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 Introduction
 Data Quantity and Quality
 Surface Water Monitoring
 Typical Monitoring Needs
 Nutrient Sources:

• Point Source Dischargers
• Stormwater
• Nonpoint Sources
• Other NPS
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1. What sources are contributing to the problem and how can 
they best be characterized?

2. How should sources be grouped to facilitate load 
estimation and TMDL allocation?

3. What are the primary processes or delivery mechanisms 
from the various source categories under consideration?

4. What is the appropriate level of spatial and temporal detail 
for determination of the source loading?

5. What analysis techniques are appropriate for estimating 
the source loads?

6. What changes does the proposed rule speak to?

from: www.epa.gov/owow/tmdl/nutrient/pdf/nutrient.pdf
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1. Using all available information, develop a comprehensive list of
the potential and actual nutrient sources to the waterbody of 
concern.

• Develop a plan for identifying and accounting for the load originating 
from the identified sources in the watershed.

2. Use GIS or maps to document the location of sources and the 
processes important for delivery to the waterbody.

• Group sources into some appropriate management unit (e.g., by 
delivery mechanism or common characteristics) for evaluation using 
the available resources and analytical tools.

3. Ideally, monitoring data should be used to estimate the magnitude 
of loads from various sources. 

• Without such data, some combination of literature values, best 
professional judgment, and appropriate analytical tools or models will 
be necessary. 

• In general, the simplest approach that provides meaningful predictions 
should be used.

from: www.epa.gov/owow/tmdl/nutrient/pdf/nutrient.pdf
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 Maintained on EPA website:
• http://www.epa.gov/waterscience/criteria/nutrient/database/

 Stores and analyzes ambient nutrient 
water quality data

 Data grouped by specific waterbody and 
parameters

 Can be queried by State & Ecoregion for 
statistical reports & graphs

 Data from 1999 and earlier
• Mostly data from early-mid 1990s
• EPA considering update of database
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 Stakeholders (linked to likely nutrient sources) 
should be drawn into planning process as early as 
possible to:
• verify their loadings and future plans that could impact 

nutrient loading (to provide better input data) and 
• assess possible partnership opportunities 

– Existing data or resources for additional monitoring

 Collaboration with other local entities – such as 
federal facilities, Tribal Councils, and local 
governments – may be important
• Sources of information and data
• Resources for monitoring
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 Source assessment primarily focuses on nutrient 
information, including monitoring, and not the modeling 
assessment.
• However, knowledge of the modeling needs is important to 

gather the right information.

 Model calibration and verification 
• Often for a recent data period

 Planning horizon, say 20 or 25 
yrs, should be established 
early
• Important when gathering data 

about future conditions
• Allocations should be 

protective of future as well as 
existing conditions
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 Data are needed to:
• Support identified 

indicators/targets for 
establishing nutrient 
TMDLs

• Provide future 
compliance loadings

� Identify sources of 
existing data 

 Matching resources to needs may force the use 
of regional or literature values
• Third party data often difficult to gage accuracy
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 EPA requires & supports quality assurance methods

• http://www.epa.gov/quality/qa_docs.html#guidance
 Many states now have “ credible data” laws requiring 

documentation of TMDL data quality
• e.g. Washington State: 

http://www.ecy.wa.gov/programs/wq/qa/index.html

 …and it’s just 
 good science!!!
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 Study Design

• Targets for nutrients
– Numeric criteria for pH or DO
– Narrative criteria for clarity or aesthetics
– Trophic status indices
– State-adopted nutrient criteria

• Geographic, topographic, and hydrologic 
features
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 Study Design (cont.)
• Estuaries, lakes, rivers, streams

– Dimensional factors: 1, 2 or 3-D model

• Temporal variability of sources
– Annual, seasonal, diurnal, episodic
– Point sources typically perennial with variability on 

daily, weekly, or seasonal scale
– Wet weather sources intermittent with variability on 

hourly, daily, or seasonal scale

• Challenge: source monitoring of highly variable 
sources translated into “ daily” loads
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 Calibration and verification of model needs 
often includes:
• Water chemistry

– Nutrients, pH, conductivity, TOC, TSS
– Laboratory methods for nutrients may be an issue

> Total Kjeldahl N vs. Total Persulfate N
> Detection levels (e.g. low-level phosphorus methods)
> Filtering and digestion methods

• Physical properties 
– Flow, tides, temperature, clarity
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 Calibration and verification of model needs 
often includes:
• Biological properties 

– Phytoplankton, periphyton, macrophytes
> Biomass, Density, ID

– BOD (5-day and ultimate)

• Total Productivity
– Diurnal DO assessment w/ datalogger
– Light/dark bottle methodology
– C-14 uptake methods
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 Calibration and verification of model needs 
often includes:  (cont.)
• Kinetic rates and coefficients

– Light attenuation
– Productivity: light/dark bottle study, C-14
– Nitrification, denitrification

• Sediment interactions
– Settling rates
– Sediment nutrient flux
– Sediment Oxygen Demand
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 Calibration and verification of model needs 
often includes:  (cont.)
• Meteorology

– NWS sometimes adequate, but
– Local sites often necessary

> Local rain cells (especially thunderstorms)
> Local winds (especially canyons and valleys)
> Other local conditions (temperature, fog)

– Precipitation
– Wind speed and direction
– Cloud cover and haze
– Solar radiation
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 Calibration and verification of model needs 
often includes:  (cont.)
• Current and Future land use assessments
• Recent data may be needed for rapidly 

changing areas

 Note:  Remote sensing data becoming 
more plentiful, such as:
• LiDAR
• FLIR
• Chlorophyll-a irradiance
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 Permitted capacity vs. actual discharge
• Baseline model 

calibration based 
on observed flow 
and concentrations

 Future WWTF 
 flow capacity

• Effluent concentrations may be lower for 
current conditions, but higher for build-out

• Look at both plant capacity and community 
growth projections
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 TMDL often means 

load calculations
• Concentration and flow
• Hourly, daily, and 

seasonal variability

 Discharger vs. 
agency or third-party 
monitoring 
• Often only for 

regulated discharges
• Required monitoring 

usually not adequate
• Data collection 

requirements differ 
based on flow rate 
from plant
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• TN & TP monitoring 
added to NPDES permits 
(report only) 
10� years earlier

• Ambient river 
monitoring required by 
permit

– Split between county and 
utilities

– Additional sampling by 
other agencies
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• NPDES stormwater must have a Wasteload Allocation

• Non-NPDES stormwater may receive a Load Allocation

• see: 
http://www.dcr.virginia.gov/documents/swmwtrepatmdl.pdf

• Monitoring is very challenging and requires careful 
planning and extensive resources



23

 Stormwater NPDES program implemented in two phases:

 Phase I (1990) addresses the following sources:
• "Large"  and "medium"  municipal separate storm sewer systems 

(MS4s) in incorporated places and counties with populations of 
100,000 or more, and 

• Eleven categories of industrial activity, including construction
that disturbs 5 or more acres of land. 

 Phase II (1999) addresses additional sources, including MS4s 
not regulated under Phase I (>10,000 people), and 
construction activity disturbing between 1 and 5 acres. 
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 Phase I Permits
• Permittees required to sample 

stormwater and estimate their BMP 
loading reductions

• Estimate updated yearly, then major 
renewal every 5 years for last 10 
years

 Phase II Permits
• Permittees not always required to 

sample stormwater, but must 
estimate their loadings and 
reductions

• Presumably updated every year for 
first 5 years, then less frequently
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 Storm event monitoring

• Runoff-pollutant relationships 
– Time series and flow-concentration relationships
– first flush
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 Storm event monitoring

• Runoff-pollutant relationships 
– Event mean concentration (EMC)
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Storm event monitoring

• Runoff-pollutant relationships (continued)
– Literature values often used
– Empirical models (multi-variate relationships)
– Runoff models (e.g. SWMM)
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Storm event monitoring

• Magnitude and duration of event
– minimum standards for significant event (e.g. 1” /48 hrs)

• Number and timing of samples
• Grabs vs. composites
• Land uses
• BMPs

 Base flow from 
stormwater system
• Issue in some areas (e.g., So. Calif.)
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 Upstream and Tributary Sources 
• Monitoring at tributary mouths
• Watershed modeling

– Watershed models (e.g. WARMF or HSPF) may help 
to define attenuation 

– Statistical methods

 Atmospheric Deposition
• Site-specific measurements

– Atypical 

• National Atmospheric Deposition Program 
– Typically regional in nature



30

) � " � � � , � 
 � � � 
 � � � � � � � � �) � " � � � , � 
 � � � 
 � � � � � � � � �) � " � � � , � 
 � � � 
 � � � � � � � � �) � " � � � , � 
 � � � 
 � � � � � � � � �
 Groundwater Sources

• Piezometer studies
• Seepage studies
• Groundwater models

 Non-permitted 
 Stormwater

• Mapping, monitoring, 
and modeling challenge

• Future land uses

 Septic Service Areas
• Could be significant, but literature varies

 Anthropogenic vs. “ Natural Background”
• Geologic sources, vegetation and wildlife
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• Sediment deposition and re-release

– Organic or adsorbed nutrients may settle to bottom
– Sediments re-release nutrients in different season

• May dominate water column nutrients 
seasonally, especially in lakes

• Challenging area for monitoring
– Sediment settling rates
– Nutrient flux 

from sediments
– Relationship to 

aerobic/anaerobic 
conditions
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Fig. 3. Changes in dissolved reactive phosphorus concentration of the water column under (a) anaerobic and (b) aerobic 
conditions from sediment cores of Beauclair Bluff (BB), Doctors Lake (DL), Collee Cove (CC), and Racy Point (RP) (n 3 per site).
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• DO impaired by TP
• Lake profiles
• Tributaries
• 22 subwatersheds

– 9 index tributaries

• Diversion into lake
• Withdrawals from lake
• Part City, part County
• Part Phase 2 permit
• Development and 

Growth a big issue
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