Stelgidopteryx rufficollis
Petrochelidon pyrrhonota
Cyanocitta stelleri

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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jmon Name

Scientific Name

Winter Summer

Permanent

Resident Resident Resident

nb Jay

mon  Raven

gmon Crow

fnon Jay

untain Chickadee

iin Titmouse

sht it

ite-breasted Nuthatch
piick's Wren

gyon Wren

k Wren

ckingbird

issal Thrasher

e Thrasher

grican Robin

stern Bluebird

mnsend's Solitaire
jby-crowned Kinglet
hiinopepl a

rthern Shrike

ggerhead Shrike
ite-throated Swift
lick-chinned Hummingbird
tad-tailed Hummingbird
mon (Red-shafted) Flicker
iry Woodpecker
hider-backed Woodpecker
i-throated Flycatcher
iy's Phoebe

hiy Flycatcher
folet-green Swallow

biper Sparrow

ng Sparrow

e Sparrow

fwer's Sparrow

Aphelocoma coerulescens
Corvus corax

Corvus brachyrhynchos
Gymnorhinus cyanocephalus
Parus gambeli

Parus tinornatus
Psaltriparus minimus
Sitta carolinensis
Thryomanes bewickii
Catherpes mexicanus
Salpinctes obsoletus
Mimus polyglottos
Toxostoma dorsale
Oreoscoptes montarus
Turdus migratorius
Stalia mexicana
Myadestes townsendi
Regulus calendula
Phainopepla nitens
Lanius excubitor
Lanius ludovicianus
Aeronautes saxatalis
Archilochus alexandri
Selasphorus platycercus
Colaptes cafer
Picotides villosus
Picoides scalaris
Myiarchus cinerascens
Sayornis saya
Empidonax wrightii
Tachycineta thalassina
Pooecetes gramineus
Melospiza melodia
Amphispiza belli
Spizella breweri

X
X
X
X
X

X

X

X
X

X

X
X
X
X
X
X
X
X
X
X
X

X X X X

X X X X X

>x x

(updated) 1957.

Arizona.

lists compiled from the following sources:
iy A0U Check-list of North American Birds. American Ornithologists Union, 5th Ed.

e, Chris, 1974. Density in Areas of Secondary Succession on Powerline Rights of Way;
Secondary Succession Along Major Transmission Lines Rights of Way: A Progress Report.

ie, Chris, 1975. The Impact of Powerline Construction on Birds in Central Arizona.
Northern Arizona University MS Thesis.

s, Vernon, et al. 1977. Birds of Navajolard. Navajo Tribal Museum, Window Rock,
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Powell, having a drainage area of essentially zero. Dark Canyon has a drain-
age area of 269 square miles, making it the largest area to sustain a peren-
nial stream. It is also located in the northernmost section of GCNRA.

Those drainages that contained unique characteristics of scenic, scien-
tific or historic interest were set aside as critical reaches when the pres-
ence of water contributed to their appeal. Bowns Canyon, supporting very
well-developed riparian vegetation and hanging gardens, is also the site of
several archaeological discoveries. Chaol Creek has a beautiful waterfall.
Since it and Navajo Creek are very similar in size and drainage characteris-
tics, Chaol Creek was selected due to the additional presence of a unique
scenic feature. Coyote Gulch was identified for its scenic beauty in a
heavily used hiking area. Forbidding Canyon is the host of Rainbow Bridge,
one of the main tourist attractions in GCNRA. Iceberg Creek had signs of a
beaver community along with thriving riparian vegetation. It is also heavily
used by boat campers. Lake Canyon is unique of all the drainages surveyed for
its geomorphology. Stream action is eroding through deposits of an ancient
lake, exposing sandy bluffs and a wide, flat alluvial valley thick with willow
growth. Wilson Canyon is the best example of a drainage never impacted by
lake inundation, its lake interface being a six-foot cliff. Beaver signs were
observed and water 1ife was present. The area, although easily accessed from
the lake, is minimally impacted by hikers and the drainage is small. Of all
the drainages surveyed, this is the best site for a riparian vegetation study,
being close to Dangling Rope, easily accessed and of a limited area.

The remaining drainages all sustain low discharge, mostly seeping over
slickrock, making quantification extremely hard. The drainages identified as

critical reaches all sustain flows measurable by either a pygmy current meter
or a weir.

Recommendations

Many strategies to reserve instream flows rely on determination of the
minimum flows required to support fish or wildlife. The data needed to estab-
lish claims of minimum flows required to support the flora and fauna of GCNRA
does not exist. This lack of data presents a serious problem for the Park
Service should a challenge to water rights be mounted by another agency.
Inmediate efforts should be made to determine the following:

1. Water needs of various species of vegetation.

2. Effect of flooding on tamarisk control.

3. Fish, wildlife and vegetative species types present within the GCNRA.
4. Endangered species preservation requirements.

5. Locations/descriptions of unique scenic features in GCNRA.

6. Continuation of the data base started in this study.

This data base could be used to support instream flow reservation strate-
gies, and also meet the ongoing research mission of GCNRA. The acquisition of
this data could be through currently funded projects. Obtaining this data
also supports the Level II management plan objective: "to provide the richest
possible interpretive experience to visitors of the recreation area."




Flow monitoring with no specific application of data in mind would be
next to useless. Each flow monitoring program is tailor designed to answer
specific questions. Data acquired without these specific parameters will not
be applicable in a water-rights litigation. Support data such as that listed
above, however, could be applied anywhere in the recreation area where these
species occurred. This data would be the backbone of further study in any
specific area which had its instream flow needs under scrutiny.

One immediate possibility is to continue the stream survey. A way to do
this with minimum funding is to use already available park service personnel.
Rangers and interpreters are stationed throughout the recreation area. Their
use would minimize the necessary travel which would be needed if only one
parkwide base were used (as in this study). As a normal part of their jobs
they visit many parts of the recreation area. Many are also interested in the
outdoors on a personal level. A standard form could be produced with blanks
for drainage characteristics. As drainages are visited, the forms can be
filled out and returned to resource management. Repeat visits would be espe-
cially valuable for generating wet/dry drainage data. Resource management
could maintain a central file and as funds allow, generate an alphabetical
data base which includes each stream and all the data known about it. This
data base could be a useful tool in the planning stages of any field project
requiring information on a specific drainage or Targer area. Other resource
management needs could be incorporated, such as abundance of cattle signs,
human litter concentration and number of campsites. Archaeoogical and scenic
sites would be noted also.
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Appendix A

Following are tables which 1ist all drainages used to set up preliminary
data pool for final stream survey site selection. These are listed alphabet-
ically. Map references are provided, as well as calculated drainage area,
area drained and geologic occurrence for each drainage. T and U indicate the
presence of tar sands or uranium. SJR = San Juan River; ER = Escalante River.

Also following is a list of the geologic units occurring in the Lake
Powell area, from oldest to youngest in age. Included is a detailed descrip-
tion of each unit and a list of canyons where outcrops of the unit may be
found (Geology, Structure, and Uranium Deposits of the Escalante Quadrangle,
1973). Since the drainages often cut through many miles of length, outcrop
occurrence may be outside the park boundary, but still within the drainage
regime. SJR = San Juan River; ER = Escalante River; WC = Wahweap Creek.
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Appendix B

Photographs of selected critical reaches
identified as part of this study

e




Bullfrog Creek
(lake/dry creek bed interface

Bullfrog Creek (above lake/creek bed interface).




Hansen Creek (stream/lake interface)
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Hansen Creek
Sampling point
shown by backpack

Lake Canyon, typical section
Wide sandy bottom confined
by cliff and sandy bluffs.
Current meter rod for scale.
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Long Canyon - pour off

Long Canyon - seep
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Long Canyon - Large seeps
with author for scale

Long Canyon - vegetation




Long Canyon from lake

Long Canyon with pour offs

and seeps
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Long Canyon pool at base of pour off.

Moki Canyon - No visible flow




Reflection Canyon, right fork

Slickrock Canyon
sampling point above
lake/pour-off contact
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Slickrock Canyon - typical vegetation

Slickrock Canyon
pour-off into lake at left




Smith Fork
No visible flow
remnants of runoff
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Smith Fork

Wilson Canyon
typical section
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Wilson Canyon
typical section

Wilson Canyon
typical section




