TMDL for Escherichia coli (E. coli)in the Upper Emigration
Creek Watershed

Prepared for:
US Environmental Protection Agency, Region 8

Prepared by:
Utah Department of Environmental Quality
Division of Water Quality
Hilary Arens, Project Manager
Carl Adams, Project Supervisor
Marian Hubbard, Salt Lake County
Sandy Wingert, UDWQ
September 1, 2011
Executive Summary



This document addresses water quality impairmerttsmthe Upper Emigration Creek
Sub-Basin through the establishment of a Total khaxn Daily Load (TMDL) for
Escherichia coli (E. coli)The purpose of this TMDL study is to assess vsatf
conditions, establish water quality endpoints, prapose effective strategies to restore
the Creek’s designated beneficial uses. Upper Eatiayr Creek, from the Salt Lake
County flow gage at Rotary Park to its headwatses listed on Utah’s 2002 Section
303(d) list of impaired waters for pathogens (Fé&daliform). In 2006, Utah switched to
Escherichia coli (E. colias the indicator species for pathogens as it pesviédbetter
indicator of human health threat.

The impaired beneficial use is infrequent contacteational use such as wading and
fishing (Class 2B). Data analyses show thatoli concentrations and loading increase
from upstream to downstream and during low flowdibans in mid to late summer.
Thus the critical season of this coli TMDL is defined by the months of July, August
and September and needBrcoliload reduction of 56% collectively. The observed
loading is higher during the summer months duedomabination of several factors
including warmer water temperatures and increastvdtg of humans, domestic animals
and wildlife. There are no UDWQ permitted point smas of pollution in the Upper
Emigration Creek watershed, thus all necessarytdeddctions are allocated to nonpoint
sources of pollution.

Previous studies suggest that the origin of nortgmatiution in Emigration Creek may
include residential waste disposal, fecal contatrondrom dogs and wildlife,
stormwater runoff, hydrologic modifications, an@gndwater seepage from old holding
vaults and septic tank leach fields. Although mamngrovements have been
implemented in the Upper Sub-Basin, exceedancesir quality standards still occur
on a regular basis.

This TMDL suggests several implementation strategheseptic system dye study is
recommended to determine if effluent from leakiegt&c systems is contributing to the
bacterial contamination in Emigration Creek, ansioif which septic systems are failing.
Residents of Emigration Canyon are encouragednaipate in the EPA’s Voluntary
National Guidelines for Management of Onsite anags@red Wastewater Treatment
Systems. Finally, in order to better understandddgmgree to which various sources
contribute to thé. coliload in Emigration Creek the contribution of hunvamsus non-
human bacterial contributions in Emigration Crek&dd be determined.

The Upper Emigration Creek Stakeholders have agresdince many studies are not
only underway but planned to further identify sagofE. coli contamination, this
TMDL will be re-evaluated in 8 years to include firedings of these studies.
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Waterbody ID

UT16020204-012

Location

Salt Lake County

Pollutants of Concern

Escherichia coli (E. coli)

Impaired Beneficial Uses

Class 2B: Infrequent Caointa

Current Loading
Loading Capacity (TMDL)
Load Reduction

2.18E12 #/day
9.61E11 #/day
1.22E12 #/day (56%)

Wasteload Allocation
Load Allocation
Margin of Safety

0 #/day
8.65E11 #/day
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1) Total maximum loacmaslaily
average of less than
9.61E11 #/day
2) Load reduction of 1.22E12 #/day
3) Maximum water quality target of
668 MPN/100 ml and geometric
mean 206 MPN/100ml

~

Implementation Strategy

Stakeholders will employtarative
and adaptive approach to address
anthropogenic sources Bf coli
loading to include failing onsite
septic systems, animal waste, and
stormwater runoff and will re-
evaluate TMDL in 8 years.

all

This document is identified as a DRAFT TMDL for wet in the Emigration Creek drainage and is
submitted under 8303d of the Clean Water Act to. BISA for review and approval.
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1.0 PURPOSE

This document provides a review of available chamighysical and biological
information for the Upper Emigration Creek Sub-Basi order to assess and meet the
beneficial uses for the creek as defined by thalC\&ater Act (CWA). Water quality,
flow, and macroinvertebrate data are summarizentder to assess the current health of
Emigration Creek and to identify data gaps that megt. A review of geologic data is
also included in this document to assess hydro-geoimic contributions to water quality
impairments.  Geographic Information System (Gd8ja has also been included to

assist in the determination of stream segmentgatehtial loading sources.

Water quality, flow, and macroinvertebrate data thancluded in this review date from
1975 through the summer of 2010. The number ofsorements collected at each
monitoring site is varied; however, a limited numbé sample stations have consistent
records. Routine and intense monitoring studieg hadicated that Emigration Creek
has high fecal coliform levels. Although the StafeUtah bacteriological standard has
been changed t&scherichia coli(E. coli), both total and fecal coliform data will be

reviewed in addition to the review Bf coli data.

Various federal, state, and local agencies havéeated physical, biological, and
chemical data from Emigration Creek. The primaggrecies that have collected water
qguality and flow data in the Emigration Creek sw@sib are: Utah Division of Water
Quality (DWQ), Salt Lake City Public Utilities, Sdlake County (SLCo) Engineering
Division, University of Utah, the United States Gapcal Survey (USGS), Emigration
Improvement District (EID) and Westminster Colleg&ll of the pertinent water quality,

biological, and physical studies that have beerdaoted are reviewed in this assessment.

After reviewing available physical, chemical, andlbgical data for Emigration Creek,
potential sources are identified and the criticaliqgd for load reductions are defined and
discussed. The DWQ collect&d coli data at six (6) sample sites throughout the Upper
Sub-Basin (Table 19n a monthly basis throughout the year and on &hvéasis during



the summer monthdt has been determined that the data available fituensampling

effort are sufficient to create load duration crier all seasons.

Table 1. DWQ Sample Site Locations and Description.

STORET
Site Name/Description latitude longitude STORET DESCRIPTION
Emigration Ck at Rotary
Below Rotary Park 40°44' 58 8" 1119 48' 33.6" 4992140 |Glen Park nr Gage
Emigration Ck at Rotary
Above Rotary Park 40°45'6.8" 111°48' 16.1" 4992145 |Glen Park
Emigration Ck at
Sunnydale Rd 40° 45' 23.7" 111° 47 24.5" 4992150 |Sunnydale Rd Xing
Emigration Ck at
Maryfield Road 40° 45' 53.4" 111°46' 28.0" 4992153 [Maryfield Rd Xing
Emigration Ck at Maple
Maple Lane 40° 46' 28.8" 111° 44' 5.3" 4992158 [Lane Rd Xing
Burr Fk ab cnfif
Burr Fork 40°47'13.5" 1112 42' 56.0" 4992162 |Emigration Ck at Gage |

2.0 GENERAL CHARACTERISTICS OF EMIGRATION
CREEK SUB-BASIN

Emigration Creek Sub-Basin is located approximalwyiles to the east of Salt Lake
City (Map 1) and comprises a drainage area of 1L@sgmiles (11,520 acres). In 1847,
the Sub-Basin was the primary route used by Morfmmeers to enter the Salt Lake
Valley and has thereby been designated a Natiorsabht Site. Since its early notoriety
as a migratory route, the sub-basin has been usedahching, limited farming,

qguarrying, and summer resorts. Although initiabidences were built as summer
retreats, eventually these structures were convemel used for year-round residences.
In addition to the Emigration Canyon Road, therehistorical documentation of a

railroad line that ran from the Valley floor to Borest.
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Map 1. Location of Emigration Creek Sub-Basin.

2.1 Emigration Creek

Emigration Creek is approximately 14 miles in lénghe lower 3.7 miles of which are
found in the Salt Lake Valley. The Sub-Basin hasalerate gradient (ranging between
1.2% to 3.6%), descending from 9,000 to 5,100 ifeetevation with an average gradient
of 2.4%. The Creek originates in Killyon CanyondaBurr Fork and is later
supplemented by water from springs in the uppeinb&snall tributaries feed Emigration
Creek for most of its length; however, there are substantial intermittent tributaries -
Pioneer Fork and Perkins Hollow—that enter the Keggproximately half way down the
canyon. At the Sub-Basin mouth, Emigration Cre=ldiverted in the Mount Olivet
diversion ditch (Figure 1). The average annuathirge at the mouth of the canyon
ranges from 4,400 to 6,110 acre-feet per year (®Mild2005). The stream eventually
flows into a conduit near Westminster College asdconveyed to the 1300 South

conduit. Along with Red Butte and Parleys Creeks then conveyed to the Jordan River.
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Figure 1. Mt. Olivet Diversion Ditch.

3.0 WATER QUALITY STANDARDS

3.1 Total Maximum Daily Load (TMDL)

A TMDL is composed of the sum of individual wastadoallocations (WLASs) for point
sources and load allocations (LAs) for nonpointrees and natural background levels. In
addition, the TMDL must include a margin of saf@OS), either defined implicitly or
explicitly, that accounts for the uncertainty irethelationship between pollutant loads
and the quality of the receiving waterbody. Conaelby, this definition is denoted by the
equation:

TMDL= WLAs+ LAs+ MOS.

On a biennial basis, the DWQ develops lists of imgoawaters in the state. Impaired
waters are those waterbodies that currently failmeet water quality standards
established by the state. The biennial assesstoeducted by DWQ is mandated under
section 303(d) of the Clean Water Act and resulte/hat is known as the 303(d) List of
Impaired Waters. Subsequent to listing, the Stateequired to develop a Total

Maximum Daily Load (TMDL) to reduce pollutant legeih impaired waters. A TMDL

is a calculation of the maximum amount of a poltatdat a waterbody can receive on a
daily basis and still meet water quality standardhe TMDL process consists of the

following steps: 1) Review existing water qualitstd, 2) Identify sources and causes of
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pollutants, 3) Identify water quality goals, 4) &slish the amount of pollutant that can be
allowed in total, 5) Allocate allowable pollutamtalds to the various sources, 6) Identify
and implement measures to achieve and maintairr watdity standards, and 7) Monitor
to assure that goals are met. The TMDL processltseth load allocations to each

pollutant contributor that may often result in resgary controls and mandates.

3.2 Impairment of Emigration Creek

Emigration Creek is a"3order tributary of the Jordan River. The Creek \isted as
impaired for high Fecal Coliform levels in 2002. itiVa change in State standards, the
TMDL study will targetE. coli. Monitoring efforts by DWQ, Salt Lake County 208
Water Quality Project, Salt Lake Valley Health Depegent (SLVHD), Salt Lake City
Public Utilities, University of Utah, Salt Lake Caty Public Works, and USGS suggest
that the origin of nonpoint pollution in Emigratid@@reek may include residential waste
disposal, fecal contamination from dogs and wigdlistormwater runoff, hydrologic
modifications, and groundwater seepage from oldlihgl vaults and septic tank leach
fields.

3.3 Water Quality Standards and TMDL Target

The purpose of a TMDL water quality study is toakéish the water quality goals and
endpoints that will meet water quality standardd aestore an impaired waterbody’s
designated beneficial uses. One of the primary @orapts of a TMDL is the instream
numeric target to evaluate attainment of water igugloals. Instream numeric targets,
therefore, represent the water quality goals tatideved by reducing pollutant loads
specified in the TMDL. Numeric water quality targetssociated with Emigration Creek
are listed in Table 2. The targets allow for a pamson between current instream
conditions and those required to support its berafuses. The targets are established on
the basis of numeric or narrative criteria fromtestaater quality standards. If numeric

water quality standards are available, they canesas a TMDL target. If only narrative
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criteria are available, a numeric target is devetbjpo represent conditions supporting

designated beneficial uses.

Table 2. Utah Division of Water Quality State Stards for Emigration Creek

State of Utah water quality criteria and pollution indicators used in Emigration Creek

Parameter Beneficial Use Classification Standards
Bacteriological

Total Coliform;, —Max 5,000 colonies/100 ml

Fecal Coliformy s —Maxy 00 colonies/100 ml

Fecal Coliformyyy — 30 Day Geometric Mean,s 200 colonies/100 ml

E. coli —Max;s 040 colonies/100 ml

E. coli —30 Day Geometric Mean 206 colonies/100 ml

Physical

Dissolved Oxygen —Minimum 5.5 mg/L

Temperature — Max 27 C

PH — Range .5 - 9.0

Inorganics

Total Ammonia as N pH dependent (see R317-2 Table 2.14.2)
Total Dissolved Solids 1,200 mg/L

Pollution Indicators

Biochemical Oxygen Demand 5 mg/L

Total Phosphorus as P 0.05 mg/L.

Total Suspended Solidsy 35 mg/L

1) Total and Fecal coliform are no longer included in Utah water quality standards.

2) All sample values within a 30-day sample period compared to a threshold value. Minimum of five samples
collected within 30-days, if <10 samples collected in 30 days — at least two samples must exceed criteria for
impairment.

3) Geometric mean calculated from a minimum of five samples collected within 30-days.

4y Total Suspended Solids (TSS) are no longer used as a pollution indicator by Utah DWQ. The criterion was
formerly associated with Class 3A — Cold Water Fishery.

3.4 Overview of 303(d) List

Emigration Creek and tributaries, from the flow gaaf Rotary Park to headwaters, is
listed on Utah's 2002 Section 303(d) list of impdirwaters for pathogens (Fecal
Coliform). Since 2006, Utah has udescherichia coli (E. colijnstead of Fecal Coliform
as the indicator species for pathogens as it pesvadmore accurate representation of the
health threat posed by pathogenic contaminatiorigéation Creek was then technically
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delisted in 2006 for Fecal Coliform but added te timpaired List for exceedanceskn
coli as show in Table.3The beneficial use that is listed as impairedhigeguent contact

recreational use such as wading and fishing (@83s

Table 3. Classification of Impaired Waters in thmigration Creek Watershed.

Name Year Listed Impaired Cause of
Beneficial Use Impairment
Emigration  Creek 2002 2B Pathogens (Feqal
and tributaries from coliform)
Rotary Park tQ
Headwaters
Emigration  Creek 2006 2B E. coli
and tributaries from
Rotary Park tQ
Headwaters

3.5 Parameter of Concern (E. coli)

The World Health Organization (WHO) reports that¥@8®f all sicknesses can be
attributed to inadequate water supplies and pooitegeon. To ensure the protection of
public health, routine monitoring and assessmeongnams are needed. For Utah’s
bacteriological monitoring program, surface watarse monitored for pathogens that
originate from fecal pollution from both human aawcimal waste. It is not feasible to
monitor for all pathogens in water, but by analgzfar certain indicator organisms, it is
possible to assess potential health risks. Fotigwihe Environmental Protection Agency
(EPA) guidelines, Utah samples f6r coli concentrations from Utah'’s surface waters.

The use of indicator organisms as a means of asgetd®e presence of pathogens in
surface waters has been adopted by the WHO, ERAthenEuropean Uniork. coliare
the most abundant coliform bacteria present in huarad animal intestines numbering
up to 1 billion per gram of feces. They are theyanlie fecal coliform bacteria in that
their presence can be exclusively attributed tecalforigin. The presence Bf coliin
water is a strong indication of recent sewage amahwaste contamination. Common

fecal contamination sources include failing septistems, leaking sewer lines, livestock

14



pastures, confined feedlots, wildlife, and dog paiBenham, 2006). Pathogenic bacteria
are washed into surface waters during rainfallnmvwsmelt or deposited directly and pose

a threat to human health through incidental ingestir contact with broken skin.

3.6 Applicable Water Quality Standards

Under the Clean Water Act (CWA), every state mukipd water quality standards to
protect, maintain, and improve the quality of scefavaters. These standards represent a
level of water quality that will support the Cleakvater Act's goals of
“swimmable/fishable” waters. Water quality standardonsist of three major

components:

Beneficial uses reflect how humans can potentiadly the water and how well it
supports those uses. Examples of beneficial usdad@ aquatic life support,
agriculture, drinking water supply, and recreatiBmery waterbody in Utah has a
designated use or uses; however, not all uses &pplywaters.

Criteria express the condition of the water thaiesessary to support designated
beneficial uses. Numeric criteria represent the imam concentration of a
pollutant that can be in the water and still supgbe beneficial use of the
waterbody. Narrative criteria state that all watemsst be free from sludge,
floating debris, oil/scum, color and odor producmagterials, substances that are
harmful to human, animal, or aquatic life, and muits in concentrations that may
cause algal blooms.

Utah’s antidegradation policy (UAC R317-2-3) esisitds situations under which
the state may allow new or increased discharggmlhitants, and requires those
seeking to discharge additional pollutants throtigg Utah Pollutant Discharge
Elimination System (UPDES) permitting process taondastrate an important

social or economic need.

The Utah Water Quality Board (UWQB) is responsiloleestablishing the water quality
standards that are then enforced by the Utah Dmpatt of Environmental Quality,
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Division of Water Quality. Utah has numeric criterior E. coli found in the Utah
Administrative Code, Standards of Quality for Watef the State R317-2. These criteria
vary based on the beneficial use assignment ofwiierbody (DWQ 2009). Table 4
summarizes the standards pertaining to the 30Bfa@dlsegment in the Emigration Creek

watershed.

Table 4. Water Quality Standards for Impaired Wsaten the Emigration Creek
Watershed.

Designated Use Description E. coli Geometric E. coliNot to
Mean (MPN*/100 | Exceed (MPN*/100
mL) mL)
2B Secondary Contact 206 668
3A Cold Water Fishery N/A N/A

*MPN/100 mL= Most Probable Number [of colonies] @&0 mL water

Utah has two recreational beneficial use categofieguent contact recreation (2A) with
more stringent criteria for uses such as swimmamgl, infrequent contact recreation such
as boating or wading (2B). THe coli numeric standard for 2A waters is a sample may
not exceed 126 MPN per 100 mL as a 30-day geommig@n and a maximum of 409
MPN per 100 mL in one sample in a 30-day perioche E§tandard for 2B waters is a
sample should not exceed 206 MPN per 100 mL as-dag0geometric mean and a
maximum of 668 MPN in 100 mL in one sample in ad2y- period. The 30-day

geometric mean is based on no less than 5 sanqpledlyespaced over 30 days.

The geometric mean is used when evaluating batctata and not the arithmetic mean
because these data tend to span several ordersgifitode in a given data set. The
geometric mean, unlike the arithmetic mean, isimiidenced by outliers that might bias
the data. This is helpful with bacteria becauselewnay vary from 10 to 10,000 fold
over a given time period. It is also more apprdprithan the arithmetic mean for
describing exponential growth.
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3.7 Utah’s Listing Methodology and 303(d) Status

Surface waters designated as having a 2A or 2Ragonal use in Utah are assessed for

E. coli using the water quality standards (Table 3) arel desessment methodology

presented ifrigure 2.
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Figure 2. Assessment Methodology for E. coli Impents.

The following rules provide an interpretation ofabits E. coli criteria, depending on the
number of samples collected during the most refieatyears of sampling. Assessment
Units (AUs) that fail to meet any of these critewdl be listed as failing to meet its
designated uses on Utah’s 303(d) list of impairedevs; however, exceptions may be

made to these rules if a single collection eveptagents an outlier that biases results:
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Rule 1: For each AU with >10 samples in any redoeaseason, all 5-sample
rolling geometric means of samples collected frormyMst through September
30th should not exceed either 126 MPN/100 mL forv@#ters or 206 MPN/100

mL for 2B waters.

Rule 2: For each AU with >5 samples in any recogatieason, no more than 10%
of samples collected from May*"through September 80should exceed 409
MPN/100 mL for 2A waters or 668 MPN/100 mL for 18/&vaters throughout

the most recent five years.

Rule 3: AUs with 4 samples in any recreation season will not besassefor
support of recreation uses. These sites will beripzed for future sampling,
particularly if limited data suggest a problem é&xis the waterbody.

3.7.1 Analytical Methods

Before making any assessment decision, DWQ wak ftompile information on health

advisories and all existing and availaBlecoli data collected from Utah’s waters during

the five most recent recreation seasons (Mashfough September 3 These data are

summarized by Assessment Unit (AU) as follows:

Closures or Health Advisories: A tally of closuissued for the waterbody during

each recreation season.

Single Samples: A tally and percent of sampletectdd over the most recent
five years that are greater than the “not to ext&edoli standard for the AU:
409 MPN/100 mL for 2A waters and 668 MPN/100 mL I@/2B waters in three

years.

Rolling Geometric Means: Calculation of 5-sampm#limg geometric means and

a tally of the number of times the 5-sample geoimetrean exceeds the 30 day,
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5-sample geometric mean criterion for the AU: MIBN/100 mL for 2A waters
and 206 MPN/100 mL for 1C/2B waters.

Rolling geometric means are calculated by ordealhgamples by date and then
calculating a series of moving 5-sample geometeams, starting with the first 5

samples, then samples 2-6, then 3-7, etc. withth eacreation season. In some
situations, very frequent samples (more thanl pg) dre collected in response to
health advisories or beach closures, in such simthe geometric mean of these
samples is used to represent a single collectiente avoid biasing the data set

with a single spike of higk. coliconcentrations.

3.7.2 Assessment of Recreational and Drinking Waté&Jses

Based on the summary of &l coli data and information, an Assessment Unit (AU) will
be assessed as not meeting its designated reoaadatises if any of the following

decision rules apply:

Rule 1: A lake or reservoir that ha8 posted health advisories or beach closures
during any recreation season shall be considergohined (not supporting
recreational uses). Since Emigration Creek isarlake or reservoir this rule does
not apply to it. In many cases, sites will alsadlesignated as impaired following
the other assessment rules; however, because hadlisory rules are
conservative by using the 5-sample, 30-day geomatgan criteria without the
10% exceedence exception— this rule captures siitks repeated moderately
high E. coli concerns. While this rule is not explicitly reqgdrby Utah’s water
guality standards, DWQ believes that it is consist&ith the intent of

recreational use protections.
Rule 2 Any AU where >10% of samples are greater thannbeto exceed

criterion shall be considered impaired, providedt tt least one recreation season

has 5 collection events.
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Rule 3 Any of the 5-sample rolling geometric mean caltiales exceed the 30-
day, 5-sample geometric mean criterion assignedvaters within the AU,
provided that 10 samples were collected in the AU during anyhef recreation
seasons evaluated. However, this rule shall naideel to make assessments if
the results are biased from a single outlier.

The outcome from these impairment rules are suleseglyuused to place each AU with

anyE. colidata or information into 303(d) beneficial use supgategories as follows:

Insufficient Data or Information (Category 3A): t& with 4 collection events in
all seasons evaluated will be placed into Cate@dryprovided that impairment
is not suggested by the first impairment rul8 bealth advisories); or impairment
rule 3 (rolling geometric means). All 3A sites Wile prioritized for future
monitoring, particularly when this assessment isebaon the influence of
statistical outliers.

Fully Supporting (Category 1 or 2): There is nodevice of impairment from any
of the three impairment rules and there existeatlfive collection events for the

AU for at least one recreation season over the negsit five years.

Not Supporting (Category 5): An AU is considered&impaired— not meeting
its recreational beneficial use — if any of the amment rules suggest that
concentrations dE. colirepresent a threat to human health.

3.8 TMDL Endpoints

TMDL endpoints represent water quality targets. Eocoli, the reductions specified in
the TMDL to meet the 30-day geometric mean watalityustandard will ensure no
sample will exceed the acuke coli water quality standard based upon the current data

set.

20



4.0 DETAILED CHARACTERISTICS OF UPPER
EMIGRATION CREEK SUB-BASIN

4.1 Physical Features

Low-lying, rolling hills characterize Emigration €k Sub-Basin with steeper mountains
in the northeast section. Further down the cangm® slopes remain moderate until the
mouth, where they become narrow and steep. Framntbuth, the drainage gently
slopes to the west. The drainage area below thetmaf the Sub-Basin consists of
lakebed terraces with very well drained soils hgvmedium to slow runoff potential
(Yonkee and Barnett, 2000).

4.1.1 Bedrock Geology

The Emigration Creek Sub-Basin is located along wrestern flank of the central
Wasatch Mountain Range in the Middle Rocky Mountgimysiographic province
(SLCO, 1999). Rocks within the Sub-Basin rangage from Pennsylvanian (323 - 290
million years ago) to Cretaceous (144 - 65 millipggars ago) and are folded in a
northeast-southwest trending syncline (U-shaped) {#ligure 3).

EMIGRATION CANYON SYNCLINE

PARLEYS CANYON SYNCLINE

\  Emigration Cenyon

/
{ Parlays Canyon

S\

Figure 3. Emigration Creek Sub-Basin Syncline.

The Twin Creek Sandstone formation dominates tbpesl of Emigration Creek Sub-
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Basin; whereas, the Kelvin Formation dominatesldheer elevations in the upper two-
thirds of the Sub-Basin. Typically, alluvial defiesare found along the majority of
Emigration Creek. In the upper northeastern secaiiche Sub-Basin, Weber Sandstone,
Thaynes Limestone, and the Park City Formationsganthe Burr Fork and Killyon
Canyon regions. Tertiary-age (65 - 1.8 million npeago) Wasatch Formation has
covered the northeastern portion of the synclinag).

[0 Qf - Alluwsal-fan and debrisfan depesits Fmigration Creek Sub-Basin Bedrock Geology
[ ¢ - Talus and Landslide Tnformation from Utah Geological Survey (UGS)
[ 1Qal - Alluvium

[11d - Landslide deposit

[ Qe - Silt and clay deposits of the high stand of Lake Bonneville

[ Qbg - Sand and gravel deposits of the high stand of Lake Beonneville

[0 Tove - Conglomerate dominant of the Wasatch Formation

[ Ek - Upper member of Kelvin Formation

[0 Ekp - Parleys member of Eelvin Formation

[ T - Preuss Sandstone

[ Tt - Twin Creek Sandstone

[1TRag - Gartramember of the Ankareh Formation

[ TRau - Upper member of the Anlcareh Format on
TRam - Mahegany member of the Ankareh Forman on

I TR - Thaynes Limestone

[ TRw - Woodside Formation

B TTE.n - Weber Sandstone

[ Fpc - Park City Formation and related

0 1 2 Miles*
L1 L I |

Preparad by the Sa} Lake Cnumy‘Flmd Contral & Englnearing Division

TN LR

I3
pll i

Map 2. Emigration Creek Sub-Basin Bedrock Geology.

For several reasons, the bedrock geology of Engrareek Sub-basin may facilitate
transportation of pollutants. First, the bedrooklerlying the Sub-Basin has been folded
into a northeast-southwest trending syncline witlque physical properties that may
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impose constraints on development due to instgpititoisture sensitivity, shrink/swell

potential, or poor percolation characteristics (ffgg 3). Second, the Twin Creek
Limestone formation in the in the lower sectiortlod Sub-Basin was strongly correlated
with a decrease in flow during the October, 200533STracer Injection study of the

Creek.

4.1.2 Level lll Stream Channel Stability Evaluationof the mountain reaches of Emigration
Creek—Salt Lake County 2005

In conjunction with the USGS synoptic study, Sadké County Water Resources
Planning and Restoration Program staff conductese Il bank stability assessment of
the canyon segments of Emigration Creek in Octalifer2005. Additionally, an
assessment was done of the Burr Fork tributaryhat time. Similar to the 2001
assessment, a Pfankuch rating (Pfankuch 1975) eraged for these segments based on
parameters such as: sediment supply, streambeditgtabidth/depth ratios, and bed

features.

In this study, the majority of Emigration Creek weassified as B-3 and B-4 stream
types (Map 3) that are characterized as stable,emately entrenched and riffle

dominated with “rapids” and infrequently spaced wscpools at bends or areas of
constriction. The number following the stream tyjsnotes the median particle size of
channel material, 3 for cobble and 4 for gravekeas between Blacksmith Hollow and
Pioneer Gulch, and to the stream reach near PeHollew, were classified as C-3 and
G-4 respectively. C type streams are charactergmetbw gradient, meandering, with
broad well defined floodplains. G type streams @raracterized as entrenched, “gully”
step pool and low width/depth ratio on moderatedignats. The G-4 segment near
Perkins Flat was acquired by Utah Open Lands anterred to Salt Lake County. For
mitigation purposes, and to stabilize the G stregrage controls were installed in this
section in 2007. In addition to stream type, thitady examined the gradient of
Emigration Creek and found that the majority of Bration Creek has a gradient
between 1.0% and 3.6% (average 2.4%) (Map 4).
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Map 3. Emigration Creek Stream Type.
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Map 4. Emigration Creek Gradient.
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Stream segments in the Upper Burr Fork drainage aeze classified as A-4 and A-3/4
in the 2005 assessment. As the tributary movesirbwis confluence with Emigration
Creek, the stream is classified as A-1 and A-Z2edh channels characterized as A type
are steep, entrenched, cascading, step/pool striwhare very stable if dominated by
bedrock (particle size 1) and boulders (particte ).

All of the mountain reaches in this study were dateed to have “fair” or “good”
stability ratings. There were no reaches with &bent” or “poor” ratings. In general the
“fair” conditions were found in the lower reachet tbe Sub-Basin (below Perkins
Hollow), and the “good” conditions were found fugttup Canyon (Map 5). In the lower
reaches of Emigration Creek, the upper bank wasdda be poor; whereas, the middle
sections had fair conditions in the upper bankspgMa The majority of reaches had
good or excellent conditions in the streambed.emlhtively, many reaches in the stream
had “fair’ conditions in the lower bank. A smadlach between Brigham Fork and Burr

Fork also had poor stability conditions in its uppank.
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Map 5. Emigration Creek Level IIl Composite Bastiability Assessment.
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Map 6. Emigration Creek Level Il Stability Assessnt—Upper, Lower, and
Streambed.
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4.1.3 Soll

The soils within the Emigration Creek Sub-Basin sish primarily of consolidated

crystalline rocks, shales, sandstones, limestond, \lcanic rock. Streamside soils
consist of sand and silty alluvial soils (Glennel &est, 1981). The Summit Area Soll
Survey (Soil Conservation Service, 1974) indicateat the predominant streamside soil
types in Emigration Creek Sub-Basin are represeimtéde Harker Series. The Harker
Series has the following severe constraints: 1k Bigink-swell potential, 2) very high to

high erosion hazard, 3) slow to very slow permdgbilt) high water runoff potential,

and 5) susceptibility to hillside slippage. Othigriting soil types (generally constrained
by rock outcrop or shallow bedrock) occur in theoepreaches (Pinecrest Area) of the
sub-basin. In addition to numerous constraintes¢hsoils tend to be shallow, well
drained, and derived from sedimentary rocks. Sailthe upper third of the watershed

have high, or very high, erosion hazards.

The northwestern slope of the Sub-Basin typicatigtains between one (1) and five (5)
overlapping soil constraints; whereas, the soutkeasslope contains more constraints
and is therefore an exclusion area. Constrairgd usthis assessment include: 0 to 30”
water table depth, rock outcrops, 0 to 20” bedrmbegth, high shrink swell potential, very
high or high erosion hazard, strong salt or alkedry rapid or rapid permeability,
impermeable, very slow, or slow percolation, highatev runoff potential, and
susceptibility to hillside slippage (Map 7).

29



Map 7. Emigration Creek Sub-Basin Soil Constsaint

4.1.4 Faults

In addition to the bedrock and surficial geologyifluence on hydrology in Emigration

Creek Sub-Basin, three (3) major faults intersentdgeation Creek at 90° angles (Map 2).
As was demonstrated through the synoptic-traceciign study conducted by the United
States Geological Survey (USGS), these faults eaadsociated with changes in water
chemistry. The faults near Pioneer Gulch and Rerklat were associated with a

dramatic increase in conductivity in the 2005 syitogtudy.
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4.1.5 General Flow

Several entities have collected flow data for Emtiign Creek. The Salt Lake County
Flood Control & Engineering Division has the mostemsive period of record having
collected flow data annually at Rotary Park (Gade #620) beginning in 1964 and
continuing to the present (Figure 4). Hydrograptesprovided for the most recent years,
1991 through 2004 in Appendix A; however, the cuatiue hydrograph is shown in
Figure 5. Over the last fifteen (15) years, mdaws of Emigration Creek have varied
between 0 and 5 cfs between October and Januaoyvever, in mid- to late-February,
flows of Emigration Creek begin to increase, anudglly peak between April and May.
High flows in Emigration Creek below Rotary Parkied between 4 and 52 cfs between
1991 and 2004. Relative to other creeks in Satel@ounty, Emigration Creek reaches
its peak flows early in the season, and is genetlaf second gauged stream to peak each
year. The Creek flows recede early and typicallgchetheir yearly minimum flow in
mid-September. Detailed flow information usedIftad allocation and analysis is found

in Section 6.1.

Figure 4. Emigration Creek at Rotary Park Gage#6&0.
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Figure 5. Mean Monthly flow rates for Emigratiome€k Data Collected by Salt Lake
County 1991 through 2009.

4.2 Biological Features

4.2.1 Vegetation

The Southwest Region Gap Analysis Project (SWReGA®)eloped by the United
States Geologic Survey (USGS) in 2004 used aehakopinterpretation along with
ground-truthing studies to classify vegetation camities. This study found twenty-one
(21) distinct vegetation communities in Emigrati@meek Sub-Basin (Map 8). The
majority (7,618 acres, 65%) of land in Emigratione€k Sub-Basin contained Rocky
Mountain Gambell Oak-Mixed Montane Shrubland veggtacommunities. The next
most abundant community is the Rocky Mountain Asperest and Woodland (1,096
acres, 9%). The remaining nineteen (19) communtbgether comprised <25% (2,976

acres) of the total land area (Table 5).
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Map 8. USGS Vegetation GAP Analysis (USGS, 2004).

33



Table 5. USGS Vegetation GAP Analysis (USGS, 2004)

Field observations of vegetation communities in @gnation Creek Sub-Basin identified
three (3) primary vegetation types. Scrub O&udrcus gambeli and Mountain
Mahogany Cercocarpus ledifolisdominated the foothill community, whereas, Maple
(Acerg, Chokecherry Rrunus virginiand, Western Birch Betula occidentalls
Mountain Alder Anus incang and Cottonwoods Populus) dominated canyon
streamside communities. White FiAkjes concoloy, Aspen Populus tremuloidgs
Douglas-Fir Pseudotsuga menziesignd Spruce Riceg were found in the lower
montane forests. On the north-facing slopes ofgeation Canyon, oak and maple were
present, while the south-facing slopes were dorathay scrub oak. Along the banks of
the stream, box elder, cottonwood trees, mustdodec and grasses were observed in

this semi-residential environment. The most sigaifit and likely disturbance agents to
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native plant communities in the foothill and mountaones are catastrophic wildfire and
invasive plant species encroachment. The Emigr&amyon Master Plan concluded that
heavy residential use of the Canyon has caused spegres normally found in the lower

and upper montane ecosystems to be scarce oytdiglaced (SLCo, 1999).

4.2.2 Wildlife

The Utah State Division of Wildlife Resources hdentified the majority of the sub-
basin as “high value” habitat for Mule Dee©docoileus hemionis Elk (Cervus
elaphu3, Cougar Felis concolo}, and Black Bearlrsus americanys The mouth of

the canyon has been identified as “critical wittabitat” for Mule Deer (Map 9).

Map 9. Utah Division of Wildlife Resources Mule &eHabitat in Emigration Creek
Sub-Basin.
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According to the Division of Wildlife Resources,ga bird populations in Emigration
Creek Sub-Basin include: Band Tailed Pigedbolimba fasciata Blue Grouse
(Dendragapus obscurysCalifornia Quail Callipepla californicg, Chukar Alectoris
chukarn, Hungarian Partridge Perdix perdiy, Ring Necked PheasanPHhasianus
colchicug, Ruffed Grouse Ronasa umbell)s Sage Grouse Centrocercus

urophasianuy and Wild Turkey Meleagris gallopavp(Map 10).

The Utah State Division of Wildlife Resources h#&oabserved Bighorn SheeP\is
canadensis Moose Alces alces Mountain Goat Rhododendron albiflorujn and
Snowshoe Hard_epus americanysn Emigration Creek Sub-Basin (Map 11). Sighsing
of beaver and sub-tropical bird species have atsnldocumented in riparian areas of
Emigration Sub-Basin. Bonneville Cutthroat Troalva been observed in the Killyon’s

Canyon tributary to Emigration Creek.

Map 10. Utah Division of Wildlife Resources GamgdBHabitat in Emigration Creek
Sub-Basin.
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Map 11. Utah Division of Wildlife Resources Mamntdhbitat in Emigration Creek
Sub-Basin.

4.3 Climate

As with other Wasatch Canyons, the majority of jiéation in Emigration Creek Sub-

Basin comes in the form of snow. On average, & doanore of snow can be found on
the mountain slopes by mid-November. This snowecdypically remains until the

middle of May. In Emigration Creek Sub-Basin, oy days per month receive > 0.10”
of precipitation or more. However, 24-hour snovgfahire common and have been
recorded in most winter and spring months. Onrarual basis, the Sub-Basin typically
receives between 20" and 40" of precipitation (MHD). The heaviest precipitation
levels typically occur in the northeastern portajrthe Sub-Basin, with the lowest levels

observed along the Creek at lower elevations.
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Map 12. Mean Annual Precipitation in Emigratiore€k Sub-Basin.

4.4 Social Features

Historically, Emigration Creek Sub-Basin was pafttibe Federal Sheep Driveway,
where sheep were driven through the Sub-Basindgdrib Grande Railroad station. The
Sub-Basin was also used as a summer pasture fep.shiemigration Creek Sub-Basin
once had a small ski slope at Little Mountain (Fegé). Skiers were pulled up by a
towrope, which was first operated manually and theventually by machine.

Additionally, a historic railroad line ran up therg/on and was used for quarrying
(Figure 7) and transportation purposes. Elsewlreithe Sub-Basin there was an ice-
skating pond (near what is known as Perkins Falrewery, a golf course, riding stables

and a donkey rental.

Today, the entirety of Emigration Creek Sub-Basirdésignated as a National Historic
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Place. This designation comes from the use ofcttigyon by early pioneers who entered
the Salt Lake Valley starting in 1847 (SLCo, 1999hlike other resort Sub-Basins in
Salt Lake County, Emigration Creek Sub-Basin mansta large residential population.
The highway through the canyon carries considerataific and provides access to
Parley’s Canyon and East Canyon. Some hiking odoutse Sub-Basin, but there are no

developed trailheads; however, the canyon roadgsilar for jogging and bicycling.

Figure 6. Historic Photo of Skier.

39



Figure 7. Historic Photo of Quarry.

4.5 Population and Land Use

As of 1998, the population of Emigration Creek RBdsin was estimated at 1,238
persons in 425 households, or 2.9 persons per holgse(SLCo, 1999), however
currently there may be many as 535 homes. AlthahghSub-Basin is located in the
youngest state in the nation, residents of EmignaGreek Sub-Basin average 35.4 years
of age, which is slightly over the national averaf@7.1 years of age. Despite the older
average age, approximately one-fourth of the SufirBaesidents are school age children
(under 18 years of age). By the year 2010, the G&hsus Bureau estimates that the
population of Emigration Creek Sub-Basin will gréav more than 2,000 persons (17.4
people per 100 acres) (Figure 8). This project®based on an average of 18 new homes

per year and the current family size of 2.9 pergmrshousehold.
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Figure 8. Population Projections for Emigratiore€k Sub-Basin.

A study conducted by the Development Services imi®f Salt Lake County showed
that residential growth in Emigration Creek SubiBd®s increased greatly over the last
10 years (SLCo Township Plan). Previous growthhie $ub-Basin was attributable to
small scale, individual residential structures. e@er, within the last ten years the Sub-
Basin has seen increased individual lot developmeatticularly within two Planned
Unit Developments (PUDs), Emigration Place and Eatign Oaks. Overall, the
community population has increased steadily siree late 1980's with this growth

occurring mainly in the new PUDs.

Increased population growth and housing developyrenivell as increased Sub-Basin
use by non-residents, are major concerns of theemuresidents. However, it is
anticipated that the Emigration Creek Sub-Basih @ahtinue to grow. Water, sanitation
services, municipal services, roads, available kmdl conformance to all zoning and site

regulations may limit Sub-Basin development.
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45.1 Land Ownership

Of the 11,520 acres (18 square miles) in Emigraioeek Sub-Basin, 4,800 acres (40%)
are privately owned. The remainder is publicly edrand managed by either the U.S.
Forest Service (3,917 acres, 34%) or Salt Lake Casporation (2,995 acres, 26%) (Map
13). Privately owned land has been developedaniariety of residential lot sizes. The
portion of land that has been developed is conatdraround the main thoroughfare.
Although most of the housing units in the Sub-Baane single-family residences,

approximately 30 multifamily housing units now exisvarious areas in the Sub-Basin.

Map 13. Emigration Creek Sub-Basin Land Ownership.

4.5.2 Commercial Development

Emigration Creek Sub-Basin has limited commerciagvealopment. The existing
commercial services include Ruth’s Diner and then S Moon Café. Property

previously owned by the Sorenson Development Compas purchased by Utah Open
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Lands for open space preservation. It is unlikdélgttcommercial development will
expand beyond these sites due to: 1) conditioreeglan the existing commercial zones,
2) the lack of commercial zoning available elsewharthe Sub-Basin, and 3) the limited
need for new commercial zoning in the Sub-Basim atdition to the restaurants,
Emigration Creek Sub-Basin is the site of Camp Bpslos, a 15-¥2 acre camp run by a
non-profit organization that provides recreationgpportunities for people with

disabilities of all ages.

Emigration Creek Sub-Basin contains many small-ddtsecord (which are non-
conforming to the existing zones such as FR-20)es€ lots have existed since the early
1900's. Most, if not all of these lots, some of evhare only 25 feet wide, were originally
intended to serve as camping lots. However, marthede small tent lots fall in the FR-
20 zone, which requires a minimum of twenty (20j)eacfor newly created lots to
develop a structure. One major factor, when comsigethe development potential of
these lots, is that most of them fall within theoffulls and Canyons Overlay Zone
(FCOZ). FCOZ prohibits development on slopes ab808c. This Overlay Zone
establishes specific site development and designdatds for the Sub-Basin that
preserves the character of the mountain terraimimizes soil and slope instability,
erosion, and stream siltation. FCOZ is discusselmapter 19.72 of the Salt Lake
County Zoning Ordinance (Emigration Township Plan).

The Salt Lake County 208 Sub-Basin Plan and thé State Code have designated all
land in Emigration Creek Sub-Basin as Anti-DegrematAreas that is owned or
managed by the U.S. Forest Service and the Sale L@y Corporation. Anti-
Degradation status prohibits any new pollutant lthsges into the water body. In
addition to their Anti-Degradation status, USFS &adt Lake City lands contain many of
the trails that exist in the Sub-Basin. Thesegrare generally multi-use, accommodating
both hiking and biking activities.

45.3 Zoning

Zoning was first introduced in the Emigration Cre®lb-Basin in 1951. Early zoning
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was for tent campsites. The Sub-Basin underwenajarmezoning to reflect appropriate
land uses and lot sizes in July of 1987. Emigrat@reek Sub-Basin zoning remains
relatively unchanged from the 1987 adjustment. Vodée predominant zoning

classifications in the Sub-Basin are FR-0.5, FFER;5, FR-20 and C-2/zc zones (Map
14).

Map 14. Emigration Creek Sub-Basin Zoning.

The majority of land in Emigration Creek Sub-Baisizoned for forestry/recreational use
(97.6%), with <1% of land in Emigration Creek Sulsi being zoned for commercial
and multi-family residential. Approximately 2.4% land in Emigration Creek Sub-

Basin has been zoned for single family units.

45.4 Well Locations

The Utah Division of Drinking Water (DDW) has idéim@d a total of 1200 points of
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diversion in Emigration Creek Sub-Basin (Map 15The majority, 965 sites, were
identified as underground extractions or local selhd 210 of these sites are surface
diversions, most of which are found in the upperches of Burr Fork. However, the
Emigration Improvement District (EID) has put incalinary water system; therefore
some of the homes on Emigration Canyon Road haauiinued use of their wells. As
can be seen from Map 15, the majority of undergdodiversions are along the major

through-way of Emigration Canyon Road.

Map 15. Emigration Creek Sub-Basin Well Locations.

4.5.5 Salt Lake County On-site Waste Disposal Study

In 2003, as part of the Emigration Watershed Nomt¥@ollution Assessment: Coliform

Bacteria Water Quality Analysis, Salt Lake Countplished a review of septic systems
in Emigration Creek Sub-Basin. In total, 326 seystems were identified that had
been installed between 1954 and 2003. Of thodersgs approximately 24% were over
twenty (20) years old. Fifty-two percent (52%)tloé septic systems were installed in the
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1990’s, and only 5% were installed in the curreetatle. The majority of older septic
systems (older than 1980) were found in the migddigyon, from Maryfield Drive to the
Burr Fork confluence; however, the highest peragan(@9%) of older septic systems was
found in the lower canyon — from Rotary Park to Migid Drive. Figures 9 through 15

shows plate details for upper Emigration Canyon.

Figure 9. Plate Locations of Salt Lake County Gte-®/aste Disposal Study.
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Figure 10. Salt Lake County 2003—Age of On-Sites®disposal Systems in Plate 1.
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Figure 11. Salt Lake County 2003—Age of On-Sites®disposal Systems in Plate 2.
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Figure 12. Salt Lake County 2003—Age of On-Sites®disposal Systems in Plate 3.
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Figure 13. Salt Lake County 2003—Age of On-Sites®disposal Systems in Plate 4.
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Figure 14. Salt Lake County 2003—Age of On-Sites®disposal Systems in Plate 5.
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Figure 15. Salt Lake County 2003—Age of On-Sitest¥#disposal Systems in Plate 6.
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5.0 HISTORIC DATA ANALYSIS

5.1 Previous Water Quality Data Summaries

Water quality data has been collected for Emigratiéreek beginning in 1975 and
continuing through the present. Numerous paramédtave been monitored; however,
few have been consistently analyzed. Parametdlsthe greatest number of samples
collected include: pH, Nitrogen, Phosphorus, Spedfonductance, Total and Fecal
Coliform, andE. coli. The Utah DWQ has collected the majority of saaphowever,
Salt Lake City Public Utilities has a sample statabove Rotary Park, which has been
consistently sampled since 1993. Additionally, tBalt Lake County Engineering
Division, the University of Utah Engineering Depaént, and the USGS have conducted
several intense studies of Emigration Creek. Tablthrough 9 summarize data, sources,
dates of collection, and value means through tH@5 Zferiod of collection. Section 5.2

discusses more recent data used for load analyses.
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Table 6. Summary of previous available water dqualata for Emigration Creek.

Parameter
Alkalinity (mg/l)
Aluminum (ug/l)

Anions (mg/l)

Arsenic (ug/l)

Barium (ug/l)
Bicarbonate (mg/l)

BOD (mg/l)

Boron (ug/l)
Cadmium (ug/l)

Calcium (mg/l)
Carbon dioxide (mg/l)
Carbonate (mg/l)
Cation (mg/l)
Chloride (mg/l)
Chromium (ug/l)
COD (mgl/l)
Copper (ug/l)

DO (mgl/l)

Flow (cfs)
Fluorides (mg/l)
Hardness (mg/l)

Hydroxide (mg/l)

Dates

1975-
2005
1995-
2005
1991-
1995
1976-
2005
1991-
2005
1975-
2005
1976-
1979
1975-
2005
1991-
2005
1975-
2005
1975-
2005
1991-
2005
1991-
1999
1975-
2005
1976-
2005
1991

1976-
2005
1976-
1979
1992-
2003
1975-
1976
1975-
2005
1991-
2005

#

Samples

266
92 (29%)
140

113 (8%)

111 (98%)

267
13
8
111 (3%)
267
274
262
140
267
112 (28%)
2
112 (4%)
9
152
(14*)
5

267

262

54

Minimum Maximum

51

30.3

113

Not detect

Not detect

62
1
18
Non
detect
32.1
0
0
67
3.5
2
Non
detect
10
5.5
0
0.13

138.1

Mean
308 237
939 66.2
935 282.5
1.97 1.22
146 81.32
376 288.2
1 1
88.4 51.65
8.2 4.06
140 89.02
160 5.69
11 0.54
342 155.2
750 97.3
864 42.8
Non detect Non
detect
28 17.7
10.4 8.2
59.95 7.2
0.32 0.21
504 307.4
0 0



Iron (ug/l)
Lead (ug/l)
Magnesium (mg/l)
Manganese (ug/l)
Mercury (ug/l)
Nickel (ug/l)
Nitrogen (mg/l)
pH
Phosphorus (mg/l)
Potassium (mg/l)
Selenium (ug/l)
Silica (mg/l)
Silver
Sodium (mg/l)
TDS (mg/l)

TSS (mgll)

Specific Conductance

(umho/cm)
Sulfur (mg/l)

Temperature (°C)
Turbidity (NTU)

Zinc (ug/l)

1975-
2005
1976-
2005
1975-
2005
1976-
2005
1991-
2005
1975-
2005
1975-
2005
1975-
2005
1975-
2005
1975-
2005
1976-
2005
1975-
1976
1991-
2005
1975-
2005
1975-
2005
1976-
2005
1975-
2005
1975-
2005
1976-
2005
1975-
2005
1975-
2005

*Number of samples with values
*Number of 0 cfs measurements recorded

(57%) 10
112 (2) 3.8
267 3.5
113 (94%) 3
111 (1%) Non
detect
6 (2%) 5
520 0.0149
(260%)
524 6.5
427 0.008
(359%)
268 1
(220%)
114 (3%) 0.5
5 11
111 Non
detect
267 5.1
267 190
273 0
(220%)
438 260
267 13.4
(261%)
258 0
267 0.087

112 (1%) Non
detect

55

661 97

20 11.9
39.4 20.7
90.7 21.2

Non detect Non
detect

20 12.5
1.14 0.21
8.9 8.25
0.55 0.044

4 1.53
1.7 0.97
15 13

Non detect Non
detect

233 56.2
1,056 497.5

471.3 255
1,800 806.9
247.4 59.8
26.9 7.6

254 9.5
10



Table 7. E. coli(MPN/100 ml)Data for Emigration Creek. (2003-2005)
(Includes Salt Lake City Public Utilities, Salt LakCounty, and Garrick Wilden data) Total of 334 glas,
326 have values, 49 recorded as 0 MPN, 81 of thmples had values >206 MPN.

Month N 0 MPN TNTC* >206 Minimum Maximum Mean
MPN
January 4 2 0 0 0 50 17.5
February 5 1 0 0 0 60 17.2
March 8 3 0 0 0 60 26.3
April 16 7 2 2 0 TNTC 13.6
May 15 7 0 1 0 240 50
June 57 5 0 2 0 920.8 63.8
July 74 5 1 34 0 TNTC 367
August 81 7 0 32 0 1,850 276.5
September 3 3 0 9 0 697 123.4
October 6 3 0 1 0 1,020 185
November 5 4 0 0 0 0 4
December 2 2 0 0 0 0 0
Total 326 49 3 81

*Too Numerous To Count

Table 8. Total Coliform (MPN/100ml) for Emigratid@reek. (1976 — 2005)
(Includes Salt Lake City Public Utilities, SaltkeaCounty, DEQ, and Garrick Wilden data). TotaV68
samples, 752 have values, 1 was recorded as 0 B®df, the samples had values >5,000 MPN.

Month N 0 MPN TNTC* >5,000 Minimum Maximum Mean
MPN
January 14 1 0 1 0 >600 58.4
February 14 0 0 2 10 >400 80.1
March 21 0 0 0 6 >1,000 114.3
April 36 0 1 14 12 TNTC 152.8
May 68 0 0 0 10 3,000 326.1
June 137 0 0 21 10 24,196 2,621.4
July 137 0 1 5 16 TNTC 2,496.4
August 135 0 0 45 4 11,199 1,230.6
September 65 0 0 0 1 2,800 588.1
October 93 0 0 0 2 2,300 357.1
November 25 0 0 0 20 2,300 308.6
December 7 0 0 1 10 800 165.4
Total 752 1 2 89

*Too Numerous To Count
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Table 9. Fecal Coliform (MPN / 100 ml) for Emigat Creek. (1976-2006)
(Includes Salt Lake City Public Utilities, Salt LakCounty, DEQ, and Garrick Wilden data). Totab68
samples, 598 have values, 21 recorded as 0 MPhf, 68 samples had values >400 MPN.

Month N 0O MPN TNTC* >400 Minimum Maximum Mean
MPN
January 14 3 0 0 0 30 10.1
February 14 3 0 0 0 46 8.9
March 20 3 0 0 0 120 24.95
April 35 2 0 2 0 400 50.6
May 66 1 0 2%* 0 3,000 113.4
June 86 0 0 5 2 5,600 187.8
July 73 1 1 8 0 TNTC 176.9
August 102 2 0 23 0 3,030 279.5
September 63 2 0 11 0 2,460 218.1
October 93 2 0 11 0 2,460 218.1
November 25 0 0 1 1 500 39.6
December 7 2 0 0 0 106 29
Total 598 21 1 63
* Too Numerous To Count
*Not QA/QC’ed

5.2. Other Water Quality Studies Review

The Salt Lake County Engineering Division, the Umsity of Utah Engineering
Department, and the USGS have conducted seveesismtstudies of Emigration Creek.

The following is a review of water quality studi¢sat have been conducted for
Emigration Creek.

5.2.1 Pollution Mitigation in Emigration Canyon (Glenne and West, 1981)

In 1981, Glenne and West published a coliform mals they developed for Emigration
Creek Sub-Basin (Bard and Glenne, 1981). In thidys the Canyon was divided into
sixteen (16) sections based on flow regime. Thudysused bacterial decay rates as well
as travel time through various media to assessdhece of high coliform and TSS levels
in Emigration Creek. Significant findings from ¢tstudy include:
An estimated 87% of coliform in Emigration CreekbSBasin were from
surficial human and domestic animal use

Only 5% of the coliform were thought to have oragied from underground

disposal systems
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The upper portion of the Canyon yields proportigntie largest flow

Rotary Park showed ~60% higher flows than the BorkEonfluence

40% of wells were shown to have higher coliformelsvthan drinking water
standards

There were relatively low coliform levels coming &b the lower portion of
the Canyon

Concentration levels were highest in August

Coliform loads were highest in June

August coliform levels showed a sharper decrease tlee mouth of the
canyon than the model predicted

The model under-estimated loads from Kilyon Canyon

June provided the best agreement between obsendegradicted coliform

levels

5.2.2 Emigration Canyon General Plan

Background information regarding history, land umed population can be derived from
the 1999 General Plan for Emigration Canyon (SLI8®9). This plan characterized the
canyon in detail and then proceeded to delineatdows characteristics (e.g.

environmental quality, transportation, open spacé eecreation, natural hazards, and
land use policies) associated with the Canyon. Hian concluded with an

implementation protocol to be observed in orderassist Salt Lake County and
Emigration Canyon residents with future growth. dmaracterizing the groundwater
system of Emigration Canyon, the general plan stdfehe continued reliance on septic

systems may seriously impede the long-term pretervaf groundwater quality.”

5.2.3 Water Quality and Macroinvertebrate Communities of Emigration and Red Butte
Creeks, Salt Lake County, Utah (USGS, 2000)

In December of 2000, the USGS published a facttsreagewing both chemical and

biological data for Emigration Creek. This studymgared macroinvertebrate data
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collected in 1950 with macroinvertebrate data that collected in 1999. This study
examined three (3) sites in Emigration Creek SubiBafor habitat and

macroinvertebrate community composition and onesite)in Red Butte (Figure 16).

Figure 16. Sample Locations for USGS Macroinymdee Assessment.

This study found that macroinvertebrate concemnatin both the Upper Emigration and
Red Butte Creek sites were similar in both 1950 B9@B. Significantly, the Middle and

Lower regions of Emigration Creek had less taxan thee site in Red Butte Creek Sub-
Basin and had a lower richness rating (Figure 17).
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Figure 17. Macroinvertebrate Richness and AbunelémcEmigration and Red Butte
Creeks.

In addition to concentration, the USGS study exa&uirtolerance levels of the
macroinvertebrate communities in both Emigratiod &®d Butte Creek Sub-Basins. In
1999, lower Emigration Creek supported macroin\eeees with moderate tolerance to
pollution levels. The upper Emigration and Redt8ugites were shown to have the
highest percentage of intolerant taxa, thus imglysaoperior water quality at these sites.
Additionally, this study suggested a general stidin pollution intolerant to pollution

tolerant macroinvertebrates in all sites betwedsDl#hd 1999.

Finally, chloride data was collected for EmigratiGneek Sub-Basin (Figure 18). The
findings of the study suggest that Emigration Creekffected by humans from on-site
disposal systems. However, a spike in chloridecentrations in the winter may have

been due to the use of road salt for show removal.
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Figure 18. Chloride and Nutrient Data from 1999G.$Macroinvertebrate Study.
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5.2.4 Level lll Stream Channel Stability Evaluation and Restoration Alternatives For
Emigration Creek near Perkins Hollow (SLCo, 2001)

Based on a bank stability methodology authoredfaplich for the United States Forest
Service (USFS) in the 1970’s, the Salt Lake Coufrtgineering Division conducted a
level Il stream channel stability evaluation ofsagment of Emigration Creek near
Perkins Hollow in the summer of 2001 (Figure 19pf the ten (10) stream reaches
identified in this study, only two (2) rated as may predominantly excellent stability
conditions (Figure 19). Three (3) reaches weredras predominantly good, and three
(3) reaches were rated predominantly fair. Theaiamg two (2) reaches were rated as
predominantly poor. The varied conditions restinf such factors as: pool and riffle
ratios, debris, landform bank slopes, mass wastiank rock content, cutting and
deposition, aquatic vegetation, and vegetative otection. Management alternatives
that were suggested as a result of this study decluthe re-establishment of a beaver
population, the installation of vortex rock weitse installation of log vortex weirs, and
the installation of cobble/gravel weirs. In 2007&ltSLake County Flood Control &
Engineering Division installed rock weirs in therles Flat segment of Emigration
Creek.

Figure 19. Level lll Bank Stability AssessmentR#rkins Flat Reaches.
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5.2.5 Emigration Watershed Non-Point Pollution AssessmeniColiform Bacteria Water
Quiality Analysis (SLCo, 2001)

Between May and November of 2001, the Salt Lake nBouEngineering Division
conducted an intense study of Emigration Creekguéive (5) sample locations (Map
16). Samples were collected weekly for 23 weeks, \@ere taken three (3) times each
sample day to assess diurnal variance in wateitguaParameters that were analyzed

included: Temperature, Conductivity, Total and F&miform, and Stream Flow.

Map 16. Salt Lake County 2001 Sample Sites.

5.2.6 Temperature and Conductivity

In the Salt Lake County study, temperatures vabetiveen 0.5° and 24° C and were
consistently highest in the evening hours (Figud® 2Seasonal temperatures peaked in

early August. Conductivity levels varied betweeAB3 and 1.34 and peaked in the
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morning hours at all five (5) sample sites. Overadinductivity levels were highest at the

Mayfield and Santa Fe sampling sites (Figure 21).

Figure 20. Salt Lake County 2001—Mean Monthly Tenapure.

Conductivity measurements that were taken as panio2001 study show minor diurnal
variation. At all five sample sites, the higheshductivity levels were observed in the
morning hours (Figure 21). At four of the fiveesif conductivity levels were lowest in

the evening hours.

Figure 21. Salt Lake County 2001—Mean Monthly Qactivity.

Geographically, conductivity was relatively lowtime upper reaches of Emigration Creek
(Burr Fork and the Grill) and showed a sharp inseeat Maryfield Drive. Beyond
Maryfield Drive, conductivity levels decreased slpwo Rotary Park. Although
geographic and diurnal patterns were observed; inportant to note that the overall

geographic and diurnal fluctuations were relativedynor with the low mean levels of
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~0.5 mS and the high mean levels of ~1.05 mS.

5.2.7 Salt Lake County 2001—Total Coliform

Seasonal mean total coliform concentrations, oleseilwy Salt Lake County in 2001,
varied between 566 cfu/100 mL and 1,375 cfu/100 mith the highest mean observed
at Burr Fork (Figure 22). The total coliform cemtrations decreased from the upper to

the lower reaches of Emigration Creek.

Figure 22. Salt Lake County 2001—Mean Total CotifdConcentrations.

In order to assess diurnal patterns, total colifewels were analyzed for AM, Noon, and
PM hours at all five (5) sample locations. Diurpatterns were similar to overall mean
patterns with the highest concentration levels ¢p@bserved in the upper reaches with a
steady decline with distance and time (Figure 28)general, total coliform levels were
highest in the AM hours—reaching a mean high of118f/100 mL at Burr Fork. The
lowest mean diurnal level was observed for noonsmesments at Rotary Park (462
cfu/100 mL).
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Figure 23. Salt Lake County 2001—Mean Diurnal T@@liform Concentrations.

Mean monthly coliform concentrations observed iis tetudy varied between 407
cfu/100 mL and 1161 cfu/100 mL, with the highestels observed again in August
(Figure 24). The lowest total coliform levels weteserved in November.

Figure 24. Salt Lake County 2001—Mean Monthly T@aliform Concentrations.

66



5.2.8 Salt Lake County 2001 Study—~Fecal Coliform

Mean seasonal fecal coliform levels ranged betwig#hand 276 cfu/100 mL in the Salt
Lake County study. In contrast to total coliformncentrations, the highest mean fecal
coliform concentration was observed at Rotary Raudk the lowest level was observed at
Maryfield Drive (Figure 25).

Figure 25. Salt Lake County 2001— Mean Fecal Gaoiif Concentrations.

Similar to total coliform concentrations, fecal iboim levels were highest in the morning
and evening hours (Figure 26); however, in conttadiotal coliform, a more extreme
diurnal pattern was observed for fecal coliformhatihe greatest variation between sites
occurring in the PM hours. The observed fecalfooh mean for the AM hours varied
between 236 cfu/100 mL (Maryfield) and 329 cfu/100 (Rotary Park). Fecal coliform
means observed in the noon samples varied betwiiefi/100 mL (Rotary Park) and
173 cfu/100 mL (Burr Fork). Evening means variedtween 143 cfu/100 mL
(Maryfield) and 354 cfu/100 mL (Rotary Park) with reearly 2.5 fold variation in
coliform concentrations between sample sites alémggration Creek.
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Fecal concentration levels observed by Salt LakenGoin 2001 varied between 53
cfu/100 mL and 355 cfu/100 mL, with the highest tiniyn mean being observed in
August and the lowest levels observed in NovembBegufe 27). Significantly, these
findings are consistent with other studies; speaily, the mean monthly fecal coliform

concentration in Emigration Creek is typically haghin August.

Figure 26. Salt Lake County 2001—Mean Diurnal F&wmiform Concentrations.
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Figure 27. Salt Lake County 2001— Mean FecalfGot Concentrations.

5.2.9 Loading and Attenuation of Fecal Indicator Bacteriain Emigration Creek (Wilden
2005)

Garrick Wilden, a graduate student in the Civil Eiegring Department at the University
of Utah, conducted a two-part study of Emigratioeélk Sub-Basin between June and
October of 2005. This study collected weekly gsstmples from eight (8) sample
locations for 16 weeks (Map 17) and analyzed tlseseples for Total ColifornE. coli,
Enterococci, Nitrate, and Ammonia. In additionatgeasonal assessment, samples were

collected twice daily to capture diurnal fluctuatsoin Emigration Creek.
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Map 17. Garrick Wilden 2005—Sample Site Locations.

5.2.9.1 Garrick Wilden 2005—Flow Assessment

Generally, Wilden found that the flows in Emigrati€Creek increase with time and
distance downstream. Monthly mean flows rangenhfstightly over O cfs in September
to nearly 14 cfs in June (Figure 28). This findisgconsistent with other studies that
have shown Emigration Creek to have a particuleasly spring runoff, usually between
early April and May. Notably, spring runoff waarpicularly high in the spring of 2005
and caused several landslides in this Sub-Basioweder, flows measured at Rotary

Park were similar to flow regimes in other years.
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Wilden observed an increase in enterococci, tadéifocm, nitrate, chloride, and flow

between sample stations five (5) and four (4). rélveas no observed surface inflow in
this region; therefore, the increase in flow is trdsely due to groundwater discharge.
An increase in stream flow was also observed betveaenpling stations three (3) and
two (2). This increase in flow was again thoughtbe attributable to groundwater

discharge.

5.2.9.2 Garrick Wilden 2005—E. coli Assessment

Wilden’s study found that meal. coli concentrations for the study period generally
increased from upstream to downstream and ranggdebe 54 org/100 mL and 595
org/100 mL (Figure 29). However, in contrast testheneral pattern, high levels Bf
coli were observed at the Burr Fork sample site.  &@Wen the lower reaches of the
Creek substantial bacteriological increases wesemed.

Figure 28. Garrick Wilden 2005—Mean Monthly Flovata for Emigration Creek.
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Figure 29. Garrick Wilden 2005—Mean Seasdhatoli Concentrations.

Diurnally, E. coli concentrations were higher in morning hours veteasevening hours
at all eight (8) of Wilden’s sample sites (Figur@).3 This is similar to both of the
patterns for total and fecal coliform observed he bther diurnal study of Emigration
Creek (SLCo, 2005). Causes of this diurnal impaidt be assessed in the source

identification element of this TMDL study.
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Figure 30. Garrick Wilden 2005—Mean Diurrial coli Concentrations.

The monthly geometric means for the eight (8) sangiies in Wilden’s study showed

more variance between months than between sitgar@-81). Geometric means for July
were the highest with August corresponding at sdveample locations. The most
consistently low month was June. Interestinglg, lhwer flows of September revealed a

decrease in medh. coliconcentrations between sample sites five and four.
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Figure 31. Garrick Wilden 2005—Monthly GeometriedhE. coliLevels for
Emigration Creek.

5.2.9.3 Garrick Wilden 2005—Bacterial Fate and Trasport Assessment

The bacterial fate and transport portion of thiglgtestimated an attenuation rate of 5.14
day’, which is much greater than other published lasss: A speculated reason for this

high attenuation rate is filtration by flow througtreambed sediments. Due to the high
attenuation rate, it is anticipated that severatliog segments/sources must necessarily

exist.

5.2.10 Principal Locations of Major-lon, Trace-Elanent, Nitrate, and Escherichia coli (E.

coli) Loading to Emigration Creek, September 2005

In September of 2005, the USGS conducted a syndpdicer-injection study of
Emigration Creek to quantify mass loading of magms, trace elements, nitrate, ad
coli. As part of this study, the hydrologic settingErhigration Creek was established
when Sodium Bromide was injected upstream of BuorkF Subsequently, the

downstream dilution rate was observed to estabistietailed spatial profile of stream
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discharge” (Map 18). This study established thaliw the first 8,092 m (8,849 yd) of
the study reach, Emigration Creek is a typical iggrstream. However, at 10,024 m
(10,962 yd), Emigration Creek experienced a sigaift decrease in flow. This decrease
may be attributable to a corresponding change ologe& formations from the Preuss
Sandstone to the Twin Creeks Limestone (KimbalQ5)0 As was explored by Kimball,
the limestone is extremely fractured and may alldwndant infiltration. Downstream
from the 10,024 m (10,962 yd) mark, there was a@neise in discharge. This increase
occurred despite the piping of Emigration Tunneti®@pand may be attributable to the
inflow of Wagner Spring, two (2) unnamed springad ahe remaining water from

Emigration Tunnel Spring (Figure 32).

Map 18. USGS 2005—Sample Sites.

75



Figure 32. USGS 2005—Flow Data.

This study found increases Ief coliloading below Burr Fork, Brigham Fork, Blacksmith
Hollow, Perkins Flat, and Camp Kostopolus (Figur@).3 Generally, downstream
changes in chemistry and loadings correspondeadatibns where stream discharge
increased. Interestingly, Lithium loadings weres@ved in Burr Fork, Brigham Fork,
Maple Grove, Blacksmith Hollow, and Emigration TehSpring. In Emigration Creek,
Lithium only comes from anthropogenic sources. réfee, the USGS study concluded
that loading of nitrate andtE. coli occurred independently of major ions and trace

elements.
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Figure 33. USGS 2005&- coli Loads.

Figure 34. USGS 2005&- coli Concentrations.
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5.3 Other Bacteriological Studies and Data

Salt Lake City Public Utilities Department has beeanitoring coliform concentrations
of Emigration Creek above Rotary Park beginnin983 through the present. Although
sampling frequency varies for this dataset, typycalamples have been taken monthly at

a minimum for both total and fecal coliform.

5.3.1 Salt Lake City—Total Coliform

The highest total coliform concentrations are pmése July and August (Figure 35).
Mean July and August concentrations exceeded 300L& mL; whereas, October

through February levels were typically between 80 460 cfu/100 mL.

5.3.2 Salt Lake City—Fecal Coliform

As with total coliform, fecal coliform has been legited above Rotary Park beginning in
1993 and continuing through the present. The nfieeal coliform concentrations were
highest in July (179 cfu/100 mL) and were lowestgbruary (9 cfu/100 mL) (Figure

36).

Figure 35. Salt Lake City—Mean Monthly Total Colifn Concentrations.
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Figure 36. Salt Lake City—Mean Monthly Fecal Calih Concentrations.

5.3.3 Salt Lake City—E. coli Coliform

With the adjustment of State standards in 2004lfealiform has been replaced with
coli as the primary pathogenic indicator for 2B waterShe Salt Lake City Public
Utilities Department began monitoring montlidy colilevels at their Rotary Park sample
location in 2003; however, the majority of data baen collected for the summer months
(April through August). The Salt Lake City datasls that the arithmetic mean monthly
E. coli levels varied between 0 org/100 mL (December) aéd 8rg/100 mL (July)
(Figure 37). NotablyE. coli levels appear to fluctuate much more than eithial tor

fecal coliform.
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Figure 37. Salt Lake City—Mean MonthB coli Concentrations.

5.4 Emigration Canyon Microbial Source Tracking MST)

In Summer 2008, Dr. Ramesh Goel, an Assistant Bsofe in the Civil and
Environmental Engineering Department at UniversifyUtah, conducted a microbial
source tracking (MST) study of Emigration Canyon daalitatively determine if
Emigration Creek was receiving any fecal contanmatfrom humans. Since fecal
contamination of surface waters can result from enams sources of fecal pollution
including human sewage, manure from livestock aetk,pindigenous wildlife and
stormwater runoff, it is important to identify tkeurce of the fecal contamination. Fecal
contamination from humans is more dangerous bedausgicates the possible presence
of pathogenic bacteria. The goal of MST is to matah microbe from a polluted site
with the source of contamination (discriminatindvieen human and non-human sources

of fecal contamination) and determine the origiriecal pollution.
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Map 19. MST sampling sites (yellow dots) along shedy reach in Emigration Creek,
Utah.

MST methods can be divided into two broad categori&) library-dependent and (2)
library- independent. Library-dependent methods eoenplex, labor intensive and
geographically specific, whereas, library-indepernidenethods have no time and
geographic restraints. They are primarily basedwcieic acid techniques arising from
the field of molecular microbial ecology such asaleping host-specific strains that are

then characterized to identify host-specific genetiphenotypic markers.

With this study, a one-liter grab sample of fremafing water was collected from six
different locations on Emigration Creek (Map 19heTmethod used in this study relied
on DNA extraction followed by a polymerase chairmateon (PCR) based library-

independent method, to differentiate between humswath nonhuman sources of fecal
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contamination.

The study results show that all the locations, itk exception for the month of July,
showed the presence of human fecal contaminatigur@ 38). This finding shows that
Emigration Creek is receiving anthropogenic fecahtamination, which could be

resulting from leaking septic systems.

Figure 38. Agarose gel pictures depicting PCR pectsldrom DNA attained over the
sampling period.

6.0 UDWQ RECENT DATA INVENTORY AND REVIEW
FOR TMDL

Water quality data for the Emigration Creek SubiBagere obtained from DWQ and
Salt Lake County from 2007 through 2009. This sectprovides a description of
availableE. coli data and analyses conducted to understand thentusater quality

conditions in the watershed. Water quality dataliesen collected by both DWQ and Salt
Lake County at six stations located in the Uppendeation Sub-Basin, however only

one station has continuous flow data (Emigratioee®RrBelow Rotary Park. coli
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samples were collected from 2007-2010 at thesestkions. See Map 18 for the

locations of DWQ monitoring stations in the Uppe@nigration Creek Sub-Basin.

Flow data was obtained from Salt Lake County PulMiarks Department’s gage located
at the mouth of Emigration Creek Canyon at RotaaykPFlow is recorded daily from
2001 to the present. This continuous flow data wsesd in the development of the

TMDL. Section 4.1.6 discusses the flow data in dept

6.1 Recent Flow Data

While general flow characteristics of Emigratione€k are discussed in Section 4.1.5,
this section details recent flow information andadased in the analyses and load
allocations for the TMDL.

Salt Lake County Public Works Department managesctintinuous flow gage used in
the TMDL analysis for the Upper Emigration Creelb&®asin. The Emigration Creek at
Rotary Park (Gage site #620) is located at the motiEmigration Canyon at the south
end of Rotary Glen Park. This site is at the sapeatlon as DWQ’s monitoring station

4992140 Emigration Creek below Rotary Park. Thigeghas been active since 1979.
The historical maximum daily flow was 146 cfs onyzil, 1983 and the historical peak
flow was 148 cfs on May 28, 1983. The estimateddistage is 1.95 ft and flood flow is

120 cfs. Flow data can be found online on Salt L@kanty Public Works webpage.

Flow measurements used in the TMDL calculationsewtaken from 2007-2010. This
data is displayed in Figure 39. This graph showghdn flow near the beginning of
spring, which corresponds to the early runoff pefiar Emigration Creek. The flow then
drops during the fall and winter months. The highresorded flow recorded, 50 cfs, in

this time period was on April 21, 2009.

This gage and monitoring station was used exclisivethe TMDL calculations for

several reasons. First, since this site is locatdtle farthest downstream monitoring site
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in the Upper Emigration Sub-Basin, it is used as tbmpliance point. When water
quality standards are met at this location, thendsdied is most likely to be met
everywhere upstream. Secondly, this location hdg tlaw data, which is critical in the

TMDL analysis for the Load Duration Curve in Seaoti.2.

Flow at Emigration Creek @ Rotary Park (#620)
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Figure 39. Flow (cfs) recorded at Emigration CraeRotary Park from 2007-2010.

6.2 Water Quality Data

Of the six DWQ water quality stations in the Upamnigration Creek Sub-Basin, only
one site, 4992410 Emigration Creek below RotarykPamas used in the 2006 303(d)
listing. Map 20 shows all the locations of the DWnitoring stations located in the
Lower and Upper Emigration Creek Sub-Basins.
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Map 20. DWQ Monitoring Stations Located in the Eratgpn Creek Watershed.

Per Utah’s Assessment Methodology (Section 3.FE2)oli collected only during the
defined recreational season was used to deternhitgmigration Creek’s secondary
contact recreational use was impaired due to Bigtoli levels. The recreational period is
defined by when the greatest threat to human heatthid occur, during the warmer
months of May through Septembéi. coli samples collected outside the recreational

period were used to determine the critical seasothe Emigration Creek TMDL.
Summary statistics for all nine monitoring sitelseta during the entire year are presented

in Table 10. Table 11 displays coli data collected only during the recreational period
Both tables cover the period of 2007 to 2010.
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Table 10. Summary oE. coli Data (MPN/100 mL) for DWQ Monitoring Stations in
Emigration Creek Yearly from 2007 to 2010.

Station
ID

Station
Description

#
Samples

Geometric
Mean

Min

Max

First
Sample

Last Sample

4992162

Burr Fork

35

16.1

<1.0

2,419.6

01/27/200

7 9/0w/2010

4992158

Emigration
Ck @ Maple
Lane

29

17.3

13

260.3

01/24/2007

06/16/200

4992153

Emigration
Ck @
Maryfield

33

43.4

1.6

868.1

01/27/2007

09/07/201

4992150

Emigration
Ck @
Sunnydale

20

71.9

1.8

1,748.5

01/24/2007

06/16/200

4992145

Emigration
Ck Above
Rotary Park

47

13.4

<1.0

1,286.6

01/24/2007

08/23/201

4992140

Emigration
Ck Below
Rotary Park

53

54.9

<1.0

2,419.6

01/24/2007

09/07/201

Table 11. Summary d&. coli Data (MPN/100 mL) during Recreational Season faf@
Monitoring Stations in Emigration Creek from 20@72010.

Station
ID

Station
Description

#
Samples

Geometric
Mean

Min

Max

First

Sample

Last
Sample

4992162

Burr Fork

20

22.7

<1.0

222.4

05/15/200

7 0D=2010

4992158

Emigration
Ck @ Maple
Lane

13

46.8

5.1

260.3

05/15/2007

06/16/200

4992153

Emigration
Ck @
Maryfield

19

73.7

9.7

516.6

05/15/2007

09/07/201

4992150

Emigration
Ck @
Sunnydale

10

353.6

30.2

1,748.5

05/15/2007

4

06/16/200

4992145

Emigration
Ck Above
Rotary Park

26

42.0

<1.0

1,286.6

05/15/2007

08/23/201]

4992140

Emigration
Ck Below
Rotary Park

29

217.0

24.4

2,419.6

05/15/2001

4

09/07/201
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6.3 Water Quality Analysis

DWQ and Salt Lake County have been collectihgoli data monthly at these sites from
2007 to the present. Using the Idexx Colilert Quandy method of analysis, the
minimum detection limit is > 1.0 MPN/100 mL and theximum detection limit is

2419.6 MPN/100 mL. MPN stands for Most Probable leamand is analogous with
Colony Forming Units (CFUS).

Figures 40 through Figure 45 display coli concentrations over time at each monitoring
site in the Emigration Creek Sub-Basin comparinta deetween the defined recreation
seasons. The graphs are ordered from upstreamwiostteam. The graphs show tBe
coli concentration is higher during the summer (reaaateason) than in winter months
(non recreation season). Two monitoring sites, $dale and Below Rotary Park, have
the highest concentrations Bf coli in the Upper Emigration Creek Sub-Basin. Bothssite
exceed the acute “Not To Exceed” standard numermes during the recreation season.
E. coli concentrations are also higher below Rotary Glark F4992140) than above
(4992145). This is most likely due to heavy puhlge and off-leash dog activity in the
park. Rotary Park Glen is owned and maintained ddy lSake City Department of Public
Service Parks Division. These graphs also showvetitieal period defined for the TMDL

and will be discussed in Section 7.3.

The three monitoring stations downstream of Rot&ark located in the Lower
Emigration Creek Sub-Basin have higher level€otoli than the compliance point at
Rotary Park (see Tables 10 and 11). TIs;oli concentrations increase from upstream
to downstream. Preliminary data from these threiosts indicates that the Lower
Emigration Creek Sub-Basin will be listed on thel120303(d) list for E. coli
exceedances. A separate TMDL will address the I@&etion of Emigration Creek once
the 2012 303(d) is approved by EPA.
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E coli @ Burr Fork (4992162)
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Figure 40 E coli Concentration (MPN/100 mL) at Burr Fork (4992162).

E coli @ Maple Lane (4992158)
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Figure 41.E coli Concentration (MPN/100 mL) at Emigration CreekMdple Lane

(4992158).
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E coli @ Maryfield (4992153)
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Figure 42.E coli Concentration (MPN/100 mL) at Emigration CreekMaryfield Rd
(4992153).

E. coli @ Sunnydale (4992510)
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Figure 43.E coli Concentration (MPN/100 mL) at Emigration CreekSainnydale Rd
(4992150).
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E. coli @ Above Rotary Pk (4992145)
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Figure 44 E coli Concentration (MPN/100 mL) at Emigration Creek\ab&otary Park
(4992145).

E. coli @ Below Rotary Park (4992140)
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Figure 45E coli Concentration (MPN/100 mL) at Emigration CreekdvelRotary Park
(4992140).
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6.3.1 Water Quality Assessment

Assessments of water quality monitoring station 249® (Emigration Creek below
Rotary Park) was used in the assessment of beslaige support, which led to the listing
of Emigration Creek as impaired due Eo coli in 2006. The reason why this site was
chosen for assessment was because it is the fadihv@astream monitoring station in the
upper sub-basin and thus serves as a point of ¢ameel This monitoring station was
also used in the analysis of the TMDL. Three yedrdata were used in the assessment
of Upper Emigration Creek Sub-Basin. Data were can@g against both the chronic 5-
day geometric mean and the acute not to exceed waddity standards foE. coli. The
remaining five sites located upstream and thress sibwnstream are used to characterize

the impairments in Emigration Creek Sub-Basin.

Since the Upper Emigration Creek Sub-Basin hastgreéhan ten samples collected in
one recreational period, the assessment rule tsalthaf the 5-day rolling geometric
means collected during the recreational seasonlgimmi exceed 206 MPN/100 mL. If
greater than five samples were collected during r@oeeation season, the assessment
rule is that no more than 10% of samples collefrtatt May ' to September 30should
exceed 668 MPN/100 mL. Table 12 summarizesBheoli data gathered during the
recreational season below Rotary Park (4992140).

Table 12. Assessment &. coli Data During Recreation Seasons Below Rotary Park
(4992140) between 2007 and 2010.

Recreation # Samples Geometric Mea# Violations| %  Violations
Season Year Per Recreationof Geometricl of Geometric
Season Mean Std(206 | Mean Std (206
(MPN/100mL) | MPN/100 mL) | MPN/100 mL)
2007 9 129.1 0 0%
2008 3 157.9 N/A N/A™
2009 4 135.5 N/A N/A™
2010 13 386.6 3 33%

"Fewer than 5 samples collected during recreatiasaethus no 5-day rolling geometric means could be
calculated.

The four recreation seasons, 2007 through 2010e wealuated using the assessment
methodology previously discussed. In 2007, thereeveetotal of nine samples collected
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from May 2007 through September 2007. The 5-dajingplgeometric mean was

calculated and showed there were no violations®f206 MPN/100 mL standard. There
were not enough samples (less than five) in theeational seasons of 2008 and 2009 to
properly assess, thus data collected in 2008 a0 2as not used in the assessment.
There were a total of 13 samples collected duritegy2010 recreation season of which

33% of the 5-day rolling geometric means violatesl water quality standard.

The 5-dayE. coligeometric means were also used to evaluate spatialemporal water
quality trends in the impaired reach. A 5-day peémneas used in order to evaluate the
coli water quality standard (as discussed in Secti®n Bigure 46 shows the observed 5-
day geometric mean @&. coli at Emigration Creek below Rotary Park (499214@&)ulgh
time compared to the 5-day Geometric Mean Stanofa206 MPN/100 mL.

E coli Geometric Mean @ Emigration Ck below Rotary
Park
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Figure 46. 5-day Geometric Meanf coli at Emigration Creek below Rotary Park.
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6.4 Seasonal Variations in E. coli and Flow

This section presents the monthly variatioreircoli and flow data from the DWQ water
guality monitoring stations, in particular Emigati Creek below Rotary Park (4992140).
Figures 47 through 52 present the monthly aveEagmli concentrations and flow. Data
for these figures are found in Table 13. Note tthet flow data presented here is
instantaneous and not continuous data. Continuous data was recorded by the Salt
Lake County flow gage and was used in a Load Domatnalysis discussed later
(Section 7.2). These mean flow measurements ane usdd to aid in the hydrologic

characterization of the Upper Emigration Creek Balsin.

At Burr Fork (4992162) the average monthly flow &doli concentrations are elevated
during the summer months; however in Decentbecoli levels are highest while flows
are lower. When elevated levelsbf coli are observed with higher flows, the source is
considered to be primarily non-point in nature, icependent on overland runoff.
Emigration Creek at Maple Lane (4992158) and Enmtigna Creek at Maryfield
(4992153) have higher flows in the spring monthsiclv is consistent with spring runoff.
Both of these sites also have high level&otoli during the summer months when flow
is low. The graphs (Figures 18 and 19) showEheoli levels could be diluted from the
high flows during runoff and then increase with @asing flow in the summer. This
scenario is typical of a constant source of palutihat is not dependent on flow, such as

point sources septic systems.

Emigration Creek at Sunnydale (4992150) has higll$eof E. coli associated with low
flows; however, limited data is available in theach during the summer months for flow
and forE. coli in the fall months. A synoptic monitoring survey scheduled in the
summer of 2011 (Appendix A) to address the higjhcoli concentrations during low
flows to determine if discrete sources exist irs tharticular reach. Emigration Creek
above Rotary Park (4992145) and below Rotary P&8RZ140) both have an increase in
flow in the spring months associated with snow ntétiwever E. coli concentrations are

highest in the summer months (June-September) Wbes decrease. This relationship
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between low flow and higlk. coli concentrations is typically observed under coristan

source loads such as failing septic systems andgste.

Table 13. Monthly average. coli Concentrations (MPN) in the Upper Emigration Creek

Sub-Basin.

Month Burr Emigration | Emigration| Emigration| Emigration Ck | Emigration Ck
Fork Ck @ Ck @ Ck @ Above Rotary Below Rotary
Maple Maryfield | Sunnydale Park Park
Lane
January 17 4 21 13 1 2
February 4 11 37 81 5 21
March 7 5 108 15 6 5
April 8 12 29 29 13 26
May 7 13 30 430 35 58
June 45 32 133 235 75 136
July 63 144 92 289 85 377
August 60 150 201 201 21 332
September 5 39 32 1,505 20 330
October 10 4 3 N/A 1 9
November 6 38 3 N/A 1 10
December| 95 3 11 2 1 4
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Figure 47. Average Monthly E. coli and Flow Dataatr Fork (4992162).
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Monthly Flow and E coli Conc Averages at Maple Lane
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Figure 48. Average Monthli. coli and Flow Data at Emigration Creek at Maple Lane
(4992158).

Monthly Flow and E coli Conc Averages at Maryfield
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Figure 49. Average Monthl¥. coli and Flow Data at Emigration Creek at Maryfield
(4992153).
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Monthly Flow and E coli Conc Averages at Sunnydale
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Figure 50. Average Monthl§e. coli and Flow Data at Emigration Creek at Sunnydale
(4992150).

Monthly Flow and E coli Conc Averages at Above Rotary Park
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Figure 51. Average Monthlf. coli and Flow Data at Emigration Creek above Rotary
Park (4992145).
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Monthly Flow and E coli Conc Averages Below Rotary Park
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Figure 52. Average Monthl§. coli and Flow Data at Emigration Creek below Rotary
Park (4992145).

7.0 TECHNICAL APPROACH

The guiding principle in developing this TMDL isathit is based on rigorous scientific
analysis, reasonable and acceptable assumptionls,uses the best available data.
Establishing a relationship between the in-streatenquality targets and source loading
is a critical component of TMDL development. Idéyhg the cause-and-effect

relationship between pollutant load and the respanswater quality concentrations is

necessary to evaluate the loading capacity ofébeiving waterbodies.

A TMDL water quality study calculates the total amb of a pollutant that can be
assimilated by the receiving water while still megtwater quality standards. TEe coli
TMDL for Emigration Creek is expressed on a masslilog basis. Figure 55 summarizes
the E. coliload capacity, defined by the water quality staddand average flows, and
observed loads at each sampling location withinltpper and Lower Emigration Creek

Sub-Basins. At the compliance point for the Uppeb-Basin, Emigration Creek below
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Rotary Park (4992140), the load capacity is highan observed loads implying that no
reduction is needed when the entire data set ispitedh However, water quality
standards must be met throughout the year, espedaling the recreation season so
additional analyses are required to define thécatiseason when standards are exceeded

and impairment occurs (see Section 7.3).

7.1 Calculation of Loading Capacity and Existing load

The loading capacity is the amount of pollutant tten be assimilated by a waterbody
while still meeting water quality standards, thustecting the waterbody’s designated
beneficial uses. It is calculated by multiplyingethwater quality standard, the
corresponding flow, and a conversion factor. Thisterg load is the amount of pollution
that is observed in the river at the time of sampbdlection. It is calculated by
multiplying the pollutant concentration, flow, aadconversion factor. If the existing load
exceeds the loading capacity, the beneficial ugapsired and loading must be reduced.
The loading capacity is equivalent to the Total Maxm Daily Load (TMDL) and is
allocated among the identified sources includingtel@aad allocations (point sources),

load allocations (nonpoint sources), and a marfjsatety.

7.2 Load Duration Curve

A Load Duration Curve (LDC) was calculated for tBmigration Creek below Rotary
Park (4992140) monitoring site that compares engstwater quality conditions and the
conditions required to meet water quality standaldalso identifies the allowable and
existing loads, uses data for all flow and loadaugditions, and provides insight into
critical conditions. LDCs are well suited for argly of periodic monitoring data

collected by grab samples.
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The calculation included the following steps:

1. Available flow data was used to generate a flovgudency table that consisted of
ranking all the observed flows from the smallessaslied flow to the greatest
observed flow and plotting all the values to creafw duration curve.

2. The flow duration curve was translated into a Idadation curve by multiplying each
flow by the water quality standard and plotting theults. This curve represents the
loading capacity for each observation.

3. Each observed value was then converted to a daalg by multiplying the sample
concentration by the corresponding observed flow.

4. The difference between the observed load and Igachpacity for each flow regime
guantifies the necessary load reductions duringicaliconditions. Both observed
loads and loading capacities for each flow regineeevthen graphed.

5. Loads plotted above the load duration curve reptesgceedances of the loading
capacity. Loads plotted below the curve represemipdiance with standards and
represent allowable daily loads.

The load duration curve approach identifies the omagsues contributing to the
impairment and differentiates between various tygfesources. Loads that plot above the
allowable load curve in the 1-10% flow ranges (rhrgh flow conditions) represent
hydrologic conditions of extreme flooding. Load®ttihg above the curve between the
10-60% flow ranges likely reflect precipitation wi#n contributions (nonpoint sources).
Those plotting above the curve in 70-90% flow rangge indicative of constant
discharge sources. Loads that plot above the dangeeater than 90% of all recorded

flows reflect hydrologic conditions of extreme dgb.

Observed flows from January 2007 to September 2@&@e ranked in order of
magnitude and each flow was assigned a percehtiereflects the chance of a flow
greater than or equal to it. Each flow was thentipligdd by the 206 MPN/100 mL

standard (geometric mean) to calculate a correspgmdaximum loading limit for each
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flow. The individual lines were plotted to presemtloading capacity line by flow

percentile, as shown in Figure 53.

Figure 54 summarizes the observed loading andrgachpacity under each flow regime
for this watershed. During high, moist, and lowwflaonditions no reduction i&. coli
loading is needed; however, under the mid-range dagdconditions a 47% and 57%
reduction is needed, respectively. Given the sedsafluence on the observdsl coli
loading, a seasonal TMDL is warranted.
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Figure 53 E. coliLoad Duration Curve Below Rotary Park (Station 2D40).
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Figure 54.E. coli Load Capacity and Observed Loads Below Rotary H8thtion
4992140).
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Figure 55. E. coli Loading Capacity and Existingadong in Emigration Creek.
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Loads ofE. coli were then evaluated on a monthly basis to deternfiinertain months
were critical, particularly during the defined reational period of May through
September. Results showed that the months of JAidgust, and September need
reductions of 78%, 38%, and 38% respectively. 8acii.3 further explains the analysis
of seasonality for this TMDL. Thus the critical sea of thiskE. coli TMDL is defined by
these three months and need a reduction of 56%ctekly. Table 14 and Figure 56
shows theE. coli TMDL for Upper Emigration Creek Sub-Basin inclugithe observed
loading, loading capacity, and the load allocat{mading capacity minus an explicit
10% MOS). Figure 57 shows the observed loadingditmp capacity, and percent
reduction needed for all monitoring sites in theigmation Creek Sub-Basin during the

critical season of July through September.
For this TMDL, the observed load was calculatedusing the geometric mean of the
ambient data of each month (July, August, Septembiére loading capacity was also

based on the geometric mean water quality starafé26 MPN/100ml.

Table 14 E. coliTMDL (#/day) Summary for Upper Emigration Creek.

July (n=4) August (n=7) September | Collective

(n=5) (n=16)

Observed Load| 5.72E12 1.50E12 1.21E12 2.18E12

Loading 1.26E12 9.31E11 7.55E11 9.61E11

Capacity

(TMDL)

Load Reduction 4.16E12 5.69E11 4.55E11 1.22E12

% Load 78% 38% 38% 56%

Reduction

MOS (10%) 1.26E11 9.31E10 7.55E10 9.61E10

WLA 0 0 0 0

LA 1.14E12 8.38E11 6.79E11 8.65E11
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Figure 56 E. coli TMDL (#/day) Summary for Upper Emigration Creek
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Figure 57. Observel. coli Loading (#/day) and Loading Capacity at all Moniitg
Sites in Emigration Creek Watershed During Criti8ahson.
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7.3 Seasonality

E. coliloads were calculated on a monthly basis to etalie variation in observed and
allowable loads throughout the year as shown irufd€igh8. The observed loading is
higher during the summer months due to a combinatib several factors including
warmer water temperatures and increased activithuwhans, domestic animals and
wildlife. Seasonal load allocations help identifgripds of impairment and aid clean up

efforts by prioritizing the timeframes in which theeed to occur.
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Figure 58. Monthly Observdel. coli Loading and Loading Capacity at Emigration

Creek below Rotary ParkPercentages denote magnitude of required loacttieds, negative
values denote no load reduction is required.)

8.0 DATA GAP ASSESSMENT

8.1 Emigration Creek Flow

The October, 2005 synoptic study conducted by t&&8 identified a unique hydro-
geological characteristic of Emigration Creek whaidarge proportion of flow seeps into
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the shallow alluvial aquifer at Rattlesnake Pointl ahen re-emerges downstream near
Rotary Park. In the USGS study, the decline wasbated to the limestone bedrock
formation in this section of the Canyon. An earbéudy conducted in 2001 suggested
that the water coming into the infiltration tunmélEmigration Spring was over 50 years
old (Manning, 2001). In order to clarify the unegfiow regime found in Emigration
Creek Sub-Basin, it is suggested that stage digehaacorders be installed at four (4)
sites along the Creek (Map 21). In addition to itn&allation of these recorders, it is
suggested that the Burr Fork Parshall flume benslled. By monitoring flow data at
these six (6) sites, including the established fiauge at Rotary Park, seasonal, diurnal,

and geographic relationships may be better undmasto
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Map 21. Proposed Gaging Sites for Emigration Creek
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9.0 IMPLEMENTATION PLAN

The goal of a TMDL water quality study is to iddéptihe sources of water quality
impairment, quantify the load reductions necessasupport the waterbody’s beneficial
uses and ultimately lead to reductions in pollutaating from controllable sources.
Pollutant reduction is often best accomplishedufhoan iterative process, particularly
when addressing diffuse sources such as septiersgsind domestic animal waste and
when stakeholder support and involvement is clifmasuccess (Lynnhaven 2004). An
iterative process of public outreach, implementatbcontrol measures, monitoring and
evaluation leads to greater stakeholder suppornfintaining and expanding water
quality improvement efforts. The Upper Emigrat®takeholder Group has decided to
re-evaluate this TMDL after 8 years to include tésults from numerous studies planned

to further identify sources &. coli contamination.

Implementation of pollution controls will focus dme most cost effective and potentially
successful projects first, while mapping out thepstto implement future projects. The
effectiveness of water quality improvement projesas be improved by clarifying the
following items to stakeholders before projectststa

Water quality goals

Date of expected project start up and expected riegeired to attain water

quality standards

Measurable goals or milestones

Cost

Legal or regulatory controls

9.1 Best Management Practices

The following Best Management Practices (BMPs) Haen demonstrated to improve
water quality in streams affected by highcoli concentrations. These BMPs are not
presented in any order of priority and their effemess will be evaluated as part of the

monitoring and evaluation phases of the iteratimplementation process:
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1. Improve/increase Streamside Vegetated Buffers
Animals and humans are discouraged from enteriggte¢ed area
once it is established. The area between the viegetvaiffer and
stream filters bacteria from runoff from adjaceartd. Usually,
buffers must be 35 feet wide on average to beldidor any state

or federal cost share money (Looney Creek 2007).

2. Analysis of Septic Systems
Reducingk. coliloading from human sources due to failing septic
systems should be a priority because of its héalfications.
This component could be implemented through edoicatn septic
tank pump-outs as well as a septic system repglatement
program and the use of alternative waste treatsystems
(Lynnhaven 2004).
Failing septic systems should be identified andextted. To a
certain degree, some of these systems can be eddg@ssumed
to be failing and for this reason, a portion of Ehecoli loading in
the watershed may be attributed to failure of septstems and

illicit discharges of sewage (Boulder Creek 2011).

3. Human-Related Impacts
Controlling urban wash-off from parking lots ancds
Street sweeping
Drainage ditch bank stabilization
Drainage structure maintenance
Enforcement of storm sewer discharge ordinance
BMP inspections (ponds, dry ponds, infiltration genstormwater
treatment devices) (Lynnhaven 2004).
Stormwater BMPs: Incorporation of low impact detent
(LID) (Boulder Creek 2011)
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4. Streamside Fencing
Eliminates direct defecation in the stream and @néthe
trampling of the stream banks (Looney Creek 2007).

5. Pet Litter Control Programs
Improperly discarded domestic animal and pet wigséepotential
source of bacteria to Emigration Creek.
Educating homeowners and park users of cleaniraftaptheir
pet(s), along with posting signs, supplying pickhgys for dog
feces and trash cans in public dog walking ardasof(ey Creek
2007).

6. Outreach/Education Programs
As a source control technique, education and ocftrean function
as pollution prevention or thérst line of defenseto reduce or
eliminate the amount of bacteria washed from sedd8oulder
Creek 2011).
Implementation actions such as municipal incentoassbe used
to encourage proper irrigation and landscapingc¢hat
significantly reduce runoff and overland flow th@hds to wash
bacteria into the creek.
Provide resources to expand educational prograouséal on
proper pet waste management. (Boulder Creek 2011).
Encourage and facilitate public education of honeens,
homeowner associations and park users throughbdistm of
educational materials, an Adopt a Waterway Prograh$coop
the Poop” type program
http://anchoragecreeks.org/pages/scoopthepoop _.phput
(Lynnhaven 2004).
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9.2 Future Monitoring: General

Follow-up monitoring is required to ensure implenation efforts result in the
attainment of water quality standards. The Utahidion of Water Quality (DWQ), in
collaboration with Salt Lake County and other staktders, will continue to colledt.
coli samples within the Emigration Canyon Sub-Basiretaluate the effectiveness of
pollution control efforts. This data will be madeadable through the Utah Division of

Water Quality’s website at www.waterquality.utahugo

In addition toE. colidata, it is suggested that stage discharge resbgeinstalled at six
(6) sample sites (Map 20). Although flow data ecled by Salt Lake City Public
Utilities has been collected in all months of theal winter data tend to be limited in

frequency, often being collected only once a month.

A septic system dye study is also recommended termée if effluent from failing

septic systems is contributing to the bacterialtagmnation in Emigration Creek, and if
so, which septic systems are failing. Dye testd bal prioritized based on the septic
system’s age and its proximity to Emigration Craek its tributaries in conjunction with
the Salt Lake Valley Health Department (SLVHD). eTtiye tests will be coordinated
through the Emigration Improvement District (EIDhe EID was formed in 1968 for the
purpose of providing water and sewer services éocinyon; however the EID decided

against installing a canyon-wide sanitary sewetesygSLCo, 2009).

9.3 Future Monitoring: E. coli Synoptic Monitoring

Emigration Creek was listed on the Utah 2006 308&t)as being impaired due .
coli. DWQ is required to develop and implement a TMBtudy for E. coli. Data
analyses show thaE. coli concentrations and loading increase from upstréam
downstream and the critical season is during l@w fconditions in mid to late summer.
However, in the middle reach of Emigration Creelam&unnydale Roadk. coli

concentrations are elevated based on data colldobed January 2007 through June
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2009. A synoptic monitoring survey was thereforadurcted in 2011 to isolate potential

sources, particularly in this section of Emigratoreek.

A synoptic monitoring plan is a comprehensive wajgality survey designed to provide
a snapshot of the bacterial levels in the Emigna@oeek watershed. The survey collects
surface water grab samples during baseflow hydiolognditions at selected stations
within a watershed. It involves collecting multipgamples nearly simultaneously to
display concurrent conditions, as they exist withime watershed. The synoptic
information is an effective tool used by watersimeghagers to identify stream reaches
that will benefit the most from the implementatioh BMPs. Details of the synoptic

monitoring survey can be found in Appendix G.

9.4 Public Involvement

Public involvement for the Emigration Creek Totaddimum Daily Load (TMDL) was
initially achieved through meetings with the Emigva Improvement District (EID),
which has been meeting monthly since it was formedune 1968 by action of the Salt
Lake County Commission. Facilitation and coordioatdf the meetings were achieved
through the Jordan River Watershed Council (JRVEED)igration Creek Stakeholders

include:

Emigration Improvement District (EID)
Emigration Canyon Community Council (ECCC)
Salt Lake City Public Works

Salt Lake Valley Health Department (SLVHD)
Salt Lake City Parks & Recreation (Rotary Park)
Hogle Zoo

Camp Kostopulos

Stakeholders played an integral role by contrilutiata as well as providing knowledge

of the physical and social aspects of the Upper géation Creek Sub-Basin.
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Stakeholders also helped with informing the genptddlic and local community about

the TMDL and concerns regarding Emigration Creek.

Public education and involvement is critical to thecess of the implementation of the
Emigration Creek TMDL. An informational brochure ¢ime Emigration Creek TMDL
was distributed to the Emigration Canyon Commufitgwise Days on June 112011
and also the Emigration Canyon Community CounciCQE) Meeting on June {4
2011. Furthermore, DWQ and Salt Lake County hasretf to present information and
answer questions on the Emigration TMDL to the Eatign Community as requested
by the ECCC.

The ECCC is committed to community outreach by do@ting community education
forums for the operation and maintenance of sepygtems. A community meeting
specific to septic system education was held oy 3dl 2011 with the next meeting
tentatively scheduled for September 10, 2011. Begystem awareness information has
also been included in ECCC Newsletters.

Public comment for the TMDL was solicited with atia notice on July 18, 2011 via the
Salt Lake Tribune Newspaper, Deseret Morning Newiah Division of Water Quality
(DWQ) website (www.waterquality.utah.gowordan River Watershed Council (JRWC)

listserv and the Salt Lake County Watershed PlanginrRestoration Program website
(www.watershed.sloc.ojygThrough the JRWC, a Public Meeting was held umeJ3d'",
2011 at the Salt Lake County Government Buildingptesent the TMDL to the public,

answer questions and solicit comments. The stallelwlhad two weeks to review the
TMDL prior to the public comment period. Stakehold®mments were due July 15,
2011. A copy of the presentation as well as meetimyutes were posted on the Salt Lake
County Watershed Planning & Restoration Programsitelfollowed by a 30-day public
comment period ending on August 19, 2011 and sex@nments were received
(Appendix F). Generally the public comments subsditduring the 30-day public

comment period focused on groundwater quality, swdentification, and the possibility
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of failing septic tanks. The issue of funding meukms of the maintenance and repairs

of failing septic systems was a common concern.

Part of Utah’s TMDL process includes presentingTMDL to the Water Quality Board
after the 30-day public comment period to formadpprove the TMDL. Upper
Emigration Creek was presented and approved bidlaed on August 29, 2011. During
this meeting, UDWQ also petition the Board to mié rulemaking to adopt this TMDL
into rule. A 30-day DAR public notice period occeolr from September 1, 2011 to
October 17, 2011. The Board formally adopted TNEDL into rule on October 26, 2011
as there were no comments received. The TMDL lea® Isubmitted to EPA for final

approval.

9.5 Recommendations

A septic system dye (fluorescent tracers) studg@®mmended to determine if effluent
from leaking septic systems is contributing to baeterial contamination in Emigration
Creek, and if so, which septic systems are failifge DWQ would like tgperform dye
tests on such septic systems, in conjunction vadtSalt Lake Valley Health Department
(SLVHD) and ideally on a volunteer basis of the leomwners. The volunteer dye tests
would be coordinated through the Emigration Improeat District (EID). The EID was
formed in 1968 for the purpose of providing wated asewer services to the canyon;
however the EID decided against installing a canyade sanitary sewer system (SLCo,
2009). The EID did not want to add the extra burdiecost to its community and did not
want to open the canyon up for future developmieat would follow the installation of

the sanitary sewer system.

Residents of Emigration Canyon are encouraged ttcipate in the Environmental
Protection Agency’s Voluntary National Guidelinesr fManagement of Onsite and
Clustered Wastewater Treatment Systems. This goedas to help enhance the

performance and reliability of septic systems tigloumproved management programs
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by institutionalizing the concept of management.

Five management models for septic systems (Tab)eai® provided as conceptual
approaches with increasing levels of control assiseity of the environment and
complexity of the treatment system increases. Eaotiel consists of 13 critical elements
that describe activities to be performed to achittemanagement goal. The purpose of
the models are to provide a guide to match the ededanagement controls to the
potential public health and water quality risks geneted by decentralized systems in a
particular area. The models are flexible so thatgmams can be customized by
substituting elements of one program into anotbexccommodate local needs, practices,
and conditions. The models help ensure the accbilitgyaand competency of regulators
and service providers through certification andticwnng education, owners through
education and/or inspection requirements, and 4bartly managers through contract and
permit stipulations to achieve their goals. Thestbenodel program for a community is
not necessarily in the higher levels, but rathethis model that provides the most
appropriate management controls for the potenisks(EPA 2003).

Table 15. EPA Management Models for Septic Systems.

Management Models for Septic Systems

Management “Homeowner Awareness” specifies appropriate progmements and
Model 1 activities where treatment systems are owned aedatgd by individua
property owners in areas of low environmental gaisi. This program
is adequate where treatment technologies are timite conventiona
systems that require little owner attention. Tophehsure that timel
maintenance is performed the regulatory authorigilsnmaintenancs
reminders to owners at appropriate intervals.

"Q

1%

Management “Maintenance Contracts” specifies program elemants$ activities wherg
Model 2 more complex designs are employed to enhance thmacitg of
conventional systems to accept and treat wastewBeéeause of treatment
complexity, contracts with qualified technicianse aneeded to ensure
proper and timely maintenance.

U

Management “Operating Permits” specifies program elements aativities where
Model 3 sustained performance of treatment systems icalkito protect publi¢
health and water quality. Limited-term operatingnps are issued to the
owner and are renewable for another term if theesvdemonstrates that
the system is in compliance with the terms and tmm$ of the permit
Performance-based designs may be incorporated pmgrams with
management controls at this level.
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Management “Responsible Management Entity (RME) Operation Btaintenance”
Model 4 specifies program elements and activities whemguieat and highly
reliable operation and maintenance of decentrakystems is required t
ensure water resource protection in sensitive enments. Under this
model, the operating permit is issued to an RMIEems of the property
owner to provide the needed assurance that thepapaie maintenance i
performed.

A=)

[72)

Management “RME Ownership” specifies that program elements auivities for
Model 5 treatment systems are owned, operated, and maedtdy the RME
which removes the property owner from responsibifdr the system
This program is analogous to central sewerage aovides the greates
assurance of system performance in the most semsitienvironments.

—

The DWQ has the authority to regulate septic systdmough Utah Administrative Code
R317-4 Onsite Wastewater Systems, R317-5 Large igrmlend Wastewater Disposal
Systems and R317-11 Certification Required to Designspect and Maintain
Underground Wastewater Disposal Systems, or Condentolation and Soil Tests for
Underground Wastewater Disposal Systems. The relggire construction plan review
and permitting for on-site septic systems. Thegwdkso require certification of Onsite
System Professionals to design, inspect and maintaderground wastewater disposal
systems.

Additionally, local county health departments habe authority to regulate septic
systems per Utah Code Annotated Section 26A-1-32Tfile SLVHD regulates on-site
wastewater disposal systems in incorporated andcarporated area of Salt Lake
County through Health Regulation #13, which staesite wastewater disposal systems
shall be maintained in a manner that prevents Wine@ng of sewage, the creation of a

nuisance, a public health hazard, or a menacshafi wildlife.

Finally, in order to better understand the degre&hich various sources contribute to
theE. coliload in Emigration Creek the relative percentagbwhan versus non-human
bacterial contributions in Emigration Creek shob&ldetermined. In 2008, Dr. Ramesh
Goel of the University of Utah completed a libramgependent Microbial Source

Tracking study on Emigration Creek. The findingsowhthat Emigration Creek is
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receiving anthropogenic fecal contamination. Howewsith the use of real-time

Polymerase Chain Reaction analysis, it is posdiblguantify the human versus non-
human presence of bacterial contamination. Utahégew quality standards however
make no distinction between sourcegofcoli for attainment of water quality standards,

therefore the standard is applicable regardlesiseo$ource oE. coli.

The final Emigration Creek TMDL submitted to EPAllwmeet all the Minimum
Submission Requirements and will ultimately redtree pollutant loading to Emigration
Creek to adequately meet the water quality starsdésdE. coli. Ideally this will be
accomplished with a collaborative and coordinatéaiteof the abovementioned agencies

and organizations.

116



REFERENCES

Alcamo, J.; Gallagher, T.W., and Driscoll, E.D. afivation of Land Use and Bacterial
Water Quality in Wasatch Mountain Streams, Saltd Gounty, Utah for Salt Lake
County 208 Projeéc Hydroscience, Inc. Walnut Creek, Californ@ecember, 1976.

Barcina, I. J.;Gonzalez, M.; Iriberri, J.; Egea1990) Survival Strategies of
Escherichia colandEnterococcus faecalis llluminated fresh and Marine
systemsJ. Appl. Bacter68,189-198.

Benham, B.L.; Baffaut, C.; Zeckoski, R.W.; MankiqR.; Pachepsky, Y.A.; Sadeghi,
A.M.; Brannan, K.M.; Soupir, M.L.; Habersack, M(2006) Modeling Bacteria Fate and
Transport in Watersheds to Support TMDIsansactions of the ASAB&EX(4):987-

1002.

Coon, King & Knowlton, et. al. Salt Lake CountyeaWide Water Study
Metropolitan Water District of Salt Lake City, Sattke County Water Conservancy
District, and Salt Lake City Corporation. ApriQa2.

Easton, J. H.; Gauthier J. J.; Lalor, M.; Pitt BR(2005) Die-off of Pathogent€. coli
in Sewage Contaminated Wated&VRA Journal of the American Water Resources
Association41, 1187-1193.

Environmental Protection Agency (EPA) (2003). Vdany National Guidelines for
Management of Onsite and Clustered (Decentrali?®éaBtewater Treatment Systems.

Francy, D. S.; Myers, D. N.; Helsel, D. R. (2000ichbiological Monitoring for the
U.S. Geological Survey National Water-Quality Assesnt Program, USGS,
Water-Resources Investigations Report 00-4018.

Francy, D. S.; Hart, T. L.; Virosteck, C. M. (199bifects of Receiving Water Quality
and Wastewater Treatment on Injury, Survival, aedri@wth of Fecal Indicator
Bacteria and Implications for Assessment of Re@eat Water Quality. USGS,
Water-Resources Investigations Report 96-4199, i@blis , Ohio.

Giddings, E. (2000) Water Quality and Macroinversgb Communities of Emigration
and Red Butte Creeks. USGS Fact Sheet FS-161-0Q,&ka County, Utah.

Giddings, E. M.; Oblinger, C. J. (2004) Fecal-Iradar Bacteria in the Newfound Creek
Watershed, Western North Carolina, During a Higth bow Streamflow Condition
USGS Scientific Investigations Report 2004 — 5257.

Glenne, B.; West, M. (1981) Pollution Mitigationmigration Canyon. Salt Lake
County, Civil Engineering Department Universityldtah.

Goel, R. (2008). Emigration Canyon Microbial Soufecacking (DRAFT). Salt Lake
City, University of Utah.

117



Jamieson, R. C.; Joy, D. M.; Lee, H.; Kostaschuk@®rdon, R. J. (2004) Persistence
of Enteric Bacteria in Alluvial Stream3. Environ. Eng. Sci3, 203-212.

Jensen, S. F.; Norton, C.; Collins, K. J. (2003)dtation Watershed Non-Point
Pollution Assessment: Coliform Bacteria Water Qyahnalysis. Final Project Report.
Salt Lake County Department of Public Works, Engnimgg Division, Water Resources
Planning and Restoration Program.

Jensen, S.F., Norton, C.E. Level lll Stream ChhStehility Evaluation and Restoration
Alternatives for Emigration Creek Near Perkins ldall Salt Lake County Public works
Engineering Division. June, 2001.

Kistemann, T.; ClaBen, T.; Koch, C.; Dangerndotf,Fischeder, R.; Gebel, J.; Vacata
V.; Exner, M. (2002) Microbial Load of Drinking Wet Reservoir Tributaries
during Extreme Rainfall and Runofippl. Environ. Microbiol, 68, 2188-2197

Leclerc, H.; Mossel, D. A. A.; Edberg, S. C.; SkuC. B. (2001) Advances in the
Bacteriology of the Coliform Group: Their Suitabjlias Markers of Microbial
Water SafetyAnnual Review of Microbiolog$5, 201-234.

Maryland Department of Natural Resources. Accessee 8, 2011. Synoptic Surveys.
http://www.dnr.state.md.us/streams/synoptic.htmL

McFeters, G. A.; Stuart, D.G. (1972) Survival oflifvm Bacteria in Natural Waters:
Field and Laboratory Studies with Membrane-Filtba@bersAppl. Microbiol. 24, 805-
811.

Pfankuch, D.J. (1975) Stream reach inventory armehicll stability evaluation: A
watershed management procedure. U.S. Departmégraiulture, Forest Service. R1-
75-002. Government Printing Office

Rose, J.B.; Sun, G.; Allen, C.P., and N.A. Sincl&ficrobial Quality and Persistence of
Enteric Pathogens in Grawater from Various HouskBalurces. Journal of Water
Resources, volume 25, No 1. 1991.

Salt Lake City Department of Public Utilities anldfhing Division. _Salt Lake City
Watershed Management PlaRrepared by Bear West. 1999.

Salt Lake County Public Works Department (1999) gration Canyon General Plan.
Salt Lake County Planning and Development Division.

Salt Lake County Public Works Department (2009} Bake Countywide Water Quality
Stewardship Plan. Salt Lake County Flood Contral Afater Quality Division,
Watershed Planning and Restoration Program.

Salt Lake Valley Health Department (SLVHD) (2008)astewater Disposal Regulation.

118



Salt Lake Valley Health Department (SLVHD). Regidat#13.

Soil Conservation Service (1974). Soil survey: $ake area, Utah. United States
Agriculture Department.

State of Utah (2008). Standards and regulationptaddoy local boardJtah Code
Annotated Section 26A-1-121(1).

State of Colorado Department of Public Health andit®nment and

U.S. Environmental Protection Agency, Region VAD{1). Boulder Creek, Colorado
Segment 2b: From 13th Street to the Confluence #®ahth Boulder Creek Escherichia
coli Total Maximum Daily Load (TMDL) Prepared fo€ity of Boulder, Colorado and
January 5th, 2011.

US Environmental Protection Agency. Accessed JBne2011. Monitoring and
Assessment 5.11 “Fecal Bacteria.” http://watergmdtype/rsl/monitoring/vms511.cfm

Utah Department of Environmental Quality, DivisiohWater Quality. Accessed June
8, 2011. Utah Bacteriological Monitoring Program:adiriological Standards.
http://www.waterquality.utah.gov/Monitoring/Bac/rhetds.htm

Utah Department of Environmental Quality (2006) WJ$a2006 Integrated Report
Volume Il - 303(d) List of Impaired Waters. Depaemt of Environmental Quality
Division of Water Quality,
http://www.waterquality.utah.gov/documents/200_308dmittal_3-31-06.pdf

Utah Division of Administrative Rules (2005) R317&andards of Quality for Waters
of the State. Utah State Bulletin, Vol. 2005, No. 1

Utah Division of Administrative Rules (2005) R317Sandards of Quality for Waters
of the State. Utah Administrative Code: Effectivebruary 1, 2006.
http:/./www.rules.utah.gov/publicat/code/r317/r3002.htm#T15.

Utah Division of Administrative Rules (2010) R317@nsite Wastewater Systems.
Utah Administrative Code: Effective January 1, 2010
http://www.rules.utah.gov/publicat/code/r317/r3104htm#T17.

Utah Division of Administrative Rules (2010) R317t&arge Underground Wastewater
Disposal Systems. Utah Administrative Code: Effecfanuary 1, 2010.
http://www.rules.utah.gov/publicat/code/r317/r3105htm.

Utah Division of Administrative Rules (2010) R31I:Lertification Required to
Design, Inspect and Maintain Underground Wastewigposal Systems, or Conduct
Percolation and Soil Tests for Underground Wastemisposal Systems.

Utah Administrative Code: Effective January 1, 2010
http://www.rules.utah.gov/publicat/code/r317/r31177t(htm

119



Virginia Department of Conservation and Recreat{@07). Looney CreekE. coli

TMDL. Submitted December 27, 2007 MapTech, Ind548 State Street, Blacksburg,
VA 24060.

Virginia Department of Environmental Quality (2004ynnhaven TMDL: Lynnhaven

Bay, Broad Bay and Linkhorn Bay Watersheds Totakikh@am Daily Load (TMDL)
Report for Shellfish Areas. March 2004.

120



APPENDIX A: ACRONYMS AND ABBREVIATIONS

AU
BMP

BN
BOD
CFR
cfs
CFU
COD
CWA
DAQ
DEQ
DO
DWQ
DWR
DWRe
E. coli
EID
EMC
EPA
FCOZ
FEMA
GIS

HOA

Assessment Unit
Best Management Practice

Barney’s Creek

Biochemical Oxygen Demand
Code of Federal Regulations
Cubic Feet per Second
Colony Forming Unit
Chemical Oxygen Demand
Clean Water Act

Division of Air Quality

Utah Department of Environmental Quality
Dissolved Oxygen

Utah Division of Water Quality

Utah Division of Wildlife Resources

Utah Division of Water Resources
Escherichia coli

Emigration Improvement District

Event Mean Concentration

U.S. Environmental Protection Agency
Foothill & Canyons Overlay Zone

Federal Emergency Management Agency
Geographical Information System

Home Owners Associations
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JR Jordan River Corridor

JRWC Jordan River Watershed Council
MCL Maximum Contaminant Levels
mg/L Milligrams per Liter

MOS Margin of Safety

MST Microbial Source Tracking

ND non-detect

N/A Not Applicable

NPDES National Pollutant Discharge Elimination System
NPS Nonpoint Source

PCR Polymerase Chain Reaction
ppm parts per million

PUDs Planned Unit Developments
RME Responsible Management Entity
SLCo Salt Lake County

SLCPU Salt Lake City Public Utilities

SLVHD Salt Lake Valley Health Department

SOP Standard Operating Procedure
T.Cu Total Copper

T.Pb Total Lead

T.Zn Total Zinc

TDS Total Dissolved Solids

TMDL Total Maximum Daily Load

TN Total Nitrogen

TOC Toxic Organic Compounds
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TP
TSS
UAC
UCA
UPDES
USACE
USDA
USFS
USGS
UWQB

WHO

Total Phosphorus

Total Suspended Solids

Utah Administrative Code

Utah Code Annotated

Utah Pollutant Discharge Elimination System
United States Army Corps of Engineers
United States Department of Agriculture
United States Forest Service

United States Geological Service

Utah Water Quality Board

World Health Organization
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APPENDIX B: STREAM FLOW DATA

Data is collected at Salt Lake County’s gage #620mneh is managed by Salt Lake
County Flood Control and Engineering Division.
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APPENDIX C: WELL DEPTH INFORMATION (EID)
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APPENDIX D: SALT LAKE CITY WATER QUALITY DATA

Data collected above Rotary Park.
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APPENDIX E: UDWQ FLOW AND E. COLI DATA FOR
TMDL

Burr Fork 4992162

Date Flow (cfs) E coli (MPN/100ml)

1/24/2007 0.97 13.1
2/12/2007 1.20 17.9
3/15/2007 2.86 7.0
4/5/2007 3.32 7.9
4/25/2007 2.64 4.9
5/15/2007 2.64 9.8
6/19/2007 1.32 72.6
6/28/2007 18.10 222.4
7/3/2007 17.66 66.3
7/9/2007 17.66 39.1
7/25/2007 15.97 96.0
8/2/2007 15.50 38.9
8/8/2007 14.73 76.9
9/21/2007 0.97 13.5
10/30/2007  0.25 9.6
11/21/2007 0.21 6.3
12/27/2007  0.35 2,419.6
1/25/2008 0.36 3.7
2/26/2008 0.26 1.0
4/17/2008 0.96 2.3
5/22/2008 13.15 2.0
6/24/2008 5.39 9.2
9/24/2008 1.20 1.0
12/16/2008 NA 3.7
1/26/2009 0.75 21.4
3/16/2009 1.73 7.5
4/21/2009 11.44 25.5
5/26/2009 6.86 23.8
6/16/2009 3.89 13.2
4/15/2010 5.83 10.6
5/6/2010 9.19 5.3
6/10/2010 8.37 58.4
7/20/2010 1.75 75.4
8/10/2010 1.09 72.3
9/7/2010 0.88 8.0
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Emigration Creek at Maple Lane 4992158
Flow (cfs) E coli (MPN/100ml)

Date
1/24/2007
2/12/2007
3/15/2007

4/5/2007
4/25/2007
5/15/2007
6/19/2007
6/28/2007

7/3/2007

7/9/2007
7/25/2007

8/2/2007

8/8/2007
9/21/2007
10/30/2007
11/21/2007
12/27/2007
1/25/2008
2/26/2008
4/17/2008
5/22/2008
6/24/2008
9/24/2008
12/16/2008
1/26/2009
3/16/2009
4/21/2009
5/26/2009
6/16/2009

0.65
0.82
5.20
3.90
2.14
0.26
0.98
0.89
0.41
NA
0.40
NA
0.27
0.10
0.25
0.25
0.70
0.40
0.65
8.03
11.37
3.20
0.26
NA
1.20
2.06
26.10
11.10
7.41

1.9
30.7
6.2
9.7
2.5
42.8
25.4
96.0
166.4

69.3
260.3
131.4
170.4
36.4
4.0
37.7
5.1
3.8
4.0
38.0
5.1
31.9
42.8
1.3
9.8
3.4
21.7
8.9
14.0
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Emigration Creek at Maryfield 4992153
Flow (cfs) E coli (MPN/100ml)

Date
1/24/2007
2/12/2007
3/15/2007

4/5/2007
4/25/2007
5/15/2007
6/19/2007
6/28/2007

7/3/2007

7/9/2007
7/25/2007

8/2/2007

8/8/2007
9/21/2007

10/30/2007
11/21/2007
12/27/2007
1/25/2008
2/26/2008
4/17/2008
5/22/2008
6/24/2008
9/24/2008
12/16/2008
3/16/2009
4/21/2009
5/26/2009
6/16/2009
4/13/2010

5/6/2010
6/10/2010
8/10/2010

9/7/2010

0.74
1.54
5.71
3.57
2.97
0.30
1.35
1.80
0.58
NA
0.60
NA
0.40
0.10
0.58
0.40
1.00
0.50
1.05
12.43
11.14
3.60
0.30
NA
2.70
27.10
9.25
412
NA
NA
NA
NA
1.03

4.7
27.8
13.4

7.8
26.7

9.9
78.6
90.8
74.9

26.6
387.3
146.7
107.4
9.7
2.8
3.2
76.9
93.2
48.8
92.8
13.5
189.1
36.4
1.6
868.1
24.4
378.0
398.7
40.6
17.0
76.7
516.6
94.2
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Emigration Creek at Sunnydale 4992150
Flow (cfs) E coli (MPN/100ml)

Date
1/24/2007
2/12/2007
3/15/2007

4/5/2007
4/25/2007
5/15/2007
6/19/2007
6/28/2007

7/3/2007

7/9/2007
4/17/2008
5/22/2008
6/24/2008
9/24/2008
12/16/2008
1/26/2009
3/16/2009
4/21/2009
5/26/2009
6/16/2009

0.41
2.44
4.45
2.27
2.10
0.10
0.87
NA
NA
NA
5.77
8.17
1.75
0.10
NA
NA
1.97
28.60
9.91
6.84

9.3
80.6
12.3
8.1

1.8

1505.1
108.2
235.9
191.8
435.2
130.1
30.2
235.8
1505.1
2.2
17.1

19.4

34.4
1748.5
507.9
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Emigration Creek Above Rotary Park 4992145

Date
9/24/2008
12/16/2008
1/26/2009
3/16/2009
4/21/2009
5/26/2009
6/16/2009
9/23/2009
9/30/2009
10/28/2009
11/23/2009
1/25/2010
2/17/2010
3/15/2010
4/12/2010
5/10/2010
6/7/2010
7/6/2010
7/12/2010
7/19/2010
7/26/2010
8/2/2010
8/9/2010
8/15/2010
8/23/2010

NA

NA

0.41
3.31
NA
NA
3.84
NA
NA

NA
NA

NA
NA
NA
NA
NA
NA
5
3.9
3.4
2.9
1.8
1.9
2.6
0.96

Flow (cfs) E coli (MPN/100ml)

1.0
1.0
1.3
16.6
38.9
361.7
25.9
557.9
297.5
1.0
1.0
2.9
2.1
1.3
14.6
38.5
194.0
911.4
195.0
157.0
1286.6
108.8
124.7
104.9
55.2
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Emigration Creek Below Rotary Park 4992140
Date Flow (cfs) E coli (MPN/100ml)

1/24/2007 1.40 1.0
2/12/2007 3.20 113.0
3/15/2007 6.60 11.9
4/5/2007 4.50 4.1
4/25/2007 3.70 32.9
5/15/2007 3.70 90.2
6/19/2007 1.80 222.9
6/28/2007 1.70 95.8
7/3/2007 1.00 52.9
7/9/2007 1.00 93.4
7/25/2007 1.00 290.9
8/2/2007 1.00 261.3
8/8/2007 1.00 151.3
9/21/2007 1.00 90.9
10/30/2007  1.00 12.5
11/21/2007  2.00 5.5
12/27/2007  2.40 1.3
1/25/2008 2.20 1.0
2/26/2008 2.00 4.4
4/17/2008 12.00 149.8
5/22/2008 14.00 108.0
6/24/2008 5.90 250.3
9/24/2008 1.00 145.9
12/16/2008  0.80 12.1
1/26/2009 1.00 15.8
3/16/2009 4.3 13.8
4/21/2009 50.5 47.4
5/26/2009 21 47.0
6/16/2009 15.7 24.5
9/23/2009 1.7 536.2
9/30/2009 2.6 547.3
10/28/2009 2.3 6.9
11/23/2009 2.4 17.5
1/25/2010 2.4 1.0
2/17/2010 2.4 194
3/15/2010 2.4 1.0
4/12/2010 5.9 23.6
4/13/2010 8.1 13.0
5/6/2010 18.1 25.7
5/10/2010 18.1 54.4
6/7/2010 15.7 358.5
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7/6/2010
7/12/2010
7/19/2010
7/26/2010

8/2/2010

8/9/2010
8/10/2010
8/15/2010
8/23/2010

9/7/2010

3.1
2.3
2.3
2.4
2.6
2.6
2.6
1.6
2.6
1.7

490.9
1954.3
326.0
2419.6
460.3
394.7
141.2
1532.8
286.3
1009.2
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APPENDIX F. RESPONSE TO COMMENTS

The following comments were received by UDWQ durting public comment period for
the Draft Upper Emigration Creek TMDL.

Rick Raile, Emigration Canyon Community Council (7/15/11)

1. The Emigration Canyon Community Council is fullyhemitted to participating
in the ongoing process as firm stakeholders.

2. The Upper Emigration Creek TMDL Draft document agusenell prepared and
straight forward in presentation.

3. Any recommended actions or proposed actions shak&linto consideration and
document environmental, social, economic, andipalitmpacts of such action or
actions.

4. It should also demonstrate how any measures prdpeifleneet sustainable
compliance with any established TMDL criteria.

Response

The Utah Division of Water Quality (UDWQ) sincerelppreciates the review and input
of the Emigration Canyon Community Council on thidDL study. The UDWQ
recognizes that long lasting water quality improeas are best achieved through the
involvement and adoption of water quality goalddmal stakeholders and commits to
ensure that any recommended implementation actistablished in the TMDL are
supported by the local stakeholder group.

Sandie Spence, EPA (07/15/11)

For figure 53, it might be helpful to label flowrditions as the paragraph describing this
figure on page 100 discusses high, moist, mid-ratige and low flow conditions but
these are difficult to differentiate on the figure.

For Table 14, it would be helpful to clarify thaetloading capacity was determined
using the geometric mean standard (206 MPN/100md)ret the single sample
maximum standard (668 MPN/100 mL). Also, it wobke helpful to clarify if the
observed load was calculated using the geometramméthe ambient data for each
month or using the maximum observed value for @achth. It is appropriate to
compare the geometric mean of the ambient datathéh C based upon the geometric
mean standard or to compare the maximum obseraedftos each month with the LC
based upon the single sample maximum standard.

150



Response

UDWQ added high, moist, mid-range, dry, and lowdibans to Figure 53. Statements
were added on page 102 explaining that the loachpgcity calculation was based on the
geometric mean standard (206 MPN/100mL). The oleskioad was calculated using the
geometric mean of the ambient data for each month.

Scott Zeidler, Utah Division of Forestry, Fire, andState Lands (08/16/11)
Scrub Oak, or Gambel's Oak @{ercus gambeli

The cottonwood along the creek are most closelycated with Narrowleaf
Cottonwood Populus angustifolipbut there is some hybridization that has occuared
is often listed as Lanceleaf Cottonwodtbpulus acuminadal think it would be safest to
just list Cottonwood asPppulus).

While following up on a report of bark beetle (P@eest subdivision), | surveyed some
of the conifers that exist in lower montane zon8wirs Fork. As you have listed, white
fir is a strong component, but Douglas-fseudotsuga menziésis also mixed in that
zone. Most of the spruce | saw was in the lowerdlarad zone along the creek and likely
planted by property owners.

The most significant and likely disturbance ageotsative plant communities in the
foothill and mountain zones acatastrophic wildfireandinvasive plant species
encroachment. If you feel that these are worth raeimtg in the TMDL, they would
strengthen our ability to seek projects and fogasigfunding toward sustaining the
vegetation resources, thus supporting the propB8#f strategies identified for the sub-
basin. Here is a link to tHétah Statewide Forest Resource Assessment an@é@rat
2010document.
http://www.ffsl.utah.gov/stateassessment/UtahStege8smentStrategy-FinalLowRes. pdf
On pages 17,18 of the Forest Assessment you'lldinguage addressing wildfire; pages
26 and 43, 45 reference exotic species. Riparigstriorities are listed on page 40.

Thank you for this opportunity Carl. | appreciataiy good work on the document.
Response

UDWQ changed the species names of the scrub oajushlistedPopulusfor the
cottonwoods. Douglas-fir was also added to theolistees found in the lower montane

zone. Lastly, a statement was added saying thastcaphic fires and invasive species are
the most significant disturbance agents to thevagilant communities on page 34.
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Steve Adler (08/16/11)

| thought the proposed follow up study on the axelsre there are potential septic
systems problems seems long overdue. | wouldteeested in longer term data on
flows, since it would be interesting to compare ¢fffect of the building and the
construction of new wells to the flows that wererthpredevelopment. Of course
additional data is always nice such as the levelseeze Creek , upper Killyon spring
and the lower spring near Rotary park, etc.

Response

Ongoing synoptic surveys in 2011 will investigateas of higheE. coliloading into
Emigration Creek. The results from the study wdlghidentify sources of contamination.
UDWQ and Salt Lake County will continue to moniimigration Creek as a critical
element of TMDL implementation.

Florence Reynolds, Salt Lake City Corporation (08/2/11)

Response

UDWQ agrees that identifying and repairing failsgptic systems must be addressed to
achieve our shared water quality objectives. UDV&Q ¢ommitted to address this
concern in 2012 through a tracer dye study of stisgEptic systems. We will work in
close collaboration with the local stakeholdersneowners, and appropriate agencies to
identify sources of contamination and their pot@rt affect groundwater resources in
addition to Emigration Creek and its surface watbutaries.
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Rick Raile, Emigration Canyon Community Council (0819/11)

1.

An “Emigration Creek TMDL Work Element 1l — Pollatn Identification and
Loading” was identified as the next phase. Theanrsubject document does not
elaborate on the phased approach or associatelihiseA phased approach
should be established to more appropriately allomspecific source
identification, where necessary, and to deternfiestimated load reduction
requirements are consistent with ongoing studieb s the synoptic monitoring
surveys taking place during July, August and Septarof 2011.

A discussion of applicable or proposed studiesthagreparation of a “Lower
Emigration Creek” TMDL should be discussed with atgndards, mitigation and
contaminant reduction interactions that could odmiween the two sub-basins
identified. It is important to differentiate pot@itE. coli contamination sources
from the upper and lower reaches of the Emigrafioeek watershed to establish
responsible corrective actions. This requires astlfjes the phased approach.
Section 4.4, Social Features (page 38-39) sta#ts.ththere are no developed
trailheads; however, the canyon road is populajogging and bicycling.”
Emigration Canyon has numerous trailheads, onehadhwwvas highlighted as the
“Hike of the Week” in the July 3, 2011 Salt Lakabime. The Killyon Canyon
trailhead is the entry point to access the newtyuaed Killyon Canyon open
space preserve. The potential impact of bicycding jogging on water quality
appears only in a passing fashion. During the sunmasths thousands of
cyclists utilize the canyon on a daily basis andtmmtably on weekends. With
public restroom facilities only available at LitfMountain and Salt Lake City’s
Rotary Glen Park (an approximate seven mile sepadahese potential impacts
cannot be, and should not be, ignored as a potsotiace of E. coli
contamination.

As stated in the earlier submitted comments, Rassdaf Emigration Canyon
support clean, sustainable water quality and enebnater quality along with all
other factors affecting the quality of life in tbanyon and that the Emigration
Canyon Community Council is fully committed to peigiating in the ongoing
process as firm stakeholders. As such the ECCGdrasitted to community
outreach by coordinating community education fordonghe operation and
maintenance of septic systems. A community meesegific to septic system
education was held on July 14, 2011 with the nes¢ting tentatively scheduled
for September 10, 2011. Septic system awarenessriafion has also been
included in Emigration Canyon Community Council Netters. This
information should be included in the final docum&ee Section 9.4, Public
Involvement and Section 9.5, Recommendations (fage

In “Section 9.5, Recommendations”, it is statedé¢ HID was formed in 1968 for
the purpose of providing water and sewer serviogbd canyon; however the
EID decided against installing a canyon-wide sapisgwer system (SLCo,
2009)". A discussion of the reasons for this deaisnust be included or the
statement should be deleted. Without any such ssson the statement is
ambiguous and may be misleading by inference.

153



6. As always, the Emigration Canyon Community Coulwoks forward to
continuing participation in the Upper Emigratione€k TMDL process and will
assist in any way practicable.

Response

As part of the phased approach, UDWQ will conductersurveys, such as the 2011
Synoptic Survey and the 2012 Tracer Dye Studydéeatify specific sources of E. coli
contamination. This TMDL is the first step in a qum@hensive, watershed based effort to
solve this problem. More studies are required toomdy guide implementation efforts

but to also evaluate the effectiveness of thesetsfto restore Emigration Creek’s
recreational beneficial use.

The Lower Emigration Creek was listed on the Imgadivaterbodies List in 2010 f&.
coli impairments. This section will be addressed ie@asate TMDL.

Section 4.4 (p38-39) states that there are nobikskeed trailheads” in this section of the
watershed. Emigration Creek Canyon is heavily userkcreationists. UDQW will
investigate what constitutes an “established teaitti. UDWQ acknowledges the
potential forE. coli contamination originating from recreational usengl Emigration
Creek and supports future dialog and consideratidahis and other itinerant sources
throughout the watershed.

A statement will be added in Section 9 to incluue recent ECCC’s septic system
workshop.

In Section 9.5, the rationale of not proceedindiite installation of a sewer system will
be clarified. The rationale will include that th€EC was concerned with additional
costs to the residents and potential for intendereelopment facilitated by a sewer
collection system.
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APPENDIX G: SYNOPTIC SURVEY

Problem Statement

Emigration Creek was listed on the Utah 2006 308&t)as being impaired due .
coli, an indicator of pathogenic bacterial contamimati®ata analyses show tHat coli
concentrations and loading increase from upstreadotvnstream and the critical season
is during low flow conditions in mid to late summddata was collected at several
locations along Upper Emigration Creek from Janu2@p7 through June 2009 but
additional investigations were needed to isolateeqioal sources. This monitoring plan
outlines a study that was conducted in the summ20bl to asseds. coli sources in the

Emigration Creek watershed.

Objectives
1. To characterizé&. coli concentrations and loads in critical reaches ofgation
Creek.

2. To evaluate potential sourceskofcoliloading, especially in the Sunnydale reach
and below the Rotary Park reach of Emigration Creek

Products
1. Quality-assured synoptic monitoring surveyeofcoli data for the critical summer
period for Emigration Creek.
2. Areport detailing major findings of the study.
Background
Emigration Creek is located in the northeast confeBalt Lake County in the Wasatch
Mountains. Upper Emigration Creek watershed exddnoim its headwaters within the

Wasatch Mountains down to the Salt Lake County gdggon in Rotary Glen Park. It
has a drainage area of 18.2 square miles compoiseubderately steep mountain slopes
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with an elevation range from 5,000 to 8,900 fedte Tmajor land-use is primarily
residential with limited commercial development. eTh.ower Emigration Creek
watershed has been defined as starting below the gition at Rotary Park down to
where Emigration Creek is piped below Westminsteligge near 1100 East. It consists
of a drainage area of 18 square miles and majat lzses are both residential and

commercial.

Emigration Creek is a perennial stream with tribptéows from Killyon and Burr Fork
canyons along with several ephemeral mountain regealt is eventually piped
underground and flows into the Jordan River. Thpenpvatershed is listed on the 2006
303(d) list for not meeting its secondary contaaireational beneficial use due to high
concentrations OE. coli. Recent data shows that the lower watershed wilidbed on the
2012 303(d) list as well.

A Total Maximum Daily Load (TMDL) study for the Upp watershed has been
completed and data collection and analysis is ongdor the Lower watershed. A
critical element of TMDL development is identifyingpllutant sources, this synoptic
monitoring plan provides the information neededdentify direct sources and stream

reaches with elevatdel coliloads.

Synoptic Monitoring Survey

This synoptic monitoring plan is a comprehensivaewajuality survey designed to
provide a comprehensive snapshot of the bactez\ld in Emigration Creek. The
survey collects surface water grab samples durasgftow conditions at selected stations
along the creek. It involves collecting multiplenga@les at roughly the same time to
display concurrent conditions as they exist witltime watershed. The synoptic
information is an effective tool used by watersimeanagers to identify stream reaches
that would benefit from the implementation of Bédanagement Practices (BMPS),

stream restoration, or protection.
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The synoptic monitoring survey for the upper angldoEmigration Creek watershed was
conducted in July, August, and September 2011. FBegct Timeline in Table 2 for
exact monitoring dates. Thirty one sampling sitesenspaced at approximately 1,000
feet intervals from the UDWQ Maryfield monitorindesdown to where it is piped below
Westminster campus. See Figures 2 and 3 for thepsignmonitoring locations. Two
surveys were completed on each study segment aecotive days during each month.
Any and all pipes, outfalls, and tributaries flogiduring the time of collection were also
sampled forE. coli. Flow measurements were also measured at evargpsy

monitoring site.

E. colisamples were collected as per UDW@®:scoli Field Collection Strategy Standard
Operating Procedure (SOP) and processed accorditiget Quantification SOP. Flow
measurements were taken following the Instantan&bms Discharge SOP. Duplicate
samples were collected at each site and blankeatet at the start of every field day.
Three teams of two persons collected samples samediusly in their designated reaches

working upstream.

E. coli Numeric Standards

Utah has two recreational beneficial use categd@dmsss 2, DEQ Rule 317-2. Standards
of Quality for Waters of the State) for all watexkthe state. Waterbodies are either
protected for frequent contact recreation suchnaigiing (2A) or for infrequent contact
recreation such as boating and wading (2B). Eheoli numeric standard for 2A waters
should not exceed 126 Most Probable Number (MPN)LP8 ml as a 30 day geometric
mean and a maximum of 409 MPN per 100 ml in onepganm a 30 day period. The
standard for 2B waters should not exceed 206 MPINLP8 ml as a 30 day geometric
mean and a maximum of 668 MPN per 100 ml in onepdaim a 30 day period. The 30
day geometric mean should be based on no lesditleasamples equally spaced over 30
days. In an assessment context, the geometric preades a better representation of
the extent oE. coli contamination because it captures the temporadhitity of E. coli

concentrations and better represents overall sitditons.
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Data Summary

Water quality data for the Emigration Creek watetskvere obtained from UDWQ, Salt
Lake County and Westminster College. This sectimvides a description of available
E. coli data and analyses to understand the current veatality conditions in the
watershed. Water quality data has been collectedotly UDWQ and Salt Lake County
at six stations located in the Upper Emigration eRrevatershed, however only one
station has continuous flow data (Emigration CrBelow Rotary Park) from 2001 to the
present. There are three monitoring stations inLiber Emigration Creek watershed
before the creek is piped underground and evesttialws into the Jordan RiverE. coli
samples were collected from 2007-2011 in the Ujeigration Creek watershed and in
2009-2011 in the Lower Emigration Creek waterstdtnine sites were sampled fé.
coli and flow on a monthly basis in 2011 by Salt Lakeu@y. Figure 1 shows the
location of UDWQ monitoring stations and Table &pdays thee. coli data.

Figure 1. UDEQ Monitoring Stations Located in Uperd Lower Emigration Creek
Watersheds.
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Table 1. Summary oE. coli Data (MPN/100ml) for UDEQ Monitoring Stations in
Emigration Creek.

Station
ID

Station

Description

#

Samples

Geometric

Mean
(MPN/100ml)

Min
(MPN/100ml)

Max
(MPN/100ml)

First

Sample

Last

Sample

4992162

Burr Fork

35

16.1

<1.0

2,419.6*

01/27/20

D@9/07/2010

4992158

Emigration
Ck @

Maple Lane

29

17.3

1.3

260.3

01/24/20(

)D6/16/2009

4992153

Emigration
Ck @
Maryfield

33

43.4

1.6

868.1

01/27/20(

)09/07/2010

4992150

Emigration
Ck @

Sunnydale

20

71.9

1.8

1,748.5

01/24/20

DD6/16/2009

4992145

Emigration
Ck Above
Rotary Park

47

13.4

<1.0

1,286.6

01/24/20

DD8/23/2010

4992140

Emigration
Ck
Rotary Park

Below

53

54.9

<1.0

2,419.6*

01/24/20(

)09/07/2010

4992125

Emigration
Ck

Golf Course

Below

19

265.1

1.4

2,265.6

08/10/20

DO8/23/2010

4992130

Emigration
Ck @
Wasatch

Hollow

18

279.5

26.3

2,419.6*

09/23/20

D98/23/2010

4992135

Emigration
Ck @

Westminster

Campus

18

445.9

21.5

2,419.6*

09/23/20

D98/23/2010
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*Maximum level of detection.

Collaboration

UDWQ collaborated with Salt Lake County to colldet coli samples and take flow
measurements. Salt Lake County has been workingWWQ in the Emigration Creek
watershed since 2005 and is a key partner in ffoste

Table 2. Project Timeline

Date Action

May 3, 2011 Tour Hogle Zoo and Camp Kostopulos to
identify possible sources.

June 27, 2011 Tour watershed to finalize synoptic

monitoring locations.

July 27-28, 2011 Synoptic monitoring

August 22-23, 2011 Synoptic monitoring

September 19-20, 2011 Synoptic monitoring

October 2011 Final Synoptic Monitoring Report
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Figure 2. Upper Emigration Creek Synoptic Sites.

161




Figure 3. Lower Emigration Creek Synoptic Run Sites
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Results

E. coli concentrations (MPN/100ml) in all 3 months (Julygust, September) were
compared in the following graphs. Figure 4 displeysoli concentration by month and
Figure 5 shows the geometric mean of all the sasnVonitoring sites are listed as
upstream to downstream. Observed values were alspared against the water quality
standards, 206 and 668 MPN/100ml. Generaly, coli concentrations increase

downstream.

The first spike inE. coli concentration occurs below the pond at Camp Kaosbsp
Samples collected on July 27, 2011 at this siteghadncentration of 1,239 MPN/100ml;
although it dropped down to 180 the next day (O)/Z3bserved values from the 3
monitoring sites in close proximity to Camp Kostlmsuhad elevated levels & coli
through out the entire summer (115 MPNB. coli concentrations decreased slightly and
remained fairly stable (70 MPN) until Rotary Pavlalues increased slightly (90 MPN)
below the pond at Rotary Park.

Through Hogle ZooE coli concentrations are stable (60 MPN). As Emigratiyeek
runs through the zoo and Wasatch Golf Course, fiiiseharge (Figure 6) quadruples
from 3 to 11 cfsE coli concentrations double (160 MPN) at the lower samgboint at
the golf course and below Foothill Blvd (secondcksppi The third major spike i&. coli
values occurred at the terminus of Wasatch Hollank Rvhere concentration doubles to
210 MPN where it remains elevated (165 MPN) urtiisi piped underground near
Westminster College.

Comparing monthsz. coli concentrations in July first spiked below the p@dCamp

Kostopulos (95 to 1,239 MPN). Values increase abalow Rotary Park and through the
Hogle Zoo (200 MPN). The third spike occurs as Hatign Creek enters Wasatch
Hollow Park (225 MPN) and remains high until ippiped. At the second potential source
area (Foothill Blvd) in August, values maxed owd ttuantification methodology at 2,419

MPN. Levels decreased to 300 MPN where Emigratioeek enters Wasatch Hollow
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Park and remain elevated (300-400 MPN) until piged. September concentrations did
not exceed 200 MPN anywhere in the watershed. Tdteebt concentration (177 MPN)

measured in September was at the Lower SunnydalelLsvels remained elevated (80
MPN) from below the Golf Course to downstream.

Results show that there could be three potentiaices ofE. coliloading to Emigration
Creek. They include the pond at Camp Kostopulossatéd Golf Course/Foothill Blvd,
and Wasatch Hollow Park.

E coli Conc in Emigration Creek
Synoptic Results 2011
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Figure 4. MonthlyE. coli Concentrations (MPN/100ml) in Emigration Creekn8gtic
Results 2011.
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Geometric Mean of E coli in Emigration Creek
Synoptic Results 2011
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Figure 5. Geometric Means ofE. coli Concentrations (MPN/100ml) in Emigration
Creek: Synoptic Results 2011.

Average Discharge (cfs) in Emigration Creek
Synoptic Results 2011
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Figure 6. Average Discharge (cfs) in EmigrationgkreSynoptic Results 2011.
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The next graphs (Figures 7-9) display the obseBecbli loading and loading capacity
of Emigration Creek during the synoptic survey. To&ding capacity is the amount of
pollutant that can be assimilated by a waterbodylewktill meeting water quality

standards, thus being protective of the river'sigteded use. It is calculated by
multiplying the water quality criterion, the corpesding flow, and a conversion factor.
The observed load is the amount of pollution tkabbserved in the river at the time of
sample collection. It is calculated by multiplyittge pollutant concentration, flow, and a
conversion factor. Any time the observed load edseéhe loading capacity, the

beneficial use is no longer being protected aredaction of loading is necessary.

Figures 7-9 compare the obsentedcoliloading and the loading capacity in Emigration
Creek monthly. In July, there were three sites whbe loading capacity was exceeded:
Upper Sunnydale, Golf Course Lower, and Lower W&sdtlollow. In August, the
loading capacity was exceeded from Foothill Blvavwzere Emigration Creek is piped to

the Jordan River. In September, the loading capaeiter was exceeded.
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E. coli Loading in Emigration Creek
July Results

O Observed Loading B Loading Capacity
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Figure 7.E. coli Loading (#/day) in Emigration Creek: Synoptic ResJuly 2011.

E. coli Loading in Emgiration Creek
August Results
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Figure 8.E. coli Loading (#/day) in Emigration Creek: Synoptic ResAugust 2011.
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E. coli Loading in Emigration Creek
September Results

O Observed Loading @ Loading Capacity
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Figure 9.E. coli Loading (#/day) in Emigration Creek: Synoptic B&s September
2011.

Conclusion and Recommendations

This synoptic survey has provided several key miesfeinformation to help direct and
guide water quality improvement efforts. It isesfttempting to conclude from this type
of study that once sources are identified and exdiytremediated the problem will be
solved. In reality it takes a multi-pronged apmtoao fully address water quality
impairments for the long term. The sources idadiin this study certainly provide a
good starting point for investigating remedial ans but should not be considered the
only sources that need to be addressed. The foldpWist of recommendations are
provided to help move the community and stakehsld@mward towards addressing this

long standing water quality concern.

Recommendations
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Repeat synoptic survey in 2012 to validate 201¥¢esuand evaluate any changes

in water quality as a result of restoration aciat

Change in Camp Kostopulos management: horses/sarraved away from the
riparian zone, seed/plant along this section ofgeation Creek; investigate pond

sediment as a potential source of residentoli populations.

Rotary Park: Salt Lake City park, buffer ripariaieas as documented in TMDL,

limit dog access to creek.
Wasatch Hollow: Salt Lake City Open Space, noedish dogs are allowed.

Foothill Blvd / Route 128: investigate to see ibreh water lines are tied into

culvert under the road, UDOT managed.
Golf Course: Investigate increaselncoli at lower site

Sunnydale: Conduct sanitary surveys, Microbial Seufracking, and personal

care products/caffeine studies.
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