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TMDL Strategy

TMDL Model
&

Recommendations 

TMDL Leads
Watershed Coordinators

“Develop & Guide
Implementation Plans”

“Provide Support through
watershed Planning Process”

Point Source Controls (WLA)
Permit Requirements

Non-point Source Controls (LA)
Non-point Source Plans

TMDL Effectiveness Monitoring



Goals

1) Summarize and link watershed-based 
cleanup efforts to changes in stream habitat 
and biological communities.

2) Distinguish between natural and 
anthropogenic variability that affect changes 
in biological communities over time.

3) Link biological community composition with 
WQ.



Study Design 

• Select stations that will likely respond to 
upstream clean-up efforts.

• Collect macroinvertbrates, periphyton, 
chemical and habitat parameters.

• Two years of baseline data (2009-2010)

• Return  to collect two years of post 
implementation data (2012-2013??).



Site Selection

• Sampling stations based on current 303(d) 
listed segments.

• Results from TMDL.

• Landscape Development Intensity Analysis



Landscape Development Intensity Index

• The LDI is a land use based index of potential human 
disturbance.

• It is calculated spatially based on energy coefficients 
applied to land uses within watersheds.

• Development intensity factors are a function of the 
non-renewable energy use per unit area of land use.

• All non-renewable energies including electricity, fuels, 
fertilizers, pesticides.



Land Use Non Renewable Empower Density
(E14 sej/ha/yr)

LDI Coefficients

Natural System 0.00 0.00 

Pine Plantation 5.10 1.58 

Recreational / Open Space (Low-intensity) 6.55 1.83

Woodland Pasture (with livestock) 8.00 2.02 

Pasture (without livestock) 17.20 2.77 

Low Intensity Pasture (with livestock) 33.31 3.41 

High Intensity Pasture (with livestock 46.74 3.74 

Row crops 107.13 4.54 

Single Family Residential (Low-density) 1,077.00 6.79 

Recreational / Open Space (High-intensity) 1,230.00 6.92 

Single Family Residential (High-density) 2,371.80 7.55 

Highway (2 lane) 3,080.00 7.81 

Low Intensity Commercial 3,758.00 8.00 

Industrial (commercial ,mining) 5,210.60 8.32

Multi-family Residential (High rise) 12,825.00 9.19 

Central Business District (Average 4 stories) 29,401.30 10.00 



LDI Score Description

0-2.00 Low Impact 
Nearly Pristine conditions

2.01-5.50 Medium Impact
Low Intensity Residential /Agricultural

5.51-10.00 High Impact
Urban



 Assign LDI Non-Renewable      
Coefficients to Land Use Parcels





Site Map



Parameters

Habitat Parameters

• Substrate size

• Canopy cover

• Width/depth

• Slope

• Stream bank cover

• Discharge

Chemical Parameters

• DO

• pH

• Conductivity

• Temp (continuous)

• Nutrients (some stations)



Biological Monitoring

Periphyton

• Diatoms/algae

• Cosmopolitan

• Communities similar 
world wide



Biological Monitoring

Macroinvertebrates

• Mayflies, stoneflies, etc.

• More regionally specific

• Good regional models 
useful for WQ standards

• Used statewide as WQ 
indicator



Preliminary Results

Similarity Analysis

• Groups sites based on species composition

• Does not include species abundance (yet!).

• It is the first step in a long statistical process.
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Periphyton Similarity Analysis
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Macroinvertebrate Similarity Analysis



What does it all mean?

• RM 0.5 (Tumwater) had the most dissimilar 
macroinvertebrate and periphyton
communities when compared to rest of 
stations

• All of our “least impact” stations (LDI based) 
group in the same category for periphtyon

• 3 of 4 for macroinvertebrates

• RM  6.8 and 12.1 group similar for both



What does it all mean?
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Next Steps

• Perform analysis with other data to determine 
what driving community structure.

– Compare with habitat, hydrograph, chemistry, 
land use

– Compare with least impacted areas to determine 
anthropogenic impacts (based on LDI scores)

• What does the data say about water quality?



What do Metrics Say About WQ?
Metric Response Description

% Obligate Nitrogen-Heterotrophs + Taxa require continuous elevated 
concentrations of organically 

bound nitrogen, increases with 
severe organic enrichment.

% Nitzschia individuals + Generally increases in response to 
nutrient enrichment, 
sedimentation or salinity

% Encyonema individuals - Decrease in response to nutrients

% Acidobiontic + Diatoms mainly occur in waters pH 
<5.5, increases in response to acid-
mine drainage

% Oligosaprobous - Taxa mainly occur in waters with 
dissolved oxygen sat. >85% and 
BOD <2 mg/L, decreases with 
inorganic and organic nutrient
enrichment









Implementation Tracking

• What?

– x feet of riparian fencing, x feet of riparian 
planting, septic system repair. 

• Where?

– At smallest scale possible (lat, long)

• When?

– Dates when implementation occurred



Bringing it all together

• Spatially represent 
activities in GIS layer

• Statistically measure 
changes in biology, 
habitat and water 
quality with efforts. 

• Feedback loop to effort

• Tracking success and 
propose future action. 



For more information contact:

Scott Collyard
Department of Ecology
Environmental Assessment Program
Directed Studies Unit
360-407-6455
Scott.Collyard@ecy.wa.gov
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