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I. SUMMARY, CONCLUSIONS, RECOMMENDATIONS

A. SUMMARY

As a result of glacial actioﬁ, the Wasatch Mountain Range adjacent to
Salt Lake County has been dissected into six major steep-walled canyons. Within
these canyons lie six streams. Water in each stream travels generally west
from the headwaters to the mouth of the canyon where it leaves the Wasatch
Range and flows over the valley floor to the Jordan River and then north to the
Great Salt Lake., Figure 1 shows the locations of the Wasatch Mountains and
streams in the eastern portion of Salt Lake County. Water quality in these
streams changes rapidly from naturally clear, high-quality water to fair or
low—quality water as it traverses the valley floor. Water is diverted for
domestic use upstream or at the canyon mouth. The canyon and canyon streams
are defined to extend from the headwaters to the mouth of the canyon where the
Wasatch Range meets the valley flooxr. In this study, the canyon portion of the

streams were analyzed.

In general, the Wasatch Mountains gain in ruggedness and altitude in the
south. Little Cottonwood and Big Cottonwood Creeks are by far the highest in
elevation, Some pertinent hydrologic details of each stream are tabulated in
Table I. The two Cottonwoods are distinect in that they have a substantially
larger discharge and receive moré precipitation than the other canyon streams.
The larger discharge is due in part to the less permeable rock found in the
.southern part of the range. Little Cottonwood (and part of Big Cottonwood)
Canyon is formed almost entirely from a Pre~Cambrian/Cambrian solution-resistant

crystalline (granitic) rock. Red Butte, Emigration, and Parleys Canyons are

-1-
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TABLE I

SUMMARY OF HYDROLOGIC CHARACTERISTICS

WASATCH CANYONS
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4800

15.0 63 0.28

7070 10 057 31.5

17.7

City Creek

5400

6700 3 .13 30

7.3

Red Butte Creek

36 0.54 1.4 4870

5'60

6450 10 044 28.6

18,2

Emigration Creek

4710

2.9

0.41

041 30.8 22.6 113

6960 12

7

50

Parleys Creek

5050

2.2

0.29

7950 10 071 38.0 13.4 56

21.7

Mill Creek

6.5 4990

.22

360 0

64.5

8890 13 054 44,2

50.0

Big Cottonwood

.6 >080

6

0.21

9170 - 11.7 .085 49,5 60 .4 384

27.4

Little Cottonwood



underlain mostly by shale, siltstone, and limestone of Mesozoic Age. This material
(14)

is more permeable and less resistant to weathering and erosion . Mill Creek and

City Creek Canyons are formed in both rock types.

Because of their wvarying characteristics, each canyon is devoted to a different
principal land use, Table II shows a simplified land use characterization of
each canyon. Land use types are listed in order of their predominant usage.
The Cottonwoods, being the highest and steepest canyons, attract the largest number
of outdoor recreationists.including hikers and skiers. The lower northern can-

yons are primarily residential and picnic-oriented.

Water quality varies greatly throughout the canyons and is related to land
use, as explained later. Table I1I summarizes the present concentrations of total
coliforms, TDS, chlorides, and Si0 in each canyon stream as measured at the

2

canyon mouth. Water quality is given in terms of the average during the most

recent three to ten years which are representative of current land use conditioms,

The principal beneficial usés_of the canyon streams, municipal water supply
and recreation, require mainfenance of public healtﬁ standards appropriate for
human use. The principal indicator of water quality deterioration related to those
standards is the presence of excessive concentrations of coliform bacteria,
Accordingly, this report uses total coliform concentrations as the basis for

assessing water quality in the streams.



TABLE II

SUMMARY OF USE CHARACTERISTICS OF WASATCH CANYONS AND CREEKS -

CANYON

City Creek Canyon
Red Butte Canyon
Emigration Canyon
Parleys Canyon

Mill Creek Canyon

Big Cottonwood Canyon

Little Cottonwood Canyon

1)
1)
1
1)

1)
2)

1)
2)

1)
2)

CANYON USE

Picnicking

Natural Research Area

Year Around Residential
Reservoir 2) Transportation

Summer Residential
Picnicking

Residential 3) Picnicking
Skiing 4) Hiking, etc.

Skiing
Hiking, etc.

WATER USE
1) Municipal
1) None

1) Y¥one

1) Mumnicipal
1) Irrigatiomn
1) Municipal
2) Irrigation
1) Municipal
2) Irrigation



CREEK

(At mouth unlessr

stated)

Clity Creek

{at Filter Plant)

Red Butte Creek
Emigration Creek

Parleys Creek

{at Filter Plant)‘

Mill Creek(z)

Big Cottonwood
Creek

Little Cottonwood
Creek(2

PERIOD OF
SUMMARY FOR
COLIFORM

1969-74

1969-73

1970-75

| 1972-74

' 1969-74

1974-75

TABLE III

SUMMAR¥ OF WATER QUALITY CHARACTERISTICS OF WASATCH CANYON CREEKS

TOTAL COLIFORMS
in MPN/100 m1 (1)

Avg, Avg.
Min, Max.
30 150
1000 7000
2 60

23 250
25 100

25 50

& Sampled by SLCWD: analyzed by CCHD using the multiple tube method (MF method after June '74); 20 samples per week.

(2

(3
(4)

Average of 6 - 10 samples from WNFS.
Prom UsGs 196468 %),

Annual
Avg.

74

2900

25

150

50

35

Avg.
Min.

190
300

320

270

300

90

80

TDS
mg/

Avg.
Max.

340
460

600

480

450

240

180

164)

Annual
Avg.

280
390

470

400

360

180

130

CL
mg/l(z)

Avg. Avg. Annual
Min, Max. Avg.

113

3 14 9

5109 9 NO;a)
mg/1(2) mg/1l
Avg. Avg. Annual
Min. Max. Avg.
11
0.0
4 5 5 0.0

011-
NO;S) P0J3) Grease
mg/l mg/1 mg/l
.38 2.0
11 .02 3.4
.16 .06 2.9

TDS, CI , and 5105 has been sampled by SLCWD; analyzed by CCHD; period of summary is 1970-75 with 2 samples per month,
TDS values are within 10 mg/1 of those by USGS in 1964-68 (Footnote 4).

TSS(B)
mg/l

6.7

1.3



B. CONCLUSICNS

1. Specific Canyons

City Creek

The "natural” level of total coliforms in City Creek is 5-10 organisms/100ml

(org/100ml) on the average, with a range of 2-20 org/100ml.

Past construction activity in the Canyon has resulted in year-round
average coliform levels of 100-200 org/100ml. As reflected by coliform levels
in the Creek, the Canyon apparently takes a numbér of years to recover from

construction activity while erodable soil is reconsolidated.

Present summer picnie use of the Canyon results in year-round average
coliform concentrations of 50~100 org/l00ml with eratic temporal variations
ranging from 30-150 org/l00ml. These levels may be expected in the future if
use of the Canyon continues to be restricted to summer picnicking activity. Under
present coliform levels there are about 17 org/l00ml in City Creek for every

1000 picnickers per year per stream mile.

Minimum levels of coliforms attainable today are probably about double

natural levels due to patrolling and maintenance activities in the Canyon.

Emigration Creek

The "natural" level of coliforms in Emigration Creek could not be de-
termined because historical coliform data were unavailable. It is probable,
however, that the "natural" level is in the order of 1-20 org/l00ml as in the

other Wasatch Canyon streams.



Based upon a short period of record, the bacterial levels of the creek
appear to have decreased by about 50% since 1969. Present coliform levels are
still very high, however, averaging about 2900 org/100ml with a range of
1000-7000 org/l00ml, High present levels of coliforms may be chiefly attributed
to inadequate residential waste digposal practices, such as the use of poorly
operating septic tank systems. Other canyon uses such as transportation and re-
creational activity may have some minor impact. Fecal coliform contamination

appears to enter the creek especially in the "Kelvin Grove" to "Last Gap' reach.

As a first estimate, there are about 80 org/100ml in the stream for every

cabin per mile of Creek frontage.

Parleys Creek

The "natural" level of coliforms in Parleys Creek is probably in the

order of 1-20 org/100ml based upon observation of other Wasatch Canyon creeks.

Since bacterial data were very limited for Parleys Creek, nc conclusions

regarding historical bacterial levels could be reached.

Coliforms are presently in the order of 2-60 org/100ml at the intake

of the SLC Water District below the Mountain Del Reservoir.

Though recreational activity occurs in the Canyon, its impact on

bacterial quality ie apparently modified by the storage of the creek water in

Mountain Del Reservoir.

Mill Creek
As in the case of Parleys and Emigration Creeks, the natural level of
Mill Creek could not be determined because of the unavailability of historical

data. However, it is probably in the order of 1-20 org/l00ml.

-8-



Before 1972, coliform concentrations ranged upward to 5000 org/l00ml

. probably due to poor residential waste disposal practices.

With improved residential waste managment, present annual average
coliform levels range from 100-200 org/l00ml with monthly average variatioms

of 25-250 org/100ml. These levels reflect impaéts of summer residential and

picnicking activity.

There are about 17 org/l00ml in Mill Creek for every 1000 picnickers per

year per stream mile. 1In terms of residential use, there are about 7 org/100ml

in the stream for every cabin per mile of creek frontage.

Big Cottonwood Creek

"Natural" coliform levels in Big Cottonwood Creek are in the order of

1-20 org/100ml.

After 1947, coliform levels increased to an annual average of about

150 org/100ml, probably due to intensive picnic use.

During the 1950's and 1960's average concentrations were generally in
the range of 8-80 org/100ml, with high summer peaks due to either construction

activity of residential waste disposal practices.

Beginning in 1960, winter coliform concentrations increased over a ten
year period corresponding to an increase in winter average daily traffic above
1000 vehicles/day. The rate of increase is about 5.5 org/100ml per 100

additional vehicles/day visiting the canyon in winter.



Present annual average coliform levels are about 50 org/i00ml with a
monthly range of about 25-100 org/l00ml. These low levels are maintained déspite the
fact that Big Cottonwood Canyon is the most heavily year-round used canyon examined

in this report.

On a year-round basis there are about 9 coliform org/100ml for every

1000 visitors per year per stream mile in Big Cottonwood Canyon.

Little Cottonwood Creek

"Natural™ coliform levels in Little Cottonwood Creek are less than or

equal to 10 org/100ml.

Coliform levels remained close to natural levels through the 1960's

despite recreational use of the Canyon.

From 1970 to 1974, construction activity in the Canyon increased coliform
concentrations up to an order of magnitude throughout the stream and throughout

the year.

With existing year-round canyon use, coliform concentrations presently
range between 25-70 org/100ml. These low levels are maintained despite the
canyon's extensive use for summer and winter recreation. Summer activities include
hiking, camping and rock climbing. Winter recreational activity principally

involves downhill skiing at two major resorts having overnight accomodations.

The direct impact of skiing upon water quality appears to be minor.
Average winter coliform concentrations of 10-20 org/l00ml at the ski resorts
may be typical for present usage represented by half a million skier visits

per year,

~10-



2, BSpecific Land Use Impacts

Natural Coliform Levels

Based upon historical data the natural background ccliform level of the
Wasatch Canyon Creeks analysed is in the order of 1-20 org/100ml. Presently, if
all man-related activities in the canyons were minimized, the lowest possible
coliform levels attainable are probably in the order of 5-40 org/l00ml due to

necessary water quality surveillance and canyom patrol activities.

Construction

Construction activity involving excavation dislodges soil and removes
vegetation cover. This allows storm runoff to transport coliform-containing
sediment to the canyon creeks. In the Wasatch Canyons, construction has increased
coliform levels in the Creeks an order of magnitude at the construction site.
In City Creek, levels increased to 100-250 org/l00ml and in Little Cottenwood
levels increased to 40-80 org/i100ml during construction activity. In City Creek
it was found to take a number of years for the creek to recover from the construction

activity.

Picnicking and Camping

Available data suggests that picnicking and camping in the canyons results
in a creek coliform level in the order of 50-200 org/l00ml. This range of values
probably results from (1) the trampling of vegetation and an increase of erosion
(2) improper disposal of garbage (3) inadequate sanitary facilities (4) defecation
by pets. As a first estimate there are 9-17 org/l00ml of coliforms in the stream
for every 1000 visitors per year per mile of stream. The visitor estimates include

camping and picnicking in designated and nondesignated areas.

-11-



Hiking

With respect to other recreational activities, the present amount of hiking
in the canyons is small. The small amount of hiking activity which does occur is
considered to have an overall minor impact upon the bacterial quality of the

streams.

Skiing and Winter Canyon Usage

Skiing activity, in terms of average daily traffic (ADT) to the ski resorts,
does not appear to impact the bacterial quality of the creeks at a level below
1000 vehicles/day. Above this level, the average winter cdliform concentration
appears to increase about 2 org/l00ml for every additional 100 vehicles per day
which visit the canyons for skiinmg. In Little Cottonwood Canyon, where skiing is
the major winter activity, bacterial levels in winter have risen to about 50 org/100ml
compared to a background level of about 10 org/100ml. Since coliform die—-off is
fairly rapid in snow little residual impact is observed beyond the skiing season.
Skiers themselves appear to directly impact coliform levels only by their improper
disposal of garbage. In general, therefore, skiing activity has a mimor impact
upon bacterial levels during the winter, and an even smaller impact on a
year-round basis as compared to residential and other recreational uses of the

canyons.

Regidential

In Big Cottonwood Canyon, where residential wastes are transported out of the
canyon, residential use appears to have a minor impact upon bacterial quality
of the creek. In Emigration and Mill Creek Canyons, where septic tank disposal
of residential waste is permitted, coliform levels range upward to 6000 org/l00ml
in Emigration and 300 org/100ml in Mill Creek Canyon, respectively, during

periods of residential use in the summer.

-] 2~



These levels, however, represent a ten-fold improvement in coliform levels which
existed before septic tank disposal was instituted. In Mill Creek, there are
about 7 org/1l00ml for every cabin per mile of creek in comparison to 2 org/100ml
for every cabin per mile in Big Cottonwood Creek. The impact of septic tank
disposal appears to be particularly severe in Emigration Creek where there are

¢

an average of 80 org/l00ml for every cabin per mile of creek.

-13-



C. RECOMMENDATIONS

Qur recommendations regarding the improvement and/or protection of bacterial
water quality in the Wasatch Canyon streams examined in this report are presented

in two parts.

(1) Suggestions concerning present bacterial water quality in the

specific canyons.
(2) Recommendations concerning the impact of specific activities on

future bacterial water quality.

1. TImprovement of Present Bacteridl Quality

Gity Creek

It will be difficult to improve bacterial quality in this canyon unless further
restrictions are placed upon summer picnicking activity. Given the present restric-
tions coliform concentrations are expected to average around 50-100 org/100ml.

Since stricter management of the canyon would probably not substantially change
present coliform levels, and since total coliform concentrations of this magnitude
are not recognized as a health hazard, restricting the present beneficial use of

this canyon probably would not provide a worthwhile benefit.

Emigration Creek

With average coliform levels ranging between 1000-7000 org/l00ml, Emigration
Creek has the poorest quality of the Wasatch Canyon streams examined in this report.
High coliform ievels are apparently directly related to sewage disposal practices.
Present septic tank disposal is inadequate particularly within the Kelvin Grove-
Last Gap reach of the canyon. An on-site inspection program of the septic systems

is a suggested first step to improve bacterial quality conditions.

-14-



Consideration should also be given to transporting the residential wastes from

the canyon contingent upon the results of the septic tank inspection program.

Parleys Creek

Based upon available data there appears to be no bacterial quality problem

in Parleys Canyon. Monitoring should continue, however.

Mill Creek

With the present level of summer residential and picenicking use Mill Creek
coliform concentrations range from 100 to 200 org/100ml on thg average. This
coliform level will probably be maintained if use of the canyon is not increased.
Though coliform levels are not great enough to merit a major water gquality im-
provement program, some attention may be given to restricting picnicking access
to portions of the stream particularly susceptible to ercsion and perhaps more

clesely monitoring residential waste disposal practices.

Big and Little Cottonwood Creek

Despite the great amount of recreational and residential use im Big and
Little Cottonwood Canyons, the bacterial quality of their creeks is quite goed.
In both canyons, coliform levels presently average in the order of 25 to 100 org/100ml.
The resilience of these watersheds to present levels of use makes water quality
control measures, beyond those practiced now, unnecessary at the present time,

Water quality monitoring should continue, however,

~-15~



2. Future Canyon Development and Use

Present bacterial levels do not justify any major water quality control

porgrams in any of the canyons, except for Emigration, under present levels

of canyon usage. However, with future development and intensified use of the
canyons, the overall bacterial quality may be degraded to an unacceptable level.
It is‘important, therefore, to monitor and manage any future expansion of

activity. Recommendations concerning specific activities are as follows.

Construction

Construction operations in the Wasatch Canyons transport coliform—containing
sediment, via stormwater runoff, to the canyon creeks. 1In the past this has re-
sulted in coliform concentration increases upwards to 100-250 org/100ml. TImpacts
have continued a number of years after the completion of construction until soil
was reconsolidated and vegetation restored. TIf construction impacts are to be
reduced, greater sediment controls than those used in the past in the Wasatch
Canyons should be required. These may include 1) basins to retain runoff and
sediment; 2) temporary mulching and seeding of stripped areas; 3) cultivation
of especially steep slopes during construction; 4) applying crushed stone/gravel
to construction roads; 5) temporary diversions of runoff around stripped areas.
The applicability of these and other measures to control construction-related

sediment rumnoff should be determined on a site-specific basis.

Outdoor Recreation (Pickicking/Camping/Hiking)

The overall impact of outdoor recreation is difficult to contrel on a

watershed-sized scale. Some reduction of water quality impacts may be accomplished
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by restricting picnickers from certain erosion-susceptible portions of the stream,
banning pets from the canyons, upgrading sanitary facilities, and similar measures.
However, since the effectiveness of any one control measure is uncertain, it may be
more reasonable to limit canyon recreational use in general. The range of 7-17
org/100ml of total coliform resulting in the stream for every 1000 recreation
visitors per year per mile of stream may be used to obtain a rough idea of what
bacterial levels may be expected for expanded levels of use. This figure may be
used cautiously to determine the recreational capacity of the canyons with respect

to bacterial quality of the stream.

Winter Recreation (Skiing)

In this study skiing activity was found to have only a minor impact upon
bacterial quality of the Creeks. A total coliform increase of 2 org/100ml for
each additional 100 vehicles per day over 1000 vehicles per day visiting the can-
yons for skiing has been found to represent present bacterial increases due to
skiing activity. However, as skiing activity increases much above present levels,
more significant indirect impacts may.result. For example, before any new facili—
ties are constructed to service greater skier populations, the potential water
quality impacts of the resﬁlting construction activities should be examined and
minimized where possible. Other bacterial quality impacts may result from exceed-

ing the capacity of now-adequate sanitary and garbage disposal facilities.

Residential

A figure of 7 org/l00ml for each cabin per stream mile for Mill Creek may
be used as an approximation for determining gross coliform concentrations due
to present residential use with proper septic tank disposal. Using this figure,

the residential "capacity'" of the canyons may be grossly approximated.

-17-



Pascal and Eckoff(36) suggest that residential impacts can be reduced by
controlling the setback distances of residences and other facilities from the
streams. These authors present a table which notes the postulated setback dis-
tances in Little Cottonwood Canyon which accomplish a 997 reduction in coliform
loads for different soil types and slopes. This information can be used as a
guide in restricting the locations of new residences in the canyons to reduce

their bacterial water quality impact.

3. General

The analyses presented in this report are sufficient to provide a general
direction to water quality management of the Wasatch Canyon Creeks. Water
quality monitoring of the canyon creeks should continue, however, with particu-
lar emphasis on fecal coliform data collection. Fecal coliform data (which
were all-but-unavailable for this study) are more definite indicators of the
public health suitability of the canyon streams than total coliforms. Data
of this nature, collected in the future, can be used to refine or support the

conclusions and recommendations of this report.
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I1. INTRODUCTION

The Wasatch Mountains in north central Utah form the backdrop and eastern
boundary of the Salt Lake City Metropolitan Area. They rise abruptly from the
4,600 foot valley floor to upwards of 10,000 feet. The usually snow-capped peaks
and steep canyons present a scenically pleasing view from the city and provide a
sumper and winter recfeational playground for the 500,000 residents of the area,

and to a growing extent, the rest of the nation,

The Wasatch Canyons with their green forests, granite, snow-capped peaks,
and natural clear and abundant high-quality waters are in striking contrast to the
generally dry and poor Quality water of the neighboring areas. The canvons have,
for many years, served as the primary watershed and principal recreational region

for Salt Lake County residents.

In past years, the limited demands placed on the Wasatch Canyons to serve
as both a water supply and recreational center were tolerable., However, in re-
cent years, particularly with the increasing interest in outdoor recreatiom,
the water quality has suffered. Proposed additional requirements for Wasatch
water for municipal use, and the projected increased use of the canyons.for

recreation, poses a challenge to the canyon planners.

The purpose of this gtudy has been to examine the relationship of water
quality to land use in the Wasatch Canyons with the intention of enabling resolu-

tion of the apparent conflict of use in the most economic and effective manner,
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ITI. DATA SOURCES

The data used in this study were taken from a variety of monitoring programs
conducted by a number of local agencies. This chapter summarizes past and present
monitoring programs which have produced water quality data in the canyons. All the
monitoring programs have been discussed to some degree, even those which generated

data either not available or not complete enough for effective use.

In this chaptex, the programs are grouped in alphabetical order by agency
and by canyon within agency. In Appendix A the data are grouped by canyon and
data type within canyons. Sampling stations are located on Figure 2 and in
more detail on the large scale maps in Appendix B. The maps in Appendix B are
drawn to the scale of USGS 15 minute quadrant maps and include information on

)

land use and developed areas

A. CITY-COUNTY HEALTH DEPARTMENT (CCHD)

Since April 1972, the City~County Health Department has regularly sampled
BOD and coliforms every other month at four statioms located at the mouth of Emi-
gration, Mill, Big Cottonwood, and Little Cﬁttonwood Creeks. All stations are
near Wasatch Blvd, BOD and coliform data through 1974 are presently available on

STORET.

Another program, which monitors 35 additional chemicals in samples collected
quarterly, has recently been instituted, but the pericd of record is too short to

be used in this analysis.
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1., Emigration, Mill, and Big and Little Cottonwood Creeks (CCHD)

The following canyon mouth stations are part of the City-County Health Depart-

ment monitoring program. They are shown in Figure 2,

CREEK CCHD# | STORET#
Emigration Creek | 846 491846
Mill Creek 876 491876
Big Cottonwood | 361 491361
Little Cottonwood 866 491866

The Big Cottonwood and Little Cottonwood stations are located below the

water supply diversions and hence are dry many months of the year.

Data on canyon water quality from the CCHD program have not been included
in this report because the data base provided is too short and incomplete to be

of value in this analysis.

B. METROPOLITAN WATER DISTRICT (MWD)

This agency analyzes samples at the water treatment plant (mouth of Little
Cottonwood) for coliform comcentrations using both the Membrane Filter Method (MF)
and the Tube Method (MPN), and chlorides, TDS, and SiOz. This agency has had omne

of the most consistent and useful data collection programs in the canyon.

1, Little Cottonwood Creek (MWD)

During most of the year, the sampled water consists only of water diverted
into Murray City Power Plant Aqueduct at the dam just above Wasatch Resort (see
Figure 2 and Appendix B). The water is used for power generation before going to

the water plant.
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During times when excess (unappropriated) water flows below Wasatch Blvd.,
additional water is diverted from Little Cottonwood at the dam just below the
Beaver Ponds and one-half mile above the water plant. This water is mixed with
the Wasatch Resort water before sampling. Typically, water is taken from the
Beaver Pond diversion only during the spring runoff before agricultural demands
become high. Thus, except for the months of May and early June, the MWD samples
represent the water quality just above Wasatch Resort. During May and June, a
fraction of the water comes from the Beaver Pond Diversion, and the samples re-
present a mixture of waters. At no time do the samples include water from Deer

Creek Reservoir which is also used at the MWD plant.

Coliform samples are analyzed three times per week (before 1975, five times
per week) in the MWD laboratory from the mixture of Little Cottonwood waters
entering the plant. The correlation of monthly average coliform by the MF and

(33),

MPN methods is fairly good ; however, the MF method produces values consider-

ably lower than the MPN methed.

The 1961-1975 MWD monthly average tube method coliform records at the water
plant are included in this report. In general, the median value is very close to
the average with a better than 90% correlation(33). Monthly average coliforms
analyzed using the Membrane Filter Method are included from 1967-1975. Monthly
(12)

average coliform data were assembled from the publications of' Glenne ’

(33)

Wilhelm , and from MWD records beyond 1973. Earlier records of daily coliform

counts are likely to be available.

Records of chloride, TDS, and 8102 concentrations are presented herein from
1961-1975 and were obtained from Glenne(12) and Wilhelm(®®) for the period 1961-1974
and from the Salt Lake City Water Department for the period 1970-~1976. These data
represent the average of two daily composite samples taken at the water plant as

described for coliforms.
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C. SALT LAKE CITY WATER DEPARTMENT (SLCWD)

The Salt Lake City Water Department measures total coliferm concentrations
of raw water at some 20 stations along the 6 major canyon streams. The primary
stations at the water treatment plants are monitored 5 times per week (beginning
in mid-1975, 3 times per week}. Other stations are sampled once a week or in-
frequently. Flow rate is measured once a day at the primary stations. The SLCWD
data collection program is the most complete, most extensive, and provides the

most useful data base in the Wasatch Canyons.

Samples are analyzed by the City County Health Department (CCHD) laboratory
by the Membrane Filter Method. However, prior to June 16, 1974, the Multiple

Tube Method was used(26).

In an analysis of the two methods, it was found that
correlation of individual samples using the two methods was poor, although MF
values are usually within 95% confidence limits of the MPN values. The MF values
tend te be 20-50% lower than the MPN results from the same sample. When several
samples are averaged by month to simulate the method used in the analysis, the
correlation is much better, suggesting a highly random component as well as a
systematic discrepancy between techniques. The primary effects of the Membrane

Filter Method appear to be to soften the coliform peak values and to generally

lower all values.

The daily coliform samples have been averaged arithmetically by month and
tabulated by the Salt Lake City Water Department from 1930 to 1975 for some
sample stations. The actual daily data sheets are no longer available for the
early years. The monthly average data for the principal stations have been pre-
pared for inclusion in this report and are discussed below along with the specific

sampling periods and locations in the canyon.
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SLCWD bacterial data presented in this report were assembled from one or

more of the following sources. Discharge data were assembled primarily from

SLCWD.

SOURCE YEAR CREEKS
Wilhelm (1974) 1967-1973-1/2 EC, MC, BC, LC
Glenne (1973) 1961-1972 1C
Jennings (1975) 1930-1973 CcC
SLCWD All Other Years cc, EC, PC, MC, BC, LC

For late 1975 and 1976, monthly averages were made by averaging weekly values
within the month and may show slight differences from the monthly values. Infor-
mation on sample frequency, location, and laboratory and analysis is known for data
collected during the last several years and is described below. Methods, fre-
quency of sampling, and location are not known for the early years and may be
different from that reported herein, though in the analysis we have assumed them

to be essentially the same.

1. City Creek (SLCWD)

The primary monitoring station in City Creek is located at the water treat-
ment plant midway up City Creek Canyon. Monthly average flows and coliform
concentrations from 1930 te 1975 are included in this report., Except for the morxre
recent daily data sheets of flows and coliforms, this represents all of data

available from this station.

Recent data sheets indicate samples are taken at 12 Noon and 11 PM 5
days per week (3 days per week since 1975). There appears to be little differ-
ence between monthly averages of the 12 Noon and 11 PM samples and no significant

or consistent differences between the two sampling times from day to day.
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Coliform samples are also taken daily at the mouth of City Creek. Data
from this statiom, "20th Ward", has not been compiled for this report because the
magnitude of the effort could not be justified in the context of this program.

Reduction of this data is suggested as a follow-up effort.

Coliform data and flow records are maintained in Emigration Creek at the
mouth near Tunnel Springs. This station is labeled "Lower Emigration". Coliform
concentrations are also monitored within the canyon at Burr Fork (Upper Emigra-
tion) just above the bridge where the highway crosses to Parleys Canyon. Both

stations are shown in Figure 2.

Monthly average coliform data, sampled once per week, are presented in this
report for 1968-1975 and 1969-1975 for Lower and Upper Emigration respectively.
Monthly average flow records have been included for the Lower Emigration Station
near Tunnel Springs from 1930-1975. This is believed to cover the entire period

of both bacterial and discharge data collection.

There are four stations at which SLCWD monitors coliform concentrations in
Parleys Canyon on a weekly (or less frequent) basis. These are in Upper Lambs
Canyon, Lower Lambs Canyon, and Little Dell Reservoir. Data from the thrée
stations above Mountain Dell Reservoirs are included for 1974-1975. Earlier data
may be avallable, but they were not obtained in‘this study. Monthly averaged
values at the filter plant below Mountain Dell Reservoir are presented from
1970-1975., This is believed to be the entire record at this éite. Flow is
monitored below the Dam and records have been included from 1930-1966. More re-

cent flow records are available but were not obtained.

Below the Reservoir, Parleys Creek flows into a culvert for the remainder

of its traverse through the canyon to the mouth.
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2. Mill Creek (SLCWD)

The SLCWD samples only one station im Mill Creek. This station is at the
mouth at Boundary Springs where discharge and coliform concentration have been
measured for many years. Discharge is measured daily; coliform appear to be

measured weekly,

Chlorides and 8102 were also measured at this station on a regular basis.
However, no reference to these measurements can be found in other publications
except as reportéd by Wilhelm(33)covering the period January, 1971 to September, 1974.
Monthly chloride and TDS data are included herein. Annual 8102 data are included

for 1971-1973.

Monthly coliform data are presented from 1967 to 1975. Earlier data
may be available. Monthly discharge data are presented from 1930 through 1975,

This is believed to represent the entire period of record.

3. Big Cottonwood Creek (SLCWD)

The principal sampling station on Big Cottonwood is at the mouth of the creek
at the water treatment plant. Both flow rates and coliform concentrations are
measured. Monitoring of total coliforms has been conducted since at least 1930.
Samples have been taken 5 days (since 1974, 3 per week) per week at 6 AM and 7 PM.
The 6 AM sampling appears to have been discontinued in early 1975. There appears
to be little difference between the water quality at 6 AM and 7 PM. Monthly
coliform averages and stream discharge are reported herein from 1930 to 1975.

This comprises all of the available coliform data except for the individual daily

data of recent years.
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Coliforms are monitored by SLCWD once a week or less at 5 other stations
within Big Cottonwoocd Canyon. These stations are located on Figure 2 and are

described as:

NAME RELATION TO WNFS STATIONS
Storm Mountain Below BC-2
Mill B 1 Mile + above BC-3
Mill D (Reynold's Flat) Above BC-8

Silver Fork

Brighton

4, Little Cottonwood (SLCWD)

The principal SLCWD station in Little Cottonwood is at the mouth where
coliform samples have been taken 5 (3 recently) times per week since at least
1931. Average monthly coliform data for this SLCWD station are presented for the
period of record 1931-1975 with the exception of nine years from 1949-1959,
Monthly average data for these nine years are apparently missing from the SLCWD's
library. Consequently, this represents the entire period of available coliform

records.

The location of this station has been the topic of considerable debate be-
cause comparison of daily, monthly, or yearly averaged coliform levels from the
SLCWD and the MWD monitoring programs do not agree, and some published and un-
published maps and reports show the stations at different locations. Further dis-
cussion of the discrepancy between these results can be found in the discussion

of Little Cottonwoed found in this report.

(26)

Descriptions, however, of the SLCWD station locations ghow them to be
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located in exactly the same place and to be subject to the same mixing of water
from the two Little Cottonwood diversions. The primary diversion for water sampled

under this program is just above Wasatch Resort.

Total daily flow in Little Cottonwood at the mouth is measured by SLCWD
and reported herein as a monthly average from 1930-1975. The flow at the mouth

includes the loss by diversioms.

SLCWD operates four other stations in Little Cottonwood Canyon that are

sampled daily or less frequently for coliforms. They are described as:

NAME : RELATION TO WNFS STATIONS
Red Pine Below LC-3 (WNFS)
White Pine Below LC-5 (WNFS)
Peruvian Between LC—6 and LC-7 (WNFS)
Below Snowbird Below LC-8 (WNFS)

The period of record for these stations is unknown and cnly data for
Peruvian and Snowbird have been included in this report, For these stations,
the included data from 1971-1975 probably represent the period of record.
Operation of the Red Pine and White Pine stations was found to be sporadic in
1975. No data were found in the 1974 records, nor after March, 1976. The

stations may have been discontinued.

D. GSNOWBIRD CORPORATION (SBC)

At least four Snowbird water quality programs have been or are presently
being conducted by Cortell and Associates to monitor pertinent water quality

parameters throughout Little Cottonwood Canyon. Detailed descriptions of these
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programs and others in Little Cottonwood Canyon are contained in the Snowbird
publication by Cortell(5). Only the two ongoing programs are discussed herein.

The Snowbird programs are the most comprehensive programs in the canyons. A wide
range of parameters are monitored at several sampling stations along Little Cotton-
wood. The single drawback is presently the short period of record, beginning in

the early 1970's.

1. Little Cottonwood (SBC)

The first Snowbird Water Quality program consists of measuring three para-
meters: suspended solids, coliform, and BOD sampled at intervals of approximately
8 days. This program was instituted on March 19, 1973, and consisted of the 6
stations described below. Stations 2 and 6 are shown on Figure 2. In June of that

year, Station 1 was dropped and Station 2A was added.

STATION LOCATION
1 Above confluence of the Mine Tunnel Drain
2 Below the Mine Tunnel Drain at Cliff Lodge
24 Skiers Bridge
3 ‘ Below the Plaza
4 Below Wilbur Ridge Lift
5 Below Gad 1 Lift
6 Below Red Pine Creek

Samples are collected and analyzed by Ford Chemical Laboratories using
standard methods (multiple tube tests for coliforms). Monthly averages of all

Station 2 and Station 6 data from this first program through 1975 are shown in

Appendix A.
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The second Snowbird program is called the Snowbird Source Control Water
Quality Program and consists of 20 stations. In this program, each station is
sampled monthly and analyzed by Ford Laboratories for 35 different constituents.

The program began om February 8, 1975. Data from this study have not been included

in this report,

E. U.5. ENVIRONMENTAL PROTECTION AGENCY (EPA)

From June 19 to June 25, 1972, the Environmental Protection Agency,
Surveillance Branch, conducted an intensive survey of the Jordan River and Emi-

gration Creek.

1. Emigration Creek (EPA)

EPA measured temperature, pH, DO, conductivity, total coliform and fecal
coliform once a day throughout the 7-day period at 7 stations in Emigration
Canyon. These stations are shown on Figure 2 and the map of Emigration Canyon
in Appendix B. They are numbered in descending order from the mouth to the
headwaters, i.e., EC-8 to EC-l1. EC-2 is on a side stream. The data is shown
in Appendix A. Additional data not reported herein are available for the three

stations below the canyon mouth and several stations along the Jordan River.

F. UTAH STATE DEPARTMENT OF HIGHWAYS (HWY)

The research section of this agency, in cooperation with the Bureau of
Public Roads, publishes monthly data on Average Daily Traffic (ADT) near the mouth
of Mill Creek, Big Cottonwood Creek, Little Cottonwood Creek, and Parleys

Canyon. Annual estimates are available for Emigration Canyon.
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1. Little Cottonwood Creek (State)

Two State sampling stations are located in the Canyon portion of Little
Cottonwood Creek. These are at the Power Plant and Wasatch Blvd. They are not
shown on Figure 2 but are located about one mile upstream and one mile downstream

of the Murray City Power (MWD) Aqueduct,

Monthly coliform data have been included in this report as summarized by
Cortell(5). The data represent coliform concentrations from 1966-1974 and from
1966-1971 measured at Wasatch Blvd., and the Power Plant above Wasatch Report res-

pectively. It is believed only one sample per month is taken. Many months have

no data.

G. WASATCH NATIONAL FOREST SERVICE (WNFS)

The Wasatch National Forest Service conducts a water quality monitoring
program consisting of 24 stations on Mill Creek, Big Cottonwood Creek and Little
Cottonwood Creek. Samples were collected occasionally ffom May, 1972 to
September, 1972, Since then, sampling has been conducted monthly, and occasionally,
twice per month., The stations are shown on Figure 2. They are labeled con-

secutively from the mouth of the respective streams, e.g., LC-1 through LC-9,

The following constituents are usually measured:

Total Coliform N02-N TSS BOD5
Fecal Coliform N034N TDS DO
Grease & 0il POA—P c1™

Most of the information from this program is sketchy and incomplete and
extends over a very short period of record, Sampling dates are irregular and

the number of constituents analyzed vary. Hence, it was not found to be

-32-



1. Mill Creek and Big and Little Cottonwood Canyon

The data presented in this report are the monthly average ADT at the canyon
mouth for the pexiod of record which is from 1967-1973 for Mill Creek (1974-1975
not obtained), 1955-1975 for Big Cottonwood, and 1948-1975 for Little Cottonwood.
Data assembled for these canyons represent two direction traffic whose destination
is within the canyon. The data were assembled from the sources of Glenne(lz),

Wilhelm(BB), and direct contact with the Utah State Department of Highways.

Except for the daily and weekend average ADT data for the above periods,

the data in this report represent all available traffic data for these canyons.

2. Parleys Creek (HWY)

Traffic data are measured in Parleys Canyon at the mouth. The heaviest
traffic volumes occur in this canyon which is the location of Interstate 80.

Most of the traffic is through traffic.

3. Emigration Canyon (HWY)

The only data on Emigration Canyon ADT is the average annual ADT for 1973
(3700 vehicles per day). This information has been provided by PBQ&D(Q).
ADT for Emigration Canyon may not represent total trips to locations within the

canyon as the highway loops back to Parley's Canyon.

H. UTAH STATE ENVIRONMENTAL HEALTH BUREAU (STATE)

According to the Snowbird Report(S), the State Environmental Health Bureau
has irregularly collected water samples from Little Cottonwood since 1966. They
nave performed MPN coliform, some BOD, and a few suspended solid analyses at
three stations since 1966. Tt is likely the State samples other streams. The
data appears to represent only a single sample per month with no data at all in

many months. Hence, the data are of little use in this analysis.
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particularly useful in this report, especially for the purpose of presenting monthly
summaries. However, some of the parameters sampled are not otherwise available.
Annual summaries (usually from only 6 to 10 samples) of these parameters have

been included in Table III where available, Monthly summaries were not made be-

cause of the incompleteness of the data obtained.

L. OTHER SOURCES

During the middle 1960's the U.S. Geological Survey (USGS) conducted an in-
tensive survey of the Jordan River Valley and the Wasatch Canyon Streams. Some
data, particularly TDS, are available from this study and have been incorporated
into Table III(IA). The TDS data reported by-the USGS from 1964-1968 agree

quite closely with recent data collected by MWD and SLCWD. Additional chemical

data are available.

The Salt Lake County Council of Govermments (COG) is currently conducting
limited studies of several parameters on Little Cottonwood, Emigration and Red
Butte Creeks. These studies, which are of the same scope as the EPA Emigration
Creek study described herein, are described as a part of a recommended monitoring

@15)

program

The STORET data retrieval system provides a possible auxiliary source of
data from selected agencies (described in this chapter) who also enter their data
into the system; these are CCHD, the State, and the WNFS. However, these sources
do not have the most comprehensive dat# collection programs, and not all of

the data collected are entered.
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IV. A REVIEW OF CANYON LAND USE AND WATER QUALITY

Land use and water quality has changed dramatically in the Wasatch Canyon
during the last 40 years. The influx of people to the $Salt Lake City area fol-
lowing World War IT and the recent increase in outdoor recreational activities,
particularly hiking, skiing, and camping during the 1970's, have altered the
character of the canyons. Likewise, with increasing use, the water quality of

the canyons has also changed.

In this section, the present and historical land use of each canyon is
described, and this in turn is related to the present and historical water quality

with particular emphasis on the bacterial levels.

A. AN OVERVIEW

Historical water quality records, back to 1930 in some cases, show that most
canyons streams have undergone similar changes in bacteriological composition.
Prior to 1940, water quality can be said to represent "matural" condition. The
minor amount of development in the canyons probably had little effect on the coli-
form concentration. In the late 1940'5 concentrations of coliforms increased
rapidly with the influx of people to Salt Lake City. Between the mid-1950's and
1960's quality appears to have improved either through improved management or a
change in climatic conditions. 1In the late 1960's, with the increased awareness
of the outdoors, use of the canyons became intense. Traffic volumes were up nearly

an order of magnitude. Bacterial quality deteriorated imn nearly all streams.

In the 1970's, water quality has been improving, especially in the more recent

yvears (1973-1975). The cause can be debated and perhaps no single factor has led

—-35m



to the improved quality. Possible explanations ineclude: 1) an improved wastewater
management program arising out of concern for the environment and the domestic water
supply; 2) increased dilution by high rainfall in recent yvears; 3) the change from
the Mﬁltiple Tube Method (MPN) to the Membrane Filter Method (MF) of analysis for
coliform content, leading to an apparent improvement. Of these reasons, number 1
appears to be most likely. Precipitation seems to plgy a minor roll in dilution
because bacterial load increases with increased streamflow. An evaluation of the
MF results and split samples analyzed by both MF and MPN methods showed the MF
method probably produces lower values but not less than 2/3 of the MPN values when

several samples are averaged by month.

Presently, the use of nearly all canyons is intense. However, the type of
land use in each canyon is different, Table IV summarizes the land use capacities
of each of the canyons giving the nﬁmber of parking spaces, cabins, picnic spaces,
etc. Table V shows the actual usage of each cabin during 1974 as reported by the
Division of Highways, Wasatch National.Forest Service, and the ski resorts. This
table can be used as a guide to determine the relative use of each canyon. However,
the number of visitor-days reported does not include all usages. Omitted are the
uge of cabiné and perhaps some recreation in unrecorded areas. The reported re-
creational use accounts for less than half the average non-commercial (80% of total)

average daily traffic (ADT) at 2 persons per vehicle.

B. CITY CREEK CANYON

1. Present and Historical Use

City Creek is a primary water supply for the Salt Lake City Water Department
(SLCWD) which owns the watershed. As such, use of the canyon is restricted. No
cabins, overnight camping, or permanent residences are allowed. Public use of the

canyon is restricted to hiking, fishing, picnicking, hunting, and other daylight
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TABLE IV
SUMMARY OF LAND USE CAPACITIES#

 Picnic Ski 1974
Lodging Campground Area Ski Lift ; Operators |[Recreational
CANYON Parking |No. of Cap. Cap. Cap. Restaurant | Capacity | Living In (Use, In
Spaces Cabinél) Persond?) Persons Persons Scats Pers/hr Canvyon Visitor Days
City Creek Canyon NA 0 0 0 84.5(3’4J o 0 0 22832/NA
Red Butte Canyon 0 0 0 0 0 0 -0 ] NA
Emigration Canyon ] NA 236 | NA NA NA NA o] _ 0 NA
Parleys Canyon NA 224/NA 0 NA NA NA 0 0 NA
Mill Creek Canyon NA 72 /NA NA NA 1907/NA NA 0 0 245,000
Big Cottonwood Canyon 1,350/NA| 440 135 685/NA 1530/NA 425 3800 10 295,000
Little Cottonwood Canyon [,600/NA 63 2297 480 0 1835 11000 425 618,100

% Source: EDAW (1976)

(1) Capacity of each cabin is approximately 5 persons. Cabin numbers include both seasonal and year-round residences,
(2) Commercial lodging including guests or employees staying in condominiums, hotels or lodges.

(3) This number is distributed between 18 separate picnic sites.

(4) Source: Salt Lake County Planning Commission, 1975.

/NA Though additional land use of this type is known to occur in the Canyon, information on additional capacities was not
readily available,

NA Though this land use type does occur in the Canyon, information on existing capacities was not readily available,
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TABLE V
SUMMARY OF 1974 CANYON USAGE

NA

1974 AVERAGE DAILY TRAFFIC 1974 REPORTED RECREATIONAL USE IN VISITOR DAYS(Z) RESTDENCES
CANYON Summer | Winter Annual
' May-Oct| Nov(73)-Ap 1974 Number Of
Picnic | Camping | Hiking Skiing(B) Other(4) Total Cabins
City Creek Canyon(5 ) NA NA NA 22,832 0 NA 0 0 22,832/NA 0
Red Butte Canyon Public Autos Prohibited 0 0 NA 0 NA NA 0
Emigration Canyon NA NA 3,7006’7) NA 0 NA o NA NA 236
Parleys Canyon NA NA 11,5738 7 ja NA NA 0 NA NA 224 /NA
Mill Creek Canyon 1,008 5487 1,318 | 72,200 0 29,800 0 143,000 | 245,000 72/NA
Big Cottonwood Canyon 2,751 1,862 2,269 54,800 | 42,600 35,4001 100,000] 117,000 295,000 440
Little Cottonwood Canyon| 2,027 2,952 2,530 ¢ 10,600 6,900 503,900 96,700 618,100 63
(1) Two way traffic volume. Source: Utah Div. of Highways (1976).
.(2) Source: Jim Paschal, U.S.F.S. files, 1975 as Reported by EDAW (1976)
(3) Skier visits for 1973-1974 season. Source: Wilhelm (1974).
(4) "others" include visits to reservoirs, lakes, streams, and primarily roads.
(5) City Creek Canyon above the filter plant. Source: SLCWD, Sherwood (1976)
(6) Through traffic exists in these canyons. Source: EDAW (1976)
(7) 1973 Datum
NA Though this type of use is known to occur in the canyon, information was not readily available.

Though additional use of this type is known to occur, information on additional capacities was not readily available,




activities. Plant operators and the SLCWD personnel have access to the canyon

to operate the facilities.

Vehicular access to the canyon is controlled at the mouth and also at the
SLCWD Water Treatment Plant part way up the canyon. Bicycle and foot traffie

are not controlled.

Currently, and for the last several years, the lower gate remains locked
until May 30 of each year. At this’time, the public has unrestricted summer use
of the lower portion of the canyon. However, use of the upper canyon is restricted
by permit to the number of available picnic sites. All sites are usually filled
each weekend. 1In 1974 and 1975, 22,832 and 22,419 picnickers, respectively, re—

gistered to use the upper canvon.

The entire City Creek Watershed is closed to the public in the fall (date
unknown) except for deer season from October 20 to 30, when 35 cars are allowed

past the upper gate.

Historically, the use of City Creek has increased dramatically over the last
30 years from very little use to the intensive picnic use described above. A
chronology of events showing the historiecal use of the canyon is presented in
Table VI. After World War II, the use of City Creek for picnic, hiking and fishing
activities increased dramatically. In February, 1952, all public vehicular access
to the upper canyon (lower canyon access is unknown) was discontinued and the canyon
was officially closed by SLCWD. This apparently was congidered necessary to protect
the quality of the municipal water supply. The canyon remained closed until
August 10, 1966, when it was reopened to the public on the restricted basis de~

scribed earlier.

-39—



-_— - = w -

DATE
1946
Dec. 1951
Feb. 1952
1952-3
Feb-Jul 1954
Feb. 1955
Apr. 1955
Oct., 1955
Oct. 1957
Aug, 1966
Jun 1974

1974

TABLE VI

CHRONOLOGY OF EVENIS IN CITY CREEK

EVENT
Increased interest in recreation (end of war)

Heavy winter deer kill (1356 deer killed in valley)
Canyon closed

Water Treatment Plant constructed

Diversion-Intake pipe constructed

Beaver Dam broke

Water Treatment Plant opened

Winter deer kill (307 deer killed in City Creek Canyon)
Winter deer kill (165 deer killed in City Creek Canyon)
Canyon opened for limited public use

Coliform analftical method changed (MPN-MF)

22,833 people reserved park (5700 visitor days)
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Shortly after the canyon closing, construction began on the water filtration
plant located just above the diversion site in mid-City Creek Canyon. The con-
struction invelved large excavation and the movement of earth near the stream.
From February to July, 1954, the final connections from the diversion to the plant:

were made; and on March 25, 1955, the plant was put into operation.

2. Water Quality

Figure 3 (a) shows the trend in the average annual coliform concentration
from 1930 to 1975. The trend in coliform concentrations very closely follows the
reported changes in canyon use, and hence, prdvides significant support to a

popular hypothesis(lﬁ)

that intensive recreational use of the canyon is largely
responsible for the deteriorated quality, Furthermore, the data indicate con-

struction activity is also a primary source of pollutien.

Average water quality in the 1930's, during a period of little use, show
coliform concentrations below 10 MPN/100 ml. During the 1947-1954 period of
intensive picnic use followed by construction, the bacterial concentration of
City Creek increased to 150 MPN/100 ml. This was followed by a period of declin-
ing concentrations and a near return to the 1930's levels during the period when
the canyon was closed. When the canyon was reopened, coliform levels rose again

into the 100's.

A more detailed display of coliform concentrations is presented in Figure 4
which shows the monthly average concentrations through this peried from 1930-1975.
Monthly concentrations during the two periods (1930-1945, 1955-~1965) when the
canyon was either unused or closed are very consistent from year to yvear. They
show little indication of man-induced disturbances or other irregularities. Con-

centrations typically rise sharply on the falling leg of the hydrograph to peak
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in the July-September period énd then decline to a minimum in the winter.

Bacterial concentrations when the canyon was closed were twice the "natural”
concentrations of the earlier years. Thus, with no recreation, no construction,

and little use, bacterial loads approached natural conditions but were kept
slightly higher, probably as a result of canyon disturbance due to policing and
operating canyon facilities. Concentrations observed in the early 1960's (Figure 4)
which vary between 10 and 40 MPN/100 ml are likely to be close to the minimum prac—

ticably attainable pollution levels for City Creek in modern times.

In 1947, quality began to deteriorate dramatically during a time of increasing
recreational use and concentrations were generally much higher from 1949-1951. The
temporal variation of coliforms (Figure 4) exhibited wide variations during thié
period of extensive picnic use, quite unlike the regular and predictable character-

istics of the 1930's and 1940°'s.

In 1952, the canyon was closed, and coliform levels dropped substantially in
response. However, the construction of the Water Treatment Facility in 1953, and
the associated earth movement, brought concentrations back up. During the con-
struction, concentrations Weré not erratic but instead remained consistently high
indicating a Eoliform loading proportiomal to the flow as would be expected if the
bacteria were tied to the eroded sediments. Even the spring runoff carried con-
siderable bacteriological matetrial, probably tied to the sediments from the

construction site.

Immediately after construction ceased, the watershed began to return to
normal. The recovery period took five to nine years as the annual average and
summer peak concentrations as shown in Figure 4 returned to normal. This may
correspond to the time required for the revegetation and consolidation of erodible

materials at the ceonstruction site.
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In recent times, the quality of the canyon waters has again been deterio-
fated, as in the eafly 1950's. As in the previous period of heavy use, the
temporal variation of coliforms is very erratic. Recent water quality records
show the average annual coliform concentrations range from 50 to 100 MPN/100 ml
while monthly variations may be 30 to 150 MPN/100 ml. Concentrations shown in
Figures 3 and 4 imply an improvement in water quality after 1973. However, there
is insufficient water quality dafa and no land use data to verify an improvement.
In addition, considering the change to the Membrane Filter Method in June of 1974,

the suggestion of a major improvement in quality may not be supported.

3. Conclusions and Summary

The following conclusions can be drawn from the above analysis.
(1) Average annual "natural" coliform levels in City Creek are 5 to 10

MPN/100 ml. Monthly values range from 2 to 20 MPN/100 ml.

(2) Because of necessary patrol and operational personnel and other un-
avoidable factors, modern day minimum obtainable pollution levels may be twice

that of the watershed under "natural" conditions.

(3) Water 'quality is degraded by picnickers and other day-type users.
Annual average coliform concentrations increase by an order of magnitude to

around 100 MPN/100 ml with picnic use.

(4) Picnic use, when restricted to summer only, increases coliform pollu-
tion proporticnally all year around. Pienic~type use produces temporal coliform
levels that are very erratic, probably unpredictable, and inconsistent from year

to vear.
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(5) Construction activity (especially excavation) causes large year—-round
increases in total coliform concentratioms. Concentrations may be 100 to 200

MPN/100 ml throughout the year.

(6) It probably takes sevefal vears for a watershed to recover from a

period of'use, while erodible material is consolidated and revegetated.

(7) wWith the present limited use restrictions continuing in upper City
Creek, future coliform concentrations and coliform variations can be expected

to be similar to those of the early 1970's.

C. RED BUTTE CANYON

Red Butte Canyon is completely closed to the public. There are no cabins,
camping sites or picnic sites, and the entrance is closed to public motor vehicles.
A few land owners have access to the canyon. It is also presently serving as a

National Forest Natural Research Area for environmental studies.

No data is available with which to make any significant analysis of land use

and/or water quality levels.

D. EMIGRATION CANYON

1. Land Use and Management

Emigration Canyon is a heavily used residential area. Cabins are used all
year around, some for permanent residences. Currently, there are 236 cabins in
the canyon. The demsity of development is higher in Emigration Canyon than in
any other. There are approximately 29 developed acres of land along each mile
of stream. The annual average daily traffic (ADT) of 3700 vehicles/month (in 1973)

is the highest of any canyon road except for Interstate 80. Additional, unmeasured
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traffic enters at the top of the canyon from I-80. Development along Emigration
Creek is fairly uniformly distributed and is situated close to the stream.

Figure 5 shows the distribution of develdped areas.

Canyon use is mostly residential with some minor recreational use. There
are no known picnic or camp sites in the area nor is it used for municipal water

supply by the SLCWD.

Emigration Canyon is extremely éteepwwalled, and the valley fleoor is
generally narrow. Little acreage is available for the construction of buildings,
residences, or septic tank drain fields. In many locations, cabins are sandwiched

tightly between the creek and the highway.

Little is known about past water quality management in this canyon. Recently,
water quality comparisons between those water supply canyons with controlled waste-
water programs and the others, such as Emigration and Mill Canyons, has led to a

better management program in the uncontrolled canyons,

In the early 1970's, steps were reportedly taken to improve the operation of
septic tanks and to eliminate leaky storage vaults. Recently, restrictions have
been placed on livestock grazing. Leashed dogs were formerly allowed, but they

are now prohibited entirely.

2. Water Quality

Water quality in Emigration Creek is the poorest of all canyon streams.
Coliform levels average 2000 to 7000 MPN/100 ml and exhibit monthly average peaks
often above 10,000 MPN/100 ml. According to the results of a recent EPA study(zg),

fecal coliforms make up a substantial portion of the total coliform load. Dissclved

oxygen levels, however, remain near saturation.
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The source of the highlcOliform.le#els appears to be the residential users
of the canyon. Dense residential areas édjacent to the creek, steep slopes,
poor septic tank soil characteristics, and a poorly managed wastewater control
program have resulted in a greét deal of contamination by septic tanks and other
residence-related activities such as construction; excavation, and off-road

vehicle operation.

Figure & shows the annual trend in coliform concentration, loadings, and
flow rate at the mouth of the canyon. Annual average concentrations below
Burr Fork at the upper Emigration station are also shown. Coliform concentrations

appear to have declined since 1968 from 5000 to less than 2000 MPN/100 ml.

Substantial improvements appear to have been made in 1969 and perhaps 1968.
During this period, coliform concentrations and loads were reduced significantly.
Neither loads nor concentrations have returned to‘the pre~1970 levels. The im-
provements in water quality appear to be related to the upgraded waste control
program. However, this canﬁbt be substantiated because of the lack of historical
information from the canyon patrol program. Also, the short period of record

precludes definite c¢onclusions.

The graphs in Figure 6 indicate that no further decline has occurred since
1969, The reauction of coliform concentration in 1974 and 1975 may be due partly
to dilution by high stream flow or may be attributed to the use of the Membrane
Filter coliform analysis instead of the previously used MPN analysis. Actual
bacterial discharges to the stream, as determined bj load, did not decline but

rose with the high flows.

Additionally, coliform concentrations are similar in magnitude throughout the

stream. Figure 6 shows that the annual coliform concentrations at the upper
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COLIFORM CONCENTRATION, LOAD AND DISCHARGE IN
EMIGRATION CREEK
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Emigration station below Burr Creek Fork are nearly the same as those at the
mouth, even though the stream flow and coliform load at the upstream station

are considerably less (no data on thiese items is available). Further, the
average monthly coliform counts at the two stations are also very similar.
Figures 7 (a) and (b) show the monthly coliform concentrations in upper and
lower Emigration Creek respectively, Figure 8 summarizes Figure 7 to display
the average monthly variations at the two stations from 1969 to 1973. Monthly
concentrations at upper Emigration are similar except for greater winter concen-~
trations and the depressed June-July concentrations caused by the early freezing

and later snow melt at high elevations as illustrated in Figure 8 (c).

Total and fecal coliform concentrations as measured at 7 stations along
Emigration Creek are shown in Figure 9. Total coliform increase somewhat
between Burr Fork and EPA station EC-4, as is expected. in June from Figure 8.
Total coliform otherwise remain relatively uniform. Fecal coliform, however,
increase between EPA stations EC-4 and EC-5 indicating the major loadings of
fecal coliforms probably occur between Kelvin Grove and Lost Camp where the canyon
is very narrow. This suggests a large number of inadequate septic tank facilities

in this region. The decline of fecal coliforms beyond station 5 is due either to

dilution by a distributed source of water along the stream not containing fecal

coliforms, or to bacterial die-off.

The somewhat unifqrm stream concentrations seem to be related to the uniform
distribution of developments along the stream. Some measure of the density of
development per mile of stream may relate coliform levels to density of development
The following table presents statistical information concerning the developments
above each station and the stream load (expressed as a concentration) per unit of

development. The number of developed areas per mile above upper Emigration is
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less than Emigration Creek in general, but the cabin density is greater. Neither

coliform concentration as related to cabin

TABLE VII

EMIGRATION CREEK COLIFORM LEVELS RELATED TO RESIDENTIAL USE

Avg. Annual
Developed Coliform
Stream Cabins Developed Cabins Acre '69-173 Coliform Coliform
miles Acres mile miles MPN/100 /Cabin/mi. fAcre/mi.
EC Mouth 8 238 186 30 23 2898 97 126
EC Upper 2.5 103 40 4] 16 2773 68 173

density (cabins/mi.) or development density (developed acres/mi.) is a suitable
index ‘in itself. Some combination of both indexes might prove to be more satis-

factory but is unwarranted considering the available data.

3. Conclusions and Summary

The following conclusions can be drawn concerning Emigration Creek.

(1) Emigration Canyon is the most heavily used canyon and has the greatest
pollution levels as measured by coliform concentration.

(2) Pollution appears to be related to the heavy residential use and the
poor disposal of sanitary waste and household wastes.

(3) Coliform levels dropped by at least 50 percent after 1968-1969, but have
remained constant throughout the 1970's. The decrease may have been due to the
improved wastewater management programs undertaken by the county.

(4) Presently, monthly concentrations can be expected to range from 1000 to
7000 MPN/100 ml, averaging 2900.

(5) Coliform concentrations are slightly affected by variatioms in annual

flow.
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(6) Total coliform concentrations (not loads) are similar at the mouth
and points upstream, i.e., influent water appears to have the same total coliform
characteristics at all points.

(7) A large amount of fecal coliforms enter Emigration Creek between Kelvin
Grove and Lost Camp, probably from inadequate septic facilities in this narrow
reach of the stream.

(8) Unit annual coliform loads for Emigration Canyon with septic tanks on
steep slopes near the stream bank is, perhaps, 80 MPN/100 ml cabin/mile; i.e.,
on the average, the coliform concentration of Emigration Creek is increased by

80 MPN/100 ml by each cabin per mile of creek,

E. PARLEYS CANYON

1. Present Use

Parleys Canyon is a very densely developed and heavily traveled canyon.
However, most of the length of Parleys Creek is a culvert beneath Interstate
Highway 80. Parleys Creek enters the culvert below Salt Lake City Water Depart-

ment's (SLCWD) water intake and treatment plant below Mountain Del Reservoir.

Above the reservoir, a few camp sites and picnic facilities are served by
I-80 and another comnecting road with Emigration Canyon. The 1973 annual traffic
volume on I-80 which follows the watershed for several miles was 11,573 vehicles

per day.

2. Water Quality

Water quality at the SLCWD's water intake is quite good, averaging about
25 MPN/100 m1 from 1970-1973 (Figure 11). Because the retention time in Mountain

Del Reservoir is large, the effects of recreational use in the upper watershed
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are modified and the quality records actually represent the reservoir quality

rather than the canyons.

As shown in Figure 10 (using 1970-1973 monthly average data) coliform con—

centrations are low throughout the summer and fall. The peak occurs between

January and May.

¥. MILL CREEK CANYON

1. Present and Historieal Land Use .

Mill Creek Canyon is a heavily used recreational and summer residential
canyon. The primary recreational use is picnicking. There are more than 1900
designated picnic spaces (more than any other canyon} in numerous picnic sites
along the creek. The average daily traffie (ADT) in 1973 was 1300 vehicles per
day.

The canyon is similar to Emigration Canyon in that it has a similar type of
wastewater management program and is not presently used as a public water supply.
While this canyon is not as steep-walled or narrow as Emigration, the topography
and soil characteristiecs may not be favorable %or septic disposal systems. The
level of developmeﬁt of Mill Creek Canyon is one-third that of Emigration in
number of developed acres (54), number of cabins (72+), and number of developed

acres per mile of stream (9). There is no year around residential use in Mill

Creek Canyon as there is in Emigration.

Typically, wastewater has been disposed of through septic tanks and under-
ground drain fields. However, in the late 1960's and early 1970's (exact date
unknown) when the poor quality water of Mill Creek was traced to the poor waste-
water management program, controls were established to improve the waste disposal

methods utilized. Before this program was instituted, many inadequate waste
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disposal methods had developed, including poorly maintained drainage fields
and direct toilet discharges to the stream. These have been corrected and the

level of patrol and inspection upgraded.

The many picnic grounds of Mill Creek Canyon are extensively used through-

out the summer. During 1972 and 1973, some picnic grounds were closed for

reforestation.

2. Water Quality

From 1967 through 1971 annual coliform concentrations were fairly high

averaging 750 MPN/100 ml (Figure 12). In 1972 concentrations dropped markedly

to about 150 MPN/100 ml and remained low.

Coliform pollution in Mill Creek is evidently from cabin waste and picnic
use. As in Emigration Creek, malfunctioning septic systems and 4 poorly con-
trolled wastewater control program were the probable cause of the excessive
concentrations prior to 1972. The drop in early 1972 may be associated with
improved management methods; however, there is no data to confirm this. A
similar drop occurring in Emigration Canyon in 1970 was also stated, without
documentation, to have possibly been caused by the saﬁe types of improvements in
watershed management methods. Why Mill Creek responded two vears after Emigration
Creek is unknown.

Figure 13 shows average monthly coliform concentrations and the hydrograph
period of 1967-1974. The change in canyon quality just prior to 1972 is clearly
shown. 1In the first period, 1967-1971, coliform levels rise with rising seasonal
stream flow and peak to 2000 MPN/100 ml in July or August in contrast to Emigration
where concentrations rise as seasonal flow decreases. Concentrations in all but
one winter (1969-1970) are very low (less than 100 MPN/100 ml) compared to

Emigration Creek where cabins are used year around.
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After the implementation of control measures, summer coliform levels
dropped to one-third or about 200 MPN/100 ml. Winter values remained the
same or only slightly lower. The possible sources of man-made pollution in
Mill Creek Canyon are picnickers and scattered residences. Coliform concen-
trations resulting from picnic use in City Creek Canyon have been found to be
in this same range or slightiy less. Thus, with the increased picnic density
(2 to 6 times that of City Creek), it is conceivable that all pollution currently
comes from picnic use. More likely, however, the pollution originates from an
unknown mix of the two sources.< Since the watershed appears to be in a transition
from the high and erratic monthly spikes of pollution to a more regular pattern,

additional data must be gathered before more definite conclusions can be reached.

3. Conclusions and Summary

The following conclusions can be drawn concerning pollution in Mill Creek.

(1) Annual average coliform levels presently range from 100 to 200 MPN/100 ml
with monthly variations from 25 to 200 MPN/100 ml.

(2) Currently, the major scurce of pollution is from picnie use and residen-
tial wastewater. However, the proportion due to the two sources is undetermined.
Picnickers may contribute the majority of the pollutants.

(3) Prior to 1972, coliform concentrations averaged near 1000 and peaked
to 5000 MPN/100 ml. The source was improper disposal of residential wastes re-
sulting from a poor watershed management program.

(4) Coliform concentrations dropped by two-thirds in early 1972 and remained
consistently "low'". The probable cause of the drop was an improvement in water-
shed management practices, espgcially with reference to improperly operating

residential waste disposal systems.

61—



(5) Coliform loads are related to runoff from the watershed; concentrations
change little (if any) in wet and dry years. Thus, loads are related to deposits
on and in the shallow portioms of the watershed, not from direct discharge to the

stream.

G. BIG COTTONWOOD

1. Present and Historical Usage

Big Cottonwood Canyon is a heavily used recreational and residential canyon.
It receives perhaps the largest number of year-round recreational visitors of all
the canyons. The canyon is intensely used throughout the year with peak use
(as determined by the average daily traffic) in July and February. Summer
activities include an intensive amount of picnicking, hiking, fishing, ete.
Summer Average Daily Traffic (ADT) has averaged about 2500 vehicles per day with
July peaks to over 3500 (monthly average). There are 440 cabins and more than

1500 picnic sites in the canyon.

Winter activities include skiing at Brighton and Solitude (until closed in
1972), hiking, and cabin visits.. The average winter (November-April) ADT is
just under 2000 vehicles per day (365,000 vehicles per season) with peaks to almost
2500. The majority of these winter visitors, though, are engaged in a winter
activity other an skiing, since the number of 1974 skier visits to Big Cottonwood
was reported to be 100,000 persons per season, while the winter vehicles carried
300,000 persons into the canyon (based on 2 persons per vehicle and 20% commercial
traffic). Skier use of Big Cottonwood is primarily day use. The skier capacity
is represented by parking for 1350 autos and a limited lodging capacity (135 persons)

for overnight skiers.
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Residential use of Big Cottonwood is very large. However, as in the other
canyons used by SLCWD for domestic water supply, all sanitary waste is stored in
vaults or holding tanks. Kitchen and shower waste is sent to a septic tank
system. Nearly all residential area soils are classified as having conditions

unsuitable for septic tanks.

Public use of this canyon began in 1893 when the Brighton Hotel opened.
For many years the Brighton Ski Resort was the primary skiing facility in the
region. Table VIII shows the history of developmeﬁt. Reportedly, major skier
activity rose dramatically in 1947 and again in 1954. But as is shown in Figure
14, the increase in winter use has continued upward since 1955 when the winter
ADT rose from 300 to almost 2000. Although total winter use appears to have
leveled off since 1970, skier use is increasing. However, skier use may decline
somewhat in the future due to the opening of Snowbird in Little Cottonwood Canyon
and the closing of the Solitude Ski Resort in 1974. In general, total use, and
especially summer use of the canyon has risen gradually since 1955 at approximately
70 more vehicles per day each year. If this trend is extrapolated back to Zero,
it shows modern day growth began in the mid-1940's which corresponds to the time
unofficially reported by Salt Lake City residences as the beginning of the growth

period.

2. Water Quality

Water quality as measured by coliform concentrations in this canyon is good.
Average annual concentrations are below 100 MPN/100 ml and monthly summer peaks
are usually below 150 MPN/100 ml. Lowest concentrations are usually reached in
January or February while the highest concentrations occur in summer after the

spring runoff.
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TABLE VIII

HISTORY OF DEVELOPMENT IN BIG COTTONWOOD CANYON*®

1893-4
1936
1934-35
1938
1941
1%46-7
1952

or

53
1954
1958
1958
1959
1963
1969
1973

1974

Construct Brighton Hotel

Construct tee bar ski lifts

Construct more tee bar ski lifts
Private enterprise took over

Alpine Lodge sold

First chairlifts built (Brighton Corp)

Alpine Lodge burned dowm

First double chairlifts built

First eating facility constructed
Mount Logistic Manner built

Double chairlift added

Purchased single chairlift

Double chairlift built

Converted single to double chairlift

Solitude closed (last season: 1973-74)

*Major Source: Dean Jensen, Brighton Corp.
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The relatively high quality of water at the mouth of this canyon reflects
primarily the good wastewater management program, and secondarily, the firm
granitic rock of Big and Little Cottonwood Canyons. It is evident that the
vaulting practice for sanitary waste is far superior to the septic tanks and
drain fields of Mill and Emigration Canyons where coliforms are an order of

magnitude greater ar lower residential densities.

As in the other canyons where records exist back to the 1930's, present
coliform levels are considerably higher than the early years. Figure 14 (a)
shows the degradation in quality that occurred rather abruptly at the end of
World War II corresponding to the reported significant increase in canyon use.
Other than this, the general trend of pellution dces mot correspond to known
changes in land use or intensity of use. In fact, at times, the annual pollu-
tion trend appears to run counter to the intensify of use. Nevertheless, as
will be pointed out, the characteristic coliform concentrations are such that

changes in pollution can be linked to changes in land use.

The annual coliform concentrations of Figure 14 appear to be very erratic,
alternating between 30 and 150 MPN/100 ml annually. Average winter concentrations
from November through April are shown to be more consistent and perhaps a better
indication of the ambient quality of the watershed. Changes in the availability
of erodible material, such as caused by the destruction of vegetation through
construction and picnicking, should be manifested in the winter coliform levels.
Additionally, winter bacterial levels should reflect increased winter usage,
Figure 14 shows winter concentrations rising in the early 1950's and again in the
1960's. The gradual increase in the winter appears to be closely associated with

increasing use intensity.
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The winter average coliform concentration from the 1950's on (Figure 14 (a))
generally reflects the increased usage of Big Cottonwood Canyon shown in Figure
14 (b). However, it is difficult to say which, if any, of the uses; 1) winter
use, 2) summer use, or 3) skiers is primarily responsible for general degrada-

tion in quality as shown by the winter coliform concentrations.

Additional influences concerning land use can be made by observing par-
ticular characteristics of Figure 15 which presents monthly average coliform

concentrations from 1930 to 1975.

Prior to 1947, coliform concentrations were quite low. Monthly concentra-
tions did not exceed 20 MPN/100 ml and usually dropped to 1 or 2 MPN/100 ml in
winter. This level can be considered close to "natural" conditions because of
the low use of the canyon. Monthly records for 1930, 1935, and 1940 show less
consistency between the years than exists in City Creek, perhaps reflecting the

minor canyon activity throughout this period.

From 1947-1949, concentrations increased sharply with a pattern nearly
identical to those of City Creek, perhaps responding to a similar increase in
use by picnickers and day visitors. As in City Creek, 1949 pollution patterns
are erratic showing a fairly high winter base and a summer peak above 200 MPN/100 ml.
The water quality in the late 1940's and early 1950's resembled the water quality
of City Creek which at the time was affected by picnickers. However, Big Cottonwood
water quality during this period cannot be directly related to land use because of

a lack of data.

During the latter half of the 1950's and eaxly 1960's, coliform concentrations
followed a fairly regular pattern, altered by distinct events in certain years.

In this period, coliforms were approximately 4 times greater than "mormal", ranging
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from about 8 to 80 MPN/100 ml between winter and late summer respectively.
However, the relatively low coliform counts are overwhelmed in 1955, 1956, 1958,
1959, and 1963 by what appears to be problems with septic waste disposal systems
or leaky waste storage vaults. The very high summer spikes in these years have
been found in the other creeks to be due to residential waste disposal systems.
Likewise, the period from spring 1962 to perhpas fall of 1963 appears to be

characteristic of construction as described for City Creek and Little Cottonwood

Creek.

In the latter part of the 1960's, bacterial concentrations rose gradually
in the winter while the summer concentrations maintained approximately the same
shape and intensity. Thus, it again appears the source of pollution is from an

activity affecting the stream only in the winter months.

In the 1970's water quality improved. Whether this is 1) an actual improve-
ment in guality caused by the reported improvement in water quality management
methods such as the exclusion of dogs, or 2) an adjustment from unusually high
concentrations observed in 1969-1971 is unknown. Winter concentrations have

leveled off in the 1970's consistent with the leveling off of the winter ADT.

An analysis of coliform concentrations along Big Cottonwood from 1968
through early 1974 shows spatial uniformity along the stream in the winter.
Figure 16 shows the summer and winter concentrations at 5 stations on Big

Cottonwood. The stations are located on the map in Figure 2 and are:

FIGURE CODE STATION NAME

Mouth

Storm Mountain
Reynolds Flank
Silver Fork Lodge

R VL S S

Brighton
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All stations show very close agreement except perhaps the station at
Brighton which is ocassionally slightly higher. By implication, either the
stream is receiving uniform pollutant loads, or tributary water is of the same
concentration throughout. Sincé developed areas are not unifo?mly distributed
along the stream, the data provided by the 5 Big Cottonwood stations suggest
that there is no correlation between stream pollution and developed regions of
Big Cottonwood Canyon. However, camp sites are ﬁore evenly distributed, and

this may be the source of stream pollution,

3. Conclusions and Summary

The following conclusions can be drawn concernihg water quality and land
use in Big Cottonwood Canyon.

(1) Concentrations in "natural" conditions range from approximately 1 or
2 to 15 or 20 MPN/100 ml, and peak distinctly in late summer.

(2) Coliform concentrations presently range from apprxoimately 25 to
100 MPN/100 ml each year with an annual average of about 50 MPﬁ/lOO ml. In-
sufficient data are available to evaluate current trends.

(3) Coliform concentrations began to rise in 1947 when the first intensive
use of the canyons was reported. Apparently picnic users caused concentrations
to increase to an annual average of about 150 MPN/100 ml during the next several
years.

(4) 1In the second half of the 1950's and 1960's coliform concentrations
were typically low, regular, and approximately 4 times the range of natural
values; i.e., from 8 to 80 MPN/100 ml. However, during this period, several

years with obvious residential waste loads or conmstruction loads are apparent.
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(3) Beginning in 1960, winter coliform concentrations increased over
a ten year period corresponding to an increase in winter average daily traffic
(ADT) above 1000 vehicles/day.. In the 1970's the winter bacterial level has

been constant as has the winter ADT.

H. LITTLE COITONWOOD

1. Land Use

Little Cottonwood Canyon is utilized primarily for recreational purposes
throughout the year. It receives the heaviest recreatiomal use of all canyons.
Summer activities include an intensive use of the back country including hiking,
and rock climbing, and considerable camping in two campsites. No picnic sites
are available. Summer recreational use as measured by average daily traffiec
(ADT) is on the same order as Big Cottonwood Canyon. Winter activities include
back country use for cross country skiing and rock climbing, with downhill skiing
being the principal activity. The number of winter canyon visits is'greater in
Little Cottonwood than any other canyon. Tﬁ; two ski resorts, Alta and Snowbird,
reported over half a million skier visits in 1974. The winter ADT is well over

3,000 vehicles per day. There are few cabing in this canyon, but the capacity

for overnight guests is over 2,000.

Figure 17 shows the historical level of activity in Little Cottonwood Canyon
since 1948 when traffic records were first kept. From 1955 to 1972 there was
only a nominal increase in canyon usé, and both summer and winter use remained
about the same. Activity in this canyon was half that of Big Cottomwood. In
1972 the Snowbird Ski Reésort opened, and the number of skier visits more than
doubled in two years., Traffic increased accordingly. The ratio of average daily

skier visits (six month average: ADSV = seasonal visits/six months) to the average

-72-



_EL_

WATER QUALITY AND CANYON USE 1930 - 1975 IN LITTLE COTTONWOOD CREEK

100 )
Ewn
s2 &g
o (A} ANNUAL COLIFORM CONCENTRATION 34 2
— z x W
g LITTLE COTTONWOOD ? 4o«
o E a 3
L. e
e < o0
o9 50— 3
°<
-
I
5=
E = T — SNOWBIRD
: - e — CONSTRUCTION
- T —— T
0 I b3 p VT o ee—— l [T ST ST S R ST S O T e S S ey i AR |
4000
{ B} AVERAGE DAILY TRAFFIC (2 war )
AND
:& AVERAGE DAILY SKIER VISITS ( ADSV )
o
~ 3000 |~ WINTER ADT NOVEMBER- APRIL
o
S
=
2]
>
o
O 2000 |—
I
0
~
m
w
-~
Q
T 1000~
L
>
SUMMER ADT MAY - OCTOBER
R T N i T S AR i U SEE B SN S W W NN A TN TE ST NN D T T S el
1930 1935 1940 1945 -1950 AR 1955 1960 1965 1970 1975




daily traffic is greater im Little Cottonwood than in Big Cottonwood, reflect-
ing the skiing orientation of the winter visitors. The large increase in skier
visits in 1972 was a result of the opening of the Snowbird Ski Resort facilities
which were constructed from 1970-1973. A chronology of events ceoncerning the

construction of Snowbird is given in Table IX.

The water of Little Cottonwood is used by the Metropolitan Water Department
for municipal supply. Consequently, wastewater disposal requirements within the
canyon are at least as stringent as the other controlled canyons. For more than
30 years, the sanitary waste has been stored in holding tanks as in Big Cottonwood
Canyon. However, in the early 1970'5, a 15-inch pressure pipe sewer was installed
from Alta to the mouth to carry sanitary, shower, kitchen and other household

wastewater out of the canyon.

The sewer was completed in stages from 1971-1973. The first connections were
made to Snowbird in the éummer of 1971 before the Snowbird facilities were opened
to the public. All but one unit of the Alta Resort was connected in the fall of
19725 the last Alta unit was completed in the summer of 1973. The Tanner's Flats
campground was also connected during this period. Residences above Alta in Albion
Basin (30 cabins) and Grizzly Ridge (6-8 cabins) have not been connected. These

residences continue to operate om holding vaults.

2. Water Quality

Figure 17 shows the average annual water quality of Little Cottonwood Creek
from 1930-1975. With some exceptions in the 1950's, average annual coliform
concentrations were usually considerably below 10 MPN/100 ml from 1931-1968.

The 1970's represent a period of changing land use and water quality im Little

Cottonwood as the canyon became a major ski area. Water quality in the canyon
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TABLE IX

APPROXIMATE CHRONOLOGY OF EVENTS AT SNOWBIRD*
AND LITTLE COTTONWOOD CANYON

June 1970 Began work on Lodge at Snowbird
(Completed December, 1971)

August, Lower Lift Terminal and Plaza
September 1970 ~ (In operation December, 1971)
July 1971 Excavation began for Mid-Gad
(Completed March, 1972)

August 1971 Grading for old employee housing begun

: (Where Iron Blosam now exists)
August 1971 Lift operator stations construction begun
Summexr 1971 Canyon Sewer connected at Snowbird
December 1971 Lifts in operation
June 1972 Turra Murra (Began operation)
Summey 1972 ‘Grading began at Gad I
Summer 1973 Chickadee Lift construction begun
July 1972 Iron Blosam Lodge begun
August 1972 Cliff excavation begun (Completed Jamuary, 1974)
Fall 1972 Canyon Sewer connected to all but one Alta unit
July 1973 Excavation for employee housing

(Completed February, 1974)
Summer 1973 Canyon sewer connected to last Alta unit

Summers By-pass road construction (State Road)
1972, 1973, 1974

*From Bonnett (1978)
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is still in transition and it is difficult to predict the quality to be associated

with the new intensity of use,

The Wasatch Canyons, and particularly Little Cottonwood Canyon, have been
subjected to many water quality investigations in recent years because of the
intensive use the canyons are receiving, and the desire to maintain the high

quality of the streams. Several of these studies, Wilhelm(BB) (12),

and Glenne
support a popular hypothesis that the intensive hiking, and especially skiing,
activity of Little Cottonwood has lead to the rapid deterioration of quality in

that canyon.

Although recreational activity very likely has a direct influence on the
quality of Little Cottonwood, it is evident the major deterioration occurred
as a result of the excavation, earth moving, and soil erosion during the con-
struction of Snowbird. Figure 17 shows that the increase in aonual coliform
concentrations preceeds by 2 years the opening of Snowbird and the massive
increase in winter or summer visitors. In addition, this figure implies that
while recreational use and pollution levels both increased in the early 1970'5,
they were out of phase by at least 2 years. The result is that the quality
deteriorated before the visitors afrived and improved at a time (1972-1973) when
recreational activity was increasing rapidly. The construction of the Snowbird
facility from 1970 to 1973 encompasses the period of poorest quality and offers

a more obvious explanation of quality deterioration during the early 1970°'s.

A more detailed display of data in Figure 18 iliustrates the same points,
This figure shows the monthly average coliform concentrations and ADT from 1968
to 1975. When concentrations are compared with the monthly ADT, it is clear the
increase in coliform preceeds the winter recreation increase by 18 months and the

summer increase by 24 months.
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The jump in coliforms in mid-1970 suggests at least 2 distinet periods exist.

From 1960 to mid-1970 coliforms increase gradually around the linear regression
line shown. During this period the data show a consistent monthly pattern typical
of the "patural" conditions as found in this and other streams. That is, coliforms
typically peak in July or August and reach a low in winter. Conditions changed in
mid-1970 and concentrations became higher. The best fit linear regression line

for the years from 1970~mid-1974 (not including the latter part of 1974 because of
the switch to the Membrane Filter Analytical Method) is shown. From mid-1970
through 1974 concentrations are much higher in both the winter and summer and
exhibit a pattern that is characteristic of that observed during comnstruction in

City Creek. Both lines have a regression coefficient better than 90%, according

to Cortell(s).

Figure 19 suggests that major comstruction activity was paralleled by an

‘increase in the annual average coliform concentration. From 1973 through 1975

coliforms apparently declined along with a decrease in construction activity.
There is currently insufficient data to determine if this reduction represents
1) a partial and gradual recovery of the watershed after constructien and that
concentrations will continue to drop, 2) an artificial decline caused by the
shift to the Membrane Filter Method in June 1974, or 3) the recovery of the
watershed to a level reflecting the high intensity of use.. If the 1973-1975
concentrations do represent the increased use intensity, then concentrations can
be expected to rise gradually as use increases. It is also possible that all

three explanations apply and the future of the water quality cannot be predicted.

Item 2 above is unlikely to be of major significance because independent
records kept by MWD at the same location show a nearly identical trend. Figure

20 shows annual coliform concentrations as measured by 3 different methods; 1) the
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MF method by MWD, 2) the MPN method by MWD, 3) the MPN method by Cortell (Ford
Laboratories), and 4) the MPN/MF method by CCHD for SLCWD. In the latter method,
CCHD switched from the MPN to the MF method in June of 1974. All methods indicate
quality has improved since 1973. The two methods exhibit nearly identical trends
even though the numerical values differ by a factor of 4.8. The SLCWD and MWD
stations are at the mouth at exactly the same location. The Cortell station

(Snowbird #6) is just upstream of the mouth.

Additional evidence of the effect of the ski resort land usage on bacterial
concentrations is found by observing the change in concentration throughout
Snowbird. Figures 20 (a) and (b) show the change in bacterial water quality
across the Snowbird property as measured by SLCWD (CCHD Laboratories) and Cortell
and Associates (Ford Laboratories) respectively. Sevefal interesting observations

can be made by examining this figure and comparing it to the data in Figure 18.

First, water quality has improved in the early 1970's. All monitoring pro-
grams agree the coliform concenﬁrations have declined at the mouth of the canyon
and below and above Snowbird. Secondly, water quality from about 1973 on is
essentially identical at the mouth, above and below Snowbird, indicating that
the pollutant load is not local.to one area (e.g., Snowbird) but is distributed
along the stream. Thirdly, during the period of construction (until 1973), con-
centrations were less‘than half the numerical value, indicating the source of
pollutants during this period was at or above Snowbird, and that they were diluted

as they traveled to the mouth.

Interpretation of these plots suggests the hypothesis presented by Cortell
(5)

and Associates that construction was the major source of pollution during the

1970-1973 period is correct. Coliforms tied to the sediments and released at
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Snowbird would be diluted 2.6 to 6.0 times on their travel to the mouth. More
importantly, after the construction, seasonal and coliform levels dropped, and
the numerical value of coliforms at each station was nearly identical. Thus,
it appears the source of this pollutant cannot be from a single site but must

be more uniformly distributed along the stream.

The source of this uniformly distributed bacterial source, which was not
present prior to 1970, is probably tied to some recreational activity occurring
throughout the canyons. Table V shows that apart from skiing, activity is devoted
to visits to streams and roadside stops. Such activities include picnicking in
non-designated areas and illicit camping by rock climbers and other groups in
areas without proper sanitary facilities. Such activities may be the source of

the present coliform loadings averaging 35 MPN/100 ml.

Similarly, a comparison of coliform plots from above and below Snowbird
(Figure 20 (a) and (b)), indicates that there is no change in concentration.
However, the incremental increase in stream flow through Snowbird is equal to

that above Snowbird and Alta(lz).

Additional evidence that Snowbird and Alta contribute equally to the coliform
content of the stream is given in Figures 20 (a) and (b) which show coliform levels
were high both below and above Snowbird during the construction period. Supposedly,
no construction was occurring upstream of Snowbird. However, the high coliforms
above Snowbird may have been from leaky sewage vault or poor shower waste disposal

prior to the final connections of the sewer in 1972 and 1973.

3. Conclusions and Summary

The following conclusions can be drawn from the discussion of land use and

water quality in Little Cottonwood Canyon.
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(1) Natural coliform concentrations in Little Cottomwood Creek are extremely
low, usually peaking to less than 10 MPN/100 ml in the summer and falling to near
zero at the other times.

(2) Coliform concentrations remained quite low, near natural contitions,
through mid-1970 despite increasing summer and winter recreational use. The maxi-
mum use is represented by about 1000 vehicles per day.

(3) Construction and earth moving activities at Snowbird from 1970-1973 were
responsible for an order of magnitude inecrease in concentration at the mouth.
However, near the comstruction site, concentrations were 2 to 3 times those at
the mouth.

(4) Construction in summer appears to increase bacterial concentrations to
a uniform level throughout the year.

(5) The water quality impact of skiers cannot be directly determined. However,
their influence is small if any at all. Average monthly winter concentration from
10 to 20 MPN/100 ml (at the ski resorts) may be typical for the present usage
representing half a ﬁillion skier visits per year.

(6) Since canyon use is in transition, present coliform levels may change in
the future. However, concentration with the present usage can be expected to range
from 25 to 70 MPN/100 ml or less, typically peaking in the late summer.

(7) A source of pollution not present prior to 1970 exists and is not re-
stricted to the region of the ski resorts. A probable cause is picnic and camping
use in areas where no sanitary facilities are provided.

(8) The CCHD laboratory change from the Multiple Tube Method of analysis to
the Membrane Filter Method in June 1974 does mnot fully explain the drop in reported
coliforms after this period. The same trend is shown in results by three indepen-

dent analyses.
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V. SPECIFIC LAND USE IMPACTS

In the previous section, the relationship between water quality of each
stream and its drainage land use characteristics was discussed. No special
consideration was given to the water quality in other canyons with similar land
use. In this chapter, the various land uses of the Wasatch Canyons will be
evaluated independently to assess the impact of each use on the water quality
as measured by total coliform. The uses evaluated are:

— WNatural Conditions

- Construction

= Picnicking and Camping
-~ Hiking

- Winter Sports and Skiing
— Residential Use

The approach has been to analyze time periods in each canyon when specific
land use activities have been predeminant. Ih most cases, it was possible to
isolate the canyon's use activity or to interrelate several uses in order to
make definitive statements concerning the impact of each activity. However,

in a few cases with the data base available, this was not possible; and it was

necessary to infer the impact or to suggest a maximum possible impact.

A. NATURAL

Natural coliform concentrations are defined here as the concentration that
would exist without the influence of man. Recent research (20,31) has shown
that very low intensities of use up to at least 45 man days per mile of stream
per year have no discernible affect on the natural coliform levels. Some re-
search(zo) has implied that coliform levels can actually decrease with the pre-

sence of man as the wild animals are driven from the watershed. The minimal
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usage expected to have existed in the Wasatch Canyons during the 1930's and early

1940's can be considered representative of the natural watershed.

Natural concentrations at the mouth for City Creek, Big Cottonwood Creek,
and Little Cottonwood Creek are shown in Figures 21 (a), (b) and (c), respectively.
In such watersheds, undisturbed by man, the monthly concentrations are quite

predictable and nearly always peak in August-September and fall to 4 minimum

in late winter.

Concentrations in City Creek peak to 20 MPN/100 ml, while in Big and Little
Cottonwood the peaks are to 10 to 15 MPN/100 ml, reflecting the less erodible
characteristics of the granitic rock of Big and especially Little Cottonwood

Canyons.

Recent coliform concentrations are shown in Figure 21 (d). This represents
the level of bacterial concentrations reached after City Creek was closed to the
public and the canyon had recovered from the intensive picnic and construction
activity. The only canyon activity was for operation of the water treatment
facilities and patrol of the watershed. Note that although the seasonal
variation is essentially the same, concentrations are double those observed under
natural conditions. By implication, a seasonal coliform range from 10 to
40 MPN/100 ml is the minimum obtainable range for City Creek and other northern
canyons under present conditions., Extending this doubling relationship to the
Cottonwood, perhaps 5 to 30 MPN/100 ml is a minimum expected range for these

two Canyons.

B. CONSTRUCTION

Construction, especially earth movement and excavation, defoliates and
dislodges large masses of soil which are then susceptible to erosion and trans-

port to the stream as sediment. This sediment carries with it non-fecal and
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probably some fecal contaminates from the organic soil regions. Disturbed soil
may erode for several years sending large amounts of bacteria into the stream

during each rain until the site becomes revegetated or otherwise stabilized.

Concentrations of coliforms were measured in two streams during periods of
construction where large amounts of earth were excavated near the stream.
Figures 22 (a) and (b) show the monthly average coliform concentrations resulting
from construction in City Creek Canyon and Little Cottonwood Canyon. The single
year construction project of the City Creek water treatment plant in 1953 in-
volved a large excavation just upstream from the monitoring station. The con-
struction of the Little Cottonwood ski resort several miles upstream from the
sampling point took 2-1/2 years, during which several buildings and ski lifts
were constructed. The data in Figure 22 (b) represent a 3 year average.

{

Construction increases coliform levels an order of magnitude above natural
conditions at the construction site. In City Creek, concentrations increased
abruptly when construction began and varied seasonally from 100 to 250 MPN/100 ml
during construction. After construction, peak concentrations dropped to
100 MPN/100 ml the first year and dropped further over the next four years. In
Little Cottonwood, coliform concentrations jumped abruptly with the start of
construction and remained between 40 and 80 MPN/100 as measured at the mouth of
the canyon until construction ceased. There is presently insufficient data to
evaluate the recovery over the next four years. However the records for 1974

and 1975 do show an abrupt decline.

The dilution of bacteria between the Snowbird site and the mouth accounts
for a 2-3 fold reduction in concentrations. Accordingly, the concentrations expected
to have existed below the Snowbird construction site are higher than those re-

(12)

corded at the mouth. According to Glenn's data » the flow increases by
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2.6 times from Snowbird to the canyon mouth., The right hand scale of Figure 22 (b)
has been adjusted by 2.6 to show the estimated concentration at the Snowbird
construction site. Comparison of comstruction in City Creek and construction in
Little Cottonwood Creek shows the resulting water qualities at the site to be

(5)

nearly identical. Cortell's hypothesis that the bacterial load is carried
by the sediments is supported by these data; i.e., if it is assumed the sediment
carrying capacity of a stream is related to its discharge and that the coliform

load is proportiomal to the sediment load, then the coliform concentration at

the site will be constant as loéng as there exists sufficient erodible material.

C. PICNICKING, CAMPING, AND ROADSIDE VISITS

Use of picnic sites and camp grounds appears to be the largest single
recreational source of high coliform levels in the Wasatch Canyons. The
mechanisms through %hich coliforms are increased downstream of picnic and camp-
sites is probably by 1) trampling vegetation and otherwise increasing erosion,
2) improper disposal of garbage, 3) improper use of (or improperly operating)
sanitary facilities, and 4) defecation by pets and animals that frequent the

sites.,

The intensity of use in the Wasatch Canyons is extremely high, and conse-
quently, the influence of the picnic/camping activities is easily measured, In
other studies, which have shown no relationship between use and bacterial popula-
tions, oftentimes the density and use has been low. A study of a forested water-

(20)

shed in Washington State showed no increase in coliform concentrations between
three watersheds of various levels of human use ranging from 3 to 45 man days
per mile of stream (45 man days equals approximately 100 to 150 visitor days

as used in this report). The density of visitors in these watersheds is 2 orders

of magnitude below that of the Wasatch Canyons.
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Iwo periods of exclusive picnic use occur in City Creek and provide a
good correlation of picnic use to pollution. Figures 23 (a) and (b) show the
average monthly coliform concentrations in City Creek at the Water Filter Plant
from 1949-1951 and 1969-1975 respectively. The latter period represents a 1974
use intensity of about 22,500 picnic visitors per year (22,832 and 22,419 visitors

were recorded in 1974 and 1975 respectively).

Two other streams pfovide periods where usage can be identified as primarily,
but not exclusively, devoted to picnicking and camping. Figure 23 (c) shows
average coliforms in Mill Creek for 1972-1975. During this period 72,000 picnic
ground users were recorded. However, there were other uses, and very likely
pollution loadings from undetected malfunctioning residential septic tank systems
were present. Figure 23 (d) shows the average monthly coliform concentrations
in Big Cottonwood from 1969-1975. The 1974 picnic and camping intensity was
97,000 visitor days. This canyon is also used by skiers, hikers, and cabin
owners., All these canyons show coliform concentrations of about the same order

seasonally ranging from 50 to 100 or 200 MPN/100 ml.

Figure 23 (e) shows the average coliform concentrations of 4 selected years

from 1957 to 1964 in Big Cottonwood Creek, The years selected (1957, 1960,

1961 and 1964) are those showing no obvious signs of pollution from wastewater or
construction. During the 1957-1964 period, summer traffic levels remained rela-
tively constant at about 607 of the 1969-1974 periocd described above and shown in
Figure 23 (d). Assuming the same mix of summer visitors to the canyon, the
picnic and camping intensity for this period can be estimated to be 60,000
visitor days. As shown in Figure 23, summer concentrations at the lower use
intensity are approximately 60% of the higher use, indicating an apparent corre-

lation between the two. Winter coliform concentrations have increased more than
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indicated by the summer traffic levels. The relationship between the winter

traffi¢c and winter concentrations will be discussed later.

A summary of the coliform ranges and picnic/camping intensity on each
stream is presented in Table X. Unit pollution responses are shown as they relate
to visitor days per mile of stream. Annual visitor days have been proportioned
to the length of stream to maintain consistency between comparisons. Unit con=~
centrations range from 9 to 17 MPN/100 ml per 1,000 annual visitor days per mile
of stream for the various streams with picnic/camping activities. In general,
unit pollﬁtion levels are consistent between streams. Better consistency, though,
is seen within the same stream; i.e., Big Cottonwood. The summer maximum con-
centration appears to Be more representative of summer picnickers than the winter

low or the annual average concentration,

In addition to water pollutuion from authorized picnicking and camping in
the canyon creeks, it is suspected from analysis of Little Cottonwood Creek
(Section IV of this report) that another picnic related but unreported source
of water quality deterioration exists. This is picnicking in non-designated
areas. As mentioned earlier, in the discussion of Little Cottonwood, the
apparent common practice of roadside picnicking can be a potential source of ex-
cessive fecal and non-fecal material. Picnicking and camping in areas without

sanitary and recreational facilities can lead to additional ercsion and contam-—

ination by sanitary wastes.

The coliform concentrations at the mouth of Little Cottonwood for 1974-1975
are shown in Figure 23 (e). These years represent a period when the primary
source of pollution entered at several locations between Alta and the mouth of

the canyon. Ne official pienic or campsites or cabins are located in this
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City Creek

Mill Creek

Big Cottonwood

*¥In 1,000's

TABLE

X

COMPARISON OF PICNIC/CAMPING USE AND COLIFORM LEVELS

COLIFORM RANGE

COLIFORM per 1,000

PICNIC/CAMPING USAGE MPN/100 ml Visitors/Mile/Year

1974 Approx. Visitors#* Avg., Avg. Annual Avg. Avg. Annual
Visitor~Days Stream Miles per mile Low High Avg. Low High  Avg.
22,500 5 4.5 50 150 75 11 33 17
72,000 8 9.0 90 250 150 10 27 17
97,400 13 7.5 50 90 70 7 12 9




stretch of the stream. However, 97,000 roadside visits were made during 1974,
Table XI presents a similar analysis to that of the previous table in which
coliform concentrations were related to the recreational use density. Table XI
includes an estimate of unauthorized picnic activity by assuming 1/3 the reported
roadside visits in each canyon resulted in picnic or camping activities. The

range of annual average coliforms per 1,000 visitors per mile is 7 to 17 MPN/100 ml.
Typical minimum and maximum coliforms are also shown and vary accordingly. The
unit coliform responses from stream to stream are reasonably similar, especially
considering the short period of record and the subjectivity of applying the land
use data. The attempt to make inter-canyon comparisons brings many unknown factors
into play. In both tables, unit concentrations seen in City Creek are compara-
tively higher than the others. Mill Creek is very likely to have additiomal -
bacterial contamination from residential users and should overstate the affect

of picnickers and hence serve as an upper limit. It does just that when com-
pared to the Cottonwoods. The unit concentrations from City Creek are perhaps
double what would be expected. Additiomally, City Creek shows a pronounced

lag in the summer peak not shown in other creeks. City Creek concentrations peak
in late summer. It is possible 1) this canyon responds differently than the others
to picnic activity; 2) the type of picnic activity is more intense or closer to

the streams; or lastly and most likely, 3) the level or type of use has been in-

accurately estimated.

Table XI provides valuable general information. In the Wasatch Canyons
annual visitor densities of approximately 5,000 to 10,000 annual visitors per
mile of stream result in annual average coliform concentrations ranging from

50 to 100 above matural background conditions of about 10 MPN/100 ml,
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City Creek

Mill Creek

Big Cottonwood

Little Cottonwood

TABLE XI

COMPARISON OF PICNIC, GAMPING AND ROAD -UNIT USE
TO COLIFORM LEVELS

COLIFORM RANGE COLIFORMS per 1,000
PICNIC/CAMPING/ROAD VISITS# MPN/100 ml Vigsitors/Mile/Year
1974 Approx. Visitors == Avg. Avg. Annual Avg., Avg. Annual
Visitor-Days Stream Miles per mile Low High Avg. Low High Avg.
22,500 5 4.5 50 150 75 11 33 17
120,000 8 15.0 90 250 150 6 17 10
136,000 13 10.5 50 20 70 5 9 7
35 6 12 8

42,800 10 4.3 25 50

*Road visits included at 1/3 reported level

**Tn 1,000's



D. HIKERS

The influence of hikers on the bacterial concentrations of the Wasatch
streams is estimated to be extremely low. No definite correlation between
pollutant loads and these activities can be found. However, hikers may be making
a small contribution to the general 10 year increase in pollutant levels that has

accompanied the increase in recreational activities.

The mechanisms by which hikgrs can increase peollutant comncentrations in
streams are by 1) destroying vegetation near trails and increasing the erosion
potential, 2) disposing of sanitary wastes near streams, and 3) leaving trash
and garbage. The number of hikers throughout the watersheds is small compared to
picnickers and campers, and the density of hikers throughout the watershed is
small. Furthermore, their activities are not necessarily centered about the
waterways, and those activities occurring near streams and lakes may be days

or months removed from the main canyon stream throﬁgh lakes with high residence

time.

E, GSKIERS AND WINTER USAGE

Winter recreational use of the Cottonwood Canyons has climbed steeply in the
1970's and a significant portion of the winter visitors are downhill skiers.
Other winter uses include siéht seeing, cabin visits, and cross-country skiing.
In Big Cottonwood Canyon, skiers apparently comprise about 1/4 to 1/2 of the
total canyon winter visits., However, in Little Cottonwood, the winter usage is
nearly exclusively devoted to skiers. Even with the very intensive winter use,
coliform concentrations have risen very little, If is presently not possible to
determine specifically which of the winter usages causes the pollution, but in-

dications are that skiers may play a lesser role than previously thought(lz).
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1f skiers are in fact making a contribution to the pollutant load, it is likely
to amount to only a portion of the general increase occurring in the last 10

years as a result of increasing usage from many winter recreatiomal activities.

The single mechanism by which skiers and other winter sports may increase
coliform concentration in streams is by disposing of garbage and litter in the
watershed. Leaky sewage disposal facilities and the disposal of kitchen wastes
are mechanisms by which cabin users and resort owners may contribute to the
bacteriological load. Because of the cold weather and snow cover, the problems
associated with summer visitors are not present in the winter. For the most part
winter visitors are unable to destroy the natural cover of vegetation and in-
crease the possibility of ercsion which, as has been indicated previously, appears
to be a major source of coliform contamination. In addition, recent studies in-
volving the survival of bacteria in cold climates indicate coliform bacteria

cannot survive long periods in the winter environment of the Wasatch Canyons.

(13

Work by Gordon ) showed total coliforms counts were reduced to 3.2 to 6.5
percent (fecal: 2.1 to 4.2 percent) after 7 days travel in water at 0°C. This
suggests that any fecal or ofher bacterial deposits caused by skiers and not re-
leased to the primary stream during the winter or early spring would die and con-
sequently not be observed downstream. Thus, it would not be possible for winter
sports to contribute to coliform concentrations measured during the summer ox
late summer months. Analysis of the pollution contribution made by skiers
should be restricted to the winter months, e.g., November through April. Con-
tributions from leaky waste disposal facilities of the cabins and lodges may

persist throughout the year.
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An analysis of the average winter coliforms in two streams with heavy skier
activity, Big and Little Cottonwood, shows a gradual increase in winter coliforms
commensurate with increasing winter recreational activity. Figure 14 shows the
gradual increase in the winter concentration for Big Cottonwood from 1961 to 1974,
These data are‘plotted in Figure 24 against the winter (November-April) Average
Daily Traffic. The relationship between winter usage and winter bacterial con-
centration is convincing but inconclusive, since other factors exist (such as
summer usage) which will also correlate to rising winter coliform counts. The
correlation shown, however, is superior to the others. When two years (1963 and 1971)
have been discar&ed as representing additional unaccounted pollution from other
sources, the correlatidn is quite convincing. These years have not been included
because of indicated construction in 1962-1963 and another unidentified load in
1971. The best fit line determined by linear regression has a correlation co-
efficient of .91. Figure.?24 suggests that the winter water quality in Big Cotton-
wood rises at a rate of 5.5 MPN/100 ml per 100 vehicles per day increase and is
insensitive to a winter use intensity less than 1,000 vehicles per day. The re-
lationship between the average daily winter traffic (TT) in wvehicles per day
and the average winter coliform concentrations (C) in MPN/100 ml can be expressed

by :

C=15.5 (T

- 1000) + C for T, > 1000 (L)
100 T B T )

Where C= avg. stream coliform concentration in winter (org/100ml)
T
T
Cp = background stream coliform concentration (org/100ml)

fl

avg., daily winter traffic (vehicles/day)

It
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Similar data from Figure 17 of Little Cottonwood Canyon is also plotted
on Figure 26, Data prior to the summer of 1970, when construction began in this
canyon, are shown clustered below an average ADT of 1,000 vehicles per day at
the background winter coliform concentrations. As in Big Cottonwood, no water
quality effect is discernable below the winter usage represented by 1;000 vehicles
per day. At 3,000 vehicles per day, the winter concentrations expected from the
analysis of Big Cottonwood are shown to be 2.5 times those recorded after the
construction of Snowbird. The discrepancy has arigen because coliform concen-
trations generated by residential and skier visits in Big Cottonwood is compared
with concentrations generated ﬁy essentially only skiers in Little Cottonwood.
The implication of the data for Little Cottonwood is that above 1,000 vehicles per
day average winter coliform concentrations will increase at a rate of 2 MPN/100 ml
per 100 vehicles per day incresse in an area that is primarily catering to skiers.
The expression for coliform comcentrations in Little Cottonwood Creek is

thus:
cC= 2 (TT - 1000} for TT > 1000 (2)

100
A comparison of equation (2) with equation (1) suggests that winter poll-
ution in Big Cottonwood origimates from non-skier winter activities. Perhaps
the largest of these is residential and cabin usage. Insufficient data on the

winter activities are available to draw further conclusions.

F. RESIDENTIAL

Disposal of residential sanitary waste water presents the most serious
threat to water quality of all canyon land uses. Use of cabin areas and resi-
dences of the density existing in the Wasatch Canyons, however, does not appear
to have a significant impact on water quality except perhaps as an indistinguish-

able contribution to the total impact assigned to recreational uses.
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Two methods of waste water disposal are practiced in the canyons depending
on whether or not the watershed serves as a domestic water supply. The
"controlled" waste management program existing in domestic water supply canyons
requires the disposal of all toilet wastes outside the canyon either by vaulting
or by sewering. Septic tanks may be used for non-sanitary wastes. In other
canyons, "improved control" waste management programs allow for septic tank dis-

posal of residential waste water.

Because of the apparent unsuitability(zg) of all canyons for septic tanks
caused by severe slopes, soil conditions, and proximity to the streams, bacterial
loads in uncontrolled canyons are extreme. In these canyons, coliform concen-
trations are 100 times the natural concentrations occurring before the influence
of man. In addition, septic tank disposal of sanitary waste in Emigration Canyon

produces coliform concentrations at least 10 times higher than that produced by any

other land use or activity currently (or historically) existing in the canyons.

Figures 25 (a) and 25 (b) present average monthly coliform data in Emigration
and Mill Creeks. WNeither canyon hgs had a major waste management program because
the creek water is not used as a domestic water supply. Figures 25 (a) and (b)
show the average coliform levels when the canyon waste management was at a minimum
in the late 1960's. An "improved" (but still not totally effective) waste manage—
ment program in the 1970's resulted in the improvement in bacterial water quality

shown in these figures.

Finally, Figure 25 (c) depicts the concentrations in a "controlled" canyon,
Big Cottonwood, from 1970-1974, Although other uses and other sources of pollu-
tion do exist in each canyon, local residential waste disposal is apparently the

primary source of pollution.
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Coliform loads from other uses are inconsequential compared to that from

residential use in minimum control canvons.

Figure 25 (a) and (b) show the improvement in water quality that apparently
can be accomplished bv an improved management program involving surveillance
and correction. The reduction in Mill Creek coliform concentrations originating
from residential use may even be greater than that illustrated. Mill Creek
receives extensive picnic use, and as previously ﬁiscussed, the effect of
picnickers is of the same magnitude as the existing concentrations. Similarly,
other uses in Big Cottonwood Canyon may (and probably do) comprise a substantial
portion of the concentrations shown in Figure 25 (c) (see the section on
picnickers). Thus, the bacterial concentration resulting from the residential
waste disposal in "controlled" canyons is not large compared to other uses. It
mav be verv low or nearly zero. Data are not available to separate the effects of

this use from that of other concurrent uses.

Table XIT shows a comparison of the coliform concentrations in the two
creeks with "minimum" residential waste management programs. Concentrations
are presented in terms of residential density to make comparison simpler. Two
density factors: 1) developed acres per mile of stream, and 2) number of
cabins per mile of stream are shown. Neither "cabins per mile" nor "developed
acres per mile" are entirely satisfactory indicators of resulting pollution
concentrations. They do, however, show fairly good inter-canyon and intra-canyon

consistencvy.
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COMPARISON OF RESIDENTIAL USE AND COLIFCEM LEVELS

TABLE XII

AVG. DEV. COLIFORM CONC. COLIFORM CONC,

WASTE  ANNUAL NUMBER  ACRES/  CABINS/ COLIFORM (MPN/100 ml) (MPB/100 ml)
MGMT, FLOW  DEV. OF STREAM STREAM  CONC, ACRE-MILE CABIN-MILE

PERIOD  PRGM, CFS ACRES  CABINS  MILE MILE MIN. MAX. AVG., MIN. MAX. AVG. MIN. MAX. AVG

'68-69 Minimum 10 - 186 238 19 24 1000 12000 5700 50 630 300 40 500 240
Control -

'70-74  Improved 10 186 238 19 24 500 6000 2100 30 300 1lo 20 250 90
Control

'67-71  Minimum 18 54 72 7 9 120 2000 750 18 290 110 13 220 80
Control '

'72-74  Improved 18 54 72 7 9 90 250 150 13 40 20 0 30 7
Control

'69-74 Control 27 - 440 - 70 - - - 1 3 2

*The Mill Creek (in latter years) and Big Cottonwood analysis are provided for comparison only.

in these creeks is from picnic and other recreational use,

tions,

34 50 90

A substantial source of pollution
Hence, unit loading rates do not properly represent residential contribu-
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APPENDIX A

WATER QUALITY DATA .



Emigration Canyon Staticns

Station Approx. Miles

TEMP, pH, DO, COND., T. COLIF. F. COLIF.
EMIGRATION CREEKS, EC8 THROUGH ECl - EPA
6/19/72 - 6/25/72

No. from Mouth Description

EC-1 14.5 Upstream control station - near large tree at end of road.

£C-2 12.8 Opposite bus turn-around area.

EC-3 - Killyon Canyon Creek about 100 yds. upstream from con-

fluence with Emigration Cr.

EC-4 11.4 At USGS marker, opposite roadside historical marker.

EC-5 10.3 Footbridge over creek at “Shaw" residence.

EC-6 9.8 At culvert under roadway at "Story" residence.

EC-7 8.6 In field area at large tree.

EC-8 7.4 At "148 E. Sunnyvale.”

RESULTS OF ANALYSIS
JUNE 1872 STUBY .

Station Date Time Temp. pH 0o Cond. T.Coli F.Coli
No. Yr/Ho/Day Mity Cent. SU  mg/1  umho T/100m7 _ T/100ml
EC-1  72/06/19 1148 9 - 29 <2

72/06/20 1105 8.5 - - - 30 4
72/06/21 0932 -8 7.6 8.9 550 {& 12
72706724 0828 8.5 - - - 8 12
72/06/24 1130 9 7.6 8.9 545 - -
72/06/25 0515 8.5 - - - 12 8
EC-2 72/06/19 1157 8§ - - - 35 6
72/06/20 1115 9.5 - - - 42 18
72/06/21 1005 10 7.7. 8.8 550 54 35
72/06/24 0835 9.5 | - - - 40 28
72706724 1210 10.5 7.7 8.6 560 - "
72/06/25 0924 9.5 - - - 35 10
EC-3 72/05/18 1203 10 - - 84 2
72/06/20 1119 9.5 - - - 20 2
72/06/21 015 10 7.6 8.8 455" 52 15
72/0c/24 0842 10 - - - 55 20
72/06/24 1225 11.% 7.8 8.5 460 - -
72f05/25 0928 9.5 - - - 58 25
EC-4 72/06/19 1211 10 - - - 290 130
72/06/20 1z 9 - - - 2800 210
72/06/21 1036 10 7.7 8.8 550 210 36
72/06/24 0350 10 - - - 180 38
72/06/24 1433 13 7.9 8. 515 - -
72/06/25 0938 10 - - - 300 43

Station Date -Time Temp. pH Do Cond. T.Coli F.Coli
No. Yr/Mo/Day Mlty Cent. SU wmg/l  umho T/100mt _ T/100mi
EC-5 72/06/19 1218 10 - - 320 139

72/06/20 1136 9 - - - 270D 2539
72/06/21 1042 N 7.9 8.8 615 450 200
72/0G6/24 0835 11 - - - 320 200
712/06/24 1522 13.5 8.0 8.4 510 - -
72/06/25 god42 10 - - - 600 290
EC-6 72/06/19 1224 10 - - - 400 150
72705420 1141 9 - - - 450 210
72/06/20 1625 13 B.2 B.4 610 - - -

- 72/06/21 1054 11 - - - 480 260
72/06/24% 0901 12 - - - 570 230
72/06/24 1532 13.5 8.0 8. 635 - -
72/06/25 0947 11 . - - - 2300 1200

EC-7 72/86/19 1230 11.5 - - - 380 150
72/06/2C 1147 1 - - 740 190
72/06/20 1610 14 8.1 8.5 640 - -
72/06/21 oo N.s . - - - 480 300
72/06/24 0307 11.% - - - i0¢o 260
72/05/24 1544 14 7.9 8.1 660 - -
72/06/25 0953 N - - - 2000 520

EC-8 72/06/19 j2a2 12 - - - 480 160
72/G6/20 1156 11.5 - - - 520 290
72/06/20 1555 15 B.2 8.4 615 - o=
72/06/21 1105 12.5 - - - 630 270
72/05/24 0912 12 - - - 670 250
12/06/24 1558 15.5 7.8 8.2 640 - -
72/06/25 0959 11.5 - - - 14Q0 260
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