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Welcome to the Webcast

To Answer a Poll Question 
◦ Simply select the preferred option. For those viewing this session alongside several 

colleagues, respond in a manner that represents your organization as a whole.

We ARE Recording this Session 
◦ All comments and questions will be recorded and included in the archives.  We 

will notify you as soon as the recording and related resources are loaded on the 
web.

We Appreciate Your Feedback
◦ Fill out our evaluations – our funders need to hear it!
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What’s New @ CSN
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New Guidance for Stream 
Restoration Protocols 2 &3: 

https://chesapeakestormwater.net/
download/10032/



What’s New @ CSN
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Two New Reports on Climate Change 
and Stormwater BMP Resilience:

Memo 2:Review of Current Stormwater Engineering 
Standards and Criteria for Rainfall and Runoff 
Modeling in the Chesapeake Bay Watershed 
https://chesapeakestormwater.net/download/10023/

Memo 3:Review of Recent Research on Climate 
Projections for the Chesapeake Bay Watershed 
https://chesapeakestormwater.net/download/10027/

https://chesapeakestormwater.net/download/10023/
https://chesapeakestormwater.net/download/10027/


https://chesapeakestormwater.net/the-bubbas/2021-bubbas/

https://chesapeakestormwater.net/the-bubbas/2021-bubbas/
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Agenda

• Overview of USGS Urban Monitoring Program         

– John Jastram 

• Findings from Recent Fairfax County Report             

– Aaron Porter

• Next Steps for Fairfax Analysis                                      

– John Jastram

• Hampton Roads Regional Monitoring Program         

– Aaron Porter

• Discussion



Urban Environments

Development negatively affects streams

• Decreased infiltration

• Decreased baseflows

• Increased flashiness

• Decreased channel stability

• Increased contaminant loading

• Decreased biotic integrity

Significant investments in management and restoration

• Typically falls to local governments

• Billions of $$$ spent nationally in recent years



Common questions….
What are the… 

hydrologic conditions,

nutrient and sediment loads, and

benthic macroinvertebrate community structures

…in urbanized watersheds? 

What effect are management actions having on small 
urban/suburban watersheds?

What are the drivers of the changes observed?

How are they changing over time?

How do they compare…

across different physiographic provinces,

across different urbanized areas, 

to modeled conditions?



Urban Stream & Stormwater Monitoring Approaches

Intensive Monitoring

Monitoring Scale ∝Watershed Scale
(Temporal)                        (Spatial)     

Monitoring smaller-scale watersheds 
requires finer-scale data

• Scaling of hydrographic response time 
with watershed scale

• Desire to understand processes and 
detect/describe changes



Urban Stream & Stormwater Monitoring Approaches

Intensive Monitoring

Continuous Monitoring
• 5-minute interval data

• Streamflow
• Water Quality (temperature, turbidity, SC, pH, DO, 

NOx)

High Frequency Sampling
• Autosamplers
• Nutrient  and Sediment Analyses

Surrogate Methods for Load Computation
• Using continuous WQ data to compute

Ecological Monitoring Precipitation Monitoring



City of Roanoke Virginia
5 stations since 2016
+9 precipitation

Fairfax County Virginia
20 stations since 2007

Hampton Roads Virginia
12 stations since 2014

USGS Urban Stream Monitoring in Virginia

Reston Virginia
2 stations starting 2021

Resource 
Protection 
Group, Inc.

a 501(c)(3)

City of Salem Virginia
1 station since 2020



City of Roanoke Virginia
5 stations since 2016
+9 precipitation

USGS Urban Stream Monitoring in Virginia



Quantify the amount of 
suspended sediment (SS) 
delivered from the CoR to the 
Roanoke River

Determine the physical and chemical 
water-quality impacts from the 
construction of a natural gas pipeline

Characterize spatial and 
temporal precipitation patterns 
in the CoR

189
6194

3

199
1

192
6

196
0

195
6

Date Established

Real-time streamflow is measured throughout 

the Upper Roanoke River watershed

The USGS is currently 

working the City of Roanoke 

(CoR) to…



In-stream effects of the Mountain Valley 

Pipeline construction are being assessed

RR at Route 
117

RR at 
Lafayette

Real-time water-quality monitors and 
water-level data are collected at 
stations upstream and downstream of 
planned pipeline construction zones in 
a network of streams throughout 
Virginia since water year 2018 
(October 1, 2017 – September 30, 
2018)

A water-quality 
monitor was installed 
on the Roanoke River at 
Route 117 in 2018 to 
evaluate the potential 
transport of SS from 
upstream construction 
activities into the CoR



Sediment loads are estimated at five 

monitoring stations throughout the CoR

Lick 
Run

US Tinker Ck

DS Tinker 
Ck

RR @ 13th St

RR @ Rt 
117

The five monitoring stations were 
selected so that computed loads will 
represent the approximate contribution 
of SS from the CoR boundary to the 
Roanoke River. 



Precipitation is measured throughout 

the CoR using a nine-station network

Data are measured every 5-minutes from a 9-station network 
and are updated every 5-10 minutes on publicly available 
webpages: va.water.usgs.gov/webmap/precip_va/

This monitoring network provides critical 
data to
(1) aid the management of stormwater 

infrastructure
(2) improve emergency responses during 

extreme weather events
(3) inform the public of the potential risks 

of precipitation and flash flooding

va.water.usgs.gov/webmap/precip_va/


USGS Urban Stream Monitoring in Virginia

City of Salem Virginia
1 station since 2020



Early Warning for Water Providers

Through partnership with the City of 
Salem Water Department, a real-time 
water-quality monitoring station was 

added on the Roanoke River in October.

The monitoring station is located upstream of the City 
of Salem drinking water intakes on the Roanoke River 
and is designed to provide a real-time data to support 

drinking water management.

Storm events can mobilize large amounts 
of sediment or carry other chemicals that 

require advanced drinking water 
treatment. In some instances, the 

drinking water intakes can be turned off
to prevent pollutants from entering the 

facility.

Water-quality 
measurements occur 

every 5 minutes and are 
made publicly available 

online every 15 minutes.

A real-time alert system 
is in place to notify the 

treatment plant operators 
when conditions exceed 

set thresholds.

Water temperature, pH, specific 
conductance, DO, turbidity, and in-

stream fluorescence is being 
measured. Fluorescence is used to 

quantify DOM and detect the 
presence of wastewater compounds.





USGS Urban Stream Monitoring in Virginia

Reston Virginia
2 stations starting 2021

Resource 
Protection 
Group, Inc.

a 501(c)(3)



Reston, VA – Northern VA Stream Restoration Bank

EXPLANATION
Intensive
Benthic
Fish
Precipitation 

This monitoring program will measure and evaluate system-
wide hydrologic, water-chemistry, and ecologic responses to 
enhanced stream restoration practices, with a focus on the 
stream environments and practices employed in the Snakeden 
Branch and Glade watersheds in Reston, Virginia.



Monitoring Plans

Hydrology: 
• Streamflow (2)
• Precipitation (1)
• Air temperature 

Benthic Macroinvertebrates 
Surveys: 
• Fall and Spring

Fish Surveys: 
• Summer

Water-quality:
• Continuous - Water temperature, 

specific conductance, pH, dissolved 
oxygen, turbidity, nitrate - (5-min)

• Discrete – Major anions and cations, 
nutrients, suspended sediment 
concentration 

Physical Habitat: 
Active channel 
width, depth, 
particle-size 
distribution, aspect, 
canopy closure -
(Concurrent with 
BM surveys)



Hampton Roads Virginia
12 stations since 2014

USGS Urban Stream Monitoring in Virginia



Hampton Roads Virginia
Problem: 

Data describing sediment and nutrient loading 
rates within the urbanized Coastal Plain are 
lacking. 

↓

Concerns about limitations on models driving 
regulatory requirements

Objectives:

1. Collect nutrient and sediment data 
representative of the urbanized Coastal Plain

2. Compute loads that can be compared to 
modeled loads

https://va.water.usgs.gov/HRstormwater

Approach:

Intensive Monitoring -- IN Stormwater System

12 Station Network



Fairfax County Virginia
20 stations since 2007

USGS Urban Stream Monitoring in Virginia



Study Objectives

Phase 1 

Ongoing since 2007

1. Generate long-term monitoring 
data to describe:

• Current water-quality conditions,

• Trends in water-quality,

• Nutrient and Sediment 
Loads and Yields.

Phase 2 

2. Transfer the understanding gained 
to other less-intensively monitored 
watersheds. 

3. Evaluate relations between 
observed conditions/trends and 
BMP implementation.



Where are we now?
≈12 years of monitoring

• >50 site-years of continuous WQ & Flow
• Tens of millions of individual measurements

• ≈ 100,000 records from discrete WQ samples

• >50 site-years of benthic macroinvertebrates

2014 Report – SIR 2014-5073
• Study design

• Characterizations from 1st 5 years of monitoring

• Nutrient & Sediment Loads

Extensive implementation County-wide

Comprehensive analysis and reporting 
effort underway

Fairfax County 
Implementation Stats

>$110M expended on projects

≈110 stream restoration projects

9+ miles of stream channel restored

TMDL removal credits:
38.7K lbs/yr Nitrogen 
8K lbs/yr Phosphorus
3.0M lbs/yr Sediment

$26M for improvements in 2019



2020 Report

First of two planned reports

Comprehensive analysis of monitoring data

Authored by USGS and Fairfax County staff

• Aaron Porter (USGS)

• Jimmy Webber (USGS)

• Jonathan Witt (Fairfax)

• John Jastram (USGS)

Subject of next presentation



Fairfax
Scientific 

Investigations 
Report

Urban Stream Monitoring Products

Hampton Roads
Scientific 

Investigations 
Report

Roanoke
Journal Article



Urban Stream Monitoring Contacts

John Jastram jdjastra@usgs.gov

Aaron Porter aporter@usgs.gov
• Fairfax County
• Hampton Roads 
• City of Salem

Jimmy Webber jwebber@usgs.gov
• City of Roanoke

Brendan Foster bmfoster@usgs.gov
• Reston

Virginia-West Virginia Water Science Center
http://usgs.gov/vawv

Fairfax County
http://va.water.usgs.gov/fairfax/

Hampton Roads 
http://va.water.usgs.gov/HRstormwater

City of Roanoke
http://usgs.gov/projects/CityofRoanoke

mailto:jdjastra@usgs.gov
mailto:aporter@usgs.gov
mailto:jwebber@usgs.gov
mailto:bmfoster@usgs.gov
http://usgs.gov/vawv
http://va.water.usgs.gov/fairfax/
http://va.water.usgs.gov/HRstormwater
http://usgs.gov/projects/CityofRoanoke


Fairfax County 
Water-Resources Monitoring:

Assessing Watershed Scale Responses to BMP Implementation 
in Urban Watersheds 

Aaron J Porter, 

USGS – VA & WV WSC

aporter@usgs.gov



What is the benefit of this 

program to Fairfax County?

There are many compromised watersheds in Fairfax
• Urban stressors on aquatic and benthic communities
• Stream erosion
• Sedimentation
• Nutrient loading
• Flooding

Fairfax County has made significant investments to comply with the 
Chesapeake Bay TMDL
• Invested >$100 million since 2009 in stormwater projects

• Construction of new stormwater facilities
• Stream restoration
• Stormwater retrofits
• Green infrastructure
• Outfall restoration

Is water quality improving at a small watershed scale? 
How can future investments be best directed to achieve desired results?

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution



Study Objectives

Phase 1
Ongoing since 2007

1. Generate long-term monitoring data to describe:
• Current water-quality conditions, 
• Trends in water-quality
• Nutrient and sediment loads and yields
• Stream health condition (B-IBI)

Phase 2
2. Transfer the understanding gained to other less-
intensively monitored watersheds

3. Evaluate relations between observed 
conditions/trends and BMP implementation



Fairfax County streams have been 
assessed through a cooperative 
USGS monitoring program since 
late 2007

Monthly water-quality samples 
are collected at 20 stream 

locations that represent a range of 
county land use and typically drain 

watersheds < 5 square miles.

Sampled constituents include:
• Nitrogen (TN and major forms of N)
• Phosphorus (TP and major forms of 

P)
• Suspended sediment concentration
• Water temp., sp. cond., pH, DO, and 

turbidity

Benthic macroinvertebrates are sampled 
annually at each location.

Continuous water-chemistry and 
streamflow data are collected 

from 5 monitoring locations and 
reported online in near real-

time.



Streamflow patterns –
Flashiness

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Flashiness had a strong positive correlation to 
watershed impervious cover

Flashiness was evaluated with two metrics
1. Stage-based method incorporating all 20 

stations
2. Streamflow-based method for 5 intensive 

monitoring stations (not pictured)

Flashy response

Photo credit: Lynette Batt, American Rivers Council, https://americanrivers.org/threats-solutions/clean-water/stormwater-runoff/



Streamflow patterns –
10-year trends

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Few significant trends in streamflow over 10-yr period

Stations showed a general pattern of increasing mean 
daily low flows, and decreasing median and high flows



Streamflow patterns –
10-yr and multi-decadal trends

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Classic change in hydrology in response to 
development and urbanization

Multi-decadal streamflow trends at 
Chesapeake Bay Non-Tidal Network stations 
were investigated - 1940’s - 2017

Few discernable trends at 
these stations during 10-years 
of Fairfax County monitoring 
program

[2]

[2] Oke, T.R. and others, 2017

Decreased baseflows and extreme low flows 
due to reduced infiltration

Increase in stormflows due to 
greater runoff from impervious 
surfaces and compacted soils



Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Specific Conductance–
Hydrologic, seasonal, and spatial patterns

Specific conductance was higher in cool months (Oct. – March) 
than warm months (April – Sept.)

Triassic Lowlands streams were significantly higher (376 µS/cm) 
than those in the Coastal Plain (243 µS/cm) or the Piedmont (226 
µS/cm). Also elevated in watersheds with high % imperviousness

[3]Bock and others, 2018

Typically SC was inversely 
related to streamflow – dilution 
of higher SC groundwater by 
lower SC precipitation-runoff

[2
]

[2] Conservation Law Fund; https://www.clf.org/blog/more-or-less-road-salt/

In cool months runoff often 
triggered ionic enrichment of 
stream water– washoff of road 
deicing salts [3]

SC commonly increased by 1-2 
orders of magnitude and did not 
return to normal until early 
summer



CPT HICK

DEAD
OCSB

SF LIL

BRR

PSB

CASTLE

DIF
F

Low

Percent Imperviousness[6]

High

Specific conductance increased 

throughout the monitoring network

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Specific conductance increases 
of about 2.5%, or 7.5 uS/cm/yr
were observed throughout the 

network.

The largest increases 
occurred in the most 

impervious 
watersheds[5].

These trends are likely 
related to the increased use 

of road salts[3] and/or the 
increased delivery of road 

salts to streams[4].

[5]Jonathan Witt, written 
commun.

[4]Kaushal and 
others, 2018

[6]Falcone, 2015
[3]Bock and others, 
2018

increase

decrease

Trend Direction

Trend Significance
significant

non-significant



Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Significant increases at the 14 monitoring stations 
were most consistently observed in spring and fall
months

Increases in SC during nonwinter months 
suggest that salts applied to deice roadways 
and other impervious surfaces are stored in the 
environment and released year-round. 
In Spring – wash off of salts applied in previous 
winter,
In Fall low flows allow release of salt 
contaminated groundwater

Specific conductance increased 

most in non-winter months
Winter Spring Summer Fall



Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Phosphorus dynamics change spatially, 

seasonally, and across hydrologic conditions

Phosphorus concentrations were 
higher in warm months than cool 
months

1. Temperature-dependent release 
of orthophosphate from 
sediments due to increased 
microbial metabolism in warmer 
waters.

2. Dissolved oxygen is lower in 
warm months – triggers 
dissociation of P from metals and 
OM in sediments

Total P concentration increased with 
streamflow and composition shifted 
from dissolved to particulate

Particulate dominance reflects the 
high P sorption capacity of fine 
sediments in these watersheds

Concentrations differed 
significantly (p <0.05) by 

physiographic province/sub-
province

10-year median concentrations:
Triassic Lowlands: 0.057 mg/L

Coastal Plain 0.022 mg/L
Piedmont: 0.019 mg/L

a

b
b

Nonmatching letters indicate 
statistical difference



CPT HICK

DEAD

OCSB

SF LIL

DIFF

BRR

PSB

CASTLE

Triassic

Piedmont

Coastal Plain

Physiographic Province[7]

TP increases were observed in most 
sites; the average increase between 

2008 – 2018 was 0.01 mg/L.
increase

decrease

Trend Direction

Trend Significance
significant

non-significant

Phosphorus increased in most streams, but decreased at the 

station with highest median concentration

TP concentration 
decreased at FROG by 

about 0.03 mg/L 
between 2008 – 2018.

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

[7]Fenneman and 
Johnson, 1946

Increasing trends in Total P concentration were 
driven primary by increasing concentrations of 
dissolved P (orthophosphate) in monthly 
samples

Total P loads increased at 
FLAT and DIFF 

Increases in dissolved P
loads at SFLIL and DEAD 
were offset by decreases
in particulate P loads



Preliminary Information-Subject to 

Revision. Not for Citation or Distribution

Nitrogen may have increased in some 

streams because of changing contributions 

from septic system effluent

[8]Hyer and 
others, 2016

[9]Paul Shannon, 
written commun.

increase

decrease

Trend Direction

Trend Significance
significant

non-significant

Onsite sewage
disposal system[9]

TN Concentrations 
decreased at 5 

stations and increased 
at 1 (watershed with 
high density of septic 

infrastructure)

Other factors are also 
important: denitrification 

potential, point sources, other 
non-point sources

But nitrate did increase

Septic system effluent has been 
identified as a major source of nitrogen 

in some Fairfax County streams, with 
high TN concentrations found in streams 

draining watersheds with high septic 
system densities (up to 500 systems / 

mi2)[8].



Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Sediment and Phosphorus Annual Yields (per acre loads)

Sediment

Phosphorus

DIFF and SFLIL yielded more 
sediment than other 
watersheds over 10-yr period

FLAT yielded more 
phosphorus than other 
watersheds due to
1. Higher concentrations
2. High streamflow yield

Large percentage of loads 
were conveyed during 
infrequent but sustained high 
rainfall intensity storm events 
(visible step increases)

Hurricane 
Hanna

Tropical 
Storm
Irene

3 spring storms, 
each >3.5” 
daily rainfall

The greatest yields for these 
constituents occurred in years 
with the highest stormflow 
indices. Greatest range at 
SFLIL



Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Nitrogen

Nitrogen Annual Yields (per acre loads)

SFLIL yielded more nitrogen than other watersheds over the 
10-year period due greater concentrations of nitrate

Unlike sediment and TP, aggregation occurs largely as a 
steady accumulation over time with small-magnitude step 
increases – highlights the importance of groundwater nitrate 
contributions on annual load

TN yields were 
strongly correlated 
with annual 
streamflow yield; 
yields were 
greatest in the 
wettest years

On average, 
dissolved N 
accounted for 70% of 
TN yields

Nitrate typically 
represented about 
50% of TN yield at 
DEAD, FLAT, and DIFF 
and >65% at SFLIL



Network-wide trends in benthic macroinvertebrate metrics 
(Fairfax IBI, richness and composition)

Changes in all metrics suggest that the biodiversity, function, and condition of streams in Fairfax County is 
improving, but some of these improvements are driven by increased diversity and percent composition of 
organisms that are tolerant of the urban environment.

IBI increased 
from Poor to Fair

Total number 
of unique 

species 
increased

But much of this gain 
was from organisms 

more tolerant of 
urban stressors

Community became less 
homogeneous, in part 

due to decrease of highly 
tolerant species

Preliminary Information-Subject to 

Revision. Not for Citation or Distribution[10]Photo credits Fairfax County ecologists



Station IBI EPT COTE Filterer CCH Predato 
r 

Odonata Scraper Gastropoda Dominance ChiroOligo 

All Stations 16.3 7.3 11.8 9.0 6.7 2.2 1.5 1.7 1.5 –15.3 –17.3 

BRR 42.3 10.4 13.2 7.9 6.8 5.3 4.9 0.8 3.0 –10.4 –19.1 

CAPT HICK –4.5 3.9 4.9 10.2 9.8 0.9 1.2 –5.7 1.2 3.2 –0.6 

CASTLE –11.3 –13.4 11.8 12.0 12.5 1.7 1.3 2.0 1.7 0.6 10.7 

DEAD 7.0 10.6 13.1 11.0 10.7 1.3 1.4 –0.2 –0.1 –24.4 –12.9 

DIFF 28.2 1.1 15.5 3.6 1.1 3.1 2.3 14.7 0.9 –18.4 –21.1 

FLAT 48.6 3.5 25.3 6.8 2.5 10.7 9.5 18.0 12.2 –34.6 –42.8 

FROG 32.5 27.5 31.5 31.2 27.5 9.5 1.6 1.2 –0.3 –28.3 –35.3 

INDIAN 36.6 27.6 31.9 31.3 27.6 9.9 1.9 1.3 –0.3 –32.6 –40.9 

LIL DIFF 11.7 19.0 19.2 19.9 16.3 1.3 1.4 1.6 3.4 –27.2 –25.2 

OCSB –5.9 –2.2 –5.0 –3.0 –2.2 –3.1 –2.5 –0.9 0.7 0.8 0.2 

PHCT –1.8 1.9 2.1 2.5 1.7 0.5 0.6 –0.2 0.6 14.8 –1.1 

PSB 11.9 1.1 2.1 2.0 1.1 1.0 0.7 1.2 0.9 –8.9 –5.4 

SFLIL 29.0 20.0 22.3 19.4 19.7 3.1 0.2 3.2 2.2 –50.5 –45.3 

TRKYCK 18.4 19.7 21.4 19.3 19.4 0.5 0.5 2.2 1.4 –13.7 –22.9 

MEADOWS 3.0 13.3 29.5 –21.7 4.3 4.6 0.2 9.0 0.0 0.2 6.6 

 

Trends were computed for all 20 

metrics at each individual station

Trends at SFLIL were representative of most stations 
throughout the network – Signs of moderate recovery 
following decades of  disturbance.

Preliminary Information-Subject to 

Revision. Not for Citation or Distribution

Conditions at Castle Creek were initially excellent according 
to the Fairfax IBI, this is the least developed watershed. 
Some areas of this watershed were actively developed 
during the study period and as a result IBI declined

Declines in IBI were not significant but this pattern was 
driven by significant decreasing trends in %EPT, and 
increasing trends in more tolerant taxa (CCH, Chironomids, 
Oligochaetes)



Next Steps…



What are the factors driving water-quality response in 

Fairfax County streams between 2008 – 2018?

Preliminary Information-

Subject to Revision. Not for 

Citation or Distribution

Nutrient trends can result 
from increasing or decreasing 

watershed inputs, which 
include (1) human and animal 

waste, (2) fertilizer, and (3) 
atmospheric deposition.

Expansion of developed land
has been associated with 
increased nutrient loads

Fairfax County has invested heavily in the 
implementation of management practices 

over the study period, and has been credited 
with the removal of 38,700 lb of N; 8,000 lb

of P and 3,000,000 lb of S.

Nitrogen reductions and 
phosphorus increases can 
result from warmer and 

wetter climatic conditions

Other 
unidentified 

drivers
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Analyses currently being conducted…



Hampton Roads Regional 

Water-Quality Monitoring 

Program

Aaron J Porter, 

USGS – VA & WV WSC

aporter@usgs.gov



Hampton Roads Regional Water 

Quality Monitoring Program

Contact: Aaron J Porter – USGS VA and WV Water Science Center
Data are available at:
https://www.usgs.gov/centers/va-wv-water/science/hampton-roads-regional-water-quality-monitoring-program

The Problem:
Data describing urban stormwater nutrient and 
sediment loading rates within the Virginia Coastal 
Plain are lacking

Without locally relevant data, does the current 
Chesapeake Bay Watershed Model accurately 
predict loading rates in this unique region?

Program Objectives:
1. Collect high-quality data 
representative of the region 
2. Use those data to compute annual 
nutrient and sediment loading rates 
that can be compared to those 
calculated for the Chesapeake Bay 
TMDL

Study Design:
• 12 monitoring stations in small, 

highly urbanized watersheds 
representing commercial, high-
density residential, or single-
family land uses 

• Collection of high-frequency (5-
min. interval) measurements of 
streamflow and basic water-
quality parameters

• Collection of nutrient and 
sediment samples representing 
the full range of hydrologic 
conditions

• Monitoring conducted within the 
storm drain network (in-pipe)

How much nitrogen, phosphorus, 
and sediment is transported to 

streams via urban runoff?

The program also seeks to 
better understand…
1. How loading rates in 
Hampton Roads compare to 
other urban areas, 
2. How loading rates vary 
across land use types,
3. How other factors 
influence constituent 
concentrations and loading 
rates (hydrology, season, 
etc.).

Chesapeake Bay 
Watershed

54

https://www.usgs.gov/centers/va-wv-water/science/hampton-roads-regional-water-quality-monitoring-program?qt-science_center_objects=0#qt-science_center_objects
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A unique urban monitoring network



Computing loads using a data-rich 
surrogate regression approach

56

1. Compute continuous streamflow 
using traditional and non-traditional 
methods
5 stations – Stage-discharge rating
5 stations – Index-velocity rating
2 stations – mix of these two 
methods

Flowtracker

Flum
eLaserFlow

SVR 
gun

2. Collect discrete water-quality 
samples throughout the range of 
observed conditions (~480/yr)
Total Nitrogen (TKN, NO3- + NO2-, 
TON ,NH3 + NH4+)
Total Phosphorus (PO4

3-)
Total Suspended Solids

Sampler 
intake

Automated 
Samplers

3. Collect continuous 
measurements (5-
min UV) of basic 
water-quality 
parameters 
Water Temperature
Specific Conductance
Turbidity

Automated defouling

Fouling
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Stream Flashiness

Commercial and High-density Residential 
watersheds have greater impervious cover 

These watersheds are typically more flashy 
than single-family watersheds where turf 
grass dominates land cover

Preliminary Information-Subject to 

Revision. Not for Citation or Distribution

Large and small watersheds 
are not an apples-to-apples 
comparison BUT…

This highlights the effect 
urbanization has on the 
hydrologic cycle, water-
quality, and the biological 
health of streams

Urban areas, though relatively 
small, can have outsized 
effects on downstream 
environments

1Debra Chase, https://slideplayer.com/slide/5089441/

1



58

Concentrations of TN and TP 
vary by land use

Commercial watersheds 
generate more streamflow –
greater runoff from 
impervious land cover

Commercial watersheds 
yield more N and P than 
Single Family watersheds

Hydrologic and water-quality metrics vary by land use type

likely due to differences in land cover attributes and N and P inputs
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Nutrient Yields –
Network Comparisons

TN yields in Hampton Roads are composed 
primarily of organic N while nitrate dominates 
in Fairfax – may be related to streamflow 
characteristics – slow moving waters increase 
residence time of allochthonous inputs, 
and/or absence of organisms that process 
CPOM. 

NO3- yields in Hampton Roads are comparable 
to Atlanta and significantly lower than Fairfax 
County and the NTN. Lack of septic 
infrastructure

Total Phosphorus yields in Hampton Roads are 
higher than the NTN and ATL and comparable 
to Fairfax County

PO4
3- yields in Hampton Roads are significantly 

higher than other networks and a larger 
proportion of TP yields in Hampton Roads are 
composed of PO4

3- than in Fairfax County 
(primarily particulate P). Could be related to 
source types, low sorptive capacity of soils, 
anoxic conditions

Total 
Nitrogen

Total 
Phosphorus

Nitrate 
(NO3-)

Orthophosphate
(PO4

3-)
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Sediment Yields –
Network Comparisons

Sediment yields in Hampton Roads are 
significantly lower than all other networks. 

Coastal Plain watersheds have a more limited 
source/supply of sediment and the topography 
does not generate the energy required to mobilize 
as much sediment as compared to the Piedmont

Preliminary Information-Subject to 

Revision. Not for Citation or Distribution

A sediment 
plume from
an active 
construction 
site
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Constituent Loads - Transport:
How does N, P, and S get to the stream?

Half of the nitrate load is generated during baseflows likely 
reflecting the ease of which landscape applied nitrogen moves 
into and is stored within groundwater

Orthophosphate loadings occur during periods of runoff –
PO4

3- is washed off the land surface

Preliminary Information-Subject to 

Revision. Not for Citation or Distribution

Total nitrogen is primarily composed of organic N and other 
forms of particulate bound N that is mobilized by overland 
runoff (sources include: atmospheric dep., pet waste, leaf litter, 
lawn clippings, excess fertilizer)

Total phosphorus is transported by overland flows rather 
than groundwater sources. Approximately 2/3 of loads are 
from particulate bound P (not shown in figure)

The vast majority of suspended solids (sediment and course 
particulates such as decomposing leaf litter) are mobilized by 
storm runoff, the proportion transported during low flows may 
be algae and/or fine particulate organic matter
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Large-Scale Particle-Image Velocimetry aka LSPIV

Use of video footage to estimate water velocity by decomposing the video to 
track particle movement for the purpose of quantifying streamflow
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Urban Stream Monitoring Contacts

John Jastram jdjastra@usgs.gov

Aaron Porter aporter@usgs.gov
• Fairfax County
• Hampton Roads 
• City of Salem

Jimmy Webber jwebber@usgs.gov
• City of Roanoke

Brendan Foster bmfoster@usgs.gov
• Reston

Virginia-West Virginia Water Science Center
http://usgs.gov/vawv

Fairfax County
http://va.water.usgs.gov/fairfax/

Hampton Roads 
http://va.water.usgs.gov/HRstormwater

City of Roanoke
http://usgs.gov/projects/CityofRoanoke

mailto:jdjastra@usgs.gov
mailto:aporter@usgs.gov
mailto:jwebber@usgs.gov
mailto:bmfoster@usgs.gov
http://usgs.gov/vawv
http://va.water.usgs.gov/fairfax/
http://va.water.usgs.gov/HRstormwater
http://usgs.gov/projects/CityofRoanoke

