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Future Concerns for Stormwater Management

• >200 years to implement watershed plans based on current 
funding levels.

• Regulatory implications
– Impaired water bodies
– TMDLs– TMDLs
– Compliance/non-compliance with permit

• Continued degradation of systems & response time lagContinued degradation of systems & response time lag.

• Quantify effectiveness of newer technologies, 
older controls & future implementationolder controls & future implementation 
efforts.

Source: Shannon Curtis



The Challengesg

BMP induced changes are difficult to quantify 
t th t h d lat the watershed scale:

 Environmental factors cause great variability
need to separate signal from noise– need to separate signal from noise,

 Lag times may be considerable,

Collect numerous samples and continuous data at Collect numerous samples and continuous data at 
multiple sites over extended periods of timemultiple sites over extended periods of timemultiple sites over extended periods of time.multiple sites over extended periods of time.



Study Objectivesy j

11. Generate long-term monitoring data to describe:
 Current water-quality (sediment and nutrients) and quantity 

conditions,
 T d i t lit d tit Trends in water-quality and quantity,
 Nutrient and Sediment Loads and Yields.

2 Evaluate relations between observed2. Evaluate relations between observed 
conditions/trends and BMP implementation.

3 T f th d t di i d t th l3. Transfer the understanding gained to other less-
intensively monitored watersheds.



Approach: Intensive Monitoring

 Operate four intensive 
monitoring stations

pp g

monitoring stations
 5 – 10 years of data collection

- Continuous-record stream gage 
Continuous water quality monitor- Continuous water-quality monitor 
(turbidity, pH, SC, water temp)

- Automated stream sampler (storm 
samples)samples)
- Nutrients & Sediment

- Scheduled monthly sampling
- Nutrients & Sediment

- Annual benthic monitoring
 Evaluate trends and loads.



Approach: BMP Evaluationpp

 Assemble BMP implementation dataset for 
it d t h dAll F i f C t W t h dAll F i f C t W t h dmonitored watersheds.
 Extent of BMP implementation.
 Types of BMPs installed.
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Approach: Knowledge Transfer

 Operate 10 trend monitoring 
t ti

pp g

stations.
 Partial-record stream gage 
 Scheduled monthly samplingScheduled monthly sampling 
 Nutrients & Sediment

 Annual benthic monitoring
 Evaluate trends in water quality Evaluate trends in water-quality 

and quantity.
 Evaluate relations between trend-

and intensive monitoring sites.



Site Selection Approach

 Applied cluster analysis to classify sites based on 
watershed characteristics. 
 Land use and age of development.
 Existing water-quality and benthic macro-invertebrate data.
 Presence/amount of BMPs currently in watershed.

P t i i

IndustrialIndustrial

 Percent imperviousness.

 All basins < 6 mi2.
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Distribution of Basin Characteristics
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Network Captain Hickory Run
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Methods

 Turbidity Threshold Sampling
 Autosamplers triggered by algorithm evaluating 

realtime sensor data
 Turbidity, flow, timeTurbidity, flow, time

 Surrogates
 Continuous water-quality data used to estimate q y

continuous traces of sediment and nutrients
 LOADEST
 Sediment and nutrient loads computed using 

surrogate relations within LOADEST



Status

 Continuous water-quality and streamflow 
data since Fall 2007data since Fall 2007
 35,000+ measurements per year of 6-7 parameters

 Monthly and storm-event sampling since 
Spring 2008.Spring 2008.
 Over 750 suspended sediment samples collected.
 Over 650 nutrient samples collected.p

 Preliminary data analysis….



Suspended Sediment Load
Difficult Run 2008 WYDifficult Run 2008 WY

Term Estimate Std Error t Ratio Prob>|t| VIF
Intercept 0.6234086 0.179798 3.47 0.0009 .
Log(Turbidity) 0.7866 0.081047 9.71 <.0001 4.8584813
Log(Q) 0 3725171 0 090522 4 12 0 0001 4 8584813Log(Q) 0.3725171 0.090522 4.12 0.0001 4.8584813

R-square 0.925
R-square Adjusted 0.923
Root Mean Square Error 0.622
Mean of Response 5.492
Observations 74



Suspended Sediment Yieldsp



Nitrogen – Monthly Samples
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Total Phosphorus – Monthly Samples
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Orthophosphorus – Monthly Samples
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Benthic Macroinvertebrate Data

Fairfax County Benthic IBI Scores
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Data Dissemination

 Realtime data and sampling results via 
G l MGoogle Map



Link to 
NWISWEB

Most recent
Realtime Data



Data Dissemination

 Realtime data and sampling results via 
G l MGoogle Map

 FUTURE: Realtime concentration and load 
estimates



UPDATES – Proposed MS4 Permitp

 Fairfax County MS4 Permit Monitoring
 Proposed permit would utilize this study to satisfy 

monitoring requirements
 Legal requirement to continue monitoring ensuresLegal requirement to continue monitoring ensures 

long-term support of study



UPDATES – Proposed Additionsp

 Chesapeake Bay Executive Order
 Focal Watersheds – Difficult Run
 Proposed Study
 Process level evaluation of nutrient and sediment transportp

 2 additional intensive monitoring stations – mouth and mid-basin
 Nutrient Source Identification

 Nutrient Isotopes
 Hydrograph separations

 Geochemical tracers & isotopes
 Improved sediment source and fate understanding

 Sediment fingerprinting Sediment fingerprinting
 Bank erosion/floodplain deposition

Some portion of this work is expected to be funded in FY 2011



UPDATES – Recent Developments

 HACH Instrumentation Field Trial

p

 HACH, VA DEQ, USGS
 Homeland Security technology 

adapted for environmentaladapted for environmental 
applications
 Continuous/Realtime Nutrients and field 

tparameters
 Flatlick Branch or Accotink Creek



Updates – Additional USGS Work
 USGS National Research Program - Reston
 Process level research on source, transport, and 

fate of nutrients and sediment in Difficult Run (Noe)fate of nutrients and sediment in Difficult Run (Noe)
 Trapping and fate of nutrients and sediment in floodplains
 Erosion from streambanks
 Identification of sediment sources

 Development of numerical models to evaluate how 
different restoration designs impact streamdifferent restoration designs impact stream 
metabolism over a range of flow conditions (Larsen)
 Evaluating linkages between flow, sediment and organic 

tt t t t h l d th ltimatter transport, stream morphology, and the resulting 
production and respiration of organic matter in restored 
and unrestored stream segments (Accotink and Difficult)



Study Highlightsy g g
 Intensive Monitoring
 As many as 500 samples/year across 14 sites As many as 500 samples/year across 14 sites
 Continuous Water Quality at 4 sites (35,000+ measurements 

of 4+ parameters per year)
 U f t l ti t t ti ti t Use of surrogate relations to generate continuous estimates 

of SSC and nutrients
 Small Urban/Suburban Watersheds
 1-6 square miles
 Varied watershed characteristics

 Long Term Long Term
 5-10 years of data collection

 Many opportunities for add-on research
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