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Utah’s Nutrient Program 
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Direct Effects of Nutrients 
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 Nitrates 
 High levels of nitrate cause blue baby syndrome. 

 Drinking water aquifer contamination occurs in Sanpete and 

Sevier Valleys, Cottonwood Mutual (Morgan County), Millville, 

and Mendon.  

 

 Ammonia 
 Direct toxic to aquatic life. 

 Utah has 4 streams impaired for ammonia and two new listings 

for ammonia anticipated in 2016 IR. 
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Nutrient Pollution Threatens Utah Waters 
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Livestock Aquatic life Aesthetics Recreation Drinking Water 



Division of Water Quality 

Western Forested Ecoregion (II) Xeric West Ecoregion (III) 

Rivers and Streams Lakes and Reservoirs 

TP (mg/L) TN (mg/L) TP (mg/L) TN (mg/L) 

Western Forested Ecoregions (II) 
Wasatch and Uintah Mountains (19) 

0.01 0.34 0.005 0.21 

Xeric West Ecoregion (II) 
Central Basin and Range 
Subecoregion (13) 

0.028 0.425 0.03 0.51 

Xeric West Ecoregion (II) 
Colorado Plateaus Subecoregion (20) 

0.02 0.553 0.003 0.15 

EPA’s Ecoregional Criteria: 2002 - 2004 
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Clean Water Act 
Tool 

Approach/ 
Rationale 

Permit 
Implications 

Utah’s Nutrient 
Strategy 

Application 

TMDL 
Recover impaired 

waters 
WQBELs 

Nutrient Impaired 
waters (e.g. Bear 

River, Echo Reservoir) 

Numeric Nutrient 
Criteria 

State-wide WQBELs 
EPA’s Ecoregional 

Criteria 

Water body type WQBELs Headwater NNC 

Site-specific WQBELs 
Prioritize receiving 
waters across state 

Technology Based 
Effluent Limits 

“Hold the Line” TBELs 
TBPEL for mechanical 
discharging facilities 

Nutrient Reduction Tools 
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1. “Hold the Line” on nutrients with 

the TBPEL. 

2. Plan for growth. 

3. Develop site-specific nutrient 

standards. 

  Contingent on TBPEL 

4. Continue TMDL development in 

impaired waters. 

5. Continue nonpoint source 

project implementation. 

6. “Do nothing” is not an option. 

 

Overall Nutrient Reduction Strategy 
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National Progress 

State TBPEL 
(mg/L) 

Chesapeake Bay 0.1 

Maryland 0.3 

Montana 1 

Colorado 1 

Iowa 1 

Minnesota 1 

Pennsylvania 1 

Illinois 1 

Ohio 1 

Michigan 1 

Georgia 1 

Utah 1 





Response to Primary Scientific 

Points Raised by Dr. Merritt 



Division of Water Quality 

Rivers and Streams Lakes and Reservoirs 

TP (mg/L) TN (mg/L) TP (mg/L) TN (mg/L) 

Western Forested Ecoregions (II) 0.003 – 0.0325 ND – 0.53 0.005 – 0.021 0.1 – 0.8 

Wasatch and Uintah Mountains (19) 0.01 0.34 0.005 0.21 

Natural Nutrient Concentrations – Western 

Forested Ecoregion 
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Natural Nutrient Concentrations – Xeric 

West Ecoregion 

Rivers and Streams Lakes and Reservoirs 

TP (mg/L) TN (mg/L) TP (mg/L) TN (mg/L) 

Xeric West Ecoregion (II) 0.01 – 0.055 0.22 – 0.90 0.003 – 0.172 0.15 – 1.44 

Central Basin and Range 
Subecoregion (13) 

0.028 0.425 0.03 0.51 

Xeric West Ecoregion (II) 
Colorado Plateaus Subecoregion (20) 

0.02 0.553 0.003 0.15 
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Utah’s Ambient Total Phosphorus 
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Hawkins et al. 2010 
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Example of naturally high phosphorus 
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Park City
Mountain

Resort

Area 1

Area 2

Park City
Thursday, November 4, 2010  4:32:10 PM

V:\16s\16060\Maps\Report\Phosphorous_concentrations.mxd

High Phosphorus Soils
in Snyderville Basin

Soil Phosphorous Concentration (mg/kg)*

0-1,000 mg/kg - Background

No Data - Likely High

1,000-5,000 mg/kg - High

5,000-10,000 mg/kg - Very High

10,000-20,000 mg/kg - Extremely High

Road

Stream

0 2,000 4,000 Feet 0 1,000 2,000 Feet

Area 2Area 1

East Canyon Creek Watershed
 Phosphorus Deposit Mapping
 Final Report, 2008

* Source:

Imagery taken from National Agricultural

Imagery Program (NAIP) natural color aerial
photography 1-meter resolution, 2009.
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Nutrient Concentrations down-gradient of 

POTWs 
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  Number of 

samples 

Average TN 

(mg/L) 

Average TP 

(mg/L) 

Reference sites 15 0.25 0.027 

Sites above WWTPs 7 1.16 0.098 

Sites below WWTPs 7 6.57 1.72 

• Sites represent state-wide gradients 
• Response variables 

• Nutrient saturation 
• Organic matter standing stocks 
• Whole stream metabolism 
• Macroinvertebrates 
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Historical trends in Farmington Bay 
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Utah Lake 

18 

 Claim that Utah Lake is naturally turbid and eutrophic is 

unsubstantiated and deserves further study. 

 Studies of historic Utah Lake condition indicate a transition 

from clear lake to the current eutrophic turbid lake in the 

20th century. 

 Shallow lake ecology is different from ecology of deep 

mountain lakes and reservoirs. 

 Relationship between nutrients, turbidity, and algal growth 

will require site-specific investigation. 
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Limiting Factors 
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Image source: schoolworkhelper.net 

 Limiting factor: Growth occurs at the rate 

permitted by the most limiting factor.  
 Nutrients, light, physical space, temperature, salinity 

 

 Not static. 
 Change over a day, season, or year. 

 

 Important to differentiate current limiting 

factor from natural and potential limiting 

factors. 



Utah Lake Nutrients 

1.  What are the actual in-lake conditions? 

 

Carlson Trophic State Index  
(In-lake conditions—usually use the average of summer conditions) 

Utah Lake in red: 

     Trophic Index            Chl a (ug/l)         P (ug/l) Secchi Disk (m) Trophic Class 

<30—40 0—2.6 0—12 >8—4 Oligotrophic 

40—50 2.6—20 12—24 4—2 Mesotrophic 

50—70 20—56 24—96 2—0.5 Eutrophic 

70—100+ 56—155+ 96—384+ 0.5—<0.25 Hyper-eutrophic 

Slide source: LaVere Merritt presentation at WEAU, April 2016 



Carlson 1992 
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Utah Lake Trophic State 
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Trophic State Continuum 

Figure source: LaVere Merritt presentation at WEAU, April 2016 
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Health as a Continuum 
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Complex relationships require empirical 

study and modeling tools 



Utah Lake Model Selection 
Model Name WASP CAEDYM PCLAKE CE-QUAL-W2 

Spatial Dimension 1D-H 1D-V 0D 2D-V  

Stratification - + - + 

Inorganic Sediment Groups 3 2 1 >3 

Littoral Zone  - + + - 

Phytoplankton Groups  3 7 3 >3 

Zooplankton Groups  1 5 1 >3 

Benthic Algae Groups  1 4 1 >3 

Macrophyte Groups  + 1 1 >3 

Macroinvertebrate Groups 0 3 1 0 

Fish Groups  0 3 3 0 

Bird Groups  0 0 0 0 

Hydrodynamics  + + ±  + 

Temperature Dynamics  + + + + 

Oxygen Dynamics  + + + + 

Inorganic Carbon (CO2/DIC) Dynamics + + - + 

Organic Carbon (DOC/POC ) Dynamics  + + + + 

Microbial Dynamics  + + ±  + 

Internal Phosphorus Dynamics  + + + + 

Phosphorus Sorption to Sediment ± + ± ± 

Internal Nitrogen Dynamics  + + + + 

Internal Silica Dynamics  + + ±  + 

Sedimentation/Resuspension  ±  + ± ±  

Sediment Diagenesis  + + ± + 

Fisheries Management - ±  + - 

Dredging  - - + - 

Mowing  - - + - 

Ice Cover + - - + 

Clear-Turbid State Transition - ± + ± 

+ capable 

± partially capable 

- not capable 
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 Phosphorus transformations 

 Organic  inorganic 

 Internal P loading dynamics 

 Adsorption & desorption to sediments 

 Settling, resuspension and burial of sediment bound P 

 Lag time of response to P load reduction 

Key Lake Processes: Phosphorus Cycle 
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Clear versus turbid lake states 
  Role of nutrients, carp, and chemistry 

Role of internal cycling of nutrients in Utah Lake ecology 
What role do phosphorus and nitrogen play in algal blooms? 

How prevalent are cyanobacteria blooms? 

Utah Lake Nutrient Related Research Needs 
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Utah Lake – Jordan River – Great Salt Lake 

Farmington Bay 

Jordan River Utah Lake 

Impounded Wetlands 

Wetlands and Ponds 
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Population Growth 
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TBPEL 
Utah Lake Basin: 176% Growth 
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Utah Lake POTWs 
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TP Load Reduction 
(lbs/yr) 

TP Load 
Reduction 

(tons/year) 

Cost per  
ERU/month 

Current TP 
Concentration 

Timpanogos 0 (~58,500 lbs/year 
reduction already 

achieved) 

0 (~30 reduction 
already achieved) 

$0.13 1.0 mg/L 

Provo City Water 
Reclamation Facility 

114,130 57 tons $1.53 4.23 mg/L 

Orem 0 (130,000 lbs/year 
reduction already 

achieved) 

0 (~65 ton/yr 
reduction already 

achieved) 

$0.15 1.0 mg/L 

Payson 12,110 6 $1.89 4.10 mg/L 

Spanish Fork City 
WWTP 

35,905 18 $3.87 4.47 mg/L 

Springville WWTP 39,000 20 $1.97 5.23 mg/L 
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Nutrient Reduction Success: Deer Creek 

Reservoir 
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Deer Creek Reservoir Algal Blooms (1970s) Deer Creek Reservoir Algal Blooms (1990s) 
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Nutrient Reduction Success: East Canyon 

Reservoir 
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Algal Dominance in East Canyon Reservoir 1995 - 2001

0%

20%

40%

60%

80%

100%

M
a
y

J
u
n

J
u
l

A
u
g

S
e
p

O
c
t

A
n
n
u
a
l

P
e
rc

e
n

t 
B

io
v
o

lu
m

e

Diatom

Other

Green

Blue Green

Algal Dominance in East Canyon Reservoir 2002 - 2007
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Shift from blue green and 

green algae to diatom 

dominated system 

 

 

 

 

 

More data available for 

2002 – 2007 period than 

1995 – 2001 period 



Image source: Leland Myers 
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 Nutrient Ecological Study aimed at evaluating the ecological impacts of nutrient 

additions on the state’s rivers and streams. 

 Economics Benefits Study that quantifies the economics benefits of implementing 

nutrient reductions to surface waters in Utah.  

 POTW Nutrient Removal Cost Impact Study in which the costs of removing nutrients to 

varying degrees was calculated for each mechanical Publicly Owned Treatment Works 

in the state, in collaboration with operators and general managers for each system. 

 Technical Basis for Utah’s Nutrient Strategy that provides the scientific basis for the 

development of numeric nutrient criteria for Utah’s headwater streams. 

 Willard Spur studies to evaluate the effects of nutrient loading on the unique 

ecosystem of Willard Spur. 

 Total Maximum Daily Load studies for Deer Creek Reservoir, Jordanelle Reservoir, 

Rockport and Echo Reservoirs, Cutler Reservoir, Middle Bear River, Lower Bear River, 

Newcastle Reservoir, East Canyon Creek and Reservoir, and Pineview Reservoir, 

among others.   

 Preliminary total maximum daily load studies on Utah Lake.  

 

Nutrient Related Studies funded by Board 

and EPA grants 
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http://www.nutrients.utah.gov/studies/ecology.htm
http://www.nutrients.utah.gov/studies/economic.htm
http://www.nutrients.utah.gov/studies/potw.htm
http://www.nutrients.utah.gov/docs/2015/03Mar/TechnicalBasisforUtNutrient.pdf
http://www.willardspur.utah.gov/
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2006/08Aug/Deer_Creek_Reservoir_TMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2014/10Oct/RockportEchoTMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2010/03Mar/BearRiverCutlerReservoirTMDLsFinalReportFeb2010.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2006/11Nov/Lower_Bear_River_TMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2008/10Oct/Newcastle_Reservoir_TMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2010/05May/EastCanyonTMDLMay2010.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2006/09Sep/Pineview_Res_TMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2006/09Sep/Pineview_Res_TMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2006/09Sep/Pineview_Res_TMDL.pdf
http://www.deq.utah.gov/ProgramsServices/programs/water/watersheds/docs/2009/02Feb/Final_Draft_Task2_Task3_Memo _08-01-07.pdf
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 Utah households  

 97% - important to maintain water quality for future 

generations  

 Report that they are willing to spend $70 million to 

$271 million per year to protect and improve 

waters that are threatened by increasing levels of 

nutrients 

 Utahns spend about $1.4 to $2.4 billion a year on 

trips to the state’s waters for water-based 

recreation activities 

Public Interest in Water Quality 
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Need for Investment to accommodate 
growth and preserve Utah’s Quality of Life 


