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INTRODUCTION

The seven major canyons of the Wasatch Mountains, on the east side of the Salt Lake Valley,
provide a high quality water source for approximately 400,000 people. The Salt Lake City
Watershed Management Plan (1988 Watershed Management Plan) was formulated in 1988 to
protect this valuable watershed. The Salt Lake City Department of Public Utilities (Public
Utilities), and other affected jurisdictional parties, are seeking to proactively manage this
watershed by addressing issues that have arisen since the 1988 Watershed Management Plan. To
accomplish this, a planning process was initiated to develop the Salt Lake City Watershed
Management Plan 98 (‘98 Watershed Plan).

The area encompassed by the 98 Watershed Plan includes the seven major canyons of the
Wasatch Mountain Range (the Wasatch Canyons), and their drainages. From north to south these
drainages are: City Creek, Red Butte Creek, Emigration Creek, Parleys Creek, Millcreek, Big
Cottonwood Creek, and Little Cottonwood Creek. The Salt Lake City watershed is comprised of
the waters of these creeks, the surrounding lands that support these water sources, and the
groundwater recharge areas for the Salt Lake Valley.

Along with providing management direction to maintain water quality, the 98 Watershed Plan
continues the multiple use policy outlined by the 1988 Watershed Management Plan. Large
numbers of people use the watershed for a variety of recreational activities. Small and large-scale
commercial and residential development is found in five of the seven major canyons. While
mining in the canyons has become almost inactive, many mining claims remain. Livestock
grazing is also not as prevalent as it was in the past.

PLANNING PROCESS

In September of 1997, Salt Lake City began the ten-year review process of the 1988 Watershed
Management Plan. The purpose of the 98 Watershed Plan is to revisit the 1988 Watershed
Management Plan and identify new issues and concerns that should be addressed. The
recommendations formulated in the 98 Watershed Plan are based on a reevaluation of the plan
by jurisdictional agencies in the canyons, public comments, new issues that have arisen, and
changing conditions in the canyons.
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Chapter 1 Introduction

This 98 Watershed Plan has been prepared with active involvement from the public. Public
meetings were held at the Main Salt Lake City Library and Salt Lake County Whitmore Library
on September 23, 1997 and September 25, 1997. In early April, 1998, the jurisdictions with
primary responsibility in the watersheds held three working sessions to discuss the major issues
and alternative approaches to obtain watershed protection. The results of these discussions, and
review of potential alternatives by development, conservation, and community interests, are
reflected in the alternatives and recommendations section of this document (see Chapter 5).

A public hearing was held August 20th, 1998 in the Salt Lake City and County Building to discuss
the draft of the 98 Watershed Plan. The meeting was jointly conducted by the Salt Lake City
Planning Commission and the Salt Lake City Department of Public Utilities Advisory Committee.
During this meeting, the public commented on the draft of the 98 Watershed Plan. A summary
of the oral and written comments along with the responses are provided in Appendix D.

The Salt Lake Planning Commission and the Public Utilities Advisory Committee reviewed the
public comments, selected the preferred plan, and recommended the 98 Watershed Plan to the
Salt Lake City Council. The City Council will hold a public hearing, and adopt the final Salt Lake
City Watershed Management Plan 98.

A detailed analysis of present water quality has been conducted as part of the Management Plan
Update. Conditions have been analyzed and summarized in Chapter 2. In general, water quality
remains excellent in the Wasatch Canyons, but 1995-96 data reveals a spike in coliform counts, an
indicator of bacteria in canyon streams. Concern over potentially deteriorating conditions has
lead to recommendations in this plan to protect and improve Salt Lake City watershed
conditions.

Other plans exist for the Wasatch Front, such as the U.S. Forest Service s Wasatch-Cache National
Forest plan (1985), which includes direction on management of United States lands within the
Salt Lake City watershed area. Salt Lake County has adopted master plans for Emigration
Canyon (1985), Little Cottonwood Canyon (1973), and a Salt Lake County Wasatch Canyons
Master Plan (1989) that include similar geographic boundaries as the 98 Watershed Plan.
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SESIRIBETr FUantdRdd o PRA YWadshed Plan will achieve a desired

and continues to strive for superior water quality. The management emphasis
prioritizes water quality first and multiple use of the watershed second. The
Woasatch Canyons are protected to maintain a healthy ecological balance with
stable environmental conditions, healthy streams and riparian areas, and minimal
sources of pollution. Existing and potential uses that could lead to the
deterioration of water quality are limited, mitigated, or eliminated. To the extent
that, in the reasonable judgement of the City, a proposed development or activity,
either individually or collectively, poses an actual or potential impact to the
watershed or water quality Salt Lake City will either oppose, or seek to modify,
manage, control, regulate or otherwise influence such proposed development or
activity so as to eliminate or mitigate potential impacts.

All jurisdictional agencies involved in monitoring and permitting development in
the watershed are equally aware of and involved in the development proposal
process. Enforcement of existing “suitability criteria” such as slopes and setbacks,
is a priority for all jurisdictions. Variance applications are reviewed carefully to
ensure water quality is not impacted. Jurisdictional agencies will share the same
vision for the watershed, which includes understanding and implementing
watershed management objectives.

Many people use the watershed each year for a variety of recreational activities.
Levels of use are managed to prevent adverse water quality impacts. Another
measure used to decrease recreation impacts is an extensive watershed education
program. This program educates students of the Salt Lake Valley about the
importance of a healthy watershed and how it relates to the water we drink. A
broad range of interpretive programs are offered at campgrounds and other
gathering areas around the watershed. Recreation facilities (restrooms, parking
lots, picnic and camping sites) are designed, maintained and located in a manner
that prevents water quality impacts. Public and private partnerships are fully
utilized to effectively manage the watershed. New partnerships are continually
being sought to support effective and efficient management of the watershed.
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CHAPTER 2
Watershed Characteristics and Uses

WATERSHED CHARACTERISTICS AND USES

The seven major canyons in the 98 Watershed Plan area contain unique physical, hydrologic and
environmental characteristics. Along with differing physical and environmental characteristics,
the canyons differ in the types and amounts of use they receive. This chapter will address overall
physical, hydrological, and environmental characteristics of each canyon and their associated
uses.

CANYON-BY-CANYON CHARACTERISTICS AND USES

The drainage area encompassed by the seven major Wasatch Canyons is almost 200 square miles.
Approximately 152,000 acre-feet of water drains from the area annually. The canyons along the
Wasatch Front Mountain Range are broad, gently sloping drainages on the north, and steep,
narrow drainages on the south. These canyons range from a regulated access watershed to
intensive year-round recreational and residential areas. Impacts on the watershed from
development and increased use have been a mounting concern in recent years. Recreation,
especially the ski industry and tourism, has become a substantial base for the local and state
economy. Federal and local governments, recognizing their responsibility to protect the canyons
as a water resource, strive to attain a balance of uses. Establishing such a balance means trying to
match the social and ecologically acceptable levels of development with public needs and desires.
The scope of this document calls for viewing the canyons from the perspective of protecting Salt
Lake City 3 water resources for the foreseeable future.

A. CITY CREEK CANYON
Physical and Hydrologic Conditions: City Creek Canyon is the northernmost canyon in
the plan area. The topography consists of low-lying mountain slopes with a 9,400 feet
maximum elevation. The canyon is 12 miles long, comprising 19.2 square miles of
drainage area. City Creek s flows have subtle reactions to climatic conditions due to the
canyon s width and relatively low elevation. Characteristically, there is a gradual rise in
flows throughout April with a marked increase early in May as temperatures increase.
Flows decrease through June and July, stabilizing during August. The average peak day is
May 21. The moderate flow fluctuations of the Creek are attributed to the nearly constant
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sun exposure to snow pack on the gentle slopes, and the cavernous nature of the
subsurface limestone from which the canyon s springs rise. The average annual yield for
the creek is 11,749 acre feet, the fourth largest in the plan area.

Canyon Uses: City Creek Canyon has served as a valuable watershed and
recreation/open space area since the first settlers entered the Salt Lake Valley. Salt Lake
City promotes use of the canyon as a nature preserve by limiting motor vehicle access to
alternating days during the summer. The current picnic capacity is 845 persons. Picnic
sites are used heavily on weekends and holidays with continued use throughout the
week. City Creek Canyon is a popular locale for bicycling, running, and walking. Hunting
is permitted in season.

B. RED BUTTE CANYON
Physical and Hydrologic Conditions: Red Butte Canyon comprises 7.25 square miles of
drainage area with elevations ranging from 5,000 to 8,500 feet. The canyon slopes are
moderately steep with the north-facing slopes steeper than the south-facing slopes. The
canyon floor is wide with many side drainages. Through limitations on human access the
canyon has become plentiful with wildlife, providing a near-pristine example of a
watershed. Surface waters in the canyon originate in Red Butte and Knowltons Fork
canyons and have a 2,450 acre-foot average annual yield, the lowest in the plan area.
Snow melt is the origin of the creek and its annual flow peaks. The average peak flow
occurs on April 30. This date is earlier than the other canyons due to the low elevation
and wide canyon floor.

Canyon Uses: Red Butte Garden, at the mouth of the Canyon, offers educational and
cultural activity. Concerns exist about increasing illegal activity in the Canyon, disrupting
its pristine character.

C. EMIGRATION CANYON
Physical and Hydrologic Conditions: Emigration Creek is 10.5 miles in length comprising
18.0 square miles of drainage area. The topography consists of low rolling hills with steep
mountains to the north. Elevation ranges from 5,000 to 8,900 feet. The canyon side slopes
are steep at the mouth of the canyon and become more gradual nearing the canyon head.
The headwaters of Emigration Creek originate in Killyon and Burr Fork Canyons
primarily from snow melt. The average annual yield is 4,939 acre-feet, the sixth highest in
the plan area. Stream flows peak early each year, May 1 on the average, due to the low
elevation and width of the canyon. Flows normally recede quickly during July and
August reaching the yearly low by September, then slowly increase throughout the
winter months.
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Canyon Uses: Emigration Canyon has an extensive history of use. The canyon recent
primary use has been full-time residential with limited commercial development. Some
hiking occurs in the canyon, but no developed trail heads or related facilities have been
constructed. Automobile transportation in the canyon is intensive. The highway through
the canyon provides access for canyon residents and a right-of-way to Parleys and East
Canyons. Residential development during the past decade has increased, though not
boomed compared with other areas in Salt Lake County. Figures from the 1988
Management Plan projected a six-unit per-year increase, an annual increase of
approximately 2.5 percent. In 1990, there were 308 dwelling units in the canyon, and in
1998, there were 447 dwelling units. This represents a 15-unit per-year increase, an
approximate 4.8 percent annual increase, which is almost twice the increase expected.

D. PARLEYS CANYON

Physical and Hydrologic Conditions: Parleys Canyon is the largest drainage in the plan
area comprising 50.1 square miles. Unlike the other drainages in the plan area, Parleys is
“T”” shaped, with elevations ranging from 4,700 feet to 9,400 feet. Above Mountain Dell
Reservoir, rolling foothills and moderate slopes characterizes the canyon. Below the
reservoir, the canyon is narrow with steep slopes. The lower portion of the canyon has
been radically modified by the construction of the 1-80 freeway. Surface stream flow and
spring runoff for Parleys Creek originates from Mountain Dell Canyon and Lambs
Canyons. The average annual yield is 18,131 acre-feet, the third highest in the plan area.
Parleys Creek reaches its peak flows early in the season, May 12 on the average. This is
attributed to the relatively low elevation of the canyon and its width. Flows commonly
increase tenfold within a matter of days during June then slowly decrease through the late
summer and fall. Flows begin a gradual increase again throughout the winter.

Canyon Uses: Recreation homes, transportation and recreation use characterize uses in
this area. Summer cabins have been constructed in Mount Aire and Lambs Canyons. Six
lanes of 1-80 follow the entire length of the canyon serving as a major artery for local and
interstate traffic. Recreation uses include picnicking, golf, hiking, snowshoeing, cross
country skiing, snowmobiling and hunting. The Salt Lake City Parks and Recreation
Department and Public Utilities provide developed recreation, including golf and
picnicking. A private concession at the Mountain Dell Golf Course provides cross country
skiing during the winter season. The existing picnicking facilities in Parleys Canyon
currently provide a total of 80+ person capacity. On weekends and holidays, parking
areas limit capacity for cross country skiing.

Salt Lake City Department of Public Utilities is in the process of implementing the Little
Dell Recreation Plan for the Little Dell Dam and Reservoir. Recreation development is
occurring on 39 acres of land on the north side of the reservoir. The development will
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include 130 parking spaces, two boat launches (non-motorized, hand-carried watercraft),
six vault restrooms, 56 picnic sites, and a small interpretive center. Several trails will be
constructed around the reservoir, totaling 19,400 linear feet of trails. Trails will be built for
a variety of uses including walking, biking, and hiking, and a hardened trail for universal
access.

Most of the recreation homes in Parleys Canyon were constructed before 1975. In 1975,
there were 83 cabins in Lambs and Mount Aire canyons; by 1995, the total had increased
to 112 cabins. Traffic in Parleys Canyon has increased noticeably since 1989, when
Interstate 80 at the Mountain Dell interchange reported an annual daily traffic of 23,975.
In 1996, the Mountain Dell interchange reported an annual daily traffic of 37,125. This
difference represents an increase of 55 percent over an eight-year period.

E. MILLCREEK CANYON
Physical and Hydrologic Conditions: Millcreek Canyon comprises 18.0 square miles of
drainage area with head waters originating about 10 miles above the canyon mouth at
8,700 feet elevation. Canyon ridge elevations typically range from 8,000 to 9,000 feet, with
Gobbler % Knob rising to 10,200 feet. Surface flows originate from Millcreek, Porter Fork,
and Bowman Fork canyons. The canyons steep side slopes, moderately heavy snowpack,
and high elevations are responsible for the late average peak flow date of May 27. Flows
remain relatively high throughout August, then decrease in the fall and winter. Flows
gradually increase throughout late winter and early spring. The stream has an average
annual yield of 10,762 acre-feet, the fifth highest yield in the plan area.

Canyon Uses: Millcreek Canyon is characterized by a long history of intensive summer
recreation and moderate winter recreation. A limited number of summer recreation
residences have been constructed, but no new construction has taken place in the past
decade due to the lack of private land available and a Forest Service policy against further
residential leasing. Large traffic volumes are associated with recreational uses. Developed
recreation in Millcreek Canyon consists primarily of picnicking, with an approximate
1,900 person capacity. Dispersed recreation activities in the canyon include bicycling, car
touring, and hiking. Fishing and limited backpacking are available in the Mount
Olympus Wilderness Area. Winter recreation consists primarily of cross country skiing,
although snowshoeing and dog walking are growing in popularity.

F. BIG COTTONWOOD CANYON
Physical and Hydrologic Conditions: Big Cottonwood Canyon comprises 50 square miles
of drainage area with elevations ranging from 5,000 feet to over 10,500 feet. The lower
portion of the canyon is steep and meandering as the result of natural stream cutting
processes while the top portion of the canyon is straight and broad due to massive
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glaciation. The upper portion of the canyon ends in a large basin with moderately steep
side slopes.

Big Cottonwood Creek originates in the Big Cottonwood Canyon% upper basins, and
Twin Lakes and Lake Mary reservoirs. Approximately a dozen side-canyon streams
intersect the main drainage. Side-canyon reservoirs include Lillian, Florence, and Blanche.
These large basins contribute to the highest annual water yield in the plan area of 51,238
acre-feet. Big Cottonwood Creek receives heavy snow pack that, combined with the high
elevation, steep side slopes and orientation, contributes to the late average peak flow date
of May 28. The flow rate for the Creek is relatively stable due to the width of the canyon
and the soil % ability to absorb water. Flooding occurs during May and June as a result of
cloudburst rain storms on melting snowpack.

Canyon Uses: Uses in Big Cottonwood Canyon are characterized by full and part-time
residences, developed and dispersed recreation and transportation. Brighton and Solitude
ski areas are located in the canyon. During the past decade both of these areas have
undergone expansion in facilities and use. According to the U.S. Forest Service Wasatch-
Cache National Forest Management Plan, no new resorts will be allowed in the canyon
and the expansion of existing resorts will be limited. The average daily traffic has
increased consistently since 1988, providing the best indicator of overall growth in the
canyon. The average daily traffic figures may be found in Appendix G.

Cross-country skiing is a very popular winter activity in the canyon, with facilities
including a groomed Nordic track. There are also trail-head parking facilities for back-
country skiing. According to the Forest Service Plan, only one permitted touring center
with a developed cross country skiing track will be permitted in Big Cottonwood Canyon.
Tubing is also a popular winter recreational activity in the canyon. The Forest Service
provides camping and picnicking facilities. There is a 1,655 person camping capacity and
a 1,530 person picnicking capacity. Camping and picnicking facilities are generally used
to capacity on weekends and holidays while weekday usage is much lower.

G. LITTLE COTTONWOOD CANYON

Physical and Hydrologic Conditions: Little Cottonwood Canyon comprises 27.4 square
miles of drainage area with elevations ranging from 5,200 to 11,200 feet. Little
Cottonwood Canyon is the steepest and highest canyon in the plan area. The canyon is
“U” shaped with rugged side-canyons formed by glaciation. The head waters for Little
Cottonwood Creek originate in the Albion Basin, from minor drainages and Cecret Lake.
Tributaries to the major drainage include the streams from White Pine Reservoir and Red
Pine Lake, Hogum Fork, and Coal Pit Gulch. The length of the primary stream channel is
approximately 12 miles.
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Little Cottonwood Creek peaks late in the spring, June 4 on the average, mainly because
of the heavy snow pack in the higher elevations. Throughout the year the stream flow
radically fluctuates due to the steep side slopes and impervious rock surfaces that make
up much of the canyon. The average annual yield for the stream is 46,149 acre-feet, the
second largest yield in the plan area.

Canyon Uses: Uses in Little Cottonwood Canyon are characterized by heavy developed
and dispersed recreational use, destination lodging and transportation. All uses in the
canyon have increased during the past decade. Downhill skiing is the most intensely
developed recreation use in the canyon at Alta and Snowbird ski resorts. The most
accurate measure of growth in the canyon is average daily traffic. In 1987, the average
daily traffic was 12,865. In 1996, the average daily traffic had increased to 16,540, an
increase of 29 percent. With the exception of Parleys Canyon, this is the highest average
daily traffic in the plan area. The average daily traffic from 1987 to 1996 is reported in
Appendix G.

Developed campsites are maintained by the Forest Service at Tanner Flat and Albion
Basin. Tanner Flat has been closed due to an environmental remediation project. Use at
these sites has varied from year to year. The two campgrounds have a capacity of 465
persons. While weekend and holiday use is high, weekend and weekday use combined
falls below capacity.

WATER QUALITY

BACKGROUND

Salt Lake City obtains a significant portion of its culinary water supply from canyon streams
originating in the Wasatch Mountains. These canyons include City Creek, Emigration, Parleys,
Mill Creek, Big Cottonwood, and Little Cottonwood. Water from City Creek, Parleys, Big
Cottonwood, and Little Cottonwood is treated in treatment plants and distributed to residents of
Salt Lake City and Salt Lake County. Reliance on these water sources is such that the Salt Lake
City Department of Public Utilities must closely monitor and regulate any activities that may
threaten water quality. Though recreation activity in these canyons has increased, water from
these canyons has historically been of high quality. Recent mean annual total coliform counts
have raised concerns that canyon water quality may be deteriorating.

Data Contaminant Indicators, Sources, and Fate
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Existing water quality data provides a baseline for monitoring watershed use effects. This section
presents a discussion of each of the selected key contaminant indicators already included in the
City % existing database. To define the significance of the data it is important to understand the
potential sources of the indicator, and the transport and fate of the indicator in the mountain
stream environment.

COLIFORM BACTERIA

Measurements of total coliform have been used as an indicator of contamination of waters for
many years. Coliform have been used as an indication of contamination because coliform tend to
exist in high quantities within fecal matter (100 to 400 billion per day discharge by humans?), and
thus provide a good indication or warning of possible contamination by other fecal born species.
Some water borne pathogens are difficult to detect or the tests may be complex, time consuming,
and often not sufficiently sensitive or selective. Coliform testing is relatively simple and
inexpensive, thus rendering it the method of choice for many years.

Sources and Fate of Total Coliform Bacteria

“The coliform group of bacteria includes all aerobic and facultative anaerobic, gram-negative,
nonspore-forming rod-shaped bacteria that ferment lactose with gas formation.”” Included in the
coliform class of bacteria are the genera Escherichia and Aerobacter. Coliform bacteria have been
found to increase in viable bacterial numbers under favorable conditions in pipe distribution
systems.® According to the American Water Works Association, “Finding coliform densities
ranging from 1 to 150 organisms per 100 mL may be possible with their occurrence widespread in
the distribution system.” There is a possibility that coliform could colonize in streams within the
slower moving areas. Porous media such as rocks may provide a good surface to which the
bacteria can attach and colonize. Total coliform life expectancies are on the order of days. Based
on the results of deep well studies, many coliforms live well in colder waters. Coliform life
expectancies have not been verified in open stream flows.

"The use of coliforms as indicator organisms is complicated by the fact the Aerobacter and certain
Escherichia can grow in soil. Thus, the presence of coliforms does not always mean contamination
with human wastes. Apparently, Escherichia coli (E. coli) are entirely of fecal origin. There is
difficulty in determining E. coli to the exclusion of the soil coliforms; as a result, the entire
coliform group is used as an indicator of fecal pollution.” Therefore, total coliform presence in
water is not proof of fecal contamination, however, total coliform will always be present when
there is fecal contamination. Though the significance of coliform occurrences should not be
ignored because they may indicate a potential pathway for pathogen penetration into the water
supply, sole reliance on coliform occurrence may not be adequate in defining the source of the
contamination. If coliforms occur repeatedly at levels higher than background, then perhaps a
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more stringent monitoring program should be employed in order to determine for certain that
there is human-based contamination.

Sources and Fate of Fecal Coliform Bacteria

Fecal Coliforms are a subgroup of total coliforms, and are usually found in much lower numbers.
They are more indicative of contamination from a warm-blooded animal source. Therefore, they
can come from both humans as well as animals. However, even though fecal coliform testing
may rule out soil borne coliforms, they may be from any warm-blooded animal source, as
discussed previously, and not necessarily an indicator of a human source. “In many situations
where human pollution is suspected on the basis of [fecal] coliform test results, the actual
pollution may, in fact, be caused by animal discharges.’” Fecal coliform density per gram of feces
and average contribution per capita per day is provided on Table 1 for human beings and some
warm blooded animals.

TABLE 1
FECAL COLIFORM
CONTRIBUTION PER CAPITA FROM HUMAN BEINGS AND SOME ANIMALS
(After Tchobanolglous, 1987)’

Averageindicator Average
density/g of feces contribution/capita/day
Fecal Coliform (10°) Fecal Coliform (10°)
Human 13.0 2,000
Chicken 13 240
Cow 0.23 5,400
Duck 33.0 11,000
Pig 33 8,900
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Sheep 16.0 18,000

Turkey 0.29 130

As can be seen from the table above, many animals have a higher fecal coliform production than
humans. Therefore, relying solely on fecal coliform counts as an indicator of human
contamination may not be correct. Fecal coliform may be expected to live in a cold water
environment for at least the duration of water flow from the upper reaches of the canyon to the
canyon mouth in any of the Wasatch Canyons. Coliforms survive well in cold water (the colder
the better) with a survival time on the order of days.? In order to minimize differential death
rates, samples should be taken no further down stream than 24 hours of flow time from the
source of poIIution.9 With these two items in mind, and the fact that these creeks take less than 24
hours to flow from top to bottom, survival of coliform from any source in the canyon is possible.
However, no studies have been found confirming life expectancies of fecal coliform in cold highly
oxygenated water.

NUTRIENTS

Nutrients, specifically nitrogen and phosphorous, are essential to the growth of bacteria and
plants.’® Other trace elements such as iron (Fe) are also required for biological growth. However,
nitrogen and phosphorous are the major contributors to the production of algae. Algae in turn
can cause taste and odor problems within water being used for drinking purposes. Methods for
controlling algal blooms or growth include addition of Chelated copper compounds or potassium
permanganate to the water, or simply controlling the nutrient loading. Nitrogen is also required
in metabolic processes of microbial populations. If the water lacks sufficient nitrogen and/or
phosphorous, algae growth will be repressed. Waste waters or organic wastes are a good source
of nitrogen for bacteria.

Nitrogen Sources and Fate

Nitrogen has its origins as atmospheric nitrogen. It is incorporated into terrestrial systems
through nitrogen fixing bacteria, lightening, direct conversion to ammonia, or fertilizer
manufacturing processes. From there it enters the food chain where it is taken up by plants and
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eventually animals. Animals then discharge nitrogen in the form of urea or feces. Bacterial
decomposition of the feces along with hydrolysis of the urea then convert the nitrogen to
ammonia. Ammonia is then converted to nitrite and nitrate, or to nitrogen gas. Nitrate is
especially soluble in water and therefore will move about freely within the aquatic system.

The United States Environmental Protection Agency (EPA) has determined that nitrate poses an
acute health concern at certain levels of exposure.'* The most common sources of nitrate in water
include fertilizer, sewage, and wastes from humans and animals. Excessive levels of nitrate in
drinking water may cause serious illness and sometimes death in infants less than six months of
age. The EPA has set the drinking water standard at 10 mg/I for nitrate to protect against the risk
of these adverse effects.'” Elevated levels of nitrates are often used as an indicator of human
effects on stream water quality.

Phosphorous Sources and Fate

Slope and stream erosion of phosphorous bearing soils (including top soils), and animal and
human feces, are sources of phosphorous for the canyon streams. Three types of phosphate are
usually of interest: ortho, poly, and organic. Orthophosphates are available for immediate
biological metabolism without further breakdowns. Polyphosphates include molecules with
oxygen atoms and two or more phosphorous atoms. Polyphosphates undergo hydrolysis in
aqueous solutions and revert to orthophosphate forms; however, the hydrolysis is typically slow.
Organically bound phosphorous is generally not available for algae growth without anaerobic
bacterial conversion.

The major phosphorous removal processes in natural systems are chemical precipitation and
adsorption while plants organically bind only small amounts. Phosphorous has a high tendency
to bind with soil particles. Once it is bound, it is not likely to be readily released back into the
environment. Orthophosphates are absorbed by clay minerals and certain organic fractions
within the soil. Chemical precipitation with alum, iron, or aluminum also occurs, but at a slower
rate. Sorption of phosphorous onto soils is the primary phosphorous removal process.

TURBIDITY

Turbidity is a measure of the suspended matter in water that interferes with the passage of light.
Materials in the water that cause turbidity may range from small colloidal particles, to coarse
dispersions. Much of the material that causes turbidity is inorganic matter, though a significant
portion is also caused by organic matter. It is this organic matter that causes concern. The organic
matter serves as food for bacterial colonies. As the colonies grow, additional turbidity is
introduced. Some of these organics may also induce the growth of algae, meaning they may
contain large amounts of nitrogen and phosphorous.
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Turbidity effects on water quality include: 1) Aesthetics, 2) Interference with filterability, and 3)
Interference with disinfection. Aesthetically pleasing water instills confidence in the consumer
that the water is pure and not polluted with wastes. As turbidity increases, the cost associated
with filtering the water increases. Disinfection is impacted by turbidity also. If particles causing
turbidity are in the water, then pathogenic organisms may not come into contact with the
disinfectant. That is to say, that the organisms may be shielded within or by a particle.

The amount of raw water turbidity (suspended solids) may also determine the type of treatment
requ