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I. RESEARCH SUMMARY

Water Quality Analyses of the Colorado River Corridor of Grand
Canyon documents baseline water quality studies of the Colorado River
and tributaries. This report is written to provide resource agencies
and river runners with a perspective of water quality status as it
relates to river running activities. Specifically, the research is
problematic of Grand Canyon, but many of the findings have broad impli-
cations for other white water recreational rivers. This document is
divided into five sections: I. research summary, II. research intro-
duction, III. research methods, IV. data presentation, and V. discus-
sion, conclusions, and recommendations.

A. RESEARCH PURPOSE

Water quality analyses in Grand Canyon examined Colorado River and
tributary baseline water quality status in relation to recreational
float trip use of the river corridor. Float trip use of Grand Canyon
has increased over recent years (since 1966) to levels which have caused
concern for water quality-river running associations. River runners have
traditionally used the Colaorado River and tributaries as sources of
drinking and cooking water, for swimming and bathing, and, at times, as
a disposal for some refuse, e.g., dishwater and leftover food. Associ-
ated with float trip use of the river corridor water resources has been
potential water quality hazards. During the 1972 and 1979 float trip
seasons (May through September) outbreaks of gastroenteritis* occurred
among river runners in Grand Canyon, prompting investigation by the
Center for Disease Control, Atlanta, Georgia; an enteric pathogen
Shigella sonnei was isolated from some river-trip participants. Poten-
tially, the Colorado River or a tributary served as a source or carrier
of the pathogen, though this has not been confirmed. Enteric disease
organisms excreted in feces by humans, wildlife or domestic animals can
become potential sources of infection; water contaminated with fecal
organisms can distribute diseases.

The purpose of this study is to develop baseline profiles of the
water quality status of the Colorado River and the confluent reaches of

*Gastroenteritis is one of several diseases of the stomach and intestines
caused by one of a number of enteric pathogens; associated symptoms in-
clude diarrhea, nausea, vomiting, headache, and weakness.
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its tributaries within Grand Canyon. Results of the study will serve
as a reference for National Park Service management policies for Grand
Canyon and as a basis for future research of Grand Canyon and other
white water rivers.

B. RESEARCH APPROACH

Water quality analyses of the Colorado River corridor occurred
during the 1978 and 1979 river running seasons. Examination of the
extensive river corridor necessitated analyses in the field. Travel
through the Grand Canyon was via research rafts in a series of six
float trips, April through September, in 1978, and two float trips,
guly and August, in 1979; 82 field days in 1978 and 22 field days in

979.

A total of 497 water quality samples were collected over two seasons
from the Colorado River along the 225-mile stretch from Lees Ferry to
Diamond Creek, the launch and take-out points of the research trips.

The confluent reaches (within approximately 200 yards of the Colorado
River) of 26 side creeks in the river corridor were also sampled in
1978; nine tributaries were sampled in 1979. Additional samples col-
lected from upstream locations on some side creeks increased the tribu-
tary sample site total to 33 in 1978 and to 13 in 1979 for a two season
total of 215 individual tributary samples.

Selected microbial, physical, and chemical parameters were measured
to determine baseline water quality status in the Colorado River corri-
dor of Grand Canyon. Research emphasis was on microbial water quality;
physical and chemical parameters were measured to facilitate evaluation
of the microbial profiles. Microbial parameters included fecal coliform
(FC) bacteria and fecal streptococcus (FS) bacteria densities; physical
parameters included turbidity and water and air temperature; chemical
determinations included alkalinity, hardness, phosphate, nitrate, chlo-
ride, total dissolved solids, and pH.

FC bacteria and FS bacteria are groups of enteric indicator orga-
nisms which occur naturally in the digestive tract of warm-blooded ani-
mals, are nonpathogenic, and are excreted from the body in fecal matter.
Concentrations of these bacteria groups in water are proportional to a
probability of enteric pathogens also being present, indicating a water
quality hazard. FC bacteria predominate among human enteric organisms
and FS bacteria predominate among enteric organisms of nonhuman warm-
blooded animals; the relative ratios of the densities in water of the
two bacteria groups is indicative of the probable source of fecal con-
tamination, human or nonhuman. Federal and state water quality standards
for recreational waters are based on FC densities, i.e., 200 FC/100 mi
for full body contact and 1000 FC/100 m1 for partial contact.



Enteric organisms can be found in the water column and underlying
bottom sediment of natural aquatic environments. Traditionally, recrea-
tional water quality studies are limited to analyses of surface water
densities of indicator organisms; bottom sediment concentrations of
enteric organisms are rarely examined or even recognized as critical
factors in determining the overall water quality status of a recreational
resource. Overlooking bottom sediment water quality considerations can
lead to false conclusions regarding recreational water quality status.
Bottom sediments are a microbial habitat where enteric organisms can
persist and concentrate, representing a significant latent potential to
degrade surface water microbiological quality is resuspended by currents,
wave action or recreational activities (Van Donsel and Geldreich, 1971;
?S;dyicks, 1971; Motschall, 1976; Winslow, 1976; McKee, 1977; and Morse,

9).

University of Arizona research in Grand Canyon examined FC and FS
densities in Colorado River and tributary surface waters and FC densities
in river and tributary bottom sediments. Surface water bacteria densi-
ties were determined in the field using membrane filter (MF) methodolo-
gies for microbiological analyses; MF techniques were adaptable to field
research procedures. Bottom sediment bacteria densities were determined
by two variations of the most probable number method (MPN), a multiple
fermentation tube technique which was not readily adaptable to field
research. In 1978, a technique of storing bottom sediment samples
intact on ice for up to 14 days was developed and successfully tested
and used. Bottom sediment samples collected in the field were stored
on ice until transport out of the Canyon to a laboratory for MPN analyses.
For the 1979 research phase, the MPN methodology and apparatus were modi-
fied to allow in-the-field analyses.

Sample designs for the Colorado River and tributaries were distinct.
Two designs were employed to assure representative analyses of the river.
A fixed site design identified river sample points located in a pattern
to detect influences of tributary inflows, current irregularities, and
light and intensive recreational use on Colorado River water quality;
surface water and bottom sediment samples were collected at fixed sites.
A time series sample design complemented the fixed site design by assur-
ing comprehensive sampling of the Colorado River surface waters through
time; surface water samples were collected at 0800, 1200, and 1800 hours
each day at the location of the research rafts at the specified period.

Tributaries were sampled by a fixed site design. Multiple sites
were located at Hermit Creek, Elves Chasm, Deer Creek, and Havasu Creek
to detect potential water quality associations with intensive recrea-
tional use. Surface water and bottom sediment samples were collected
from selected tributaries.
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C. RESEARCH FINDINGS

Data from 1978 and 1979 show that the Colorado River and tributaries
have similar bacterial water quality profiles. Surface waters show pre-
dominantly low FC densities, indicating high quality waters for recrea-
tional activities, based on established federal and state water quality
standards. Treatment of river and tributary surface water is necessary
to assure drinking water quality standards.

The distribution of FC bacteria in the Colorado River is generally
uniform along its length in Grand Canyon. There are no apparent asso-
ciations between the Colorado River surface water quality and potential
influences of tributary inflows or intensive recreation use river sites.
Colorado River water quality data for 1978 and 1979 do not accurately
reflect the effects of major watershed flushing from summer convection
storms; a dry climate regime persisted in 1978 and 1979. Significant
surface water quality impacts can be anticipated in conjunction with
major storm water runoff events as watersheds are flushed and fecal
matter is carried into the streams. Data from 1978 and 1979 suggest
that storm water runoff can have critical impacts on Colorado River and
tributary water quality, but additional research of this phenomenon is
necessary to determine its significance.

Ratios of FC and FS densities indicate that the predominant source
of fecal contamination in the river and tributaries is from nonhuman
sources. Fecal contamination from nonhuman sources should not be dis-
counted as unimportant as some enteric pathogens which can infect man
also occur in a variety of wildlife and livestock species.

Bottom sediment FC densities in both the river and tributaries are
generally significantly higher than in surface waters (see Figure 27 for
an overall graphical illustration of surface water-bottom sediment water
quality relationships). Log mean surface water FC densities in the river
for 1978 were 2.1 FC/100 ml and for 1979, 2.4 FC/100 ml; tributary sur-
face water log mean FC densities were 3.6 FC/100 ml and 8.0 FC/100 ml
for 1978 and 1979, respectively. Log mean bottom sediment FC densities
in the river were 110 FC/100 ml and 51 FC/100 ml in 1978 and 1979,
respectively; tributary bottom sediment 1og mean FC densities were
422 FC/100 ml and 2188 FC/100 ml in 1978 and 1979, respectively. The
extreme high FC density of 1165 FC/100 ml was recorded in the Colorado
River surface water, but 75% of the samples taken showed less than
3 FC/100 m1. The extreme high FC density detected in a tributary was
4810 FC/ml1, but more than 75% of the tributary samples had FC densities
of 11 FC/100 ml or less. Bottom sediment densities in the river and
tributaries reached 48,000 FC/100 ml on several occasions; 43% of the
bottom sediment samples exceeded 500 FC/100 ml and 34% of the samples
exceeded 1000 FC/100 ml.

Bottom sediment analyses modify considerably the water quality
status represented by surface water analyses alone. Singificant densi-
ties of enteric organisms are present in the river and tributary
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environments, representing an important water quality hazard. Associ-
ated with resuspension of bottom sediments is the probability of surface
water contamination by enteric organisms. Recreational activities,
particularly water play in confined tributary pools, can bring river
runners in direct contact with concentrated sediment suspensions in
surface waters.

D. CONCLUSIONS

1)  The microbiological quality of river and tributary surface waters,
during periods of low turbidity, are generally acceptable for
recreation activities, including full body contact. There is a
high probability of surface water degradation if activities re-
suspend sediments, especially in tributary pools where intensive
use and flow characteristics can temporarily concentrate sediment
suspensions.

2) Research indicates that turbid storm water flows in the river or
tributaries have a high potential for significant microbiological
contamination. Additional water quality analyses are necessary to
confirm this phenomenon.

3) When not carrying storm water runoff, tributary inflows in the
summer season have not shown any detectable effects on Colorado
River surface water microbiological quality.

4) Regardless of turbidity levels or collection location, surface
waters of the Colorado River and tributaries require treatment
to assure drinking water standards.

5) Enteric organisms are concentrated in the bottom sediments of the
Colorado River and tributaries at levels which represent microbio-
logical water quality hazards to river runners and other recrea-
tionists using the water resources of the Colorado River corridor.
If disturbed, bottom sediment FC densities can degrade surface
waters beyond microbiological contact standards; suspended sedi-
ments can impair the ability of water treatment techniques to
assure microbiological drinking water standards.

6) Surface water analyses alone cannot be considered sufficient to
determine the water quality status of recreational streams and
lakes; bottom sediment analyses must complement surface water
examinations to provide an accurate water quality perspective.

7) Based on 1978 data, the chemical water quality status of the Colo-
rado River and tributaries, with few exceptions, reflects condi-
tions which are in line with those expected of natural waters.

8) Bottom sediment water quality standards are needed for evaluation
and management of natural recreation waters. Research effort should
be extended to quantify the relationship between bottom sediment FC
densities and recreation water quality hazards.
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RECOMMENDATIONS

Based on the findings of this research, recommendations are offered

in two categories: 1) water quality and recreation float trip use of
the Colorado River corridor, and 2) water quality monitoring and research
in the Colorado River corridor.

1.

Water Quality and Recreation Float Trip Use

of the Colorado River Corridor

Water quality hazards in the Colorado River and tributaries are

primarily associated with a) bottom sediments, b) turbid storm water
runoff, and c) drinking water.

a)

Surface waters of the Colorado River and tributaries are generally
acceptable as full body contact resources if no turbidity is visible;
water play presents a paradox to this situation. Bottom sediments
are inevitably resuspended by water play activities especially in
confined, shallow tributary pools with sediment characteristics as
occurring at Elves Chasm or parts of Havasu Creek. Associated with
sediment resuspension is a high probability of microbiological
degradation of water quality, perhaps exceeding full body contact
standards. Accordingly, caution and good judgment should be exer-
cised when engaging in water play. Ideally, river runners should
choose tributary pools, as at Shinumo Creek (mile 108) or in parts
of Havasu Creek (mile 157), with gravel or stone bottoms or with
sufficient depth to avoid resuspension of bottom sediments during
water play. Water play in pools can create critical water quality
hazards and use of these areas may require restrictions; river
runners should cease activities which dislodge the bottom sediments

or exit water when turbidity becomes visible in the surface waters.
Total submergence of the body is associated with the highest risk

of ingestion of surface waters, and as a minimum precaution should
be avoided if visible turbidity is present. Indiscriminate and
simultaneous use of Elves Chasm by large groups of people will cause
significant sediment disruption; intensive water play should there-
fore be restricted.

Water play activities generally will have less critical impacts
on Colorado River surface water quality than in tributaries. The
currents and volume of the river quickly disperse suspended sediment
and cold water temperatures usually discourage most river runners
from prolonged, concentrated water play. In some shallow, quiet
flow areas, as at Redwall Cavern (mile 33), the action of people
and/or boats could combine to create significant sediment suspen-
sions and prudent river runners should avoid total submergence
contact.
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b) Storm water runoff combines the water quality hazards of bottom

sediment resuspension from flood level flows and watershed flushing.
Microbiological contamination of storm water runoff is probable and
full body contact in storm affected tributaries or the river is not
recommended.

c) In addition to following NPS treatment recommendations for all drink-
ing water collected from the Colorado River corridor, there are
several steps river runners should take to insure the quality of
their drinking water. If flowing relatively clear, the main course
of the Colorado River should be used as the primary source of drink-
ing water; collect water away from the immediate shoreline contact
with beaches and avoid sediment cloud suspension occurring from
wading or upstream disturbances. The volume of water in the Colorado
River acts to dilute the impacts of contamination which could occur;
small tributary flow volumes do not provide this advantage.

Tributaries are secondary choices for drinking water sources
and are not to be used unless the Colorado River is heavily sediment
laden from Canyon storm water runoff, as when the Little Colorado
River is in flood. Tributaries could be used as alternative sources
provided they are flowing clear. Side creeks which should always be
avoided as sources of drinking water include: Paria River, Little
Colorado River, Bright Angel Creek, Garden Creek, Hermit Creek,
Elves Chasm, Havasu Creek, and Diamond Creek. Caution should be
exercised during water collection from a tributary so as to avoid
disruption of bottom sediments. Water should not be collected
following human water play activities at the site or upstream.
Treatment is essential before consumption.

Frequently river runners have no choice but to use turbid,
sediment laden water for drinking purposes; the Colorado River is
the best selection in these events. An essential process in utiliz-
ing turbid water for drinking is settling of the sediment, prefer-
ably overnight, and decanting the supernatant water into a clean
container before treatment to avoid the microbial contamination
often associated with particulate matter and reduce the nullifying
effect sediment can have on chlorine disinfectants. Settling can
be accomplished best in a deep container, such as a bucket, by pour-
ing settled water into a clean container slowly to avoid stirring
the sediment on the bottom of the bucket.

National Park Service management has taken the necessary steps
(i.e., sewage carryout and sanitary procedures) to minimize impacts from
river runners on the water resources in the Colorado River corridor; at
this juncture no other apparent actions could be taken to reduce the
microbial concentrations found in these resources. The key to coping
with the water quality hazards found in the river corridor is user
awareness and understanding of the existing and potential hazards.
National Park Service management should institute a water quality
education program to be disseminated to all inner canyon users
including commercial and noncommercial river runners, Lees Ferry
fishermen, and Grand Canyon backpackers. Water quality education
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would be a valuable addition to the annual commercial boatman training
sessions. Visitors to the Colorado River corridor should know how to
recognize and handle water quality problems as they occur.

2. Water Quality Monitoring and Research in the Colorado River Corridor

Water quality monitoring and additional research in the Colorado
River corridor is recommended. Water quality monitoring, including
bottom sediment analyses during the river running season, will keep
management aware of potential water quality hazard areas; particularly
popular side creek attraction sites. Monitoring processes will also
provide future opportunities for critical research on the water quality
implications of turbid stream water runoff; these conditions were rare
in 1978 and 1979 but potentially represent significant water quality
hazards.

An extension of the Colorado River water quality research is
recommended for the 14-mile stretch of the river between Glen Canyon Dam
and Lees Ferry. Day use of this section of river by fishermen, boaters,
and one-day raft trips have increased dramatically over the last few
years, reaching an annual total of over 15,000 user days for 1979.
Bottom sediment FC densities at Lees Ferry for 1979 show a considerable
increase over 1978 levels, suggesting potential water quality hazards

there and presumably upstream. Presently, the water quality status of
this 14-mile stretch is limited; current use levels and the lack of sani-

tation policies suggest the potential for water quality impacts on river
users as well as human impacts on the river. Research is needed to
clarify this situation.

Concern for surface water-bottom sediment water quality relation-
ships can also be extended to other water resources within Grand Canyon
but away from the immediate river corridor. Bottom sediment examina-
tions are advisable extensions of the National Park Service 208 Water
Quality Project research of inner canyon streams utilized by backpackers.
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RESEARCH INTRODUCTION
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3. Management Actions Taken Regarding Water Quality in Grand Canyon
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DESCRIPTION OF THE STUDY AREA

1. Colorado River Corridor and Watershed Limits

2. Effects of Glen Canyon Dam

a. Temperature Effects

b. Sediment Effects

¢c. Flow Effects

Seasonal Tributary Flows
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I1. RESEARCH INTRODUCTION

Research in Grand Canyon conducted by the University of Arizona in
1978 and 1979 was designed to examine associations between river recrea-
tion activities and water quality. Baseline profiles of selected water
parameters were 1) established for the Colorado River and the lower con-
fluent reaches of 26 tributaries and 2) evaluated for potential impacts
on river runners based on the pattern of their water use anc contact.
Evaluations of potential impacts were facilitated by selection of sample
sites representing varying types of recreation activities and use
intensities. Research analyses concentrated on microbial water quality
parameters; detection and quantification of fecal contamination in sur-
face waters and bottom sediments, through an examination of densities
of enteric indicator organisms, was an essential approach leading to the
understanding of water quality hazards associated with river running
recreation.

Previous water quality research in the Canyon examined only surface
waters of the Colorado River and tributaries; researchers and management
did not recognize nor examine critical associations between recreational
activities, surface water quality, and bottom sediment microbial densi-
ties. Research elsewhere has established that bottom sediment can pro-
vide a microbial habitat where enteric organisms*, including pathogens,
can persist and concentrate (Van Donsel and Geldreich, 1971; Hendricks,
1971; Motschall, 1976; Winslow, 1976; McKee, 1977; and Morse, 1979),
representing a latent potential to dramatically degrade surface microbial
water quality if resuspended by currents, wave action, or recreational
activities (Hendricks, 1971; Geldreich, 1972; Motschall, 1976; Winslow,
1976; McKee, 1977; and Morse, 1979).

First concerns for potential water quality problems in the Colorado
River corridor of Grand Canyon came in 1972 with a major outbreak of
Shigella sonnei (Merson et al., 1974), a gastrointestinal disease which
can be transmitted in water contaminated by fecal matter. Early research
(1975) evaluating microbiological water quality in the river corridor
led the National Park Service (NPS) to conclude that generally unpolluted
conditions existed (NPS, 1979a); management recommended that all drinking
water from the river or side creeks be treated but had not identified
any particular water quality hazards. '

Section II includes A.) a briefing on the significance of the
Colorado River corridor as a recreation resource, B.) research problem
statement, C.) research purpose and objectives, D.) delineation of the
scope of the study, and E.) a short description of pertinent inner Canyon
physical and biotic characteristics.

*Enteric organisms live in the intestines of warm blooded animals and
are excreted in fecal matter; may be pathogenic or nonpathogenic. -

9
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A. COLORADO RIVER CORRIDOR AS A RECREATIONAL RESOURCE

Grand Canyon is a natural wonder known worldwide; its heritage and
recreational resources have been preserved by inclusion in the National
Park System since 1919. The special significance of the Colorado River
corridor of the Grand Canyon has been more recently recognized. In the
Proposed Colorado River Management Plan--Final Environmental Statement
(NPS, 1979a), the National Park Service (NPS) summarizes the unique
qualities of the river corridor (see also Figure 1):

The Colorado River through Grand Canyon is one of eight
stretches of recreation rivers on the Colorado-Green River
system. It is one of more than 44 stretches of recreational
rivers in the western United States.

In Grand Canyon, the Colorado River has unique characteristics
which set it apart from other rivers. It is the longest
stretch of river for recreational use entirely within a
national park. It is surrounded by more than 1 million acres
of land with little human development. Some of the world's
most difficult and exciting white water occurs here. The
Colorado River's isolation in the mile deep gorge of Grand
Canyon gives it wilderness qualities which enhance in addition
to river running, off-river hiking, climbing, sightseeing,

and solitude. ‘

Popular use of the Grand Canyon for recreation float trips has
been a recent phenomenon (Table 1). Following the completion of Glen
Canyon Dam and creation of Lake Powell (1966), dramatic increases in
river travel through the Canyon occurred; the NPS discusses the factors
influencing this trend:

Pre-dam flows were so high during spring runoff that river
running was difficult. On some years, flow volume dropped so
drastically that be September there was too little water for
river running. The more consistent flows and clear water
resulted in the Colorado River below Glen Canyon Dam becoming
one of the most sought-after whitewater recreation rivers in

the Western Hemisphere. Simultaneously other factors encouraged
the growth in river running: emerging interest in wilderness
experience, increased mobility and leisure time, expanding
numbers of people with river-running expertise, and an increased
amount and variety of, as well as improvement in equipment
(Proposed Colorado River Management Plan--Final Environmental
Statement, 1979).

Annual river float trip participation was, in 1973, restricted by
management to 1972 user levels; restrictions stemmed from concern that
increased use was having a negative impact on the resources and on the
visitors' river experience. An NPS-sponsored research program was
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Table 1. Travel on the Colorado River through the Grand Canyon from
1867 to the Present (NPS, 1979a).

Number Number
Year of People Year of People
1867 1 1959 120
1869-1940 73 1960 205
1941 4 1961 255
1942 8 1962 372
1943 0 1963-1964 44!
1944 0 1965 547
1945 0 1966 1,067
1946 0 1967 2,099
1947 4 1968 3,609
1948 6 1969 6,019
1949 12 1970 9,935
1950 7 1971 10,385
1951 29 1972 16,432
1952 19 1973 15,2192
1953 31 1974 14,253
1954 21 1975 14,305
1955 70 1976 13,912
1956 55 1977 11,830
1957 135 1978 14,356
1958 80 1979 13,2283

1Travel on the Colorado River in these years was curtailed by the
completion of Glen Canyon Dam upstream and the resultant disruption
of flow.

2The downturn in visitation was the result of the institution by
management of a quota system. The numbers applying for the available
private permits continued to rise annually.

3Estimate based on NPS data through September 1979 (NPS, 1979b).
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conducted from 1973 through 1976 to assess these apparent impacts. The
Proposed Colorado River Management Plan, scheduled for implementation
in 1980, has been scaled in view of the research findings to minimize
impacts to the Canyon environment and experience.

Commercial and noncommercial float trips occur through the narrow
corridor of Grand Canyon. Commercial trips are sponsored by licensed
concessioners providing guides and equipment for a fee; noncommercial
trips are sponsored by private parties who organize their own outfit for
purposes of the trip. Current (1972 use restrictions) allocations pro-
vide commercial river running permits with 92% of the available user
days and private permits (noncommercial) with 8%; the Proposed River
Management Plan calls for a 75% commercial and 25% noncommercial user
allocation system.

Both motorized and row trips are permissible on the river. Most
of the commercial trips are motorized; virtually all of the private
trips are row. Under the Proposed River Management Plan, motorized trips
will be phased out in favor of river travel exclusively by oar, total
user days for the river will be increased, use will be dispersed through-
out the year, commercial allocations will be reduced, and noncommercial
allocations will be increased. Table 2 summarizes these changes.

River trips begin at Lees Ferry and end at Diamond Creek (mile
225*), Pierce Ferry, or Temple Bar. Pierce Ferry and Temple Bar are
on Lake Mead which backwaters to river mile 240. An access road tra-
éerses the Hualapai Indian Reservation to meet the river at Diamond

reek.

Currently, commercial trips average 9 days and noncommercial trips
average 15 days. Overnight camps may occur on any of about 400 possible
beach sites in the 225-mile corridor, although less than 100 beaches
receive 75% of the camping activity (Carothers et al., 1975).

River trips must be self-contained, carrying in all supplies, with
the exception of water, and carrying out all waste, including human
sewage. Human sewage carryout became a mandatory operating requirement
in 1978 when the NPS determined, based on research (Phillips and Lynch,
1977), that the traditional practice** of beach burial of sewage was
having a cumulative undesirable effect.

Off-river sites are important attractions to river travelers.
Side creeks such as Little Colorado (mile 61), Shinimo (mile 108),
Elves Chasm (mile 116), Tapeats Creek (mile 133), Deer Creek (mile 136),
and Havasu Canyon (mile 157) receive frequent and at times concentrated
use from river trips.

*River miles are measured from Lees Ferry (mile 0) downstream.

**Before 1978.
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Table 2. Current and New Use Limits (NPS, 1979a).
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Proposed Management

1978 Limits Plan

Summer Winter Summer Winter
COMMERCIAL
Minimum Trip Length (days) 6 6 8 8
Maximum Trip Length (days) No Limit No Limit 18 21
Average Trip Length (days) 9 9 12 12
Passengers per day (max) 150 150 50 50
Launches per day No Limit No Limit 2 1
Launches per week No Limit No Limit 14 up to 3
Passengers per group 40 40 25 25
Number of People 11,335 * 9,150 975
Number of Trips 491 * 366 39
Projected User Days 89,000 * 109,800 11,700
Maximum User Days 89,000 * 164,700 20,475
NONCOMMERCIAL
Minimum Trip Length (days) No Limit No Limit No Limit No Limit
Maximum Trip Length (days) No Limit No Limit 18 21
Average Trip Length (days) 19 19 16 18
Launches per day 1 1 1 1
Launches per week *% *x 7 7
Participants per group 15 15 15 15
Number of People 395 *kk 2,745 585
Number of Trips 37 *ekk 183 39
Projected User Days 7,600 *kk 43,920 10,530
Maximum User Days 7,600 ookl 49,410 12,285

* The previous number of people, trips, and user days for commercial
river running was allocated annually with no distinction as to
season. Therefore, winter use is included in the summer use figures.

** | aunches per week was limited by the number of people that could
launch each day, and the annual limit.

*** The previous annual noncommercial use allocation of 7,600 user days
has worked out to about 40+ trips each year.

commercial trip could launch each day.

No more than 1 non-
Theoretically, 7 trips could

launch each week. This rarely occurred because of the overriding
limit of about 40 trips each year, based on the annual user day limit.

The previous number of people, trips, and user days for noncommercial
river trips was allocated annually with no distinction as to season
of use. Some winter use is included in the 1978 summer use figures.
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Access to the inner Canyon and the Colorado River corridor is not
limited to river travel. Numerous trails permit hikers to explore the
Canyon and reach the river. Hikers use the side creeks and river, as do
river runners, for domestic water needs. Six trail systems receive
the bulk of the hiker interest; use of these trails from April through
September 1978 and 1979 is indicated in Table 3.

B. RESEARCH PROBLEM STATEMENT

Management agencies have only recently begun to question the
quality of natural waters used for recreation. The remote and wild
recreational white water rivers of the West are not exempt from nega-
tive impacts affecting their water quality status. During the summer
of 1972, an outbreak of gastroenteritis* occurred among river runners on
the Colorado River of Grand Canyon. The 1972 illnesses were attributed
to shigellosis; the enteric pathogen Shigella sonnei was isolated by the
Center for Disease Control, Atlanta (CDC) from some of the river runners
(Merson et al., 1974). During the 1979 summer season, the events of
1972 repeated; Shigella was again isolated from persons encountering the
illness while on the river. Potentially, the Colorado River or a tribu-
tary creek served as a source for the pathogens during the 1972 and 1979
outbreaks, though this has not been confirmed. River water was readily
used for drinking and cooking purposes; frequently, without treatment.
Propagation of the disease once established was probably from person to
person (Merson et al., 1974).

Fecal contamination is the usual degrading element in recreational
waters used for primary or secondary contact or for drinking water pur-
poses. Enteric disease organisms pass from the body in feces and become
a potential source of infection; water contaminated with the organisms
can distribute diseases (Table 4).

Dramatic increases in float trip participation have occurred in
Grand Canyon as well as on other western rivers. Considering 1975
participation levels** in Grand Canyon, Phillips and Lynch (1977) specu-
lated that persons joining river trips will be carrying or be infected
with enteric pathogens at the same rate of occurrence as the national
population. The incidence of salmonellosis in humans in the United
States is less than 1% (Hall and Hauser, 1966), and that of shigellosis
is approximately 0.46% (Reller et al., 1970). Assuming 14,000 persons
per year float the Colorado River, about 140 people could be expected

*Gastroenteritis is one of several diseases of the stomach and intes-
tines caused by one of a number of enteric pathogens (Table 4):
associated symptoms include diarrhea which may be explosive, nausea,
vomiting, headache, and weakness. Often temporarily debilitating,
severe cases could lead to fatality.

**14,305 persons floated the Colorado River in 1975.
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Table 3. Hiker Use of Major Trail Systems (NPS, 1979b).

Figures for April-September 1978 1979
Tanner Trail* 374 537
Hance Trail* 298 429
Boucher Trail* 293 339
Hermit - Tonto Trail** 5,225 5,675
Thunder River (Tapeats-Deer Creek) Area** 2,202 2,105
Bright Angel, Indian Gardens, Cottonwood** 24,963 23,630

Total Number of Hiker Nights 67,118 73,158%**

* Number of hikers only, the number of nights each hiker spent in
the area is unknown. 2.5 nights per hiker would be a reasonable
estimate.

** Number of hiker nights, one person staying per night.

*** Figure is based on projected increase of 9% for 1979 over 1978.
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Table 4. Enteric Diseases and Infections (modified* from Phillips and

Lynch, 1977).

Organism

Disease or Infection

Bacterial infections

Klebsiella pneumoniae

Proteus spp.

Highly fatal type of pneumonia or
lesions which may occur in any part
of the body.

Genito-urinary and gastro-
intestinal tract diseases.

Salmonella (180 different serotypes reported in 1973)

S. typhi

schottmuelleri
hinschfeldii

jninin

typhimurium

newport
enteritidis

|Ln|njn

Shigella dysenteriae

Virus diseases

Poliovirus

Coxsackie

Group A
Group B

Infectious Hepatitis
ECHO

Adenovirus

Protozoan diseases
Entamoeba histolytica

paratyphi (type A)

(type B)
(type C)

Typhoid fever may be transmitted
by flies; incubation period,
10-14 days.

Paratyphoid fever - resembles
typhoid, but less severe.

Three most commonly isolated sero-
types causing salmonellosis, an
acute gastrointeritis with diarrhea.
Symptoms occur within a few hours
of infection.

Most severe form of shigellosis or
bacterial dysentery. Several other
species of Shigella may cause the
disease. The incubation period is
1-7 days (4 av.).

Paralytic poliomyelitis, aseptic
meningitis.

Herpangina, aseptic meningitis.
Pleurodynia, aseptic meningitis.

Infectious hepatitis. The incuba-
tion period is 15-50 days (25 av.).

Aseptic meningitis, "summer" rash,
diarrheal disease.

Respiratory and eye infection.

Amebiasis with symptoms ranging
from abdominal discomfort to
severe dysentary.
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Table 4.--continued.

Organism Disease or Infection

*Giardia lamblia Parasitic disease of small intes-
tine, symptoms range from abdominal
discomfort to severe dysentary.

*Giardasis is a protozoan disease which is recently becoming more
prevalent in the western United States (Jakubowski and Huff, 1979).
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to carry or be infected by saimonellosis and approximately 60 people by
shigellosis. Nationally both diseases show annual peaks of occurrence
in the summer and autumn months (Geldreich, 1972) which coincide with
the river running season.

The potential for disease introduction into the Canyon water
resources by humans is increased by the potential impact of 250,000 to
300,000 day hikers per year in Grand Canyon, the approximately 75,000
hiker nights to be spent in the Canyon in 1979, the over 15,000 persons
(predominantly fishermen) who will utilize the 14-mile stretch of the
Colorado River between Glen Canyon Dam and Lees Ferry for recreation in
1979, the presence of the Havasupai Indian town of Supai and the thou-
sands of hikers annually visiting there on Havasu Creek (an inner Canyon
tributary of the Colorado).

Wildlife and livestock within the Grand Canyon and on tributary
watersheds from outer Canyon areas cannot be discounted as potential
sources of contamination to inner Canyon water resources. Salmonella
spp. is found in 13% of clinically healthy farm cattle and in 3.7 to 15%
of clinically healthy sheep in the United States (Rothenbacker, 1965).
Wild and domestic animal populations including beaver, coyote, dogs and
cattle have been identified as being reservoirs of Giardia spp. orga-
nisms (Davies and Hibler, 1979); these species are all indigenous to
the Grand Canyon area.

1. Previous Water Quality Studies of the Colorado River Corridor

Based on available research data, water quality conditions in the
Colorado River corridor have been assessed in the proposed river manage-
ment plan (NPS, 1979a). "Unpolluted conditions" were concluded to exist
with the noted exceptions that during periods of the year, during peak
flows or at specific tributary sjtes, contaminants may exceed U.S.
Public Health standards for human drinking water. The NPS recommended
that all natural waters in Grand Canyon be treated before drinking;
commercial river guides have been required to have treated water avail-
able for passenger use.

A review of the available water quality research data for Grand
Canyon, presented in the proposed management plan, indicates that an
adequate basis does not exist for a comprehensive assessment of the
associations between float trip recreation and water quality conditions
in the river corridor. While the general conclusions in the management
plan may be reasonably accurate, they are not confirmed nor denied by
research. The major shortcoming is the lack of comprehensive data on
fecal contamination; a highly variable water quality parameter which can
reveal potentially severe impacts on public health (Geldreich, 1966).
Analyses of fecal contamination reported by NPS (1979a) in the river
corridor were conducted in 1975. Basic 1975 research deficiencies in-
cluded a limited sampling program and failure to recognize the critical
relationship between overlying surface water quality and microbial con-
centrations in bottom sediments.
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The Colorado River extends 225 miles through Grand Canyon, merging
with more than 30 tributaries. Intensive use of the river corridor
occurs during the summer river running season from May through September.
A representative water quality research design should include intensive
sampling of the river and tributaries throughout at least one river
running season.

The 1975 research presented in the proposed management plan was
based on a total of four sampling periods. Samples were collected during
the months of June, August, November and March; only two of the periods,
June and August, represent the intensive use period of the summer river
running season. An average of only 10.25 river samples and 11 tributary
samples were collected from the 225-mile river corridor each sample
period.

2. Bottom Sediment Water Quality Considerations

Water quality surveys are usually restricted to observations of
surface waters, a practice which overlooks the significance of sediments.
Bottom sediments may serve as a concentrated and stable index of the
microbial quality of the overlying water (Van Donsel and Geldreich,
1971), and as a potential reservoir of pathogens which can degrade the
quality of the overlying water if dislodged (Geldreich, 1971; Motschall,
1976; Winslow, 1976; and McKee, 1977). Examining two recreational
streams in southern Arizona, Motschall (1976), McKee (1977), and
Brickler and Morse (1979) found dramatic increases (102- to 10%-fold)
in fecal coliform* densities in bottom sediments over surface water
concentrations.

A number of investigators have examined the relationship of micro-
bial organisms to the sediment environment. Hendricks and Morrison
(1947) found that sediments loosely bind basal nutrients, providing an
environment which facilitates the survival of various enteric bacteria.
Two interactive processes appear responsible for increased recoveries of
bacteria from sediments; benthic environments are areas where 1) bacteria
are received by sedimentation and absorbed onto particles and 2) where
the survival and/or growth of bacteria is promoted (McKee, 1977).
Hendricks (1971) described benthic mud as a stable environment where
pathogenic and nonpathogenic organisms can concentrate and persist.
Effectively, bottom sediments serve as a reservoir of bacteria giving
a false pretense of quality when surface waters alone are sampled and
found acceptable.

*Fecal cqliforms are a group of enteric bacteria native to the gut of
warm-blooded animals and which are excreted in feces. Rarely patho-
genic, fecal coliform densities are measured as indicators of fecal
contamination. Arizona state water quality standards specify allowable

- 1imits of fecal coliform occurrence; the bacteria are especially promi-
nent in the human digestive system.
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Many avenues of intermixing potential pathogens in bottom sediments
into overlying surface waters are possible and include 1) disruption of
bottom sediments by bathers or waders, 2) agitation of the bottom by
actions of power boats, 3) the action of currents in streams, 3) stream
bottom and bank scouring by storm runoff flows, and 5) flushing of water-
sheds during storms.

Bottom sediment water quality has not previously been examined in
the Grand Canyon.

3. Management Actions Taken Regarding Water Quality in Grand Canyon

The NPS has taken steps to minimize possible impacts on Grand Can-
yon water resources by river runners. In 1978, the practice of beach
burial of human waste in Grand Canyon was terminated by requiring all
river trips to carry out their sewage; Phillips and Lynch (1977) esti-
mated that 20 tons of solid human waste were being buried in Colorado
River beaches each river running season. The NPS has taken the action
necessary to reduce contamination of water resources in the Colorado
River corridor. Potential water quality associated problems have not
been eliminated as other probable sources of contamination (e.qg.,
tributary drainages, hikers, wildlife and domestic stock) are not as
easily neutralized. The 1979 problem with shigellosis among river
runners has occurred since implementation of sewage carry-out require-
ments.

Accordingly, management must take steps to minimize potential water
quality impacts on river runners and other inner Canyon visitors. Compre-
hensive knowledge of Colorado River corridor water quality will allow
the reduction of public health hazards through actions such as water
use regulations and water quality education.

In April of 1979, the NPS initiated a 208 water quality program
which will monitor for one year 20 creek and spring sites frequented
by hikers in Grand Canyon. Management has not implemented a similar
program for Colorado River corridor water resources utilized by river
runners.

C. RESEARCH PURPOSE STATEMENT

The purpose of this study is to develop a baseline profile of the
water quality status of the Colorado River and the confluent reaches of
jts tributaries within Grand Canyon. Emphasis is placed on microbial
water quality as it is associated with recreational float trip use of
the Colorado River corridor. Results of the research will serve as a
reference for NPS management policies for Grand Canyon and as a basis
for future research of Grand Canyon and other western white water
rivers.
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D. RESEARCH OBJECTIVES

Research objectives:

1. Determine baseline water quality in four critical areas of
the river corridor.

a. The Colorado main course which serves as a source of
drinking water for river float trips.

b. Confluence reaches of the major Colorado River tributaries
where warm water temperatures encourage river runners to
engage in primary contact activities such as bathing and
swimming.

c. Beach-river interface where camping activities make
primary and secondary contacts with the river.

d. Beach-shoreline bottom sediments which can act as a
reservoir of fecal contamination. Sediments are used
for dish scouring and are intermixed into the waters by
river activities.

2. Determine associations between float trip use and water quality
in reflecting degrees of light and intensive recreation use
patterns.

3. Determine the relationship between bottom sediments and bac-
terial concentrations to evaluate the potential health hazard
of the use of sediments for activities such as dish scouring.

4. Determine the effect of tributary confluences on water quality
in the Colorado River.

5. Develop management alternatives and recommendations, based on
quality parameters, regarding recreational use of white water
rivers for float trips.

E. SCOPE OF THE RESEARCH

Water quality analysis of the Colorado River corridor occurred
during the 1978 and 1979 river running seasons. Travel through the
Canyon was via research raft in a series of six float trips in 1978
and two float trips in 1979 (Table 5).
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Table 5. Water Quality Research Float Trips.

1978 1979

Dates Days Dates Days
17 April - 29 April 13 2 July - 12 July 1
21 May - 3 June 14 30 July -9 August 11
3 July -17 July 15
23 July -5 August 14
13 August - 26 August 14
3 September - 14 September 12

Total Days 82 Total Days 22

Water quality samples were collected from the Colorado River along
the 225-mile stretch from Lees Ferry to Diamond Creek, the launch and
take-out points of the research trips. The confluent reaches (within
approximately 200 meters of the Colorado River) of 26 side creeks in the
river corridor were sampled in 1978; 9 tributaries were sampled in 1979.
Additional samples were collected from upstream locations on some side
creeks, bringing the tributary sample site total to 33 in 1978 and to
13 in 1979. Table 6 lists the side creeks sampled.

Selected microbial, physical, and chemical parameters were measured
to determine baseline water quality status in the Colorado River corri-
dor of Grand Canyon. Samples were collected from the surface waters and
bottom sediments of the Colorado River and tributaries. Stir samples,
collected from a sediment cloud suspended in the surface waters by agi-
tation, were also obtained. Table 7 identifies the water quality param-
eters sampled in Grand Canyon.
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Table 6. Tributary Water Quality Sample Sites.

1978 1979
Paria River Little Colorado River
Vasey's Paradise Spring Bright Angel Creek
Nankoweep Creek Hermit Creek (4 sites)
Little Colorado River Shinumo Creek :
Clear Creek Elves Chasm (Royal Arch Creek)
Bright Angel Creek Deer Creek
Garden Creek Kanab Creek
Monument Creek Matkatamiba

Hermit Creek (4 sites)

Havasu Creek (2 sites)

Boucher Creek

Crystal Creek

Shinumo Creek

Elves Chasm (Royal Arch Creek)
(2 sites)

Stone Creek

Tapeats Creek

Deer Creek (2 sites)

Kanab Creek

0lo Creek

Matkatamiba

Havasu Creek (3 sites)
National Creek

Fern Glen Creek
Mohawk Creek

Pumpkin Bown Spring
Three Springs

Diamond Creek
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F. DESCRIPTION OF THE STUDY AREA

Watershed characteristics, Glen Canyon Dam, river and tributary
flow characteristics, climate, vegetation, and wildlife and domestic
stock are examined as they have relevancy to water quality research
in the Colorado River corridor.

1. Colorado River Corridor and Watershed Limits

The Colorado River corridor, the floor of Grand Canyon, is a narrow,
linear environment stretching 256 miles from Glen Canyon Dam to the
backwaters of Lake Mead, 240 river miles* downstream from Lees Ferry
(see Figure 1). Cut within the relatively flat Colorado Plateau, the
river corridor is isolated by the spectacular relief of Grand Canyon,

a gorge 227 miles long and in places over a mile deep. The width of the
Canyon floor is restricted, often confined by sheer walls to the river
channel proper. A corridor width of about one mile occurs between the
Canyon walls in the Tanner-Unkar region (miles 66-72). Usually the
Canyon area negotiable by walking is limited to a few hundred feet or
less from the river. Travel through the river corridor is possible only
by boat. Short segments of the river course are accessible to hikers

on trails descending from the rims through side canyons.

In the scope of this study, the Colorado River corridor refers to
that central gorge of the Grand Canyon through which the Colorado River
flows and to those accessible, adjacent areas visited frequently by
river trips. Tributary side canyons form off-river extensions of the
corridor where river parties hike to visit attraction sites.

Colorado River water enters the Grand Canyon from Lake Pawell
through Glen Canyon Dam. Flaw through the dam from the 60,000 surface-
acre lake is in response to hydroelectric demands and downstream irri-
gation needs, Water released from Lake Powell is traditionally considered
to be of high recreational quality with low bacterial densities.

Watershed influences on water quality supersede the limits of the
river corridor. Tributaries to the Colorado River potentially can have
multiple impacts on river water quality corresponding to watershed
characteristics and land use. Factors such as soil erosiveness, the
presence of livestock or recreational use determine the quality of run-
off from the watersheds which influences the quality of the Colorado
River. Tributary influences are potentially pronounced during the
summer season when monsoon rains can have a flushing effect on water-
sheds. Graphic illustration of this phenomenon is the fouling of the
normally clear-running past-dam Colorado River with sediment from side
creeks. Several tributaries including the Paria River, Little Colorado

*River miles designate distances downstream from Lees Ferry.
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River and Kanab Creek can foul the Colorado River with sediment for days
or weeks.

Associated with watershed flushing are microbial contaminants less
obvious than the brick red sediment the Colorado River receives.
Geldreich (1972), Utter (1975), Motschall (1976), and Patterson (1977)
found increased fecal coliform densities in surface waters following
storm runoff events. Fecal contamination of tributary watersheds by
1ivestock, wildlife, communities, or recreationists miles from the Colo-
rado River can be transported into Grand Canyon.

With the exception of some tributary creeks, the watersheds asso-
ciated with Colorado River corridor water quality are found within the
rims of Grand Canyon. Notable exceptions draining areas above the rims
include Paria River (drainage area 1410 mi?), House Rock Wash, North
Canyon Wash, Tanner Wash, Little Colorado River (drainage area 26,500
mi2), Kanab Creek (drainage area > 1100 mi?), Havasu Creek, Whitmore
Wash, Parashant Wash, and Peach Springs-Diamond Creek.

2. Effects of Glen Canyon Dam

Since its completion on March 13, 1963, Glen Canyon Dam has signifi-
cantly altered the temperature, sediment, and flow characteristics of
the Colorado River through Grand Canyon.

a. Temperature Effects

Mainstream flow in the Colorado River released through Glen Canyon
Dam is from the hypolimnion of Lake Powell; resulting annual water tem-
peratures vary only 6°F from 42°F (5.6°C) to 48°F (8.9°C) at Lees Ferry
approximately 14 miles downstream from the dam. At Diamond Creek (mile
225) summer temperatures of 62°F (17°C) may be reached in the river.
Pre-dam temperatures varied more dramatically--winter lows in the 30's
(°F) and summer highs in the 80's (°F).

Native fish such as the Colorado River squawfish (Ptychocheilius
lucius) and the humpback chub (Gila spp.) which depend on seasonal
temperatures for successful breeding are now limited to side creeks for
reproduction and may face extinction. Cold, stabilized water tempera-
tures are suitable for several species of trout which have been intro-
duced and established in the Colorado.

Post-dam water temperatures may have influences on water quality
and associated float trip recreation. Cold, stabilized temperatures
slow natural die-off rates of enteric organisms introduced to the river
by lowering the metabolic rates of the enteric organisms and the microbes
that would prey upon them. Slowed mortality may be a significant factor
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facilitating the accumulation of enteric organisms in bottom sediments
where nutrients are available for subsistence.

The establishment of a trout fishery between Lees Ferry and Glen
Canyon Dam is attracting increasing numbers of fishermen (8000+ for
1979, up approximately 400 from 1978 (NPS, 1979b)). One-day raft trips
and other visits to this 16-mile segment of the river bring the 1979
use total to approximately 15,000, a use itensity equivalent to that
on the 225 miles of the Colorado River traveled by float trips. Asso-
ciated with the use of the Lees Ferry to Glen Canyon Dam segment is an
undetermined impact on the water quality there and downstream.

b. Sediment Effects

Glen Canyon Dam and Lake Powell have blocked significant sediment
input to Grand Canyon from upstream Colorado River. Turbidity in the
Colorado Riyer belaw Lees Ferry is predominantly a function of tributary
runoff into the Canyon. The pre-dam Colorado flow was sediment-laden;
an average silt load per day passing Phantom Ranch was 500,000 tons
(NPS, 1979a). Presently, in the post-dam era, the load is about
80,000 tons. Suspended sediment concentrations at Lees Ferry now range
between 2 and 124 mg/1. At Phantom Ranch (mile 88), downstream from
major tributaries including the Paria and Little Colorado Rivers, sus-
pended sediment concentrations range from 6 to 47,000 mg/1 (NPS, 1979a).

Pre-dam beaches have been altered by post-dam flows. Without the
sediment inputs from the upper Colorado Basin, beach deposits have been
stripped of significant silt content and are well sorted and predominantly
sand. Notable beach silt contents are found only along wide quiet
stretches of the river. Beach deposits with reduced silt contents may
be less favorable microorganism habitats, as removal of fine particles
reduces the internal surface area of the sediment available as a sub-
strate to microbes.

c. Flow Effects

Pre-dam flows in the Colorado River were characterized by spring
floods (up to 200,000 cfs at Lees Ferry (NPS, 1979a)), decreasing summer
and fall flows (down to 700 cfs at Lees Ferry) and increasing late win-
ter flows. Droughts or floods created extreme fluctuations in annual
runoff volumes (4.4 million acre-feet to 18.0 miilion acre-feet (USGS,
1979)). Glen Canyon Dam and the storage capacity of Lake Powell have
stabilized the flow of the Colorado River. Since 1969, discharges at
Lees Ferry have varied between 1000 cfs and 32,000 cfs (NPS, 1979a)
and runoff volumes have ranged between 7.8 million acre-feet and 10.8
million acre-feet (USGS, 1979).
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Dam releases are in response to hydroelectric power demands and
downstream irrigation needs. Seasonal peak flows have been shifted,
in general, from the spring to the summer season. Power demands and
irrigation needs in the arid Southwest and California are greatest in
the hot summer period. Releases during the fall, winter, and early
spring are usually conservative.

Power demands fluctuate hourly in the summer period as the need
for air conditioning peaks late in the afternoon and early evening and
declines through the night hours. As a result, a tidal type of effect
occurs in Grand Canyon responding to variable hydroelectric releases.
Water levels at Lees Ferry begin to rise in the late morning hours and
peak in the evening. Water levels in narrow sections of the river
channel can fluctuate 8 feet or more, and can change quickly, rising
and falling as much as several feet in less than an hour.

Weekend power needs usually decline from workday levels and
correspondingly so do river water levels.

Downstream flow in the Colorado River averages 4.5 miles per hour.
Peak flows reach Lees Ferry (16 miles downstream from the dam) about
10 p.m. in the summer and at about 5 p.m. the next day at Phantom Ranch
(104 miles from the dam).

A result of flow regulation on the Colorado River has been an
extension of the river running season; pre-dam summer flows were often
too minimal to allow river trips. Associated with the extended flow and
river running season has been the increasing popularity of river trips
and the intensive use of the river corridor; potential water quality
problems have developed correspondingly.

Diurnal tidal flows of the post-dam Colorado River create specific
types of water quality phenomenon. The rising waters of a downstream
traveling peak scour the river bottom and beaches, picking up sediment.
Turbidities can be increased from near zero levels during low flows to
100 FTU or more during high flows. Associated with the increasing
turbidity is the potential for microbial contamination from resuspended
bottom sediments. Turbidity increases are especially pronounced follow-
ing minimum weekend flows as the rising front of Monday's peak
inundates the beaches roughened by river runners over the weekend.

3. Seasonal Tributary Flows

Grand Canyon tributaries to the Colorado River reach a snow melt
runoff peak in the spring, decline in the early summer months, may flood
sporadically during the July-August-September monsoon rain season, and
decline again through the fall and early winter seasons. Tributary
flows do not add appreciably to the volume of flow of the Colorado River
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4. Colorado Riyer Corridor Climate and Vegetation

Riparian vegetation dominated by the post-dam invasion of salt-
cedar (Tamarix spp.) borders the Colorado River flood zone, bisecting
the desert community which extends to the Canyon walls (Figure 2). The
floor of Grand Canyon is a desert climate, annual precipitation totaling
about 8.3 inches and daytime summer temperatures reaching well over 100°F
(37.8°C). Precipitation in the southwest falls predominantly in two
seasons; a winter season (December through Marchg characterized by frontal
storms and a summer monsoon season (July through September) with occasion-
ally torrential convection storms. Summer convection storms can have an
important impact on Grand Canyon water quality due to the flushing effects
on tributary watersheds to the Colorado River corridor.

Mean monthly precipitation and temperatures for the inner canyon
and four rim locations are shown in Table 8.

5. Wildlife and Livestock

With the exception of pack mules plying the trails between Phantom
Ranch* and the south rim on a daily basis, the Grand Canyon is free of
domestic animals. Wildlife 1s abundant with 248 recorded species of
birds, 22 species of terrestrial animals, 18 species of bats, reptiles
and amphibians occurring in the riparian zone of the Colorado River.
Most notable in terms of visitor attraction are beaver, mule deer, big-
horn sheep, and feral burros.

Tributary watersheds extending beyond the rims of the Canyon (see
Section II.F.1) drain national forest, private, and Indian lands which
are grazed by domestic stock.

*Phantom Ranch is a Park Service campground and a licensed concessioner
lodge.
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Table 8. Mean Precipitation and Temperature, Grand Canyon National Park
(NPS, 1979a).

MONTHS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MEAN MAXIMUM TEMPERATURES (°F)

Inner Canyon 56 62 71 82 92 101 106 103 97 84 68 57
Tuweep 49 50 61 68 79 8 95 92 8 74 61 49
Desert View 40 43 49 57 69 79 84 8] 73 61 49 39
South Rim 41 45 51 60 70 81 84 82 76 65 52 43
North Rim 37 39 44 52 62 73 77 75 69 58 45 40

MEAN MONTHLY TEMPERATURES (°F)

Inner Canyon 46 52 59 69 77 8 92 89 83 72 57 47
Tuweep 38 40 47 54 64 73 80 78 71 60 48 39
Desert View 30 33 38 44 56 65 71 69 61 50 39 30
South Rim 30 33 38 4 54 64 69 67 61 50 39 31
North Rim 26 28 34 40 48 56 62 60 54 45 3B 3P0

MEAN MINIMUM TEMPERATURES (°F)

Inner Canyon 36 42 48 56 63 72 78 75 69 58 46 37
Tuweep 26 30 34 40 49 58 65 63 56 46 3B 29
Desert View 21 23 27 31 42 51 59 56 59 39 30 2]
South Rim 18 21 25 32 39 47 54 53 47 36 27 20
North Rim 15 18 24 28 34 40 46 45 39 31 24 20

MEAN PRECIPITATION (Inches)

Inner Canyon .72 .73 .79 .48 .31 .28 .79 1.31 .88 .69 .51 .82
Tuweep 1.10 .901.25 .73 .40 .40 1.281.97 .79 .80 .77 1.31
Desert View 1.00 .94 1.52 .75 .50 .321.29 1.3¢ .99 1.39 .80 1.72
South Rim 1.32 1.53 1.37 .92 .65 .46 1.87 2.28 1.50 1.21 .95 1.61
North Rim 3.28 3.17 3.12 1.67 .97 .76 1.86 2.53 1.81 1.50 1.44 2.62

ANNUAL TOTALS - PRECIPITATION (Inches)

Inner Canyon 8.31
Tuweep 11.70
Desert View 12.56
South Rim 26.62
North Rim 24.73
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SECTION III
RESEARCH METHODS

WATER QUALITY PARAMETERS

RESEARCH LOGISTICS

1. Research Timetables

2. River Running Equipment

3. Special Logistical Procedures for Bottom Sediment Analyses, 1978

RESEARCH APPROACH

1. Colorado River Sample Program
a. Fixed Site Sample Design
b. Time Series Sample Design

2. Tributary Sampling Program

FIELD ANALYSIS PROCEDURES

1. Sample Collection and Storage

2. Surface Water Sample Analysis

a. Analytic Design

b. Sample Filtration

c. Medium Preparation

d. Sample Incubation

e. Apparatus Sterilization

Bottom Sediment Analyses

Stir Sample Analyses
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IIT. RESEARCH METHODS

Water quality analysis of the Colorado River corridor occurred
during the 1978 and 1979 river running seasons. Examination of the
extensive river corridor necessitated analyses in the field. Travel
through Grand Canyon was via research rafts in a series of six float
trips, April through September, in 1978, and two float trips, July
and August, in 1979; 82 field days in 1978 and 22 field days in 1979.

A total of 497 water quality samples were collected over two years
from the Colorado River along the 225-mile stretch from Lees Ferry to
Diamond Creek, the launch and take-out points of the research trips.
The confluent reaches (within approximately 200 yards of the Colorado
River) of 26 side creeks in the river corridor were also sampled in
1978; nine tributaries were sampled in 1979. Additional samples
collected from upstream locations on some side creeks brought the trib-
utary sample site total to 33 in 1978 and to 13 in 1979 for a total of
215 individual tributary samples.

Selected microbiological, physical, and chemical parameters were
measured to determine baseline water quality status in the Colorado
River corridor of Grand Canyon. Research emphasis was on microbial
water quality; physical and chemical parameters were measured to facil-
jtate evaluation of the microbial profiles.

Section III addresses the specific methodologies and techniques
used to accomplish the Grand Canyon research. This section is in four
parts: A) water quality parameters; B) research logistics; C) research
approach; and D) field analysis procedures.

A. WATER QUALITY PARAMETERS

Water quality analyses in the Colorado River corridor were directed
towards providing an understanding of associations between recreational
river running and water quality hazards. Accordingly, the research pro-
gram was devised to closely examine fecal contamination of river corridor
water resources and assess related potential impacts of recreational
water use on river runners. Examination of selected water quality
parameters provided data for the preceding evaluations. Microbiological
parameters were the primary focus of the research; densities of fecal
coliform (FC) and fecal streptococcus (FS) bacteria were measured as
indicatars of fecal contamination of water resources (Table 9). Chemi-
cal and physical water quality parameters were measured to complement
assessment of microbial situations with baseline physical-chemical
information (Table 9). Chemical and physical parameters examined are
widely recognized and do not require special explanation; microbial
parameters are not as commonly known, as considered by this research,
and have been further clarified:

33
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1. Surface waters refers to the top layer of water, about 6" deep,
of the Colorado River or side streams; the layer most frequently
contacted by recreational use. In midchannel and some steep
shoreline areas, bottom material was a considerable depth below
surface waters; in shallow river shoreline and most tributary
sites, surface waters were in a position directly overlying
bottom materials. Fecal coliform and fecal steptococcus densi-
ties were determined in surface waters.

2. Bottom sediments were the unconsolidated materials, usually
sand, in direct contact with the overlying water to a depth of
approximately 2 inches; these materials had the greatest
bacterial densities and were easily resuspended in the surface
waters. River sediments were sampled only at shoreline sites;
in shallow tributaries, midchannel and shoreline sediments were
collected. Only FC densities were measured in bottom sediments.

3. Stir samples measured FC densities in a sediment cloud suspended
in the surface waters by deliberate bottom agitation. The pro-
cedure demonstrated the potential for surface water microbial
contamination by suspended bottom sediments.

B. RESEARCH LOGISTICS

Problems of access to the Colorado River corridor mandated the use
of research rafts floating 225 miles through the Grand Canyon, from Lees
Ferry to Diamond Creek, as a field base for intensive water quality
analyses. Overland trails were not suitable passages into the river
corridor in view of their ruggedness, distances, and scarcity; heli-
copters were restrictively expensive for extensive sampling programs.
Research methods and equipment compatible with the rafting mode of
travel on the Colorado River were adopted. Basic research river running
logistics paralleled that of commercial and private oar-powered float trips.
Discussion of research logistics and effects of river rafting on research
design and methods follows.

1. Research Timetable

Having selected rafting as a means of travel in Grand Canyon, a
float trip timetable was developed. The research period was timed to
correspond with the popular river running season, April through September.
Two research float trip scheduling options were considered: 1) trips
12 to 15 days in length, or 2) trips lasting 18 to 25 days. Short trips,
option 1, would require daily progress through the 225-mile river corri-
dor; sufficient time would exist for water quality analyses of tributary
and river sites. Long trips, option 2, would move more slowly through
the Canyon, allowing opportunity for repetitive sampling of selected
sites over several days.
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Option 1 was selected as it permitted a higher frequency (6 vs. 4)
of sample periods during the 1978 research season (Table 5, Section II.E).
Multiple trips also provided more opportunities f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>