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Chapter 1 Executive Summary 
Deer Creek TMDL 

Introduction Deer Creek Reservoir is located in Wasatch County, Utah 
on the Provo River.  It serves residents of both Utah and 
Salt Lake Counties by providing a significant amount of 
drinking and irrigation water, as well as being a popular 
recreational area.  It has been identified as an impaired 
water body according to Utah’s Year 2000 303(d) List of 
Waters (DWQ, 2000) because of low dissolved oxygen 
levels at the reservoir bottom and high surface water 
temperatures which impact the reservoirs fisheries. The 
watershed study area which drains into Deer Creek 
Reservoir has an area of 171,663 acres.  This area is 
calculated for lands below Jordanelle Reservoir, and does 
not take into account any area draining into Jordanelle 
Reservoir. 

Water Quality 
Analysis 

The water quality of the reservoir was investigated to 
determine the level of eutrophication in the reservoir. Low 
dissolved oxygen is a symptom of highly eutrophic lakes.  
During the 1980s the reservoir had experienced high 
nutrient loads and had become very eutrophic. However, 
water quality analyses show that the reservoir has 
improved significantly and could now be considered a 
mesotrophic lake based on the average Carlson Trophic 
State index as shown in Figure 1-1. 

Figure 1-1: Deer Creek Reservoir Average Trophic State Index (TSI) 1981-1999
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 The improvements can be attributed to the focus on the 

watershed and efforts to reduce pollution sources. 
However, despite the significant improvements, low 
dissolved oxygen concentrations during thermal 
stratification is still a concern. 
 
An analysis was conducted to determine the actual 
impairment on the fishery in Deer Creek Reservoir. The 
results of this analysis indicated that the Utah Division of 
Wildlife Resources has developed a healthy fishery in the 
reservoir. The conclusion on the impairment was that the 
fishery was healthy and that overall the reservoir is healthy. 
The analysis of information contained in this report will be 
the basis for a petition to delist Deer Creek Reservoir for 
temperature. Therefore, the focus of this Total Maximum 
Daily Load (TMDL) is to maintain current water quality by 
(1) focusing on reducing nutrient loads through current 
conservation plans and (2) to assure that new potential 
sources developed in the water shed will not increase 
nutrient loading. Dissolved oxygen levels in the reservoir 
should continue to improve, as nutrient loading remains 
depressed. This may be due to a lag that exists between 
phosphorus loading and dissolved oxygen levels. 
Reduction of existing phosphorus loads are still required to 
account for future sources and a margin of safety. 
 
Based on the conclusion that current water quality levels 
should be maintained, the following endpoints shown in 
Table 1-1 have been assigned to this TMDL. 
 

 
Table 1-1: Summary of Recommended Targets/Endpoints 

Parameter Proposed Target 
Dissolved Oxygen 
Water Column % 
Impaired 

<50% of column 
with DO <4.0 mg/l 

Fish Habitat 
Indicator 

No Fish Kills 

In-lake Phosphorus 
Concentration 

0.025 mg/l TP (Avg all depths) 

In-stream 
Phosphorus 
Concentration 

0.030 mg/l TP 
0.020 mg/l DTP 

Phosphorus Loads 
to Lake 

15,300 kg/yr TP 
9,700 kg/yr DTP 
560 kg/mo TP for Aug-Oct 
350 kg/mo DTP for Aug-Oct 

Average TSI 40-45 
Algae Biomass 5.1 ug/l Chlorophyll a 

6.5x107 um3/ml Biomass 
3.3x107 um3/ml Cyanophyta 

      DO=Dissolved Oxygen, TP=Total Phosphorus, 
DTP=Dissolved Total Phosphorus, TSI=Carlson Trophic State Index 
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TMDL Phosphorus sources in the watershed were identified for 
background, point and nonpoint sources. The only point 
source in the watershed is the Midway Fish Hatchery. The 
nonpoint sources were categorized as being related to 
urban developments or agricultural activities. Table 1-2 
shows the current source loads from the watershed. The 
table also shows the resulting load allocation which 
includes an allocation for margin of safety and future point 
and nonpoint sources. 

Table 1-2. Total Phosphorus TMDL Load Allocations 
  Current Loads Load Allocation Load Reduction
Description kg TP / year kg TP / year kg TP / year 
Groundwater 2,725 2,725   
Background (Includes 
Jordanelle Reservoir Discharge
of 2,965 kg/year) 4,225 4,225   
WLA - Current Point (Hatchery)* 560 400 160 
WLA - Future Point 0 500   
LA – Agriculture 6,060 3,595 2,465 
LA – Urban 1,600 1,300 300 
LA - Future Nonpoint 0 900   
Total Load 15,300 13,800 2,925 
        
10% Margin of Safety   1,500   
        
Maximum TMDL Load   15,300   
* Midway Fish Hatchery allocation represents net increase in total phosphorus load. 
** The 15,300 kg/year represents the average load from 1996-1999. Flows during this period appear to be approximately 
10% higher than the long term average flow. Even though there is an implicit margin of safety, an additional 10% explicit 
margin of safety takes this into account. 

 

Recommended 
Projects 

In order to achieve the necessary load reductions, multiple  
projects will be required that incorporate Best Management 
Practices (BMPs). The following projects are currently in 
process of being completed or are recommended to be 
completed to achieve necessary reductions. 

1. Provo River Restoration Project (PRRP) 
2. Conversion to Sprinkler Irrigation Systems 
3. Heber Valley Water Quality Basins 
4. Cleanup of Potential CAFOs 
5. Integrated Watershed Information System 
6. Main Creek Stream Bank Restoration 
7. Agricultural BMP Projects 
8. Midway Fish Hatchery 
9. Cautious Responsible Growth in Heber Valley and 

Jordanelle Basin 
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The PRRP is currently in the process of being implemented 
by the Utah Reclamation Mitigation and Conservation 
Commission. Much of Heber Valley’s irrigation system is 
also being converted to sprinklers through projects such as 
the Wasatch County Water Efficiency Project and efforts by 
local irrigation companies. 
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Chapter 2 Introduction  
Deer Creek TMDL 

Introduction Waters in Utah that do not meet the water quality 
standards for their assigned beneficial uses are the focus 
of the Clean Water Act’s (CWA) Section 303 (d), which 
requires states to identify, then develop and implement 
plans to improve remaining impaired waters.  The Total 
Daily Maximum Load (TMDL) process, which identifies 
pollution sources and allocates maximum pollution 
loadings where water quality goals are not being met, is 
the required methodology for addressing these listed 
waters. 
 
The TMDL approach targets watersheds, addressing water 
quality in a site-specific way tailored to local conditions and 
objectives.  It specifies the increment of water quality 
improvement required, allocates responsibility for this 
improvement incrementally among pollution sources, and 
provides a framework for remedial action.  The TMDL 
process is coordinated with other CWA programs. 
 
In 1999 TMDLs were calculated for the Provo River above 
the Deer Creek watershed.  These TMDLs were 
documented in The Upper Provo River Water Quality 
Management Plan (1999 Plan).  However, at that time, 
Jordanelle Reservoir have not been in operation.  This 
created a situation in which much of the analysis was 
based on assumptions.  Since that time water quality and 
flow data has been gathered with the Jordanelle Reservoir 
in operation.  It is important that this data be reviewed and 
incorporated into this TMDL Plan. 
 
Additionally, the 1999 Plan only addressed the main Provo 
River, Main Creek, Snake Creek and Daniels Creek.  The 
Wasatch County Stormwater Master Plan identifies many 
subwatersheds within the Provo River system.  These 
subwatersheds need to be considered, analyzed and a 
TMDL calculated for some of the main waterbodies within 
the subwatersheds. 
 
Deer Creek Reservoir has been identified as a priority 
target for the state’s water quality improvement effort.  Past 
water quality monitoring has shown that the Deer Creek 
Reservoir regularly exceeded state water quality criteria for 
total phosphorous and dissolved oxygen.  As a result, the 
reservoir was listed on the state’s 303(d) list of non-
supporting waters for these constituents.  Listing of a 
stream segment on the 303(d) requires that a TMDL be 
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completed to address the pollutants of concern in the 
watershed. 
 
The goal of this effort will be to complete a TMDL analysis 
aimed at restoring the beneficial uses assigned by the 
State to Deer Creek Reservoir through analysis of the 
existing situation, development of pollutant loadings that 
will allow restoration of the assigned beneficial uses, and 
development of plans to achieve these loadings, evaluated 
by monitoring program performance.   
 

Location and 
Description 

Deer Creek Reservoir is located in Wasatch County, Utah 
on the Provo River.  It serves residents of both Utah and 
Salt Lake Counties, providing a significant amount of 
drinking and irrigation water, as well as being a popular 
recreational area.  The reservoir has four major inflows:  
Provo River, Main Creek, Snake Creek, and Daniels 
Creek.  Figure 2-1 shows the location of the reservoir and 
its principal inflows.  
 
Deer Creek dam is a zoned earth-fill structure with a 
structural height of 235 ft.  The reservoir has a capacity of 
152,700 acre-ft.  The outlet works and spillway have a 
capacity of 1,500 cfs and 12,000 cfs respectively.  The 
dam sits on top of a limestone and sandstone foundation 
covered by alluvial deposits.  A concrete cutoff trench was 
constructed to stop seepage of water through the structure. 
 
Uses of water from Deer Creek Reservoir can be 
separated into three major categories:  Municipal, 
Agricultural, and Recreational. 
 
Municipal water users are the water districts located in Salt 
Lake, Utah, Wasatch and Summit Counties.  These 
agencies provide safe drinking water to residents and 
industries through the region.  The Central Utah Water 
Conservancy District (CUWCD), the Jordan Valley Water 
Conservancy District (JVWCD), the Metropolitan Water 
District of Salt Lake and Sandy (MWDSL), Metropolitan 
Water District of Orem City (MWDO), and the Metropolitan 
Water District of Provo City (MWDP) treat and distribute 
water from the Provo River.  Good water quality is 
especially important to these water districts in order for 
them to control the expensive costs of water treatment and 
to provide the highest quality drinking water. 

The Provo River is also a source of irrigation water for 
agricultural purposes.  In Heber Valley there are fourteen 
irrigation companies that have water rights to the Provo 
River.   
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 The Provo River Water Users Association (PRWUA), which 

includes municipal water suppliers, wholesale water 
suppliers, and irrigation companies in Utah and Salt Lake 
Counties, has all rights to water storage contained in the 
Deer Creek Reservoir. 

Jordanelle and Deer Creek Reservoirs, along with the 
Provo River and its tributaries, are sources of recreation for 
many people.  State Parks are located on both the 
Jordanelle and Deer Creek Reservoirs.  These provide 
basic services for thousands of recreationists that visit the 
two reservoirs.  They also provide water skiing, swimming, 
boating and many more activities.  These reservoirs and 
rivers provide excellent fishing for anglers. Water quality is 
important in regards to safe recreational activities and the 
preservation of wildlife such as birds, fish and the hosts of 
additional animal life common to the area. 

Previous Studies 
and Projects National Lake Eutrophication Study 

 
This watershed has a long history of water quality interest 
by many Federal, State and local agencies, as well as the 
general public.  Poor water quality conditions were first 
documented in the National Lake Eutrophication Study in 
1974.  Of the 27 lakes studied, Deer Creek Reservoir 
ranked twentieth most eutrophic.  At the time of the study 
the reservoir was eutrophic with anaerobic conditions 
developing in the hypolimnion in July and persisting until 
September.  Anaerobic conditions also often existed under 
the ice cover in the January through April period.  Algal 
growth was limited by phosphoruous throughout the 
summer, except for localized nitrogen limitations during 
August. 
 
The phosphorous loading in 1974 was determined to be 
23,850 kilograms per year, including estimates of direct 
precipitation and immediate runoff.  The reservoir outlet 
released a total of 15,605 kg/yr of phosphorus giving a 
phosphorus retention coefficient of 0.35.  Based on the 
Vollenweider model it was determined that a 55 percent 
reduction in the 1975 phosphorus loading would be 
necessary to reduce the reservoir trophic state to 
borderline between eutrophic and mesotrophic.  This 
implied a target loading of 10,730 kg/yr of total 
phosphorus. 

208 Water Quality Study 
 
In the 1975-76 Moutainland Association of Governments 
208 Areawide Water Quality Management Study of major 
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lakes in Summit and Wasatch counties, Deer Creek 
Reservoir was found to be strongly eutrophic in the shallow 
north end (main inflow end).  Undesirable blue-green algae 
were dominant in this area, particularly during the heavy 
growth months in late summer.  The deeper south end was 
found to be mesotrophic with the more desirable diatom 
algae being dominant throughout the summer.  However, 
in the late summer the entire reservoir experienced 
anaerobic bottom conditions.  The Larsen-Mercier model 
predicted an even more eutrophic condition than was 
actually observed in the reservoir. 
 
At that time phosphorous loads from inflowing streams 
were determined to be 23,760 kg/yr.  However, the 208 
Study did not include estimates of additional loadings from 
precipitation, groundwater flow, and peripheral surface 
wash that would bring the total to about 27,000 kg/yr.  The 
average annual phosphorus concentration was 0.074 mg/l 
based on a stream inflow of 260,500 acre-feet per year.  A 
50 to 60 percent phosphorus reduction was recommended 
to achieve a mesotrophic to slightly eutrophic condition in 
the reservoir.  This resulted in a 1985 target loading of 
14,355 kg/yr. 
 

1984 Water Quality Management Plan 
In a July 1979 letter Governor Scott Matheson committed 
to the State of Utah to the development of a Reservoir 
Management Plan for the proposed Municipal and 
Industrial System of the Bonneville Unit of the Central Utah 
Project.  This action was taken in response to 
environmental issues raised in the Bonneville Unit 
Municipal and Industrial System Draft Environmental 
Impact Statement.  The Governor’s commitment was 
followed by action of the Bureau of Reclamation to include 
a reservoir management plan in the list of mitigating 
measures for construction of the Jordanelle Reservoir.  
 
As a result of the Clean Lake Studies, the Deer Creek and 
Proposed Jordanelle Reservoir Water Quality Management 
Plan was prepared cooperatively by the Jordanelle 
Reservoir Water Quality Technical Advisory Committee 
(JTAC) in 1984. JTAC consists of representatives from 
over twenty Federal, State and local and private 
organizations, who are involved with water resource 
management within the Provo River drainage. This new 
management plan was considered an update to the 208 
study previously discussed. 
 

The 1984 plan documented that on average approximately 
25,000 kg/yr of total phosphorus was entering Deer Creek 
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Reservoir on an annual basis.  The plan identified goals for 
reducing the average phosphorus load by 11,000 kg/yr.  
Table 2-1 shows the goals outlined in the 1984 plan as well 
as an estimate of the actual reductions achieved since 1984.  
Many agencies and groups have spent considerable time and 
money on water quality, erosion control and related projects 
to improve water quality in Deer Creek Reservoir.   

 
Practice 1984 

Management 
Goal

Estimated Average 
Annual Reduction 

(kg)
Heber Valley Regional WWTP 2,600 5,000
Snake Creek Rural Clean Water 
Program 

1,000 1,000

Construct Jordanelle Reservoir 4,800 4,800
Dairy and Feedlot Cleanup Projects 1,000 1,075
Fish Hatchery Phosphorus Removal 500 625
Other Programs 1,100 ---
Total 11,000 12,500
Table 2-1:1984 Management Plan Phosphorus Reduction Goals and Estimated Reductions 

 
 In addition to reductions necessary to achieve desired 

conditions, the 1984 Management Plan also identified a 
strategy to minimize future phosphorus loads. These 
included: 
�� Storm runoff control for new developments 
�� No-discharge, total containment, or land application of 

municipal-type sewage effluents containing 
phosphorus.  

�� Enforcement of existing ordinances 
�� Runoff Control plans for new private developments 
�� Amend Wasatch County and Summit County zoning 

ordinances for stream bank protection. 
�� Implement a water quality review process for new 

public developments 
�� Upper Provo River streambank soils investigation 
�� Stabilize or remove Olsen-Neihart Reservoir tailings 

pond when Jordanelle Dam is constructed 
�� Stabilize Mayflower tailings ponds 
�� Storm runoff control around Jordanelle Reservoir 
�� Develop public education and awareness program 
�� Continued study and funding of JTAC technical team 
�� Encourage management boundary and buffer zone 

around proposed Jordanelle 
 

 
Heber Valley Regional Wastewater Treatment Plant 
 
In response to water quality concerns, the Heber Valley 
Special Service District (HVSSD) constructed three 
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aerated lagoons with winter storage, chlorination and land 
application disposal to treat and dispose of municipal 
wastewater.  The HVSSD facility was originally put into 
service for Heber City and Midway with the potential for 
expansion when growth in other areas made it necessary.  
Reductions in total phosphorus due to the HVSSD facility 
have been estimated at 5,000 kg/yr. The facility became 
operational in 1979. 
 
In 1993 and 1994, wastewater facility plans were 
completed for the Jordanelle Reservoir Basin and the Twin 
Creeks Special Service District, respectively.  Each made 
plans to utilize the HVSSD treatment facilities to handle the 
wastewater from their service areas.  In this extended 
capacity, the HVSSD facility will prevent nutrients from 
entering the Jordanelle Reservoir by treating wastewater at 
the existing facility.  Also, septic tanks have been brought 
off-line in the Twin Creeks areas as the sewer system has 
been extended into the service district. 
 
  

 
Snake Creek Rural Clean Water Program 
The objective of the Snake Creek Rural Clean Water 
Program was to reduce pollution from agricultural sources 
through the implementation of best management practices 
on lands south of Midway and west of Highway 113.  The 
project was completed in 1993 and the reductions in total 
phosphorus from the Program have been estimated at 
1,000 kg/yr. 
 

 
Construction of Jordanelle Reservoir 
The construction of Jordanelle Reservoir, upstream from 
Deer Creek Reservoir, was identified as a way to trap 
phosphorus from the Upper Provo River through 
phosphorus retention and sedimentation.  The Jordanelle 
Dam was completed in April 1993 and was completely 
filled by 1996.  The Jordanelle Reservoir is operated by a 
Selective Level Outlet Works (SLOW) Tower.  This tower 
allows more flexibility in the operations of the reservoir.  
The Bureau of Reclamation and the Central Utah Water 
Conservancy District have completed studies to determine 
operational procedures that assure downstream water 
quality and flow targets are met.  Since 1996 there has 
been a reduction in phosphorus loads ranging from 2200 
kg/yr to 3500 kg/yr. 
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Clean Lakes Program 
The Clean Lakes Phase I Study and the 1984 
Management Plan identified dairy and feedlot operations, 
housing construction, development of ski resorts, 
agricultural return flows and stormwater as a significant 
source of nutrients.  The implementation of BMPs was 
recommended to reduce the phosphorus loadings.  The 
Deer Creek Clean Lakes Phase II Program was initiated to 
address these sources. 

In 1994 the Mountainlands Association of Governments 
and the Utah Department of Environmental Quality 
completed the final report for the Deer Creek Reservoir 
Clean Lakes Phase II Study.  The primary objective of 
Phase II was to address recommendation of the 1983 
Clean Lake Phase I Study.  The final report documents the 
measures that were recommended or implemented to 
reduce agricultural pollution and to educate the public 
about these pollution sources. 

Eleven agricultural operations in the watershed participated 
in implementing improvements to their operations.  
Improvements included the construction of concrete 
manure bunkers, liquid waste lagoons, piping of ditches 
through corrals, fencing of riparian areas, fertilizer 
management plans, and off-stream livestock watering 
systems.  The pubic education program involved the 
printing and distribution of water quality brochures to the 
general public and a water quality booklet for use by 
educators. 

Wasatch County implemented planning and zoning 
measures to protect water quality such as sediment control 
from recreation areas and construction sites. The County 
also addressed stormwater and flood control issues. 

 
Fish Hatchery Phosphorus Removal 
The Clean Lakes Phase I Study also identified phosphorus 
from fish hatcheries to be a controllable source.  In an 
effort to comply with the water quality objectives, settling 
ponds were constructed at the Midway Fish Hatchery and 
phosphorus limits were set through a Utah Pollutant 
Discharge Elimination System (UPDES) Permit.  However, 
in 1989 the permit was renewed without any phosphorus 
limits.  Through the work of JTAC members the UPDES 
permit issued in March of 1995 again included phosphorus 
limits.  It has been estimated that 625 kg/yr of phosphorus 
has been reduced through efforts at the Midway Fish 
Hatchery. 
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Tri-Valley Watershed Plan 
In 1996, the Natural Resources Conservation Service 
(NRCS), through the United States Department of 
Agriculture’s Small Watershed Program (PL-566), assisted 
Wasatch Soil Conservation District and Wasatch County in 
developing a land treatment watershed plan.  The plan 
addressed natural resource problems and opportunities 
within the 248,000 acre watershed. 

Purposes of the Tri-Valley Watershed Project were water 
conservation, improved fish and wildlife habitat, and water 
quality.  On-farm irrigation systems fulfilled the purpose of 
water conservation and improved fish and wildlife habitat.  
The on-farm systems received a priority because the 
conserved water would be used to enhance in-stream 
flows to benefit fish habitat.  Some water quality 
improvements also were a result from decreased surface 
runoff and decreased deep percolation. 

A detailed sediment yield study for various subwatershed 
areas was also completed as part of the Tri-Valley 
Watershed Plan.  The subwatersheds with significant 
erosion were then targeted for further study to identify 
appropriate best management practices. 

 
Chlorophyll Response Model 
In 1984 the U.S. Bureau of Reclamation used data on Deer 
Creek Reservoir for the period 1975, and 1980 to 1983 to 
develop two mean summer chlorophyll a response models.  
These models were used to assess the impacts of changes 
in annual inflow total phosphorus concentrations, and 
annual discharge volume on the mean summer chlorophyll 
a concentrations in Deer Creek Reservoir. 
 
The Chloropyll a Response Model suggest that 
hydrodynamics in the reservoir may be influenced by the 
reservoir’s discharge, affecting the availability of 
phosphorus in the reservoir.  Higher flows through the 
reservoir would be expected to flush nutrients in the 
hypolimnion, reducing the phosphorus available to algae in 
the fall turnover and reducing the production of algae. 
 
The response model makes it obvious that even with a 
fixed target phosphorus concentration or load, variations in 
the natural system (i.e., weather, phosphorus retention, 
hydrodynamics, etc.) will cause a variable response in the 
production of chlorophyll, algae, and the trophic state of the 
reservoir. 
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The analysis using this model shows that if the inflow 
phosphorus is held to 40 ug/l, the reservoir will be 
mesotrophic most of the time and borderline eutrophic or 
worse only 10% of the time.  In an average water year this 
target is approximately 14,000 kg/yr; however in wetter 
years it would be 21,000 kg/yr or 12,000 kg/yr in a drier 
year. 
  

 
Deer Creek Water Quality Model 
The Central Utah Water Conservancy District, with the 
support of JTAC members, in 1995 developed a predictive 
computer model to simulate water quality in Deer Creek 
Reservoir.  The purpose of the mathematical model was 
twofold; one, to assist in a better understanding of past 
problems associated with algal blooms that clogged water 
treatment plant filters and caused taste and odor problems, 
and two, to guide management decisions to improve and 
protect water quality in Deer Creek Reservoir.  CE-QUAL-
W2, a two-dimensional hydrodynamic water quality model 
which was developed and maintained by the U.S. Army 
Corps of Engineers’ Waterways Experiment Station, was 
selected to accomplish this. 
 
The analysis to develop the model found Deer Creek 
Reservoir to be mesotrophic based on concentrations of 
total phosphorus (TP), algal chlorophyll and Secchi 
transparency in the surface water observed during 
summers of 1985 to 1994.  Seasonal mean values of total 
nitrogen (TN) and TP suggested that the overall TN:TP 
ratio was approximately 20 which is the point phosphorus 
would be considered as the limiting nutrient for algal 
growth.  Occasionally, the TN:TP ratio declined to around 
10 in the late summer indicating that nitrogen could 
regulate some components of the algal community in Deer 
Creek. 
 
The study found decreasing long-term trends in TP and TN 
concentrations in the reservoir which indicated overall 
success of point-source and non-point source pollution 
control programs in the watershed. 
 

 
Wasatch County Water Efficiency Project and Daniels 
Replacement Project 
The Wasatch County Water Efficiency Project (WCWEP) 
and Daniels Replacement Project (DRP) were mandated 
by U.S. Congress in the Central Utah Project Completion 
Act (CUPCA). The purpose of WCWEP was to increase 
the efficiency of water use in the Heber Valley by lining 
irrigation canals to prevent leakage and install a 
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pressurized delivery system to facilitate conversion of flood 
irrigation farms to sprinkler irrigation. These improvements 
were meant to bolster stream flows in the Heber Valley and 
enable the DRP. The WCWEP enables 3,675 acres of farm 
land to be converted to pressure irrigation. It is estimated 
that 23,000 acre-feet of water will be conserved each year. 
 
The DRP delivers water to the Daniels Irrigation Company 
and eliminates the previous need to divert water from the 
Strawberry Reservoir basin. The elimination of this 
transbasin diversion increases the natural inflow into 
Strawberry Reservoir by 2,900 acre-feet benefiting fish and 
fish spawning.  
 
These projects benefit water quality by reducing the return 
flows from farms in the Heber Valley which are a significant 
source of nutrient pollution to Deer Creek Reservoir. The 
projects were completed in 2001 and improvements to 
water quality should begin to be apparent. 

 
Deer Creek Resource Management Plan 
The Deer Creek Resource Management Plan, for Federal 
Project Lands surrounding Deer Creek Reservoir, was 
initiated in 1993 by the Bureau of Reclamation.  The overall 
goal was to develop management strategies to protect and 
maintain the purposes for which the Provo River Project 
was authorized by congress, as well as provide long-term 
management direction for proposed future uses. 
 
The Plan was divided into two phases.  Phase One was 
completed in late 1993 and consisted of researching 
existing planning efforts, determining plan goals and 
objectives, and public meetings.  Phase One also included 
an inventory of data to address issues and outlined the 
procedure to accomplish Phase Two work. 
 
Phase Two involved the development of possible 
alternatives for management of the resources in the project 
lands to insure water integrity.  A modified Alternative 1 
(proposed alternative) was identified as the least damaging 
alternative.  The modification included allowing grazing on 
project lands east of U.S. Highway 189 as long as best 
management practices were implemented. 
 
The Plan describes the activities necessary to achieve the 
desired future condition of the project and includes: 
�� Area-wide goals and objectives, 
�� Area-wide management requirements, 
�� Specific area management direction, 
�� Lands suited and not suited for resource use and 

production, and 
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�� Monitoring and evaluation requirements. 
 
The Deer Creek Resource Management plan was adopted 
in 1998. 

 
Provo River Restoration Project 
The goal of the Provo River Restoration Project (PRRP) is 
to restore the Provo River in Heber Valley from below 
Jordanelle Dam to Deer Creek Reservoir.  In the past 
many areas of the river have been straightened for 
construction of flood control levees.  In 1999, the Utah 
Reclamation Mitigation and Conservation Commission 
began the Provo River Restoration Project (PRRP) 
between Jordanelle Dam and Deer Creek Reservoir to 
restore the river’s pattern and ecological function to a more 
natural condition.   
 
The PRRP consists of constructing a multiple-thread 
meandering channel, reconnecting the river to existing 
remnants of historic secondary channels and constructing 
small side channels to recreate aquatic features.  Existing 
levees are set back to create a near natural flood plain that 
allows the river to change course naturally.  Planting and 
fostering streamside vegetation will provide the necessary 
environment for healthy fisheries.  Side channels and 
ponds will improve fish habitat and create habitat for 
wetland dependent wildlife. 
 
Utah Division of Wildlife Resources and U.S. Bureau of 
Reclamation in 1999 initiated the project by carving new 
meanders, side channels and wetland ponds in and around 
the Provo River from about 1.6 miles downstream of 
Jordanelle Dam to Highway 40.  The area was revegetated 
and an angler access site along this reach was also 
improved. This work was coordinated with the Central Utah 
Water Conservancy District, which rebuilt diversion 
facilities as part of the Wasatch County Water Efficiency 
Project.   
 
In the Fall, 2000, an additional 1.3 miles of the river was 
restored between Highway 40 and the bridge crossing on 
River Road in Midway.  Similar to the work upstream, this 
river reach was taken out of a straightened, diked channel 
and carved into new meanders, accompanied by side 
channels and wetland ponds. The project along this reach 
is mostly complete.  Other items, such as, revegetating 
disturbed areas, constructing additional wetland ponds, 
constructing two additional side-channels, and completing 
a new angler access site to include a restroom, resurfaced 
driveway and parking area, were completed in the Spring, 
2001. 
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Annual Water Quality Implementation Reports 
The 1984 Management Plan also suggested that the status 
of water quality in the Provo River, Deer Creek Reservoir 
and Jordanelle Reservoir be reported annually.  Since 
1984 Water Quality Implementation Reports have been 
prepared by Wasatch County under the direction of the 
Jordanelle Technical Advisory Committee.  These reports 
accomplish the following: 
�� Present the results of the annual water quality sampling 
�� Identify exceedences of water quality parameter 

standards 
�� Identify trends in water quality 
�� Analyze the effectiveness of current management 

practices, and 
�� Recommend action for further progress towards water 

quality improvement. 
 

Water Body 
Description 

As part of the TMDL study, a discussion of the impairments 
caused by the pollutants is required.  Through more than 
20 years of study the State of Utah Division of Water 
Quality and the JTAC agencies have gathered and 
analyzed data on Deer Creek Reservoir and the 
watershed.  The reservoir is a dynamic system with many 
characteristics similar to other western reservoirs.  The 
following section describes the knowledge gleaned from 
the past years of study.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-2:  Sub-
Watershed Areas 

Watershed 
The watershed which drains into Deer Creek Reservoir has 
an area of 171,663 acres.  This area is calculated for lands 
below Jordanelle Reservoir, and does not take into account 
any area draining into Jordanelle Reservoir. The study 
watershed has been divided into four sub-watersheds.  
These sub-watersheds have been delineated at each of 
the four major inflows to the reservoir at the location where 
they enter the reservoir.  Table 2-2 shows the area 
contributing to runoff for each of these inflows. 
 

 
Sub-

Watershed Area (acres) 
Provo River 13,821 
Snake Creek 19,564 
Main Creek 45,090 

Daniels Creek 93,188 
Total 171,663 

Table 2-2:  Sub-Watershed Areas 
 

 

Sub-Watershed Areas
(Acres)

Provo River 
Watershed

Snake Creek 
Watershed

Sheet Flow to 
Reservoir

Daniels Creek 
Watershed

Main Creek 
Watershed

45,090
(23.8%)

13,821
(7.3%)

19,564
(10.3%)

17,848
(9.4%)

93,188
(49.2%)
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The boundaries of each of these sub-watersheds and how 
they contribute to flow into the reservoir are shown in 
Figure 4-7. 
 
Table 2-3 below gives information on Deer Creek and 
Jordanelle Reservoirs. 
 

 
 Deer Creek Reservoir Jordanelle Reservoir 
Surface Area  2,683 Acres 2,500 Acres
  Maximum 2,786 Acres
  Low Season 2,097 Acres
Capacity 152,700 acft 320,000 acft
Mean Depth 60.5 feet 102 feet
Maximum Depth 137 feet 281 feet
Spillway Elevation 5417 feet 6166 feet
Average Annual Inflow 
(1993-1999) 

360 cfs 283 cfs

Outlet Location 25 feet from bottom Selective level outlets
Annual Precipitation 20 inches 17 inches
Table 2-3: Deer Creek Reservoir and Jordanelle Reservoir Characteristics 
 
 

Thermal Stratification Cycle 
 
The thermal stratification cycle in Deer Creek Reservoir is 
typical for lakes and reservoirs in Northern Utah. As the 
temperatures begin to increase in Deer Creek during the 
summer the reservoir begins to stratify into multiple layers 
of varying temperatures. The cause of stratification being 
the natural physical properties of water to become less 
dense with an increase in temperature. Stratification of 
Deer Creek Reservoir is evident by the middle of July and 
continues through September. The surface temperatures 
during these months commonly exceed 20 deg C while the 
hypolimnion temperatures rarely exceed 15 deg C. Figure 
2-3 shows the surface water temperatures in the Reservoir. 
Figure 2-4 shows the stratification cycle for 1999. The 
reservoir will exceed the 20 deg C threshold to depths of 
up to 10 meters. In the upper end of the reservoir where 
depths are less than 10 meters, the temperature may 
remain above 20 deg C throughout the entire water 
column. 
 
In October, as air temperatures decrease and begin to cool 
the surface temperatures, the reservoir mixes through a 
convection process, an event commonly known as 
turnover. The reservoir remains in a fully mixed state until 
surface temperatures approach freezing and a reverse 
stratification occurs.  This state continues as long as the 
surface temperatures remain above 4 deg C. 
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Figure F-25
Deer Creek-Above Dam, 04-15-99
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Figure F-33 
Deer Creek-Above Dam, 06-21-99
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Figure F-37 
Deer Creek-Above Dam, 07-13-99
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Figure F-41
Deer Creek-Above Dam, 08-24-99
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Figure F-45
Deer Creek-Above Dam, 09-21-99
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Figure F-53
Deer Creek-Above Dam, 11-18-99
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Figure 2-3: Deer Creek Reservoir surface water temperatures from 1993 to 1999 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-4: Temperature and DO Profiles for 1999 
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Dissolved Oxygen 
 
As shown in Figure 2-4, the dissolved oxygen levels in the 
reservoir are directly related to the stratification cycle. As 
the reservoir becomes stratified and mixing between layers 
ceases, the dissolved oxygen levels begin to become 
depleted from natural biological and chemical processes. 
Eventually in the deeper portions of the reservoir the 
oxygen levels will become completely depleted, or anoxic. 
At this point only anaerobic processes continue and the 
water can build up substances known to cause taste and 
odor problems. In the deep waters of Deer Creek Reservoir 
near the dam embankment, approximately 65% of the 
water column at worst case during the year will have DO 
concentrations less than 4.0 mg/l, the threshold value used 
by the State to assess beneficial use support; and 
approximately 45% of the water column will be below 2.0 
mg/l. The State has determined a impairment exists to the 
reservoir fishery because more than 50% of the column is 
below 4.0 mg/l during at least part of the year. 
 
Figure 2-5 shows the depths of water with dissolved 
oxygen levels below 2.0 mg/l since 1986. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-5: Deer Creek Stagnation Index Anoxic (<2.0 mg/l DO) Depths 1986-1999. 
 
 

Trophic State 
 
The dissolved oxygen levels in the reservoir are 
considered to be related to the trophic state of the 
reservoir. Trophic state is a classification of reservoir 
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health based on the level of biological activity and growth. 
Lakes and reservoirs are generally classified into one of 
three categories: eutrophic, an overabundance of nutrients 
and biological growth; mesotrophic, a medium level of 
nutrients and biological growth; and oligotrophic, a lack of 
nutrients and biological growth. 
 
Eutrophic lakes have impaired water quality since 
increased amounts of nutrients can spawn the growth of 
significant amounts of algae. Algae in high production can 
form blooms (visible floating mats of algae) on the surface 
of the reservoir which reduces aesthetics. Blue-green 
algae, cyanophyta, are a particular problem because of 
toxins that are produced and released into the water which 
can be harmful for drinking. When the algae begins to die, 
it sinks to the bottom of the reservoir and begins to 
aerobically decay until oxygen is depleted. 
 
The trophic state of Deer Creek Reservoir has been 
monitored since 1981 using equations proposed by 
Carlson (1977) called the Trophic State Index (TSI). The 
average TSI is calculated using total phosphorus 
concentration, chlorophyll-a concentration, and Secchi 
depths throughout the months of May to September. The 
following equations are used: 
 

TSI = 60 - 14.41 ln [ Secchi disk (meters) ] 
TSI = 9.81 ln [ Chlorophyll a (µg/L) ] + 30. 
TSI = 14.42 ln [ Total phosphorus (µg/L) ] + 4.15 

 
Figure 2-6 shows the TSI values of Deer Creek Reservoir 
since 1981 plotted with average flow. In the early 1980’s, 
the reservoir was eutrophic, but has been steadily 
improving since the focus on water quality improvement in 
the reservoir became heightened. The improvements can 
be attributed to reductions in phosphorus outputs. A 
significant portion of these reductions can be attributed to 
construction of the HVSSD wastewater treatment facility, 
agricultural sources improving operations, dairy operations 
having decreased in number in the Heber Valley, and the 
Jordanelle Reservoir serving to retain a significant portion 
of phosphorus. The reservoir is no longer eutrophic, but 
rather is mesotrophic and very borderline oligotrophic. 
However, despite the improvements in trophic state, the 
dissolved oxygen levels may still be a concern. 
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Figure 2-6: Deer Creek Reservoir Average Trophic State Index (TSI) 1981-1999 
 
 
 

Phosphorus Analysis 
 
The growth of algal communities in Deer Creek Reservoir 
are generally considered to be limited by phosphorus since 
nitrogen to phosphorus ratios average at approximately 11. 
Occasionally, the system as a whole may be considered to 
be nitrogen limited since the N:P ratio at times will drop to 
levels of approximately 1.0, but this is an infrequent event 
and is even more tempered by the fact that the blue-green 
algae can metabolize nitrogen from the air as well as the 
water. Regardless, phosphorus has always been the 
nutrient of concern for this watershed; it is considered to be 
a more controllable pollutant. 
 
Total Phosphorus levels in Deer Creek Reservoir during 
1993 to 1996 are shown in Figure 2-7. The graphs show 
the cyclical pattern of phosphorus in the reservoir that 
follow from the effects of thermal stratification. As the 
reservoir stratifies, phosphorus levels decrease in the 
surface layer and increase in the bottom layer. Decreased 
phosphorus levels in the surface are explained by settling 
of particulate phosphorus and the consumption of 
dissolved phosphorus by algae which will eventually settle 
as well. Meanwhile the bottom layers show increased 
levels due to dissolved oxygen depletion which leads to a 
release of phosphorus from sediments. At turnover in 
October, the reservoir mixes and the phosphorus levels 
become homogeneous throughout the reservoir. The mix 
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increases the levels of surface phosphorus providing for 
potential algae growth spurts immediately after turnover. 
Algae blooms have been reported in October and 
November. 

 
Figure 2-7: Total Phosphorus Levels in Deer Creek Reservoir at Sampling Locations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The phosphorus levels in the reservoir can be correlated to 

phosphorus levels in the streams. There are four major 
stream inputs to Deer Creek Reservoir that are monitored 
which are, listed in order of importance: Provo River, 
Snake Creek, Main Creek and Daniels Creek. Table 2-4 
shows the phosphorus and total suspended solids that are 
discharged into Deer Creek Reservoir from 1993-1999. 
The period from 1996-1999 represents the flow regime and 
pollutant inputs resulting after the completion and normal 
operation of the Jordanelle Reservoir. Figure 2-8 shows 
the comparative contributions from the four streams to the 
total input of phosphorus and flow. These graphs show that 
Provo River contributes 75% of the flow yet only 69% of 
the phosphorus load. Main Creek on the other hand 
contributes 8% of the flow and 17% of the phosphorus 
load.  Figure 2-9 shows the Dissolved Total Phosphorus 
and Total Phosphorus concentrations in the four major 
contributing streams. 
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Table 2-4: Stream inputs of Phosphorus and Total Suspended Solids to Deer Creek Reservoir 
1993-1999. 
 

 
Figure 2-8: Average Contribution of Phosphorus and Flows to Deer Creek Reservoir since 
operation of Jordanelle Reservoir 1996-1999. 
 

1993 1994 1995 1996 1997 1998 1999 Average
Provo River above Deer Creek, STORET 591363

Weighted Average Flow (cfs) 314 138 198 262 303 332 319 267
TP Weighted Average (mg/l) 0.077 0.040 0.060 0.047 - 0.026 0.065 0.052
TP Annual Load (kg/yr) 21,671 4,975 10,472 10,866 - 7,681 18,551 12,369
DTP Weighted Average (mg/l) - - 0.025 0.025 - 0.009 0.018 0.019
DTP Annual Load (kg/yr) - - 4,478 5,773 - 2,591 5,253 4,524
TSS Weighted Average (mg/l) 24.2 7.7 27.1 11.2 18.6 8.7 27.6 17.9
TSS Annual Load (kg/yr) 6,778,611 944,936 4,774,856 2,629,371 5,025,665 2,586,511 7,856,242 4,370,884

Snake Creek above Deer Creek, STORET 591016
Weighted Average Flow (cfs) 45 38 50 54 48 57 43 48
TP Weighted Average (mg/l) 0.057 0.058 0.061 0.038 - 0.017 0.037 0.045
TP Annual Load (kg/yr) 2,259 1,934 2,690 1,860 - 873 1,416 1,839
DTP Weighted Average (mg/l) - - 0.029 0.023 - 0.009 0.013 0.019
DTP Annual Load (kg/yr) - - 1,270 1,134 - 476 502 846
TSS Weighted Average (mg/l) 5.4 11.0 14.0 8.7 10.1 10.1 10.9 10.0
TSS Annual Load (kg/yr) 213,742 369,582 616,915 421,925 431,283 507,661 423,365 426,353

Daniels Creek above Deer Creek, STORET 591352
Weighted Average Flow (cfs) 24 8 18 14 22 19 22 18
TP Weighted Average (mg/l) 0.300 0.104 0.103 0.082 - 0.067 0.066 0.120
TP Annual Load (kg/yr) 6,517 702 1,645 1,047 - 1,160 1,281 2,059
DTP Weighted Average (mg/l) - - 0.046 0.049 - 0.030 0.044 0.042
DTP Annual Load (kg/yr) - - 732 625 - 513 854 681
TSS Weighted Average (mg/l) 241.7 36.4 86.7 62.9 90.3 37.8 28.1 83.4
TSS Annual Load (kg/yr) 5,257,412 247,102 1,390,923 801,933 1,801,933 651,235 549,040 1,528,511

Main Creek above Deer Creek, STORET 591346
Weighted Average Flow (cfs) 23 11 28 65 30 23 16 28
TP Weighted Average (mg/l) 0.128 0.046 0.137 0.125 - 0.058 0.067 0.093
TP Annual Load (kg/yr) 2,570 437 3,452 7,154 - 1,183 977 2,629
DTP Weighted Average (mg/l) - - 0.038 0.099 - 0.030 0.035 0.050
DTP Annual Load (kg/yr) - - 964 5,669 - 605 511 1,937
TSS Weighted Average (mg/l) 106.1 25.7 108.7 19.9 139.5 45.4 68.8 73.5
TSS Annual Load (kg/yr) 2,136,137 243,025 2,750,898 1,146,639 3,727,492 926,538 1,005,716 1,705,207

Total Combined Loads
Weighted Average Flow (cfs) 406 194 293 395 403 431 400 360
TP Weighted Average (mg/l) 0.091 0.047 0.070 0.059 - 0.028 0.062 0.060
TP Annual Load (kg/yr) 33,018 8,048 18,259 20,927 - 10,898 22,225 18,896
DTP Weighted Average (mg/l) - - 0.028 0.037 - 0.011 0.020 0.024
DTP Annual Load (kg/yr) - - 7,443 13,201 - 4,186 7,120 7,987
TSS Weighted Average (mg/l) 39.7 10.4 36.4 14.2 30.5 12.1 27.5 24.4
TSS Annual Load (kg/yr) 14,385,902 1,804,646 9,533,591 4,999,868 10,986,373 4,671,944 9,834,363 8,030,955
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Figure 2-9: Phosphorus Concentrations in Provo River, Snake Creek, Daniels Creek and Main 
Creek. 
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 Data Distribution Analysis 

To address the question of whether the values reported are 
reasonable, a data distribution analysis was performed.  
This analysis determines the number of samples which lie 
within one, two, or three standard deviations from the 
mean.  The number of samples which lie outside of this 
range is also included. Appendix D shows the results of 
this analysis for the five-year period of data.  The results 
show that a majority of values, 78 percent, lie within one 
standard deviation from the mean. Eighteen percent lie 
between one and two standard deviations, and four 
percent lie greater than two standard deviations from the 
mean.  
 
Appendix E contains a tabulation of the water quality data 
obtained for the eight constituents of interest.  It also 
shows highlighted values where the measured values 
exceed the state standards and indicator values, if 
applicable.  Simple statistics such as minimum, maximum, 
average, number, and standard deviation are also shown.  
High concentrations of total and dissolved phosphorus are 
a concern in this area.   No other constituents have 
concentrations which consistently exceed state indicator 
values. 
 
As a result of this data analysis procedure, and after 
discussion with DWQ, all data falling outside of three 
standard deviations from the mean were excluded from this 
TMDL study.  All of the data, however, is included in the 
appendices mentioned previously in this section.  Also, in 
1997 there was a problem with the quality testing of a large 
number of phosphorus samples.  As a result, the state has 
removed these values from its database.  During this year, 
only a few reliable samples remained.  As a result, 
phosphorus values were not used for 1997.    
 

Reservoir 
Impairment 
Analysis 
 

Applicable Utah Water Quality Impairment Criteria 
Utah’s 303(d) List shows Deer Creek Reservoir is impaired 
for dissolved oxygen and temperature. The list identified 
the basis of dissolved oxygen impairment as follows: 

Exceedence criteria for dissolved oxygen have been 
defined using the one-day minimum dissolved oxygen 
concentration of 4.0 mg/L. In addition a wider latitude in 
percentages has been allowed associated with 
dissolved oxygen. When the concentration is above 4.0 
mg/L for greater than 50% of the water column depth a 
fully supporting status is assigned. When 25-50% of the 
water column is above 4.0 mg/L, it is designated as 
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partial supporting and when less than 25% of the water 
column exceeds the 4.0 mg/L criteria, it is designated 
as not supporting its defined beneficial use. (DWQ, 
2000) 

Exceedence criteria for temperature is based on the 3A 
beneficial use limit of 20 deg C which has been identified 
as the indication of a fishery stressor. 

 
Analysis of Fishery Impairment 
The identified impairment of the cold water fishery by the 
303(d) is based solely on the reservoir data compared to 
State standards. An investigation of the status of the 
fishery was conducted to determine the validity of the 
fishery impairment. 

The water column data during the critical months of 
stratification (July, August, September) were analyzed at 
the deepest portion of the lake near the dam and at 
midlake to determine the portion of epilimnion which 
exceeds 20 deg C in temperature and the portion of the 
hypolimnion which has dissolved oxygen levels below 4.0 
mg/l. This data is presented in Figure 3-2.  

As can be observed in this figure, on average – during the 
month of greatest stratification – approximately 70% of the 
water column is below the 4.0 mg/l DO threshold showing 
the justification of the non-support determination.  The 
figure also shows that high temperatures can penetrate as 
low as 10 meters into the water column significantly 
shrinking the fish habitat envelope, thus justifying the non-
support determination for temperature.  During 1994 in 
August, the combination of DO and Temperature 
impairments appear to completely eliminated the envelope 
in both monitoring locations for a short period of time. 
Other years show that when the envelope was as small as 
one or two meters in one of the locations that the other 
location had at least a 5-meter envelope. 

In an effort to better understand the Deer Creek fishery, 
fisheries data was obtained from the Utah Division of 
Wildlife Resources (DWR), which has conducted fish 
surveys since 1993. The fishery data is shown in Figure 3-
3 which was adapted from reports prepared by Don Wiley 
and Charlie Thompsen(2000) of the Division.  

 An attempt was made to correlate the fishery data in Figure 
3-3 to the fish habitat data in Figure 3-2, to see if 
decreases in fish populations corresponded to water 
column impairments. As can be observed, the correlations 
are not apparent. The reports show the establishment of an 
excellent trout, walleye and perch fishery. Rainbow trout 
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have recovered from extremely low numbers during 1993 
and 1994 to a stabilized healthy population. The 
improvements are the result of reduced walleye predation 
on the trout with DWR planting of larger adolescent fish. 
During this period of time, no fish kills have been reported 
and angler catch rates have improved. The strength of the 
fishery seems to indicate that the current water quality 
conditions are conducive to fish survival. 

Figure 3-2: Water Column Fish Habitat in Deer Creek Reservoir 1993-1999.

Water Column Fish Habitat above Dam, 1993-1999
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Figure 3-3: Utah Division of Wildlife Resources Gill Net Catch Rates 1993-2000. 
(Data source: Wiley and Thompsen, 2000) 
 
 

CONCLUSIONS ON FISHERY IMPAIRMENT 
The DO and temperature data would tend to indicate 
limited fish habitat, however, the healthy fish population 
observed by DWR seems to indicate the opposite. The 
best conclusion that can be drawn from this information is 
that while there are areas in the reservoir where fish 
populations are likely stressed during the months of deep 
stratification, stressors are not fatal. It appears that other 
areas exist providing adequate habitat during the critical 
period. In addition, the high temperature penetration in the 
epilimnion often only exceeded the 20 deg C standard by 
one or two degrees while the hypolimnion DO depletion 
generally decreases gradually with depth where hardy fish 
may be capable to survive below the habitat envelope in 
waters of 3-4 mg/l DO.  

Another explanation for the healthy fish population is that, 
except for 1994, it appeared that when the fish habitat 
envelope was squeezed in one portion of the lake that the 
other location had a more reasonable envelope. For 
example, in 1995 and 1996 the midlake location indicated 
a stressed fish habitat while the above dam location 
indicated a much better habitat, and in 1998 and 1999 vice 
versa. Fish populations may be migrating during summer 
months of stratification away from stressing habitats into 
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localized pockets of improved habitat throughout the 
reservoir or even into the stream channels. 

 
TEMPERATURE DELISTING 
It is recommended that Deer Creek Reservoir be delisted 
from the 303(d) list as impaired for temperature. This 
recommendation is given for the various reasons, 
recognizing that the surface temperatures in Deer Creek 
exceeds state guidelines for a Class 1A cold water fishery 
during the summer months. 

The primary reason for delisting is that our analysis has 
determined that the source of temperature impairment is 
not induced by human activities. The primary source of 
heat in the reservoir is solar radiation and natural 
environmental factors. The most significant inflow to Deer 
Creek is Provo River. The upstream Jordanelle Reservoir 
has the ability to control water temperature in Provo River 
through selective level outlet works (SLOW) withdrawal. 

Figure 3-4 shows the temperatures in Provo River during 
optimized operation of Jordanelle during 1996. As shown, 
the temperatures of the river entering Jordanelle Reservoir 
above Hailstone during the critical months of July and 
August are two to six degrees (Celsius) higher than the 
temperatures of water being released below the dam. 
Before the construction of Jordanelle, these higher 
temperature waters would continue to increase in 
temperature through the three to four mile stretch of river 
now inundated by Jordanelle Reservoir and the 10-mile 
stretch from the dam location to Deer Creek Reservoir. 

Figure 3-5 shows the diurnal and average temperatures in 
Provo River just before it discharges into Deer Creek 
Reservoir. The maximum temperatures represent the peak 
day temperatures where solar radiation causes rises in 
temperature through the 10-mile stretch between 
Jordanelle Dam and Deer Creek Reservoir. The minimum 
temperature is the night temperature which closely reflects 
the temperature of water discharged from Jordanelle since 
solar radiation is not present. This data indicates how 
temperature reductions in the SLOW are currently 
maximized. 
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average concentrations of 0.03, 0.04 and 0.05 mg/l. The 
actual concentrations for the input were varied based on 
seasonal patterns which indicate a increase in flow and 
total phosphorus during spring runoff. 

Figure 3-6 shows the model results of the three scenarios 
on the dissolved oxygen water column in the critical month 
of August. 

Figure 3-7. Predictive Model Results on Dissolved Oxygen Water Column 
 
 
 

 

The 0.03, 0.04, and 0.05 mg/l total phosphorus scenarios 
show low dissolved oxygen levels in 46%, 54%, and 59% 
of the water column. The model seems to indicate that to 
achieve a state where 50% of the water column has 
adequate D.O. levels, the in-stream concentrations would 
need to be approximately 0.035 mg/l. 

Current water column DO depletions in the reservoir reach 
on average 70% (during the month of greatest 
stratification) of the water column with an average current 
stream concentration at 0.03 mg/l. It is believed that the 
discrepancy between the model and the current conditions 
is caused due to a lagging of the reservoir response to 
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improved conditions. The organics that have been 
deposited in the reservoir bottom sediments in the past 
from eras of poorer water quality may be continuing to 
consume oxygen. Even though current water quality 
showed an impeded eutrophication, they will likely cause 
continued depletion of the dissolved oxygen during 
stratification until these organics have been digested 
completely. 

 

 
Trophic State Index 
Chapter 2 documents the improvements to Deer Creek 
Reservoir based on the Carlson Trophic State Index (TSI). 
Figure 2-6 shows how the reservoir has improved, based 
on TSI, from a eutrophic to a mesotrophic reservoir over 
the period of the last 20 years. The current TSI values 
range between 40 to 45, which indicates a beneficial 
balance of productivity. This is consistent with where Deer 
Creek Reservoir should be maintained. 

 

 
Algae Biomass Analysis 
Algae samples have been collected in Deer Creek 
Reservoir since the 1970’s. Dr. Sam Rushforth, a research 
biologist, of Utah Valley State College has been JTAC’s 
consultant on algae productivity. Each year he prepares an 
annual assessment of algae biomass. Recently he 
completed an analysis to study the time series from 1971 
to 1999 (Rushforth et al., 2001). Conclusions of this study 
which are significant to this TMDL analysis are as follows: 

1. The most remarkable aspect of this data set is the 
decrease in total phytoplankton biomass 
(biovolume) from the 1971-1980 study period. This 
decrease in total biomass has been nearly two 
orders of magnitude. This biomass reduction is 
likely due to phosphorus control efforts conducted 
in the 1980s. 

2. Every phytoplankton division has decreased 
substantially in biomass except Chrysophyta. The 
increase in Chrysophyta biomass has been 
negligible. 

3. Deer Creek Reservoir has shown a substantial 
increase in phytoplankton community diversity 
through the study period. 

4. Deer Creek Reservoir is a diatom-dominated 
ecosystem. Diatom dominance has dimininished 
during the past 15 years but continues to the 
present. 

5. Cyanophyta have increased in relative density in 
the reservoir but, more important, have decreased 
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in biomass. The noxious Aphanizonmenon flos-
aquae and Anabaena spiroides var. crassa have 
decreased substantially while Microcystis incerta 
increased in biomass. 

6. Blooms of cyanobaceria occurred during some fall 
months of the 19990s that approached biomass 
levels seen for cyanophyte “blooms” in the 1970s. It 
is important to continue monitoring Deer Creek 
Reservoir to follow changes in cyanophytes in the 
future. In particular, it seems important to develop 
an operating plan for Jordanelle Reservoir to help 
reduce cyanobacteria populations during fall 
months. Furthermore, take autumn “blooms” of 
cyanobacteria indicate the need to locate and limit 
nutrient sources during this period. 

 
Figures 3-8 shows the current levels of major algae types 
in Deer Creek Reservoir based on Rushforths analyses. As 
shown, low biomass has been recorded from 1990 to 1998. 
It is believed that the endpoint should reflect a 
maintenance of these conditions. The average biomass 
during this period is approximately 6.5x107 um3/ml. Since 
cyanophytes are the largest concern of the four algae 
categories, it is recommended that an endpoint be 
established such that cyanophyte comprise of less than 
half the total biomass or 3.3x107 um3/ml. 

Figure 3-8. Total Biomass of all divisions from total plankton samples in Deer Creek 
Reservoir, 1986-2000. (Source: Rushforth and Sinclair, 2001) 
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Endpoint/Target Recommendations and Conclusions 
The results of the analyses seem to indicate a fairly healthy 
reservoir that can be classified as a stable mesotrophic 
system. Compared to the 1980’s, the reservoir has 
improved dramatically from a eutrophic status. All trophic 
indicator parameters have improved since then such as 
algae biomass, Secchi depth, phosphorus concentrations 
(as evidenced by TSI improvements in Figure 2-6), and 
oxygen depletion (see Figure 2-5). Many of these 
improvements are related to clean-up programs and water 
quality improvement projects. 

The water quality history of the reservoir highlights the 
sensitivity of the reservoir and the need to be aware of the 
potential impacts of phosphorus loading. The current 
health of the reservoir, however, indicates that major 
improvements are not needed, but instead, the 
reservoir needs a management plan that stresses 
protection and maintenance of the current water 
quality conditions, especially as Wasatch County 
continues to experience large growth in the Heber 
Valley and Jordanelle Basin. There is a general 
consensus among the water quality specialists in JTAC 
that this should be the management direction for the 
reservoir. 

Following this concept, the endpoints and targets that are 
recommended in this study are maintenance of current 
loading levels. However, as is discussed in Chapter 4, 
loading reductions will be necessary to accommodate a 
margin of safety and future loading sources. Table 3-4 
summarizes the recommended endpoints. 
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Table 3-4: Summary of Recommended Targets/Endpoints 
Parameter Current (Avg. for 96-99) Proposed Target Notes 
Dissolved Oxygen 
Water Column % 
Impaired 

65% of column with DO 
<4.0mg/l 

<50% of column with DO 
<4.0mg/l 

Further studies may be 
conducted to determine fish 
habitat in Deer Creek 
Reservoir during stratified 
months and endpoint adjusted 
accordingly. 

Fish Habitat 
Indicator 

No Fish Kills have been 
reported 

No Fish Kills  

In-lake Phosphorus 
Concentration 

0.025 mg/l TP 0.025 mg/l TP (Avg all 
depths) 

Annual average of all 
measurements at all depths. 

In-stream 
Phosphorus 
Concentration 

0.030 mg/l TP 
0.015 mg/l DTP 

0.030 mg/l TP 
0.015 mg/l DTP 

Annual average flow weighted 
concentration. 

Phosphorus Loads 
to Lake 

15,300 kg/yr TP 
9,700 kg/yr DTP 

15,300 kg/yr TP 
9,700 kg/yr DTP 
560 kg/mo TP for Aug-Oct 
350 kg/mo DTP for Aug-Oct 

 

Average TSI 42.1 40-45 Average of Phosphorus, 
Secchi Depth and Chlorophyll 
a TSI for samples taken in 
May through September. 

Algae Biomass 5.1 ug/l Chlorophyll a 
6.5x107 um3/ml Biomass 
3.3x107 um3/ml Cyanophyta 

5.1 ug/l Chlorophyll a 
6.5x107 um3/ml Biomass 
3.3x107 um3/ml Cyanophyta 

 

 




