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� Nutrient Effects

� History / Background
� Guidance Documents

� Ecoregion Criteria

� Technical Approaches

� Criteria & Plans
� Screening & Assessment
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� Nutrient impairments rank among the highest 
water quality problems in the country

� Problem:  Eutrophication
� N & P enrichment of water bodies
� Results in overproduction of aquatic plants

� Consequences:  Water Quality Impacts
� DO depression and/or diurnal variation
� Algal blooms, scums, mats
� Reduced transparency
� Fish kills, reduced biological diversity
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Lake Pepin (MN)
Murderkill River (DE)

Jackson River (VA)
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� Light and residence (or travel) time effect 
nutrient uptake by algae

� Sufficient nutrients, limited light or low residence 
time, results in slow or limited growth of algae

� Available light is affected by tree canopy,   
color, turbidity, solids

� Residence time is a function of hydrology 
(shallow and fast moving vs. deep and sluggish)
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� Lakes & Reservoirs
� April 2000

� River & Streams
� July 2000

� Estuaries & Coastal Waters
� October 2001

� Wetlands
� September 2007

� States must adopt EPA 
criteria or develop their 
own criteria plan/approach
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� Frequency distribution approach

� Reference conditions
� Empirical relationships

� Site-specific modeling

� Requires consideration of downstream effects
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� 29 Ecoregion criteria 
documents completed

� 14 – Lakes & Reservoirs
� 14 – Rivers & Streams
� 1 – Wetlands

� Used the population 
distribution approach for all

� Criteria based on 25th

percentile
� Assumes 75% of water bodies 

are impaired
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Criteria Development Approach

U
nc

er
ta

in
ty

 in
 C

rit
er

ia Distribution / Reference 
Condition Approach

Empirical Models

Deterministic Models

More

Less



*�

���*�

���

� Uncouples cause and response variables
� Nutrients to chl-a, DO, secchi depth, etc.
� This is why we have DO and not BOD criteria

� Data quality and quantity issues still remain

� USEPA has initiated criteria development but has 
passed to States for finalization

� More info: 
http://www.epa.gov/waterscience/criteria/nutrient/
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� Empirical Models
� Relationships between measured nutrients and effects
� TP vs. chl-a, TN vs. chl-a, secchi vs. chl-a

� Mechanistic Models
� Represents chemical, physical and biological reactions 

in a waterbody
� Simple to complex models
� Eutrophication, periphyton, macrophytes
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� A mathematical representation of the fate and 
transport of pollutants in a water body.

Model:
Transport
Reactions

Input:
Flows, Loads,
Temperature

Output:
SS or TV

Water Quality

Calibration: Relating model inputs to observed data

TMDL (WLA, LA): Determining loads based on WQS
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� One-, Two- or Three-
dimensional

� Depends upon water 
body (river, lake, or 
estuary)

� Complexity increases 
with dimension
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� Describes the motion of the water
� Velocity
� Tidal Mixing
� Stratification

� Free-flowing (river)
� Tidal (river/estuary)

� Wind-driven (lake/estuary)
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� Define water quality issues
� Data collection to support/develop model

� Waterbody characteristics (geometry, depth, flow)
� Loads (PS & NPS)
� Water quality (nutrients, DO, BOD, algae, etc.)

� Selection of appropriate model(s)
� Steady-state or time-variable
� River, lake or estuary
� Landside, receiving water, sediment
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� Model Calibration to data
� Models are only as good as data used to develop
� Apply model to reproduce observed data
� Coefficients adjusted based on studies, literature 

and within acceptable ranges

� Model water quality projections
� Use calibrated model to assess future water quality 

under management scenarios
� Use to develop TMDLs (PS WLAs and NPS LAs)
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� Rivers/Streams
� QUAL2E(K), DIURNAL, CE-QUAL-RIV1

� Lakes/Reservoirs
� BATHTUB, WASP, RCA, CE-QUAL-W2

� Estuaries
� ECOMSED/RCA, EFDC, DYNHYD/EFDC/WASP, 

CH3D-WES/CE-QUAL-ICM

� Watershed
� BASINS, HSPF, SWMM, GWLF, LSPC, TREX
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� To relate Point Source (PS) & 
Non Point Source (NPS) loads to             
existing water quality

� To provide a framework for           
assessing future conditions

� The “What if ?” game

� To determine WLA & LA 
needed to meet water quality 
standards
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� Jackson River (VA) *
� Escambia & Perdido Bay (FL) *
� Fenholloway River (FL)
� East Canyon Creek/Reservoir (UT)
� Delaware Coastal Rivers (TMDLs)
� Rice Creek/St. Johns River (FL)
� Gulf Island Pond (ME) *
� St. Croix River (ME)

� All involve nutrients, BOD, DO & color
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� Located in mountains of VA
� Swift moving river, upstream regulation
� History

� Initial issues were BOD-DO related
� After color removal, nutrients became a new issue
� Increased water clarity allowed more light for 

attached algal growth & increased diurnal DOs

� Current efforts related to periphyton model 
development for determining effluent BOD and 
nutrient WLAs
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Algae Detritus

D.O.Nutrients BOD
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� Located on the Androscoggin River

� Downstream impoundment used for hydropower
� History

� Initial issues were BOD-DO related at depth in pond
� Low DOs primarily due to stratification
� Instream aeration system installed to improve DO levels

� Current efforts related to nutrient impacts for 
determining effluent BOD and nutrient WLAs
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Ref: Water Monitoring Services, Inc. 
(Vassalboro, ME)
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Above Gulf Island Dam 
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� Located on panhandle of FL along Gulf coast

� Large river into tidal estuarine system
� History

� Completed to assess outfall relocation
� Water quality issues were nutrients, DO, BOD
� Coupled hydrodynamic/water quality model

� Modeling used to assess chla and DO changes 
due to proposed discharge to the river as part 
of WQBEL process
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� Obtain best estimate of nutrient criteria
� Use suggested EPA or State developed criteria

� Perform screening analysis to develop estimate of 
potential effluent nutrient limits

� Use dilution to calculate effluent limits

� If cost to achieve is significant, consider modeling 
to develop site-specific nutrient criteria

� To determine criteria based on effects
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Lake Pepin (MN)
Murderkill River (DE)

Jackson River (VA)


