














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Villanova University, Pennsylvania

Infiltration Trench (IT). (319 Grant — Constructed August 2004). The project is designed to
capture runoff from an elevated parking deck and then infiltrate it through a rock bed into the
ground. The project presents some unique possibilities. As the water is piped through storm
drains to the site, filtration devices can be used and tested at this site. This BMP has a very large
drainage area to infiltration area ratio to stress the capacity of the BMP. It is designed to capture
approximately the first 0.6 cm of runoff from an elevated parking deck (0.16 ha) and infiltrate it
through a rock bed into the ground. The rock bed has a surface area of approximately 7.2 m2, and
is 3 m deep (under the influent box and picnic table - see photo). Overflow from the trench first
exits through a pipe at the surface to the inlet pictured (far left of Figure 3). During extreme
events, if the overflow pipe is full, any additional runoff exits through the porous pavers placed
above the infiltration trench (Figure 3). Of the demonstration sites under study, this site is the only
one with a 100% impervious drainage area. The drainage area receives continuous use by faculty
and staff vehicles.

VU Infiltration Trench, (left) completion of trench excavation with geotextile fabric lining (note
locations of the two monitoring wells) (right) completed infiltration trench  (2005)

Pervious Concrete / Porous Asphalt (PCPA). (EPA Section 319 grant, National Ready-Mixed
Concrete Association — Prince Georges County, constructed October 2007). This BMP captures
runoff from a campus parking area, passes the flow through either a pervious concrete or porous
asphalt surface course, and infiltrates it through a rock bed into the ground. The site, formerly a
standard asphalt paved area, is located behind Mendel Hall at the Villanova campus. The site
consists of an infiltration bed overlain by a 15.2 x 9.1 m pervious concrete surface and an adjacent,
equally sized porous asphalt surface. The site receives continuous use by faculty and staff
vehicles. The site is designed to capture and infiltrate storms of up to five cm of rainfall. From
these events there is no runoff from the site. The pervious pavements receive water solely from
parking areas. The infiltration beds are level and range from 0.9 to 1.5 m deep and are filled with
washed stone, with approximately 40% void space. In extreme events when the capacity of the
storage beds is exceeded,
flows are permitted to exit the
site and flow out to the original
storm sewer system. This
overflow eventually makes its
way to a stormwater wetland.
The project presents some
unique possibilities, to include
comparing the performance
from both a hydrologic and
environmental view of the
technologies. Hydrocarbon
testing was in 2008.

VU Pervious Concrete / Porous Asphalt BMP
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Stormwater Wetland. (EPA Section
319 grant, NOAA Coastal Zone
Program grant, construction 1998). An
existing stormwater detention basin on
Villanova University property was
converted into an extended detention
Stormwater Wetland BMP (Center for
Watershed Protection, 1996) using the
design concepts presented in the
Pennsylvania Handbook of Best
Management Practices for Developing
Areas (PACD, 1998). The wetland was
designed to treat water quality and to
reduce erosive peak flows from runoff
from large parking lots, university
buildings and dormitories, roadways
and train tracks. The watershed draining
to the wetland is approximately 40%
impervious. The project has been
published in EPA 319 Success Stories Part 111 (EPA, 2002a). Some limited unfunded flow studies
was conducted at this site prior to 2005; additional monitoring was conducted after 2005 under a
NOAA Coastal Zone Program grant. Monitoring has ended.

VU Stormwater Wetland Outlet (2004)

Porous Concrete Demonstration Site PaDEP 319 grant, construction 2002) The creation of a
porous concrete infiltration facility was in an existing central paved area on the Villanova
University campus.. Rock beds underlie three large paved areas, with porous concrete strips (the
darkest gray edging around the white concrete) surrounding the beds. The rock beds capture runoff
directly from the surrounding roof drains and also from drainage through the porous concrete
strips. This site was first built in 2002, but the initial concrete pour failed. The surface was
replaced in the summer of 2003, but again some material problems reemerged which were
addressed through replacement of some of the surfaces in October 2004. Similar to the concept of
the Bioinfiltration Traffic Island, runoff from the site and surrounding buildings (approximately
64% impervious) are captured and infiltrated, decreasing the flows and pollution to a high priority
stream segment on the 303(d) list. The site has a much higher capacity then the Bioinfiltration
Traffic Island as it overlies the large rock holding beds.

(left) Construction of porous concrete infiltration beds with #4 baffle stone in place.
(middle) Runoff being infiltrated by porous concrete.
(right) Porous Concrete Demonstration Site.
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Site Monitoring

TimeframeStatus

Initial
Monitoring
Phase

Notes

Bio-Infiltration
Traffic Island

Monitoring Underway
10/01/04-09/30/14

Infiltration Trench 12/01/04-09/30/10

Pervious Concrete 1/1/2009- 9/1/2013

/ Porous Asphalt

Stormwater
Wetland

Monitoring concluded

Baseflow monitoring
6/1/04-9/30/10

Wet weather monitoring
2/1/05-9/30/10

Porous Concrete Monitoring concluded

10/1/04-9/30/10

Water Quality Monitoring

Variables Measured

pH
Conductivity

10/01/03-09/30/04

09/01/04-09/30/05

1/1/2008-
12/31/2008

2005-2008

10/1/03-9/30/04

Total Suspended Solids (surface samples)

Dissolved Solids (depending on volume collected)

Chlorides

Nutrients - N, P (Dissolved - Various Forms)
Metals - Various (Dissolved - VVarious Forms)

Hydrocarbons (start 2008)

IMP - added first flush samplers + bowl
lysimeter.

GW Well added 2006
Additional GW Wells added 2007

2006 added
Automated inflow sampler
Overflow Weir

Constructed Oct 2007

Constructed 1998

Construction 2002

This list is adjusted based upon what is found at the site and the direction of the research
governing board. Note that some of these tests are only applicable to the surface or ground water
samples (currently, spectrophometry, ion chromatography, and atomic adsorption equipment is in
use - QAPP plan is in place).Unexpected extreme values of high chlorides from road salt
interfered with the nitrates, nitrites, and orthophosphate HPLC analysis for the first several years.
A new analysis technique was developed to address this situation.

The samples are analyzed in Villanova University’s Civil and Environmental Engineering Water
Resources Laboratory, beginning within 30 minutes of sample collection; all analyses are typically
completed within 24 hours of sample collection. Any samples not analyzed within 24 hours are
preserved according to appropriate protocols established for each analysis.
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Sampling / Flow Monitoring Scheme

See figures 45, 46, and 47 for sampling locations.

Infiltration Sites — Each site has rain gages, water sampling devices, and flow or level recorders
as appropriate. Pressure transducers are also used to measure the depth of water in the rock beds
or surface bowls. First flush samplers are used to capture runoff inflow for water quality testing.
Flow leaving the site is split into infiltration and overflow for large storm events. As sampling is
conducted from the vadose zone, soil lysimeters were used to collect water samples under the beds
(treated as a composite sample). Note that only dissolved fractions are collected from the vadose
zone samples and that the sample size is limited, occasionally limiting the number of tests
performed.

Lysimeters were used to measure subsurface flow. Lysimeters work by overcoming soil water
tension or negative pressure created by capillary forces. By creating a vacuum or negative pressure
greater than the soil suction holding the water within the capillary spaces, a hydraulic gradient is
established for the water to flow through the porous ceramic cup into the sampler.

Bioinfiltration Rain Garden (formally Bioinfiltration Traffic Island) — A level detector is used to
measure the rate of infiltration from the surface bowl, and outflow is measured using a weir in the
culvert leaving the site. Soil moisture meters and lysimeters have been placed under the bed. For
the past year, inflow water samples for quality analysis were taken from the water bowl above the
bed. As considerable removal in the stone beds leading to this BMP has been observed, “first
flush” flow samplers have been installed to better represent the inflows to the site. These devices
are installed to capture water samples where the runoff enters the site through curb cuts. Ground
water quality (outflow) is measured using lysimeters located at the bottom of the made soil
(multiple depths and locations). Surface water outflow (only large storms) grab samples are taken
from the bowl. A well was added to the site in 2006 to learn more about the site interaction with
the groundwater. In 2007 several more were drilled, and pressure transducers with conductivity
meters were added to allow for study of the groundwater hydrology from both the hydrology and
environmental perspective. More specifically:

Stormwater guantity: The bioinfiltration rain garden has been equipped to accept runoff
entering the system via two inlets (north and south), and from a culvert that intercepts runoff
from an adjacent culvert.

e Rainfall is measured in 5-minute intervals with a tipping bucket rain gage.
e Overflow is measured through use of a combination V notch weir / pressure transducer.

o  Depth within the bowl is measured directly, initially using an ultrasonic level recorder
and later a pressure transducer.

Inflow is determined from a calibrated hydrologic model using all data mentioned
previously.

e  Multiple Pressure Transducers are installed in surrounding wells. This arrangement is still
preliminary.

Stormwater guality: Surface runoff and sub-surface vadose zone samples are collected for
approximately 12-18 storms/year.

e Two first-flush samplers catch the first two L of direct runoff from the impervious
surface and the grass area adjacent to the basin.

e Initially, a grab sample was collected of surface water during the storm event, with a
second sample collected at the conclusion of rainfall, if ponding had occurred. This has
been replaced by an automated composite sampler.

e A composite grab sample is taken from the outflow weir.

e Lysimeters are located at depths of 0, 1.2, and 2.4 m beneath the surface. The sample is
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extracted from the soil through the use of a pressure-vacuum soil water sampler.

Grab samples have been taken of the groundwater from surrounding wells. These
samples are part of another project that is still at a preliminary stage.

Sample locations for the Bioinfiltration Rain Garden:

“first flush #1” (FF1) — located on the perimeter of the basin. Assumed to collect the first
segment of runoff from the surrounding landscape to the south and east of the basin

“first flush #2” (FF2) — located on the perimeter of the basin. Assumed to collect the first
segment of runoff from the surrounding landscape to the north of the basin.

“grab sample 1” (GS1) — Sample taken during the rain storm from the ponded water
within the basin. Assumed to represent surface water inflow into the site.

“grab sample 2” (GS2) — Sample taken once the rain has ended from the ponded water
within the basin — Assumed to represent outflow leaving the site as either surface water if
the depth is above the weir or infiltration into the ground.

“L0” — lysimeter located at ground level within the drainage bowl. Assumed to represent
water infiltrating into the bed.

“L4” — lysimeter located within the bowl approximately 4 feet beneath the ground
surface.

“L8” — lysimeter located within the bowl approximately 8 feet beneath the ground
surface.

Infiltration Trench — As the site is unique in categorizing the nonpoint pollutant contribution of a
paved area, this site is treated differently. A rain gage is on site, and runoff inflow is measured
using a pressure transducer and V-notch weir. An automated sampler has been added to measure
the inflow water quality at the V notch weir. Pressure transducers and soil lysimeters are used to
evaluate the depth within the rock bed, volume of infiltration (outflow), and pollutant loadings
(Outflow). An overflow weir was added to improve outflow measurements for larger storm
events. Again, as the overflow outflows are essentially untreated, the outflow surface water quality
is considered the same as the inflow. More specifically:

Stormwater Quantity: The infiltration trench has been equipped to measure and sample runoff
entering the system, storage within the system, and overflow. All data are recorded
continuously and downloaded weekly.

e Rainfall is measured in 1-minute intervals using a tipping bucket rain gage.

¢ Runoff entering the site is measured using two V-notch type weirs with corresponding
pressure transducers.

o Depth of runoff stored in the rock bed is measured using a pressure transducer.

e  Overflow is measured using a manufactured weir and a pressure transducer.

Stormwater Quality: Event-based samples of surface runoff and soil moisture are collected

from an average of 12-18 storms/ year.

e  Anautosampler takes rainfall-weighted discrete samples of surface water inflow.

e Lysimeters are located at 0.6 and 1.2 m depths beneath the surface to extract vadose
zone water samples.

e A grab sample co collector is used to capture overflow water quality samples.

Sample locations for the Infiltration Trench:

e “In” — Sequential samples entering the BMP. Samples are taken after %4, %" and 1”
of runoff.
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“Overflow” — Grab Sample of overflow from the Infiltration Trench - captures the
first segment of overflow.

“L2"” lysimeter located approximately 2 feet below the bottom of the bed.

“L4” lysimeter located approximately 4 feet below the bottom of the bed

Pervious Concrete / Porous Asphalt — Inflow water quality is measured using first flush and
lysimeters for both the asphalt and concrete sections. Overflow outflow (large storms only) from
each site is measured at weirs in and overflow structure adjacent to the rock bed. Composite water
samples for quality measurement of the surface water overflows are taken through a port in the
rock bed. More specifically:

Note: Sampling was reduced in 2009 to focus on flow and temperature following conclusion
of the water quality study. Notes below are on the original instrumentation.

Stormwater Quantity: The PC/PA has been equipped to monitor runoff entering the system

through the porous surface. These flows are correlated to the rainfall amounts measured by a
rain gage located on site. The site is further equipped to measure ponded depths and potential
overflow. All data are recorded continuously in a data logger.

Rainfall is measured in 10-minute intervals using a tipping bucket rain gage.

Pressure transducers that measure the depth in 5 minute intervals are used to
measure depths in each rock bed. They are also used in conjunction with a V-notch
weir to measure any overflow.

Stormwater Quality: Precipitation event data are collected for surface runoff and sub-surface

soil moisture. On average, 12 to 18 storms are sampled yearly.

Two first-flush samplers catch the first two L of direct runoff from the impervious
surfaces upstream of each pervious surface.

Grab samples of runoff stored in the rock bed are collected following the storm.

Lysimeters located at 0.15, 0.30, and 0.46 m beneath the surface extract samples
from the soil through the use of porous ceramic cups placed under suction during a
storm event and pressure after completion using a pressurevacuum soil water
sampler.

The project used Sigma 900 autosamplers capable of taking up to 24 discrete water
samples or one composite sample per storm event. To get a consistent sampling
routine, the automated samplers are triggered through the data logger through
rainfall or depth of water in the BMP. A consistent sampling protocol is established
for each site.

First flush samples were collected using the GKY First Flush Sampler, a passive
stormwater sampler that can hold up to 5 L of water (Figure 9). The lid of each
sampler is constructed with 5 sampling ports, each of which can be plugged to
control the rate at which collected runoff enters the sampler. Plastic flaps on the
underside of each port function as closing mechanisms, preventing additional water
from entering the sampler once it has reached its capacity. Each sampler is fitted
with a 5 L removable plastic container and lid to permit sample transport.

Porous Concrete— Inflow water quality is measured using first flush and lysimeters. Two sets of
six soil moisture meters and lysimeters were placed both under and adjacent to the bed at two
locations. These were to determine the outflow groundwater quality and quantity. Overflow
outflow (large storms only) from each site is measured at weirs in and overflow structure adjacent
to the rock bed. Composite water samples for quality measurement of the surface water overflows
are taken through a port in the rock bed.
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Stormwater Wetland - Both wet weather and baseflow events are included in the monitoring
program for this BMP. As the great majority of the inflow is piped to the wetlands through
culverts, flow is measured using Sigma Corporation flowmeters. These units measure both
velocity and level within the culvert at the inflow and outflow of the BMP (five minute intervals).
A rain gage is connected to the flow meter to record the intensity and pattern of the storm. To
measure quality, multiple discrete samples are taken during the storm events using automated
samplers. Samples are taken at the inflow, the sediment forebay, and the outlet. Probes connected
to the flowmeters continuously measure dissolved oxygen, pH, temperature and conductivity.
Bimonthly baseflow samples are analyzed for these parameters plus fecal coliform and E coli.

Modifications Since Project Start

2005 - “First Flush” samplers were added to the Bioinfiltration Traffic Island and Pervious
Concrete and a gutter flow collection device was added to the Pervious Concrete site in 2004.

2006 - A groundwater well was added to the Bioinfiltration Site, and an overflow weir and an
automated sampler was added to the infiltration Trench.

2007 Additional Groundwater Wells added to the Bioinfiltration Site. Second weir added to the
Infiltration Trench inflow.
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DATA MANAGEMENT AND ANALYSIS

Data has been submitted to the ASCE / EPA Stormwater BMP database and are the focus of
numerous student masters theses and dissertation. available through the VUSP website. Multiple
Journal articles have been published with more under review.

Flow Example — Infiltration Sites.
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Water Quality / Quantity Findings To Date

Each of the green infrastructure BMPs is monitored for both quality and flow. Research results are
used to further our understanding of how each BMP performs from both a surface and subsurface

water perspective. Data from the Bioinfiltration Rain Garden are presented in depth, with selected
examples of data from the other sites.

Bioinfiltration Rain Garden (Previously known as the Bioinfiltration Traffic Island). The
surface water results of pollutants and flows entering and exiting the BRG from a surface water
perspective are presented in Tables 1 and 2. Table 1 is a record of all storm events sampled, while
Table 2 presents results from 2008 to allow comparison of the removal percentages for that
individual year to that of the complete record.

Note the significant reduction of surface water pollutants achieved through bioinfiltration. It is
interesting to observe how much higher the TSS removal is than that of the flow volume. The
surface water capture is underrepresented in this report as storms less then 6.3 mm are not
included in the statistics, and these storms would be completely captured. The comparison of 2008
to the long term record is used to further our understanding of the volume and pollutant removal of
the site as it ages. It appears that the site is increasing in pollutant removal effec tiveness, but that
has not as of yet been proven statistically. The exception is TDS / Chlorides / Cadmium, which are
skewed due to snow melt operations for 2008. We will learn more as results from 2009 and 2010
are incorporated in the data base, as laboratory detection limits have improved.

Table 1. Bioinfiltration Rain Garden — Surface Flow Performance 2003-2008

Bioinfiltration Rain Garden Surface Water Analysis
Lifetime Totals

Removal

_ # of Storms Inflow Outflow Efficiency
Water Quantity (Measured Events) 253 14,548,858 L 7,297, 715L 49.8%
Total Suspended Solids (TSS) 74 410 kg 10 kg 97.5%
Total Dissolved Solids (TDS) 76 408 kg 94 kg 76.9%
Total Nitrogen (TN) as N 41 2848 g 287 g 89.9%

Total Kjeldahl Nitrogen (TKN) as N 1 0g Og NA

NO2 as N 51 16249 219 87.0%
NO3 as N 55 1226 g 142 g 88.4%
Total Phosphorus (TP) as P 70 2844 g 2073 g 27.1%
Phosphate (PO4) as P 51 254 g 759 70.3%
Chloride (CHL) 62 257 kg 4 kg 98.5%
Total Cadmium 25 2243 mg 222 mg 90.1%
Total Chromium 38 42337 mg 14698 mg 65.3%
Total Lead 41 44428 mg 6580 mg 85.2%

Note: Smaller storm_s less then 6.3 mm are not included.
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Bioinfiltration Rain Garden Surface Water Analysis
2008

Change in

Removal

Efficiency

Removal vs. long-

# of Storms Inflow Outflow Efficiency term
Water Quantity (All Recorded Events
> 0.25") 38 - : - -
Water Quantity (Measured Events) 29 1,501,589 L 706,432 L 53.0% 3.1%
Total Suspended Solids (TSS) 14 49 kg 3 kg 94.7% -2.8%
Total Dissolved Solids (TDS) 15 62 kg 23 kg 62.4% -14.5%
Total Nitrogen as N 12 3109 1749 94.5% 4.6%
Total Kjeldahl Nitrogen as N 1 0g 0g - _

NO2 as N 10 729 349 95.3% 8.3%
NO3 as N 10 1149 Og 99.3% 10.8%
Total Phosphorus (TP) as P 11 127 g 129 90.6% 63.5%
Phosphate (PO4) as P 10 5049 29 96.2% 25.8%
Chloride (CHL) 10 7 kg 2kg 72.2% -26.3%
Total Cadmium 8 1,244 mg 180 mg 85.5% -4.6%
Total Chromium 5 30,186 mg 8,248 mg 72.7% 7.4%
Total Lead 8 37,233 mg 3,893 mg 89.5% 4.4%

Note: Smaller s?orms less then 6.3 mm are not included.

The subsurface results (Table 3) are presented as concentrations (mg/L) of each pollutant as
measured at the 0, 1.2, and 2.4 m level. As it is not yet known how much of the captured volumes
are infiltrated versus evapotranspired, we are unable to estimate mass loadings.

Note that while TDS, conductivity, TN, and Chloride increase as the stormwater moves through
the soil, the pollutants are slightly reduced.

While the pollutant reduction as percent effectiveness is a useful index of BMP performance, an
advantage of long-term monitoring is the ability to study the behavior of the BMP based upon a
larger data set, especially the more infrequent larger events. Figures 45al and 45a2 present
analysis from the bioinfiltration rain garden with respect to flow volume and peak flow. In Figure
10, the relationship between inflow and outflow volume is bilinear, with smaller rainfall events
being completely infiltrated or evapotranspired. Note that the x intercept of 41.6 m3 represents the
average inflow volume that is removed completely with no surface outflows. Based on the
regression model, this volume is removed from larger events as well.

Figure 45a2 presents a similar look at the effect of the bioinfiltration BMP on peak flows. While
the relationship between inflow and outflow peaks are not as linear as for volume, a clear
reduction in peaks is evident.

Extended monitoring allows the researcher to examine the record in new ways to more fully
understand the characteristics of the technology under investigation. Figures 45a3 and 45a4present
the TSS and TDS results using a probabilistic approach. For each rainfall event, the inflow and
outflow TSS or TDS mass values are sorted and assigned probabilities based on the cumulative
distribution of observed data in order to understand their significance. For ex ample, it can be
stated that a 40% chance exists of the inflow carrying a TSS load of 1 kg, but only an 11% chance
of 1 kg of TSS exported in the outflow. Or there is a 15% chance of having less than 10 kg
entering, with approximately 0.16 kg leaving at the same probability level.
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Table 3. Bioinfiltration Raingarden Vadose Zone Sampling 2008. Concentrations at 0, 25, 50, 75, and 100 percent
levels refer to quantiles from cumulative frequency distribution of observed values.

Biolnfiltration Traffic Island Groundwater Analysis - Concentrations at Soil Surface

2008
: Detection | Num. of Concentration

Water Quantity Limit | Storms [ 0% (Min) | 25% 50% 75% [100% (Max
TDS (mg/l) - 8 53 74 107 385 1445
pH - 11 4.18 5.96 6.56 6.90 7.33
Conductivity (uS/cm) - 11 54 68 81 95 135
TN (mg/l)as N 1.7 mg/I 10 0.85 0.85 1.28 2.05 240
NO2 (mg/l)as N 0.005 mg/I 9 0.03 0.52 0.74 1.19 422
NO3 (mg/l)as N 0.01 mg/I 9 0.00 0.00 0.03 0.21 0.44
TP (mg/l)as P 0.06 mg/I 10 0.14 0.19 0.26 0.48 0.95
PO4 (mg/l)as P 0.01 mg/I 9 0.01 0.02 0.03 0.07 0.94
CHL (mg/l) 0.5 mg/l 9 0.3 9.2 26.7 65.2 407.8
Dissolved Cadmium (pg/l) 0.1 pg/l 4 0.05 0.05 0.14 0.31 0.58
Dissolved Lead (ug/l) 0.5 g/l 3 0.25 0.33 0.42 1.05 1.68

*Non-detects are reported as half of the detection limit

Biolnfiltration Traffic Island Groundwater Analysis - Concentrations at4 feet

2008
. Detection | Num. of Concentration

Water Quantity Limit | Stors [ 0% (i) T 25% 50% 75%  T100% (Miax
TOS mal) - 10 3 797 237 755 1344
oH - T ) 542 670 6.78 733
Conductvity (uS/cm) - 11 330 339 349 397 774
TN (mg/l)as N T7mal | 12 085 085 085 085 190
NO2 (mg/l) as N 0.006mg/l | 10 003 022 053 083 129
NO3 (mg/l) as N 001 mg/l |10 001 0.01 014 064 212
TP (mg/l)as P 006mg/ | 11 007 017 020 023 034
PO4 (mg/l)as P 001mg/ |10 0.01 0.01 0.03 GEE 0.80
CHL (mg/)) 05mgl |10 356 1558 2922 3805 6255
Dissolved Cadmium (ug/l) | 0.1 g/ 7 0.05 005 0.05 005 022
Dissolved Lead (ug/l) 05 g/l 7 025 025 025 025 025

*Non-detects are reported as half of the detection limit

Biolnfiltration Traffic Island Groundwater Analysis - Concentrations at 8 feet

2008
. Detection | Num. of Concentration

Water Quantity Limit | Storms [ 0% (Min) | 25% 50% 75%  [100% (Max
TDS (mg/l) - 15 35 209 262 487 8659
pH - 12 597 6.54 6.83 6.99 7.58
Conductivity (uS/cm) - 12 80 313 383 421 476
TN (mg/l)as N 1.7 mg/I 12 0.85 0.85 0.85 0.85 3.50
NO2 (mg/l)as N 0.005 mg/I 10 0.03 0.24 0.53 0.86 1.19
NO3 (mg/l)as N 0.01 mgl/l 10 0.01 0.01 0.02 0.38 1.08
TP (mg/l)as P 0.06 mg/I 11 0.03 0.15 0.19 0.29 0.44
PO4 (mg/l)as P 0.01 mg/I 10 0.00 0.01 0.02 0.04 0.70
CHL (mg/l) 0.5mg/l 10 345 1705 258.0 354.9 654.8
Dissolved Cadmium (ug/l) 0.1 ug/l 8 0.05 0.05 0.05 0.05 0.05
Dissolved Lead (ug/l) 0.5 g/l 7 0.25 0.25 0.25 0.25 1.33
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Inflow vs. Outflow for All Storm Events
Villanova University
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Figure 45a3. TSS exceedence probability plot for the Bioinfiltration Rain Garden.
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Figure 45a4. TDS exceedence probability plot for the Bioinfiltration Rain Garden.
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Infiltration Trench. While no statistical change in performance over seven years was found for
the Bioinfiltration Rain Garden (Emerson and Traver 2008) the same is not the case for the
infiltration trench. Note in Figure 45b1 the rapid decrease in infiltration rate. We have concluded
that the TSS entering the infiltration trench has been compressed at the bottom, and all current
infiltration occurs through the side wall accounting for the reduction in volume removal. The
influence of temperature is also depicted on this graph. The blue diamonds represent the ground
temperature. Note the change in percolation rates with higher ground temperature, likely due to the
temperature effect on water viscosity. This seldom reported property is seen on all infiltration sites
under study (Heasom et al. 2006, Braga et al. 2007, Emerson and Traver 2008).
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Figure 45b1. Plot of infiltration rates over time for the infiltration trench.

Pervious Concrete — Porous Asphalt. Research on the Pervious Concrete — Porous Asphalt site
has shown a significant benefit in the reduction of thermal pollution (Fig. 45c1). The surface
temperatures of A (asphalt) and C (concrete) reflect the temperatures of the air. Runoff is clearly
heated by the surface (Porous Asphalt (PA) and Pervious Concrete (PC)). However, the runoff
entering the bed is quickly cooled as shown by the almost constant bed temperature.
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Figure 45c1. Plot of storm event temperature for the Pervious Concrete — Porous Asphalt site.
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Green Infrastructure Project Findings Year 1-7 (through 2011)

The advantage of conducting long-term investigation into multiple BMPs has been the ability to
track performance changes over time and to contrast performance of different BMP types. Further,
additional research grants from CICEET and the Pennsylvania Growing Greener program among
others has allowed us to perform expanded analysis beyond that funded by the EPA National
Nonpoint Source Monitoring Program. This research work coupled with our day to day
experiences have led to the following findings:

Proof of Concept: Results from constructing, operating, and monitoring green infrastructure
infiltration BMPs have proven that these devices are effective in removing pollutants and runoff
volume from the surface stream.

Effectiveness of Small Storm Capture: The efficiency of designing for small storms has been
proven. Results from both the infiltration trench and bioinfiltration raingarden have shown that
because the majority of the region’s rainfall is produced by smaller storms, BMPs designed for
smaller storms are extremely effective in reducing runoff volume and capturing surface pollutants
in regions with similar climates.

Variability of Infiltration Rate: Results from all three sites have shown that the rate of
infiltration during a specific storm is extremely variable, and dependent on season, temperature,
soil moisture, and rainfall pattern. Note that on a yearly basis, this variation has not interfered with
performance, but must be considered when conducting municipal inspection / monitoring
programs.

Longevity: A study based on the results of this project has shown that there is no statistical
reduction in performance for the bioinfiltration rain garden after 7 years, or from the pervious
concrete site after 4 years (Emerson and Traver 2008). As long as the site is protected from large
sediment loads (i.e., from upstream erosion) there is every expectation that these sites will remain
effective for a very long time.

Longevity is achieved through proper design, construction, and siting (characteristics of the
drainage area). For the bioinfiltration BMP, freeze - thaw, soil processes and root systems are
aiding in maintaining the infiltration capacity. For the pervious concrete site, the lack of suspended
sediments in the rooftop runoff, the filtering through the pervious concrete, and the large surface
area support its longevity. Conversely, a considerable change in performance has been seen at the
infiltration trench due to the theorized clogging of the bottom layer. It should be noted that the
ratio of drainage area to the infiltration trench greatly exceeds that of “normal” sites. Using the
drainage area sizing recommendations of the Pennsylvania BMP manual, the infiltration trench
has experienced a pollutant load equivalent to 80 years during its 5-year lifetime.

Robustness of Green Infrastructure: Continuing performance of the Villanova University
stormwater BMPs with minimal maintenance demonstrates the robustness of green infrastructure
practices, as long as the systems are sited, designed, and constructed appropriately. After six years,
no major maintenance has been required of the bioinfiltration sites, and only street sweeping for
the porous concrete/porous asphalt site.

Variation in Pollutant Loading Rate / First Flush: Runoff from different contributing areas has
been found to vary considerably in quality. For example, roof runoff from taller buildings has been
found to be remarkably free of TSS, which makes it an ideal candidate for infiltration. In contrast,
runoff from the parking deck has delivered extremely high pollutant loads to the infiltration
trench. Clearly pretreatment devices would extend the life of infiltration BMPs in high loading
areas.

Raingarden Volume Removal Repeatability and Predictability: Analysis of data from
bioretention / bioinfiltration raingardens at Villanova University, NC State University, and the
University of Maryland show repeatability of performance of volume reduction. These results will
lead to new design criteria and regulatory approaches
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INFORMATION, EDUCATION, AND PUBLICITY

Educational signage has been installed at each BMP site to enhance the learning experience and a
website has been created to facilitate technology transfer. The experiences gained through the
construction, operation, monitoring, and evaluation of these sites form the basis for the outreach
and education component of the Research and Demonstration Park.

Technical Transfer is a prime mission of the VUSP. This task is approached through on-campus
symposium’s, speaking engagements, publications, tours of the BMP research and demonstration
park, and the VUSP website. Every two years the VUSP coordinates the Commonwealth of
Pennsylvania Stormwater Management Symposium. This is a two-day event with featured
speakers, paper sessions and BMP tours. Additionally, it has been projected live over the internet
and the presentations are available through the VUSP website. Prior to the symposium, a
workshop for municipal officials is held. Note the symposium is run entirely from attendance fees
and no grant monies are used. Faculty and students are also frequent participants at many area
seminars. These engagements include everything from national EWRI / AWRA conferences to
regional and community organizations. On the off year of the October Symposium, a one-day
seminar with invited speakers on stormwater topics is held. Attendance at these events is usually
around 150. In 2011, the Villanova project hosted the Annual NPS Monitoring Workshop in
conjunction with a national LID Symposium. Attendance exceeded 700.

Many many many visitors have toured the BMP Research and Demonstration Park. Many
organizations (AWRA, EWRI, IECA, etc.) have held national conferences in Philadelphia and
have included tours of the BMP park. Local watershed groups have also visited the park, as well
as many Villanova University classes. Each BMP has an educational sign to help passersby (as
well as a website devoted to the BMP).

The VUSP website is a significant tool for outreach (http://wwwa3.villanova.edu/VUSP/). Within
the website there are links to every BMP that has been built at the park (and some offsite) with a
description, design information, streaming videos, and lessons learned. These sites are updated
continuously as results from our studies continue. The website also includes a site for
presentations and an interactive database with links to information on all aspects of stormwater
BMPs. This structure has been a major emphasis of the VUSP and directly supports all project
areas listed previously.

TOTAL PROJECT BUDGET

Note: several of these grants had differing starting dates, this is an estimate.

Financial support for the construction and monitoring of the BMPs has come from a variety of
sources. Construction has been funded through the Pennsylvania Section 319 Nonpoint Source
program, the Pennsylvania Growing Greener | and Il programs, and Villanova University
Facilities Department. Monitoring has been supported by EPA Section 319 NMP, along with
funds from the William Penn Foundation, Pennsylvania Growing Greener, the VUSP corporate
partners, the NOAA Coastal Zone Program, EPA Region 111 104B3, and several targeted EPA
grants. A project comparing bioretention sites across multiple universities, including Villanova
University, is underway, funded by the Cooperative Institute for Coastal and Estuarine
Environmental Technology (CICEET). Public and private partners are listed at the projects web
site: http://wwwa3.villanova.edu/VVUSP/.

Year 1: 1 Oct 2003 — 1 Oct 2004

VUSP - PaDep Growing Greener $170,000
NMP — PaDep (319 Funds) $53,933
NMP — PaDep (319 Funds) $11,733

Year 2: 1 Oct 2004 — 1 Oct 2005
EPA Region 111 — 104b.3. funds $160,000
NMP — PaDep (319 Funds) $ 56,630
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Year 3: Oct 2005 — 1 Oct 2006

TVSSI - William Penn Foundation $70,070
NMP — PaDep (319 Funds) $ 58,561
VUSP - PaDep Growing Greener $175,000

Year 4: Oct 2006 — 1 Oct 2007.
TVSSI - William Penn Foundation $93,507 NMP — PaDep (319 Funds)  $ 61,000
VVUSP Corporate Donations and Carry Over from previous year.

Year 5: Oct 2007 — 1 Oct 2008.

NMP — PaDep (319 Funds) $ 63,990Note Several other Non PaDEP grants and corporate
donations aid this research

Note PC/ PA funds not included

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

N/A

OTHER PERTINENT INFORMATION

Mission Statement:

The mission of the Villanova Urban Stormwater Partnership (http://www.villanova.edu/VUSP) is:
"to advance the evolving field of sustainable stormwater management and to foster the
development of public and private partnerships through research on innovative stormwater Best
Management Practices, directed studies, technology transfer and education.”. The approaches to
meet this mission are:

e Research and directed studies to emphasize comprehensive watershed stormwater
management planning, implementation, and evaluation.

e Technology transfer to provide tools, guidance and education for the professional.
e Partnerships to promote cooperation amongst the private, public and academic sectors

In 2011, the LID-MARC (Low Impact Development - Mid-Atlantic Research Consortium) was
formed between the Villanova Urban Stormwater Partnership in the Civil Engineering Department
at Villanova University, Stormwater Engineering Group in the Department of Biological and
Agricultural Engineering at NC State University, and Department of Civil and Environmental
Engineering at the University of Maryland. LID-MARC's mission is to " Provide research-based
recommendations to government and industry on LID stormwater practices, including bioretention
and bioinfiltration. Work conducted by the partnership will range from the fundamental to the
applied practical and will be able to focus on a variety of land uses and climate conditions found
among the Mid-Atlantic States. (http://www.bae.ncsu.edu/stormwater/LID-MARC/, accessed
12/29/11)
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PROJECT CONTACTS

Administration

Steve Lathrop

Environmental Planning Supervisor

Bureau of Watershed Management

Pennsylvania Department of Environmental Protection
P.O. Box 8555

Harrisburg, PA 17105-8555

(717)-772-5618

slathrop@state.pa.us

Project Director

Robert G. Traver, Ph.d. PE

Director, Villanova Urban Stormwater Partnership

Professor, Villanova University

Director, Center for the Advancement of Sustainability in Engineering
Department of Civil and Environmental Engineering

800 Lancaster Avenue

Villanova, PA 19085

(610) 519-7899

robert.traver@villanova.edu
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PROJECT OVERVIEW

The Bad River watershed, located in west central South Dakota (Figure 48), consists entirely of
rolling prairie rangeland. Livestock grazing and dryland wheat farming are the main land uses of the
watershed. The Bad River joins with the Missouri River at its mouth, near Ft. Pierre, South Dakota.
Soil erosion, primarily from poor grazing management and poorly maintained riparian areas, is
causing excessive sedimentation to the main channel of the Missouri River This has impaired recre-
ation due to loss of depth in the Missouri Channel. Loss of channel depth below the dam for the Oahe
Reservoir on the Missouri River, located 10 miles upstream from the mouth of the Bad River has
impaired the hydropower generation of Oahe Dam during winter months.This, in turn, causes flood-
ing in the cities of Pierre and Ft. Pierre.

The Bad River Section 319 National Monitoring Program project, by using a two-paired watershed
design, will determine the effectiveness of best management practices (BMPs). The rangeland,
cropland and riparian areas in the treatment watersheds (Powell Creek in the eastern part of the Bad
River watershed and Whitewater North Creek in the western part of the watershed) will be treated
with appropriate BMPs, such as fencing, rotational grazing, alternative feeding and watering stations,
and vegetation plantings. All land uses will be monitored regularly and the information will be tracked
by the use of a Geographic Information System (GIS) database.

Sampling for this project is complete, and analysis of the data is ongoing.A final report will be
submitted in December of 2007.

PROJECT BACKGROUND

Project Area

The drainage area of the Bad River is located in west-central South Dakota (Figure 49) and covers
3,209 square miles of mostly rangeland. The rolling topography of fine textured, deep, shale-derived
soils allows for significant soil erosion when rangeland and cropland is not properly managed.The
project area supports an abundance of wildlife including mule deer, pronghorn antelope, porcupines,
bobcats, prairie grouse, and numerous other species.

Relevant Hydrologic, Geologic, and Meteorologic Factors

Land Use

This area of South Dakota receives, on average, 15-16 inches of rainfall per year Most of the precipi-
tation is derived from thunderstorm events during the spring and summer although snowmelt pro-
duces significant runoff. On average there are four storms in the year that produce enough rainfall that
runoff occurs in the tributaries. Runoff usually lasts for four to five days per storm event.

The land use in the watershed is primarily agricultural and consists of 75% rangeland and 25%
dryland wheat farming. A large portion of the upper end of the Bad River watershed is owned by the
U.S. Forest Service. Rotational grazing practices have been implemented on the federal rangeland and
also on many private ranches.

Water Resource Type and Size

The Bad River watershed encompasses 3,209 square miles of western rangeland. The small streams
that feed the main channel are ephemeral as are the upper reaches of the Bad River itself. The Bad
River enters the Missouri in the town of Ft. Pierre in Sanley County, South Dakota.
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Water Uses and Impairments

The official beneficial uses of the Bad River include the following:

*  Warmwater marginal fish life propagation waters
* Limited contact recreation waters
»  Wildlife propagation and stock watering waters

*  Irrigation waters

The main impairment to the Bad River is excess sediment from eroded soils in poorly managed
rangeland and riparian areas. The load of sediment from the Bad River creates a problem in the
Missouri near the mouth of the Bad River Loss of channel capacity and water clarity impacts on sport
fishing are problems on the Missouri in the Pierre area due to the Bad River sediment.

Pollutant Sources

Soil erosion, primarily from rangeland and riparian areas, is the primary source of the stream sedi-
ment.

Pre-Project Water Quality

There is no existing water quality data from the paired watersheds of the Bad River National Monitor
ing Project.

Water Quality Objectives

The main objective of the project was to document water quality improvements in the treatment
subwatersheds due to the implementation of BMPs.

Project Time Frame

1996-2006

PROJECT DESIGN

Nonpoint Source Control Strategy

A two-paired watershed design was implemented for this project, with one pair located in the eastern
part of the Bad River watershed (A and B — Figure 47), and the other pair in the western part (C and
D — Figure 47), at a higher elevation than the east. The nonpoint source pollution control strategies
vary for the different subwatershed that are being treated.

Powell Creek, located in the eastern part of the watershed and comprised of 11,221 acres, was to be
the lower treatment subwatershed, while Ash Creek, with 13,702 acres, was to be the lower control.
Best management practices that were expected for the Powell Creek subwatershed included riparian
management (cross-fencing, dam construction, and alternative feed and watering sites) and rangeland
management (rotational grazing). Due to changes in ownership and the farm program, the analysis of
Ash and Powell may require some changes. Both watersheds have received a great deal of conserva-
tion work on them resulting in two treatments and no controls. Comparisons of the two will be made
on a before and after basis for the conservation practices.
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In the western part of the watershed, Whitewater North Creek (6,780 acres) served as the higher
treatment subwatershed while Whitewater South Creek (6,605 acres) will be the higher control. In
2000, BMPs were implemented in the Whitewater North Creek Implementation Project. This $64,570
project implemented sediment traps, and exclusion area, drop and check structures, timber and rock
barbs, and managed grazing.

Project Schedule

Site Pr e-BMP BMP Post-BMP
Monitoring Installation Monitoring

Whitewater North Creek 1998 1999 2000-2006

Powell/Ash Creek 1998 1999 2000-2006

Water Quality Monitoring
The Bad River Section 319 National Monitoring Project uses a paired watershed monitoring design,
with two pairs as part of the protocol. Two subwatersheds have been identified in the eastern part of
the watershed (Ash and Powell Creeks) and two in the western portion (Whitewater North and
Whitewater South) (Figure 47).
Variables Measured
Biological
N/A
Chemical and Other
Total suspended sediment

Covariates

Stream discharge
Rainfall: amount, duration, intensity
range condition

Sampling Scheme

Because the streams in this area are ephemeral, monitoring is storm-event driven. Sorm event occur-
rence, rainfall amounts, and rainfall intensity are compared with the hydrologic dischage and sedi-
ment loads. Complete hydrologic and sediment loads will be calculated on each storm event. Sorm
samples will be flow integrated. Twenty-four-hour composite samples are collected and analyzed for
the duration of flow of each storm event.

During snowmelt in the spring, two 24-hour composite samples are collected during the first week of
snowmelt with one sample collected per week thereafter This is done until runoff ceases.

Land Treatment Monitoring

Rangeland was monitored by measuring range condition and vegetative cover during the project
period. Natural Resources Conservation Service (NRCS) personnel rated the range condition using
the NRCS South Dakota Technical Guide range site descriptions. The Robel Pole method was used to
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determine vegetative cover at permanent transects located within each subwatershed (Ash Creek —
21 transects, Powell Creek — 13 transects, Whitewater North — 10 transects, and Whitewater South
— 9 transects). The Robel Pole measurements were taken 3 times per transect per year This informa-
tion was entered into the GIS.

Monitoring Scheme for the Bad River Section 319 National Monitoring Program Project

Sites or Primary Frequency of

Design Activities Parameters Covariates WQ Sampling Duration
Paired Whitewater North Creek " TSS Stream discharge During spring 2 yr pre-BMP
Watershed Whitewater South Creek® snowmelt 1 yr BMP
Pow ell CreekT™ Rainfall Storm event 6-7 yr post-BMP

Ash Creek®
TTreatment
CControl

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

All data collected during the Bad River 319 National Monitoring program will be entered into a
relational database, Microsoft Access. Files will be backed up daily and the water quality data will
also be stored in the U.S. Environmental Protection Agency’s STORET database. The U.S. Environ-
mental Protection Agency (EPA) NonPoint Source Management System (NPSMS) software will be
used to track and report data to EPA.

A GIS map will be constructed for the Bad River watershed. The GIS will allow cropland and range-
land BMP tracking throughout the life of the project. Other information, such as rangeland and
riparian conditions will be entered into the system.

Statistical comparisons of sediment load to rainfall intensity will be determined by regression analysis

at all four subwatersheds. The effectiveness of implementing watershed BMPs will be tested through
regression and/or correlation analyses.

INFORMATION, EDUCATION AND PUBLICITY

As part of the Bad River Phase III implementation project, meetings were held with the ranch com-
munities to explain the project. The Upper Bad River Task Force, a group comprised of ranchers and
agency personnel committed to improving water quality in the Bad River watershed, met to discuss
nonpoint source pollution control strategies. As the project progressed, newspaper articles and
brochures were used to highlight project activities.
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PROJECT BUDGET
Project Element Funding Source ($)
Federal State Local Sum
LT 154,428 2,000 NA 156,428
WQ Monit 148,978 18,300 NA 167,278
TOTALS 303,406 20,300 NA 323,706

Source: Bad River National Monitoring Project Workplan, 1996

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

Section 319 watershed funds were used in the Bad River watershed to implement BMPs under the
Whitewater Creek North and Bad River Phase III projects. This watershed was also given priority
status for funding under the U.S. Department ofAgriculture EQUIP (Environmental Quality Incentive
Program). Matching funds were provided by the State of South Dakota and participating private
ranchers.

OTHER PERTINENT INFORMATION

Project contributors are listed below:

e  Private Landowners

*  Natural Resources Conservation Service

*  South Dakota Department of Environment and Natural Resources
»  Upper Bad River Task Force

»  Stanley County Conservation District

*  East Pennington Conservation District

e U.S. Forest Service

PROJECT CONTACTS

Administration

Sol Brich

South Dakota Department of Environment and Natural Resources
Joe Foss Bldg.

523 E. Capitol

Pierre, SD 57501-3181

(605)773-3122; Fax (605)773-4068

Internet: sol.brich@state.sd.us

Land Treatment

David Konechne

Pierre Field Support Office
P.O. Box 1258

Pierre, SD 57501-1258
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Wayne Vander Vorste
Pierre Field Support Office
P.O. Box 1258

Pierre, SD 57501-1258

Steven Quissell

Rapid City Field Support Office
Federal Building, Room 239
515 9th St.

Rapid City, SD 57701-2663

Water Quality Monitoring

Gene Stueven

South Dakota Department of Environment and Natural Resources
Joe Foss Bldg.

523 E. Capitol

Pierre, SD 57501-3181

(605)773-4682; Fax (605)773-4068

Internet: gene.stueven@state.sd.us

Sol Brich

South Dakota Department of Environment and Natural Resources
Joe Foss Bldg.

523 E. Capitol

Pierre, SD 57501-3181

(605)773-3122; Fax (605)773-4068

Internet: sol.brich@state.sd.us
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Figure 50: Lake Champlain Basin (Vermont) Watersheds Project Location
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PROJECT OVERVIEW

The Lake Champlain Basin Watersheds Section 319 National Monitoring Program project (also
known as the Lake ChamplainAgricultural Watersheds Best Management Practice Implementation
and Effectiveness Monitoring Project) is located in northcentral Vermont in an area of transition
between the lowlands of the Champlain Valley and the foothills of the Green Mountains (Figure 50).
Agricultural activity, primarily dairy farming, is the major land use in this area ofVermont.

The streams in these project watersheds drain into the Missisquoi River a major tributary of Lake
Champlain. The designated uses of many of the streams in this region are impaired by agricultural
nonpoint source pollution. The pollutants responsible for the water quality impairment are nutrients,
particularly phosphorus, E. coli, fecal streptococcus, fecal coliform bacteria, and organic matter. The
source of most of the agricultural nonpoint source pollution is the manure generated from area dairy
farms, livestock activity within streams and riparian areas, and crop production.The Missisquoi River
has the second largest discharge of water and contributes the greatest nonpoint source load of
phosphorus to Lake Champlain.

The Lake Champlain Basin Watersheds 319 National Monitoring Program project was designed to
evaluate a set of treatments to control the pollutants generated by agricultural activities, focusing on
grazing management and riparian restoration. A system of best management practices (BMPs) has
been implemented to exclude livestock from selected critical areas of streams and to protect stream
crossings, streambanks, and riparian zones. Individual BMPs included fencing, minimization of
livestock crossing areas in streams, strengthening of necessary crossings, watering systems, and
streambank stabilization through bioengineering techniques.

The water quality monitoring program was based on a three-way paired design: one control watershed
and two treatment watersheds receiving similar BMPsystems at different intensities (Figure 51). The
watersheds have been monitored during a three-year calibration period prior to BMP implementation.
Implementation has occurred and post-treatment monitoring continued for three years.

Biological, chemical, and covariates were monitored during all three monitoring phases. Fish,
macroinvertebrates, fecal streptococcus, fecal coliform, and E. coli bacteria are the monitored
biological parameters. The chemical parameters monitored were total phosphorus, total Kjeldahl
nitrogen, total suspended solids, dissolved oxygen, conductivity and temperature. Two covariates,
precipitation and continuous discharge, were also monitored.

Nutrients and suspended sediment were monitored in a flow-proportional weekly composite sample.
Bacteria grab samples were collected twice weekly with concurrent in-situ measurements of
temperature, dissolved oxygen, and conductivity Macroinvertebrate and fish communities were
sampled annually. Invertebrate and fish monitoring were also conducted at an unimpaired local
reference site. The project has been completed, with the Final Report dated June 2001.

PROJECT BACKGROUND

Project Area

1705 ac (WS 1) + 3513 ac (WS 2) + 2358 ac (WS 3) =7576 ac
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Relevant Hydrologic, Geologic, and Meteorologic Factors

Land Use

The project area is in northcentral Vermont (Franklin County) in an area of transition between the
lowlands of the Champlain Valley and the foothills of the Green Mountains.Average annual
precipitation is about 41 inches; average annual temperature is about 42F. Frost-free growing season
averages 118 days.

Most of the watershed soils are till soils, loamy soils of widely variable drainage characteristics.
There are significant areas of somewhat poorly drained silt/clay soils in the lower portions of the
watersheds.

The three watersheds are generally similar in land use:

WS1 WS2 WS3
Land Use Acres % Acres % Acres %
Corn/hay 275 16 824 24 443 19
Pasture/ 137 8 530 15 231 10
hay-pasture
Forest 1153 68 1908 54 1443 61
Other 140 8 250 7 242 10

Source: 2000 FSA aerial photography, farmer interviews, ground-truthing

Water Resource Type and Size

The study streams are small second- or third-order permanent streams that drain to the Missisquoi
River, a major tributary of Lake Champlain. The streams are generally 10-15 feet wide at the
monitoring stations. Historical stream flow data do not exist for these streams; dischage has ranged
from 0.1 to over 300 cubic feet per second (cfs) since May, 1994.

Water Uses and Impairments

These particular small watersheds were selected to represent agricultural watersheds in the Lake
Champlain Basin, where streams often violate state water quality criteria (Clausen and Meals, 1989;
Meals, 1990; Vermont RCWP Coordinating Committee, 1991) and contribute nutrient concentrations
and areal loads that generally exceed average values reported from across the United Sates
(Omernik, 1977) and in the Great Lakes Region (PLUARG 1978).

Because of their size, the study streams themselves are subject to very limited use for agricultural
purposes (livestock watering) and recreation (swimming and fishing). No historical data exist to
document support or nonsupport of these or other uses. Project data indicate that Vermont water
quality (bacteriological) criteria for body contact recreation are consistently violated in these streams.
Biological data for fish and macroinvertebrates indicate moderate to severe impact by nutrients and
organic matter.

The receiving waters for these streams—the Missisquoi River and Lake Champlain—have very high
recreational use that is being impaired by agricultural runof (Vermont Agency of Natural Resources,
1994). The Missisquoi River is the second largest tributary to Lake Champlain in terms of discharge
(mean flow =1450 cfs) and contributes the highest annual nonpoint source phosphorus load to Lake
Champlain among the major tributary watersheds (75.1 mt/yr) (VT and NY Departments of
Environmental Conservation, 1994). Lake Champlain currently fails to meet state water quality
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standards for phosphorus, primarily due to excessive nonpoint source loads (Vermont Agency of
Natural Resources, 1994). About 66% of the nonpoint source phosphorus load to Lake Champlain is
attributed to agricultural land (Meals and Budd, 1998).

Pollutant Sources

Nonpoint sources of pollutants are streambanks, degraded riparian zones, and dairy-related
agricultural activities, such as field-spread and pasture-deposited manure and livestock access. Some
agricultural point sources such as milkhouse waste or corn silage leachate are thought to exist.

Pre-Project Water Quality

No historical physical/chemical data exist for the study streams. Pretreatment monitoring data showed
the following ranges:

E. coli Fecal Coliform Fecal Strep.
(#/100 ml) (#/100 ml) (#/100 ml)
1 - 108,000 2 - 122,000 2 - 110,000
TP (mg/l) TKN (mg/l) TSS (mg/l)
0.02 - 1.57 <0.20-3.59 1585

Water Quality Objectives

The overall goal of the project is a quantitative assessment of the efectiveness of livestock/grazing
management practices focused on the riparian zone in reducing concentrations and loads of nutrients,
bacteria, and sediment from small agricultural watersheds. Major water quality objectives are to 1)
document changes in sediment, nutrient, and bacteria concentrations and loads due to treatment at the
watershed outlets and 2) evaluate response of stream biota to treatment.

Project Time Frame

September 1993 to November 2000

PROJECT DESIGN

Nonpoint Source Control Strategy

The project tested a suite of practices that treat and protect the stream and riparian zone. In both
treatment watersheds, work concentrated on selective exclusion of livestock from the streams,
creation of a protected riparian zone, improvement or elimination of heavily used livestock stream
crossings, and revegetation of degraded streambanks. The treatment required fencing, watering
systems, reducing the number of livestock crossing areas, bridging or strengthening necessary
crossing areas, and streambank erosion control through willow planting and other bioengineering
techniques.

During the pretreatment monitoring period, treatment needs were assessed, specific plans and
specifications developed, and agreements with landowners pursued. The project and/or its partners
provided 100% cost support for cooperating landowners. Agricultural management activity—both
routine and treatment implementation—is monitored by farmer record-keeping and annual interviews.
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Some work was done, as necessary, on agricultural point sources when such pollutant sources were
identified.

Project Schedule

Site Pre-BMP BMP Post-BMP
Implementation
WS-1  5/94-5/97 6/97-11/97 11/97-11/00
WS-2  5/94-5/97 6/97-11/97 11/97-11/00
WS-3  5/94-5/97 N/A 11/97-11/00

Water Quality Monitoring

The study was based on a paired-watershed design, with a control watershed and two treatment
watersheds (Figure 44). The design called for three years of calibration monitoring, one year of
implementation monitoring, and three years of post-treatment monitoring.

Variables Measured

Biological

E. coli bacteria (EC)

Fecal coliform bacteria (FC)
Fecal streptococcus bacteria (FS)
Macroinvertebrates

Fish

Chemical and Other

Total phosphorus (TP)

Total Kjeldahl nitrogen (TKN)
Total suspended solids (TSS)
Dissolved oxygen (DO)
Conductivity

Temperature

Covariates
Precipitation (continuous)
Discharge (continuous)

Sampling Scheme

Automated sampling stations were located at three watershed outlets for continuous recording of
streamflow, automatic flow-proportional sampling, and weekly composite samples for sediment and
nutrients. Twice-weekly grab samples for bacteria were collected. Concurrent in-stream measurement
of temperature, dissolved oxygen, and conductivity occurred at grab samples collection. Three
precipitation gauges were installed. All monitoring systems operated yearround.

The macroinvertebrate community at each site and a fourth “background reference” site were sampled
annually using a kick net/timed effort technique. Methods and analysis followed USEPA’s Rapid
Bioassessment Protocols (Protocol III). Fish were sampled annually by electroshocking and evaluated

according to Rapid Bioassessment Protocols Protocol V.

Physical habitat assessments were performed during each sampling run.
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Monitoring Scheme for the Lake Champlain Basin Watersheds Section 319 National
Monitoring Program Project

Design Site or Primary Covariates Frequency of  Frequency Duration
Activities Parameters WQ of Biological
Sampling Assessment
Three-way WS1- E Coli Precipitation TP, TKN, TSS—  Fishand 3 yrs pre-BMP
paired Samsonville FC Discharge weekly Macroinverte- 1 yr BMP
watershed Brook” FS (continuous) composite from brates sampled 3 yrs post-BMP
. Macroinvertebrates continuous flow-  once per year
WSZ—(;iodln Fish survey proportional
Brook TP sampling.
WS3-Berry TKN Bacteria,
Brook® TSS temperature, DO
DO and
Conductivity conductivity—
Temperature twice weekly

"Treatment watershed
CControl watershed

Land Treatment Monitoring

Land use monitoring included farmer record-keeping, annual farmer interviews, and examination of
annual FSA crop compliance aerial photography. Land treatment tracking was accomplished by at
least weekly inspections of installed treatments. Additional details were included in the Project Final
Report (2001).

Modifications Since Project Started

Problems with funding and personnel shifts delayed the start of treatment implementation by
approximately one year resulting in extension of pre-treatment monitoring and reduction of planned
post-treatment monitoring. In 1996, the project timetable was revised to reflect a three-year
calibration period (1994-1996), one year of implementation (1997), and two years of post-treatment
monitoring (1998-2000). In 1999, the active monitoring period was extended through November
2000 to provide three years of post-treatment monitoring.

The nonpoint source control strategy and design have been changed due to changes in agricultural
operations in WS1. The original project design called for the implementation of intensive grazing
management in WS1 as a means to minimize the time spent by livestock in or near the streamcourse
without resorting to complete exclusion. However, since the beginning of the project, one farmer in
WSI1 ceased operations, one changed his management to complete confinement, and another was
determined to have no riparian pasture. Moreover, the owner of the large dairy operation immediately
above the monitoring station has implemented full rotational grazing on his own.Thus, opportunities
for implementing the planned treatment were essentially eliminated.After additional field surveys and
discussions with the Project Advisory Committee, the Principal Investigator requested approval from
EPA Region I for a change in treatment design. Approval was granted in June, 1997.

Under the modified strategy, WS1 has received the same style of treatments asWS2, i.e. livestock
exclusion, crossing protection, and streambank stabilization. Thus, WS1 can be viewed as a replicate
of WS2 with respect to treatment. Because the level of treatment differed in WS1 compared to WS2,
the opportunity existed to evaluate thresholds and degrees of water quality response to varying levels
of treatment.

While no changes to the monitoring program design have occurred, changes in theTKN analysis
within the Vermont Department of Environmental Conservation laboratory required rejection of TKN
data generated prior to April, 1996. TKN analysis continues to be conducted.
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Fish community sampling has been reduced from semi-annual to annual. In May 1997, one
precipitation gauge was moved about 300 meters at a landowner’s request.

Progress to Date

The water quality monitoring component of the project became operational in May, 1994 and
operated successfully to meet project goals. A severe drought and elevated temperatures during June
and July, 1995, and a series of major floods in summer, 1997, and winter, 1998, interfered slightly
with chemical and physical monitoring, and may have had some lasting influence on biological
communities in the monitored streams. Analysis of calibration period water quality data (May 1994 —
May 1997) confirmed that statistical conditions for acceptable calibration between the control and
treatment watersheds were met with respect to physical and chemical variables.

Following a baseline inventory and new aerial videography in 1995, land use/agricultural activity has
been conducted through annual farmer recordkeeping, annual interviews, and windshield surveys.

The process of identifying specific treatment needs and designs and negotiating agreements with
landowners began in the fall of 1995. However, project difficulties and changes noted earlier delayed
this process significantly. Under renewed initiatives, agreements were signed with eight watershed
landowners in the spring of 1997 and implementation is underway. As of the end of 1997, installed
practices included more than 8,800 feet of riparian fence, elimination of three livestock crossings, a
culvert livestock crossing, three armored livestock crossings, and a livestock bridge. In addition,
several thousand feet of streambank have been protected with brushrolls and tree revetments and
willow plants. Significant assistance has been given by theVermont Youth Conservation Corps, the
Missisquoi River Basin Association, and local volunteers.

After full BMP implementation, the following levels of treatment were achieved in the treatment

watersheds:

WS 1 WS 2
Total stream length (m) 10,382 24,776
Pasture stream length (m) 1,481 8,150
Treated stream length (m) 726 2,283
Stream length treated (%) 7% 9%
Pasture stream length treated (%) 49% 28%
Livestock grazing on treated pasture (%) 96 —97% 15-23%
Pasture area draining to treated stream (%) 42% 32%

BMP implementation was completed in November, 1997. Except for repair of winter/spring flood
damage, no additional land treatments are planned. Water quality and land treatment monitoring
continues to be conducted as described in the recent Comprehensive Calibration Period Project
Report.

As of the end of the treatment implementation period, a total of $39,713 had been spent on land
treatment, of which $18,759 were project funds, $4,166 were landowner contributions, and $16,788
were contributed by other agencies and volunteer groups. Subsequent maintenance of installed
practices required expenditure of an additional $3,500.

348



Lake Champlain Basin Watersheds, Vermont

Analysis of post-treatment water quality data suggests that bacteria counts, phosphorus concentration,
and phosphorus export declined significantly in one or both of the treated watersheds with respect to
the control watershed. Installed treatments continue to perform well with relatively little maintenance.

Land use changes in the two treatment watersheds caused some problems in 1999. InWS|1, runoff and
severe erosion from cleared land had increased TSS load to Samsonville Brook in 1998. An NRCS-
designed diversion was installed in August 1999 to correct this problem. Visual inspection of the
diversion over the remainder of the field season and water quality data indicated that the problems
have been corrected.

In WS2, major expansion and mismanagement of a large farm operation in the center of the watershed
continued to have major impact on water quality observed in that watershed. Elevated sediment,
nutrient and bacteria levels resulting from this disturbance efectively negated the effects of land
treatment in the final project year

The principal impediment to project progress was funding, both mechanism and quantity While in
principle, Section 319 National Monitoring Program funding was intended to be set up for the entire
project period, this was not the case in this project. The requirement to renew funding each year
caused significant problems, including accounting confusion over fiscal vs. project vs. monitoring
“years,” inefficient expenditure of staff time, and, most importantly, difficulty in accounting for and
documenting required match. This was a particular problem in the implementation budget, since
actual implementation (and associated match) did not take place until project year 4, while funds were
allocated in project years 1, 2, and 3 budgets. Budgeting over the entire project lifetime would have
substantially alleviated these problems.

The other financial impediment to the project involved significant increases in chages for sample
analysis by the state Department of Environmental Conservation (DEC) laboratory These costs
increased dramatically (on the order of $11,000-$16,500 per year) since the first funding year and,
with no corresponding increase in overall funding, other budget categories had to be cut. In the last
three budget years, this required elimination of all nonsignificant principal investigator support,
limiting available time commitment to the project. The increase in analytical costs also reduced the
previous match contributions from DEC. Annual funding from U.S. Environmental ProtectionAgency
(USEPA), however, has been essentially level and nonnegotiable for the last three years. Some
flexibility in funding, such as increasing USEPA funding to cover such cost increases, would be
helpful. The project was significantly under-funded in FY 1997, resulting in a five-month suspension
of project activities except for basic water quality monitoring. This problem was been corrected.

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

Primary data management was done using an in-house spreadsheet system.The USEPA Nonpoint
Source Management System (NPSMS) software was not used to track and report data to USERA
because it was never upgraded to handle three watersheds. Requisite data entry into STORET was
accomplished through annual file transfer. Water quality data were compiled and reported for
quarterly project advisory committee meetings, including basic plots and univariate statistics. For
annual reports, data were analyzed on a wateryear basis.

Data analysis was performed using both parametric and nonparametric statistical procedures in
standard statistical software.
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NPSMS Data Summary
Monitoring Station Parameters Report
DATE: 08/04/98 PERIOD: calibration period, 5/94 - 9/97
STATION TYPE: Treatment Watershed #1 (Samsonville Brook)

CHEMICAL PARAMETERS

Reporting QUARTILE VALUES
Parameter Name Units -75- -50- -25-
CONDUCTANCE uS/CM 113 88 70
E. COLI CFU/100ML 418 96 22
FECAL COLIFORM CFU/100ML 440 77 28
FECAL STREPTOCOCCUS CFU/100ML 1611 362 55
FLOW, STREAM, WEEKLY MEAN CFS 7.7 2.4 1.0
OXYGEN, DISSOLVED MG/L 14.8 12.1 9.8
PRECIPITATION, TOTAL IN/WEEK 1.02 0.54 0.20
NITROGEN, TOTAL KJIELDAHL! MG/L .80 .50 0.37
PHOSPHORUS, TOTAL MG/L 0.166 0.090 0.052
TEMPERATURE, WATER oC 16.5 7.7 0.7
TOTAL SUSPENDED SOLIDS MG/L 68.5 28.0 12.8

STATION TYPE: Treatment Watershed #2 (Godin Brook)

CHEMICAL PARAMETERS

Reporting QUARTILE VALUES
Parameter Name Units -75- -50- -25-
CONDUCTANCE uS/CM 135 105 87
E. COLI CFU/100ML 3950 515 40
FECAL COLIFORM CFU/100ML 4500 455 58
FECAL STREPTOCOCCUS CFU/100ML 1951 538 70
FLOW, STREAM, WEEKLY MEAN CFS 14.9 6.0 3.1
OXYGEN, DISSOLVED MG/L 14.8 12.0 10.1
PRECIPITATION, TOTAL IN/WEEK 1.00 0.47 0.18
NITROGEN, TOTAL KJELDAHL! MG/L 93 0.50 0.35
PHOSPHORUS, TOTAL MG/L 0.199 0.102 0.039
TEMPERATURE, WATER oC 16.5 7.9 0.7
TOTAL SUSPENDED SOLIDS MG/L 43 .4 18.6 5.1

STATION TYPE: Control Watershed (Berry Brook)

CHEMICAL PARAMETERS

Reporting QUARTILE VALUES
Parameter Name Units -75- -50- -25-
CONDUCTANCE uS/CM 125 107 87
E. COLI CFU/100ML 4175 550 36
FECAL COLIFORM CFU/100ML 3875 510 39
FECAL STREPTOCOCCUS CFU/100ML 1464 442 65
FLOW, STREAM, WEEKLY MEAN CFS 13.7 7.1 3.9
OXYGEN, DISSOLVED MG/L 14.3 11.3 9.6
PRECIPITATION, TOTAL IN/WEEK 0.97 0.50 0.18
NITROGEN, TOTAL KJELDAHL! MG/L 0.65 0.50 0.32
PHOSPHORUS, TOTAL MG/L 0.174 0.084 0.052
TEMPERATURE, WATER oC 16.1 8.0 0.9
TOTAL SUSPENDED SOLIDS MG/L 35.1 16.5 6.7

I'TKN Data 4/96 - 9/97 only

Monitoring Station Parameters Report
DATE: 07/09/01 PERIOD: 10/97 — 9/00 (Treatment Period)

STATION TYPE: Treatment Watershed #1 (Samsonville Brook)
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CHEMICAL PARAMETERS

Reporting QUARTILE VALUES
Parameter Name Units -75- -50- -25-
CONDUCTANCE uS/CM 105 85 64
E. COLI CFU/100ML 235 68 10
FECAL COLIFORM CFU/100ML 258 74 11
FECAL STREPTOCOCCUS CFU/100ML 1125 237 38
FLOW, STREAM, WEEKLY MEAN CFS 10.2 4.1 1.5
OXYGEN, DISSOLVED MG/L 14.6 12.5 10.0
PRECIPITATION, TOTAL IN/WEEK 0.90 0.52 0.18
NITROGEN, TOTAL KJIELDAHL! MG/L 0.65 0.54 0.39
PHOSPHORUS, TOTAL MG/L 0.126 0.072 0.042
TEMPERATURE, WATER oC 15.8 7.2 1.0
TOTAL SUSPENDED SOLIDS MG/L 34.0 15.2 6.7

STATION TYPE: Treatment Watershed #2 (Godin Brook)

CHEMICAL PARAMETERS

Reporting QUARTILE VALUES
Parameter Name Units -75- -50- -25-
CONDUCTANCE uS/CM 143 120 94
E. COLI CFU/100ML 1653 201 18
FECAL COLIFORM CFU/100ML 2113 253 24
FECAL STREPTOCOCCUS CFU/100ML 1838 400 58
FLOW, STREAM, WEEKLY MEAN CFS 13.8 5.6 2.8
OXYGEN, DISSOLVED MG/L 14.5 12.0 9.9
PRECIPITATION, TOTAL IN/WEEK 0.98 0.62 0.22
NITROGEN, TOTAL KJIELDAHL! MG/L 0.83 0.60 0.42
PHOSPHORUS, TOTAL MG/L 0.170 0.104 0.058
TEMPERATURE, WATER oC 16.8 8.3 1.0
TOTAL SUSPENDED SOLIDS MG/L 31.5 18.3 7.5

STATION TYPE: Control Watershed (Berry Brook)

CHEMICAL PARAMETERS

Reporting QUARTILE VALUES
Parameter Name Units -75- -50- -25-
CONDUCTANCE uS/CM 132 115 92
E. COLI CFU/100ML 3175 311 28
FECAL COLIFORM CFU/100ML 4850 373 45
FECAL STREPTOCOCCUS CFU/100ML 1430 438 70
FLOW, STREAM, WEEKLY MEAN CFS 15.0 7.5 3.8
OXYGEN, DISSOLVED MG/L 14.2 11.6 9.4
PRECIPITATION, TOTAL IN/WEEK 0.86 0.54 0.20
NITROGEN, TOTAL KIELDAHL MG/L 0.58 0.43 0.31
PHOSPHORUS, TOTAL MG/L 0.124 0.073 0.40
TEMPERATURE, WATER oC 16.2 8.4 1.3
TOTAL SUSPENDED SOLIDS MG/L 23.8 9.9 4.4

Final Results

Analysis of calibration period physical and chemical monitoring data indicated that conditions for
acceptable calibration between the control and treatment watersheds were met. Significant regression
relationships were found to exist between watershed pairs for all parameters of interest. For all
physical and chemical variables, the calibration period was adequate to detect reasonable changes
following treatment. Residual errors around the regressions were small enough to allow determination
for changes of 24% or less in response to treatment. TKN data collected since April, 1996, yielded
acceptable calibration. Therefore, data collected during the calibration phase appeared to be adequate
for the project to proceed into the treatment period.
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The fish and macroinvertebrate assemblages indicated degraded conditions in the treatment
watersheds over the calibration period due to nutrient enrichment and sedimentation. The impaired
control section supported a biological community indicative of severe, intermittent stress resulting
from improper manure and corn silage management upstream.Although mildly impacted by local
non-agricultural activities, the reference control stream supports the healthiest biological community

Analysis of three years of post-treatment data showed significant water quality response to treatment.
In WS 1, mean TP, TKN, and TSS concentrations were reduced by 15%, 12%, and 34%, respectively.
Indicator bacteria counts declined by 29% - 38%. Over the entire treatment period, TP export was
reduced 49%, TKN export 38%, and TSS 28%. Similar water quality changes were observed in WS
2 over the first two years of treatment, but impacts from the farm expansion reversed those
improvements.

The macroinvertebrate community in Samsonville Brook (WS 1) responded significantly to treatment,
with Biolndex values meeting Vermont Water Quality Biocriteria in the second and third post-
treatment year. Improvements noted in Godin Brook (WS 2) after two years of treatment were
reversed in the final year due to catastrophic sedimentation from the farm expansion.

Copies of the Final Project Report may be obtained by contacting Rick Hopkins at the address given
below.

INFORMATION, EDUCATION, AND PUBLICITY

Pre-project activity included letters to all watershed agricultural landowners followed by small
“kitchen table” meetings with farmers in each watershed. The purpose of these meetings was to assess
landowner interest and acceptance of the project.

Two articles concerning the project were published in the weekly county newspaper

In July 1994, a monitoring station “open-house” was held to present the project, monitoring
hardware, and some early monitoring results.

The first annual winter lunch meeting was held in February 1995, where watershed farmers discussed
the project and heard a talk by a local farmer engaged in rotational grazing.A second such meeting
was held in April, 1996, a third in February, 1998, and a fourth in March, 1999

A semi-annual project newsletter initiated in summer, 1995, was distributed to watershed farmers and
other interested parties. In addition, a feature story on the project has been published in the monthly
magazine of a regional environmental advocacy group.

The project included a Project Advisory Committee with representatives from United States
Department of Agriculture-Natural Resources Conservation Service (USDA-NRCS), Extension,
Vermont Dept. of Agriculture, Vermont Dept. of Environmental Conservation, Vermont Natural
Resources Conservation Council, U.S. Fish and Wildlife Service, the Vermont Pasturelands Outreach
Program, and a watershed dairy farmer. The committee met quarterly to review progress and assist in
program direction.

Information and education efforts during the pretreatment calibration phase focused on laying the
groundwork for treatment by presenting demonstrations and information concerning grazing
management and livestock access control. Additional contact with farmers occurs through routine
collection of agricultural management data. Current information efforts are devoted to keeping
watershed farmers and other residents informed of project activities and findings.
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A vigorous communication strategy was undertaken to publicize final project results. Activities
included:

* A newsletter to watershed landowners

* A presentation to local farmers and the Missisquoi River BasinAssociation

* Final meeting of the ProjectAdvisory Committee

* Presentation to the Lake Champlain Basin Program Technical Advisory Committee
* Presentation to USDA-NRCS State Office staff

* Publication of articles in local environmental advocacy periodicals

* Publication of Final Project Report

* Presentation to USEPA Region I staff

* Presentation to New England region state nonpoint source management agencies

* Paper presented at International Water Association Diffuse Pollution/Watershed Management
Conference

* Paper presented at 9" National Nonpoint Source Monitoring Workshop, August, 2001

The project is documented on: http://wwwanr.state.vt.us/dec/waterq/VT3 19Watershed.htm

PROJECT BUDGET

The estimated budget for the Lake Champlain Basin Watersheds National Monitoring Program
project for years 1-5 is shown in the following table.

Vermont NMP — Approximate Budget Breakdown

Project Element Federal* Federal** State University  Other+ Total
Land treatment (FFY92 —96) 121,093 9,200 3,388 21,918 54,981 210,580
WQ monitoring (FFY1991 — 738,255 - 209,137@  134,773@ - 987,464
2000)
Total 859,348 9,200 212,525@  156,691@ 54,981 1,292,745@
Table Notes:

* Includes funding from Clean Water Act Section 319 and Section 104b3

** Includes cost share funds from USF & WS and USDA-NRCS

+ Represents potential labor and/or materials needed to be provided by farmers and/or volunteers.

In 1997, some $4,166 and $7,588 were contributed to the project by landowners and other volunteers, respectively.

In 1998, 1999, and 2000 field seasons, an unquantified amount of in-kind was contributed by landowners associated with inspection
and maintenance of installed practices.

@ Amounts shown are incorrect since non-federal match requirements associated with FFY0O0 funds are not finalized.

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

The project area was within the area of the Lake Champlain Basin Program (a program modeled after
the Chesapeake Bay Program), directed toward the management of Lake Champlain and its
watershed. Considerable effort on agricultural nonpoint source control is associated with this
program, including funding for pollution control/prevention demonstration projects.
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Additionally, the state of Vermont’s phosphorus management strategy calls for taigeted reductions of
phosphorus loads from selected subbasins of Lake Champlain.

The U.S. Fish and Wildlife Service (USF&WS) was an active participant in the project. Two
watershed landowners have agreements with the USF&WS Partners for Wildlife riparian zone
restoration program. NRCS rendered valuable assistance in engineering design and streambank
restoration. The onset of the new USDA EQUIP program, however, severely curtailed the availability
of staff time to assist in the project. The Vermont Youth Conservation Corps Franklin County crew
donated three days of labor in streambank stabilization. The Missisquoi River Basin Association, a
citizens group, organized several days of volunteer labor, and employees of Ben & Jerry’s Homemade
donated substantial field work.

OTHER PERTINENT INFORMATION

None.
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Administration

Richmond (Rick) Hopkins

Vermont Dept. of Environmental Conservation
Water Quality Division

Building 10 North 103 South Main Street
Waterbury, VT 05671

(802) 241-3770; Fax (802) 241-3287

Internet: rickh@state.vt.us

Land Treatment

Don Meals

Ice.Nine Environmental Consulting

84 Carolina Street

Burlington, VT 05401

(802)862-6632; Fax (802)862-6632
Internet: dmeals@burlingtontelecom.net

Water Quality Monitoring

Don Meals

Ice.Nine Environmental Consulting

84 Carolina Street

Burlington, VT 05401

(802)862-6632; Fax (802)862-6632
Internet: dmeals@burlingtontelecom.net
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Figure 52: Totten and Eld Inlet (Washington) Project Location
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PROJECT OVERVIEW

Totten and Eld Inlets are located in southern Puget Sound (Figure 52). These adjacent inlets are
exceptional shellfish production areas. The rural nature of the area makes it an attractive place in
which to live. Consequently, stream corridors and shoreline areas have experienced considerable
urban, suburban, and rural growth in the past decade. Located in the area are many recreational,
noncommercial farms that keep various livestock. Both upland and lowland areas have highly produc-
tive forest lands.

The most significant nonpoint source pollution problem in these inlets is bacterial contamination
affecting shellfish production. Totten Inlet is currently classified by the Department of Health (DOH)
as an ‘approved’ shellfish harvest area but is considered threatened due to bacterial non-point-source
pollution. Eld Inlet is currently classified by DOH as ‘approved’ for shellfish harvest, except for the
extreme southern-most portion which was reclassified from ‘conditionally approved’ to ‘unclassified’
several years ago, and remains so at this time.A designation of ‘unclassified’ means shellfish may not
be commercially harvested, although this may not be an issue if an area is not otherwise (independent
of pollution concerns) suitable for shellfish growing or harvest.The southern DOH ‘approved’
portion of Eld Inlet had been classified ‘conditional’ (shellfish could not be harvested for 3 days
following rain events greater than 1.25 inches in 24 hours) until early 1998. Eld Inlet is still threat-
ened due to bacterial non-point-source pollution sources. As with Totten Inlet, the major sources of
fecal coliform (FC) bacteria are on-site wastewater treatment systems and livestock-keeping practices
along stream corridors and marine shorelines.

The Totten and Eld Inlet Clean Water Projects evolved from the combined efforts and resources of
local and state government. Watershed action plans were completed in 1989 for both Totten and Eld
Inlet. While a significant level of public involvement and planning occurred, material resources for
implementing on-the-ground best management practices (BMPs) were scarce. In 1993, revenue from
property assessments and grants provided funds for local government to implement remedial actions
in targeted areas within these watersheds. The goal of the remedial efforts was to minimize the
impacts of nonpoint source pollution by implementing farm plans on priority farm sites and identify-
ing and repairing failing on-site wastewater treatment systems. In part, these eforts have been ham-
pered by a shift in political climate from regulatory/mandatory compliance to voluntary eforts.
Grant-funded BMP efforts lasted into 1999 for the four Totten-Inlet sub-basins, and into 2000 for the
two Eld-Inlet sub-basins.

In 1992, a water quality monitoring program was initiated to evaluate the efectiveness of remedial
land treatment practices on water quality. The monitoring effort was formalized in 1995 into a U.S.
Environmental Protection Agency (USEPA) Section 319 National Monitoring Program (NMP)
project. The monitoring effort targeted six sub-basins within the larger Totten and Eld Inlet water-
sheds. The goal of the water quality monitoring program was to monitor water quality over time to
measure the effectiveness of watershed-based land management programs.A paired watershed design
was used for two sub-basins while a single site approach was used for four sub-basins.Water quality
monitoring was conducted from mid-November to mid-April on a weekly basis for at least 21 con-
secutive weeks each year. Fecal coliform bacteria, suspended solids, turbidity, flow, and precipitation
were the main parameters of interest. Farm-plan BMP implementation was tracked via information
provided by the Conservation Districts. Washington State NMP staff did not have control over any
aspect of BMP design, implementation, or monitoring.

The project post-BMP monitoring period concluded as of spring, 2002. A final report was published
July 2003, and is available at http://www.ecy.wa.gov/biblio/0303010.html.
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PROJECT BACKGROUND

Project Area

The Totten and Eld Inlets Section 319 National Monitoring Program project area consists of six sub-
basins within the Totten and Eld Inlets. The Totten watershed is approximately 44,300 acres and the
Eld Inlet watershed is approximately 22,900 acres.

Relevant Hydrologic, Geologic, and Meteorologic Factors

Land Use

The topography of the project area includes the rugged Black Hills area southwest of the city of
Olympia, upland prairies, fresh and estuarine wetlands, high and low gradient stream reaches, and
rolling hills. Pleistocene glacial activity was the most recent major land-forming process.

The predominant soil type is glacial till, generally consisting of compact silts and clays.

Wet, mild winters and warm, dry summers are characteristic of the Puget Sound region.The climate
and precipitation of the project area are similar. Rainfall ranges from about 50 to 60 inches per year,
depending on elevation and longitude. The precipitation received in the area usually occurs mostly
between October and April.

Land Use Totten/Little Skookum Inlet Eld Inlet
% Land Use % Land Use
Forest 82.0% 63.0%
Residential 4.3% 6.3%
Agriculture 5.0% 5.1%
Public Use 0.3% 5.1%
Undeveloped 7.5% 19.8%
Other 0.9% 0.7%

Water Resource Type and Size

Totten and Eld Inlets are estuaries separated by peninsulas in southern Puget Sound.The total drain-
age basin for the two inlets is approximately 67,200 acres. Six sub-basins have been selected for this
monitoring project. They are as follows:

Totten Inlet

Burns 82-acre single site
Kennedy 13,046-acre paired site
Pierre 65-acre single site
Schneider 4,588-acre paired site
Eld Inlet

McLane 7,425-acre single site
Perry 3,857-acre single site

Water Uses and Impairments

Important beneficial uses of the Totten and Eld Inlet marine waters include shellfish culturing, finfish
migration and rearing, wildlife habitat, and primary and secondary contact recreation.

Important beneficial uses of the freshwater streams that drain into theTotten and Eld Inlets include

finfish migration, spawning, and rearing; domestic and agricultural water supply; primary and second-
ary contact recreation; and wildlife habitat.
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The most significant non-point-source pollution problem in these inlets is bacterial contamination
affecting shellfish production.

Pollutant Sources

Sources of fecal coliform bacteria are failing on-site wastewater treatment systems, and livestock-
keeping practices along stream corridors and marine shorelines. Wet season (October-April) soil
saturation hampers the ability of many on-site systems to operate correctly Saturated soils and
stormwater runoff also contribute to water quality problems associated with ovegrazed pastures,
manure-contaminated runoff, and livestock access to streams. The major source of pollution in the
monitoring sub-basins is considered to be animal-keeping practices. Livestock common to these
farms include horses, beef cattle, llamas, donkeys, goats, sheep, and chickens.Animal types and
numbers from inventories were converted to animal units (1AU = 1,000 lbs animal weight) in order
to estimate the wet season animal population for each basin. Estimates are based on conservation
district surveys --primarily windshield surveys, except the 2002 survey which was conducted by
Ecology.

Animal unit surveys by sub-basin and period

1989 1992-93 1996  1996-97 2002

BUR 92 82 6.5 7.7 10.8
KND 9.9 1 5
MCL 112 89.7 142 46.5
PIE 2 2 5 1
PRY 56.1 77.8 59.8 443 5.7
SHN 35 56.2 93 69.6

Water Quality Standards

Kennedy, Schneider, Burns, and Pierre creeks are designated by the state as classAA streams. The
class AA water quality standard for fecal coliform (FC) bacteria requires that the geometric mean
value (GMV) not exceed 50 colony-forming units per 100 milliliters (cfu/100ml) and that not more
than 10% of samples exceed 100 cfu/100 ml. McLane and Perry creeks are classA streams, allowing
a GMYV no greater than 100 cfu/100ml, and no more than 10% of the samples may exceed 200 cfu/
100ml.

Pre-Project Water Quality

During the pre-BMP calibration period, Kennedy Creek (the control) did not exceed the fecal
coliform water quality standard; Schneider exceeded three out of three years; McLane and Perry each
exceeded one out of two years; and Burns and Pierre exceeded three out of three years. These results
are based on entire wet-season calculations.

Post-Calibration Period Water Quality

Kennedy Creek did not exceed fecal coliform water quality standards from the calibration period
through 2002. Perry did not exceed through the study except for the last wet-season. McLane ex-
ceeded one year after calibration and before BMP grant issue, and then again the last wet-season.
Schneider exceeded three years; one excursion took place after the onset of BMP grants, and the other
two took place well into the grants. Burns and Pierre creeks exceeded water quality standards all
years. These results are based on entire wet-season calculations; analysis of moving-averages and of
data outside the project sampling window yielded more water quality exceedances.

361



Totten and Eld Inlet, Washington

Comparison of Fecal Coliform data to water quality standards

Geometric Means for Wet Seasons (cfu/100ml)

Site Class 92-9393-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02

Kennedy AA 5 5 5 5 9 7 8 4 4 8
Schneider AA 23 15 21 11 8 12 19 15 10 19
McLane A 37 24 36 24 17 32 80 30 41 43
Perry A 14 8 17 12 6 10 11 8 10 25
Pierre AA 52 81 405 115 124 53 89 53 45 45
Burns AA 95 222 227 80 62 110 311 237 266 109

Percent of Samples Exceeding WQ Standard Part 2

Site Class 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02
Kennedy AA 0 0 0 0 0 0 4 0 0 0
Schneider AA 17 9 17 4 0 9 13 4 13 9
McLane A 4 4 4 4 0 9 4 9 9 22
Perry A 0 0 4 0 0 0 0 0 0o 17
Pierre AA 22 50 91 57 45 17 39 17 14 17
Burns AA 35 75 79 30 32 39 83 70 74 39

Bold values indicate violations of water quality standards:

Class AA Standard
Part 1 - geometric mean value (GMYV) shall not exceed 50 colonies/100MI
Part 2 - not more than 10% of the samples used for calculating the GMV shall exceed 100 colonies/100mL

Class A Standard
Part 1 - geometric mean value (GMYV) shall not exceed 100 colonies/100mL
Part 2 - not more than 10% of the samples used for calculating the GMV shall exceed 200 colonies/100mL

Looking at five week moving averages for the same period, water quality violations occurred with
higher frequency as indicated below. This table summarizes violations of part 1 or part 2 of the
standards.

Wet Seasons with 5-week moving-average water quality violations

Site Class 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02
Kennedy AA X

Schneider AA X X X X X X X X X
McLane A X X X X X X X X
Perry A X X
Pierre AA X X X X X X X X X X
Burns AA X X X X X X X X X X

Sampling was extended before and after the regular NMP sampling-window for the 1998-1999 and
later seasons. Water quality fecal coliform standards were exceeded during these dry-seasons through
summer 2001.

Water Quality Objectives

Pierre Creek

» reduce median fecal coliform concentration by 69% (reduce to 10 cfu/100ml)
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Burns Creek
* reduce median fecal coliform concentration by 63% (reduce to 20 cfu/100 ml)

Schneider Creek

» reduce median fecal coliform concentration by 50% (reduce to 10 cfu/100 ml)

McLane Creek

* reduce median fecal coliform concentration by 44% (reduce to 22 cfu/100 ml)

Project Time Frame

1993 through 2002

PROJECT DESIGN

Nonpoint Source Control Strategy

The nonpoint source treatment in the project area was designed to reduce the amount of nonpoint
source pollution via repair of failing on-site wastewater treatment systems and implementation of farm
plans on priority farm sites. Priority farm sites are those farms that potentially threaten the quality of
receiving waters due to a variety of physical and managerial properties such as closeness to stream,
numbers of animals, and lack of pollution prevention practices. The nonpoint source control strategy
involved surveying all potential pollution sources in critical areas, estimating the water quality impact,
and finally, planning and implementing corrective actions.

Resource management plans (farm plans) were developed cooperatively by landowners and local
conservation districts. The farm planning process identified potential water quality impacts and
recommended BMPs to mitigate those impacts. Conservation district staff and each landowner dis-
cussed implementation costs and schedules of BMPs and cost-share opportunities. The landowner then
chose what he or she was willing to implement and agreed to implement the plan as funding allowed.
Specific BMPs most likely to be employed for nonpoint source control in project watersheds include
pasture and grazing management, stream fencing, stream buffer zones, rainwater and runoff manage-
ment, livestock density reduction, and animal waste management. Monies from the Farm Service
Agency, State Revolving Fund, U.S. Fish and Wildlife Service, and other sources were sought for
cost-share or low interest loan contracts.

Voluntary participation (prompted by education/outreach activities and local ordinances) was antici-
pated to be the major mechanism for implementation of farm plans. Farm owners whose operations
had deleterious effects on water quality and who did not comply with local ordinances were to become
involved in a formal compliance procedure, which was outlined by a memorandum of agreement
between the Ecology Water Quality Program and each conservation district.

Project Schedule

Sites or Pre-BMP BMP Post-BMP
Activities Implementation

Burns 198 8-1993 1993-1995 1995-2002
Pierre 198 6-1990 1989-1993 1993-2002
Perry 198 3-1989 1989-2000 2000-2002
McLane 198 3-1989 1988-2000 2000-2002
Kennedy No BMPs designed; monitoring 1986-2002
Schneider 198 8-1993 1993-1995 1995-2002
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BMP# BMP Description

312 Waste Management

313 Waste Storage

322 Channel Vegetation

342  Critical AreaPlanting

344  Crop Residue Use

352 Deferred Grazing

382  Fencing

393  Filter Strip

395  Fish Stream Improvement

412 Grassed Waterway

430  Irrigation Pipeline

472 Use Exclusion

490  Forest Site Preparation

510  Pasture & Hayland Mgmt

512 Pasture & Hayland Planting

516  Pipeline

528  Prescribed Grazing

530  Proper Woodland Management

556  Planned Grazing System

558  Roof Runoff Management

561  Heavy Use Area Protection

575  Livestock Crossing

580  Streambank Protection

590  Nutrient Management

612 Tree/Shrub Establishment

614  Trough

633  Waste Utilization

644  Wildlife Wetland Habitat Mgmt

645  Wildlife Upland Habitat Mgmt

654  Forest Harvest Trails

660  Tree/Shrub Pruning

666  Forest Stand Improvement
Total BMP units installed
Total BMP units planned
Percent of BMP units installed
Uncertain BMP units installed
Percent of BMP units installed
including uncertain BMPs

Water Quality Monitoring

Units
each
each
acres
acres
acres
acres
feet
acres
feet
acres
feet
each
acres
each
acres
feet
acres
each
acres
each
acres
each
acres
acres
acres
each
acres
acres
acres
acres
acres
acres

Burns McLane

2 1
2
23
19.1 24.5
2000 14401
1.5 12
7194
6
271
17.2 535
134
9.6 25
890 495
34.1 11
22.5 28
3 3
3.25
1
2550
41.6 42
15
4 17
38.5
5
51 287
3139.6 25598.75
3164.8 32557.8

99.2% 78.6%

0 1777.75
99.2% 84.1%

TYPE AND NUMBER OF BMPs IMPLEMENTED IN STUDY SUB-BASINS

Pierre

50
0.5

3

3

56.5
61.5
91.9%

0
91.9%

Perry

1499

220

1735
17234
10.1%

2736
25.9%

Totten and Eld Inlet, Washington

Schneider

9952
33
6200

79
427
127

110

30
2000
110

111

600
427
427
427

21063

21367.1
98.6%

98.6%

A paired watershed approach was used for the Kennedy/Schneider sub-basins to document the change
in water quality as a result of BMP implementation. Kennedy was a background (control) sub-basin,
while Schneider was the treatment sub-basin (Figure 51).A single site approach was applied to

Burns, Pierre, Perry and McLane sub-basins (Figure 51).
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Variables Measured

Biological
Fecal coliform (FC)

Covariates

Conductivity

Daily precipitation

Flow

Temperature

Total suspended solids (TSS)
Turbidity

Totten and Eld Inlet, Washington

Water quality monitoring was conducted from early November through mid-April. Grab samples were
collected on a weekly schedule (usually Tuesdays) for at least 21 consecutive weeks each year of the
project. During 1994, some additional samples were collected each season during runoff events at
each site. The sample sites are located near the mouth of each stream.

The Puget Sound Protocols for freshwater and general quality assurance/quality control (Tetra Tech,
1986) were followed for water sample collection, identification, preservation, storage, and transport.
Replicate samples (two samples taken from the same location at nearly the same time) for at least
10% of the total number of laboratory samples were taken and analyzed each week.All sample sites

are represented every sampling season.

Environmental monitoring data prior to November 1992 were collected by Thurston County under a
different sampling scheme than that used for NMPmonitoring.

Monitoring Scheme for the Totten and Eld Inlet Section 319 National Monitoring

Program Project

Sites or Primary Frequency of Primary
Design  Activities Parameters Covariates Parameter Sampling Duration
Single Burns FC Conductivity Weekly Schneider
downstream  Pierre Daily precipitation (Nov. to mid-April) Burns
Perry Flow Pierre:
McLane Temperature 1 yr. pre-BMP
TSS 3 yrs BMP
Turbidity 3+yrs post-BMP
Perry:
Paired Kennedy/ FC 3 yrs pre-BMP
watershed Schneider 3 yrs BMP
2 yrs post-BMP
McLane:
1 yr pre-BMP
5 yrs BMP

2 yrs post-BMP

Land Treatment Monitoring

Land treatment monitoring was expected of the county and conservation district. Grant requirements
for monitoring and reporting were lacking or incomplete, so data have been difficult to obtain, and are

incomplete.

365



Totten and Eld Inlet, Washington

Modifications Since Project Started

During the 1993-1994 sampling-year of the project, a Washington State Supreme Court decision was
issued declaring that under existing law, administrative search warrants could not be used for inspec-
tion programs; as this was later deemed to apply to on-site sanitary surveys.Thurston County modi-
fied its administrative code in 1995 to allow such warrants, but early in 1996, on advice from legal
counsel, the Board of Health decided not to proceed with search warrants. Consequently participation
dropped from 93% during 1992-1993 to 72% during 1995-1996 (Hofstad et al., 1996). Voluntary
participation in the 1996-97 survey in Schneider basin was low with only 36% of homeowners
allowing their on-site wastewater systems to be inspected.

Voluntary participation in the farm plan development was also less than expected.Ten of 22 priority
farms in the Schneider, Burns, and Pierre sub-basins developed farm plans. Five of these farm plans
resulted from some level of pressure by the local health department. Originally owners whose opera-
tions had deleterious effects on water quality and who did not comply with local ordinances were to
become involved in a formal compliance procedure, which was to be outlined by a memorandum of
agreement (MOA) between the Ecology Water Quality Program and the conservation district. How-
ever, there is some debate as to the interpretation of the MOArequirement, and the extent to which
the drafted MOA met the intent of the original language. Regardless, no known formal compliance
procedures have been activated via the MOA. It is uncertain if farm planning for the remaining 12
priority farms in Schneider sub-basin will occur Farm planning and implementation in McLane and
Perry sub-basins continued until June 30, 2000 via a state to conservation district grant extension.

Changes have occurred in the definition of pre- and post-BMP sampling periods for each sub-basin
as BMP grants have been extended and additional BMP implementation data has become available.

The 1998-99 and later sampling seasons were each started a month early, and extended a month past
the usual cutoff dates, then into the summer, although at a reduced sampling frequency. Fecal coliform
loading has been added to analysis for all years.

Enterococci were added to the analysis suite for the 2000-01 sampling season.

Progress To Date

Three on-site wastewater treatment systems were inspected in Burns and Pierre sub-basins in 1994. In
Schneider sub-basin, 12 of a targeted 33 On-site Sewage Systems (OSSS) were surveyed in 1997; 21
of the 33 homeowners chose not to participate in the survey No on-site wastewater treatment system
surveys were scheduled for the McLane or Perry basins during this project. About 120 OSSS in the
Summit Lake drainage area, in the Kennedy sub-basin, were also inspected and remedial actions were
undertaken. However, it is unlikely that remedial actions will affect bacteria levels at the Kennedy
Creek monitoring site, because in-lake bacterial levels have historically been at or below detection
limits.

About 180 of 234 planned agricultural BMPs were implemented on 30 sites in Schneider McLane,
Perry, Burns, and Pierre sub-basins between 1986 and 1997. These pollution controls were installed
on noncommercial farms that keep various types of livestock.About 61% of these controls were
installed from 1993 and 1997, while about 39% were installed from 1986 to 1992. Most farm plan-
ning and BMP installation activities in the Totten basins ended in 1997; Eld basin grant-funding for
BMPs concluded mid-2000.

Within each sub-basin, the average number of BMPs planned per farm ranged from 7.8 to 10.5 while
the average number of BMPs implemented per farm ranged from 5.0 to 8.7.The number of individual
practices installed per farm ranged from 1 to 14. The most frequently applied BMPs included fencing,
prescribed grazing, filter strips, livestock exclusion, nutrient management, and watering troughs.
Other commonly employed practices included roof runoff management and fish stream improvement.
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The completeness or rate of implementation of a farm plan is defined as the percentage of planned
BMPs actually implemented. Over half of farm operators signed their farm plans symbolizing some
level of commitment to implementing the farm plan. For all sub-basins, 53% of farms implemented all
of their planned BMPs, while 30% of farms had implementation rates of less than 60%. For the
remaining farms, the completeness of farm plan implementation was better than 70%.

For Burns and Pierre sub-basins, all priority farms entered the farm planning process. In Schneider

sub-basin, 24% of the priority farms entered the farm planning process. Several prioritizations were
done in McLane and Perry sub-basins, and 33% to 52% of priority farms entered the farm planning
process depending on which prioritization scheme is considered.

Reporting for work completed under the last state-issued BMP grant in Eld Inlet (McLane and Perry
creeks) has been obtained. It will take considerable time and effort to extract the needed data.

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

Water quality data were stored and managed in spreadsheets and later transferred to Ecology's Envi-
ronmental Information Management (EIM) data base. As funding allows, Ecology is committed to
transferring data from EIM to USEPA's STORET. Data evaluation and analysis strategies included
the following:

*  Determining statistically significant temporal trends in water quality by comparison of 95%
Confidence Interval about seasonal medians using notched boxplots (single site approach); linear
regression of monthly or seasonal medians over time, and the significance of slope tested to
indicate a decreasing trend of FC concentrations over time (single site approach); change in linear
relationship of FC concentrations between paired basins (paired watershed approach); comparison
of frequencies of water quality standards violations between years; and comparison of the 95%
Confidence Interval about the median of pre- and post-BMP data sets. This approach uses
historical data from 1986—-1992 (n=4 per season); these data were collected by the Thurston
County Environmental Health Division. Ecology started weekly wet-season sampling November,
1992.

*  Determining temporal trends in BMP implementation by bar graph of BMPs (individual or
grouped) implemented over time and plot of cumulative histogram of BMPs implemented over
time (individual measures or groups of measures).

*  Evaluating combined water quality and BMP trends by linear regression of FC as a function of
BMPs (individually or grouped) such as livestock management, acres treated, farm plans
implemented, and stream-bank protected; and graphical expression of water quality and BMP
information plotted over the same time scale (e.g. seasonal median FC values with cumulative
histogram of fully implemented farm plans).
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NPSMS Data Summary
Burns Creek FCMF cfu/100ml

Pierre Creek FCMF cfu/100ml

Kennedy Creek FCMF cfu/100ml

Schneider Creek FCMF cfu/100ml

92-93
93-94
94-95
95-96
96-97
97-98
98-99
99-00
00-01
01-02

92-93
93-94
94-95
95-96
96-97
97-98
98-99
99-00
00-01
01-02

92-93
93-94
94-95
95-96
96-97
97-98
98-99
99-00
00-01
01-02

92-93
93-94
94-95
95-96
96-97
97-98
98-99
99-00
00-01
01-02
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23
24
24
23
22
23
24
23
23
23

23
22
23
23
22
23
23
23
21
23

23
24
23
23
22
23
24
23
23
23

23
23
23
23
22
23
24
23
23
23

Percentiles
75 50
190 54
390 180
340 200
230 53
150 65
160 91
880 205
650 250
638 170
320 61
Percentiles
75 50
96 32
150 80
830 460
210 120
273 98
79 52
150 85
91 57
59 36
91 45
Percentiles
75 50
11 5
16 6
18 4
14 5
30 12
10 7
17 8
18 3
14 5
31 8
Percentiles
75 50
56 20
31 13
38 17
26 12
22 12
22 11
66 16
31 14
36 9
48 20

Totten and Eld Inlet, Washington
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36
106
94
32
21
44
123
76
96
25

25
18
30
270
84
63
27
53
35
28
15
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Final Results

McLane Creek FCMF cfu/100ml

92-93
93-94
94-95
95-96
96-97
97-98
98-99
99-00
00-01
01-02

Perry Creek FCMF cfu/100ml

92-93
93-94
94-95
95-96
96-97
97-98
98-99
99-00
00-01
01-02

23
23
23
23
22
23
24
23
23
23

23
24
23
23
22
23
24
23
23
23

Totten and Eld Inlet, Washington

Percentiles

75 50 25
64 39 25
49 20 12
92 35 20
44 22 14
37 26 11
88 25 15
110 83 61
56 30 14
120 70 14
212 38 19
Percentiles

75 50 25
31 10 7

28 6 3

32 14 5

44 11 4

17 8 4

21 10 3

37 12 5

29 12 4

26 10 4

51 24 7

Pre- and post-BMP periods were defined by examining available farm and BMP implementation data
(see the following table). For the paired-watershed analysis, Kennedy data were paired according to
pre- and post-BMP period data for Schneider. Two approaches were used to evaluate water quality:
comparison of pre- and post-BMP median FC concentrations. Pre-treatment (calibration) periods
varied depending on sub-basin; post (treatment) periods are 1999-2002. Univariate statistical tests are
used for before/after streams, and regression is used for the paired watershed (Kennedy-Schneider).

Pre- and Post-BMP Periods in Study Sub-Basins

Basin Pre-BMP period
Kennedy none
Schneider 1988-1993, 5 seasons
McLane 1986-1988, 2 seasons
Perry 1986-1989, 3 seasons
Burns 1989-1993, 4 seasons
Pierre 1986-1989, 3 seasons

Post-BMP period
none
1995-2002, 7 seasons
2000-2003, 3 seasons
2000-2003, 3 seasons
1996-2002, 6 seasons

1993-2002, 8 seasons

The next table summarizes the results of the pre- and post-BMP comparison of the median FC con-
centration. These results use the past three years as the post-period in all cases.
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Median FC Concentrations from Pre- and Post-BMP Periods

Pre-BMP median Post-BMP median Change
Basin FC and (n) FC and (n) Direction
McLane 30(7) 35(71) increase
Perry 5(10) 13 (71) increase
Schneider 25(39) 13 (71) decrease
Burns 84 (35) 205 (71) increase
Pierre 25(11) 47 (69) increase

For the paired-watershed analysis with Kennedy and Schneider, pre- and post-BMP period, regression
outputs were examined after Zar (1984), EPA (1993), and Grabow et al. (1998). The slopes of these
regressions were not significantly different while the y-intercepts were different. The difference in
intercepts, rather than slopes, indicates a parallel shift in the regression equation.This shift in the
regression represents a 46% decrease from the pre-BMP period. There is some possibility that
changes in loading at Schneider result from the presence or absence of livestock as a consequence of
land ownership changes at one site, and not as a result of BMPs at that site.

Early results of linear regression analyses showed that flow andAntecedent Precipitation Index (API)
correlated poorly with FC. API slope, TSS, and turbidity correlate more strongly with FC but were
generally inconsistent among the stations or between years. Results suggest that the hydrologic
characteristics in the study basins will make poor covariates of FC data for use in trends analyses or
pre-and post-BMP comparisons.

Analysis for the entire project period is complete. For the ten-year monitoring period, the FC trend
was up significantly (@=0.05) at McLane, and down at all other streams, but significantly only at
Pierre. The FC loading trend was up significantly at McLane, and up, but not significantly at
Schneider and Kennedy. The trend was down, but not significantly, at the other streams. Incorporating
historical data back to 1983, the FC trend was up significantly at McLane, and down at all other
streams, but significantly only at Perry. Post pollution-control FC levels - both concentrations and
loadings - have fluctuated considerably from year to year Significant improvement occurred at
Schneider and Perry after BMPs were installed; but in all cases where significant improvement
occurred for at least one two-year averaged period, the average of the last monitoring period (2000-
2002) is higher than the prior low value. All streams violated state water quality standards for FC at
some time during the study after best management practices were implemented; Burns and Pierre
violated the standards every year of the study McLane contributes as much FC loading to marine
waters as the other five streams combined.

Linking water quality changes to BMPs and grant programs

Burns  Pierre  McLane  Perry  Schneider

1. Has there been significant improvement?
2. Is the improvement continuing or at least
holding?

land treatment?
4. Are the land treatment changes and grant
programs connected?

3. Can improvement be linked to improvements in

No No No Yes Yes

n/a n/a n/a Maybe  Maybe

n/a n/a n/a Maybe Yes,
qualified

Yes  Partially Partially Partially Yes

INFORMATION, EDUCATION, AND PUBLICITY

There are a variety of educational and informational resources within the project counties (Thurston
and Mason counties) that address land and water stewardship. Local and state initiatives over past
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years have resulted in stewardship activities that cover the spectrum of personal commitment activi-
ties, including awareness, learning, experience, and personal action programs. Many educators
involved with these activities share ideas, resources, and programs through a stewardship-focused
Regional Education Team.

A Section 319 Clean Water Act grant funded a watershed resident survey inAugust, 1994. The survey
explored public awareness and opinions regarding water quality and environmental issues.The survey
targeted the Totten and Eld Inlet watersheds in southern Puget Sound, as well as northern Puget
Sound watersheds in Whatcom, Skagit, and Snohomish counties. Approximately 1300 residents
responded to the mail survey. The survey was designed to help state and local governments evaluate
levels of public awareness and effectiveness of current educational programs, and determine where
educational efforts, and efforts to involve the public, should be directed (Elway Research, 1994).

The objective of the state’s public involvement and education component has been to participate in

and lend support to established public information and education activities addressing environmental
stewardship in the project areas and in the larger South Puget Sound area.

TOTAL PROJECT BUDGET

The estimated budget for the Totten and Eld Inlet National Monitoring Program project for the period
of FY 1993-2003 (ten years):

Project Element Funding Source ($)

Federal State Local Total
Proj Mgt NA NA NA NA
I&E, LT, & OSSS NA 1,411,000 462,000 1,873,000
WQ Monit 537,708 358,472 NA 896,181
TOTALS 537,708 1,769,472 462,000 2,769,180

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

In response to increased and persistent closures of shellfish harvest areas and threats to close addi-
tional areas, state and local groups developed the Shellfish Protection Initiative (SPI). This program
provided $3 million from State Referendum 39 funds for implementing BMPs in tageted watersheds.
The Totten Basin, a targeted watershed, received $1.3 million in grant funds as part of the SPI. Eld
Inlet, although not selected as an SPI project, received $260,000 from the SPI program to augment
ongoing nonpoint source control efforts in specific areas. In addition, $331,000 was targeted for farm
planning and implementation activities in the Eld watershed from 1996 to 1999.The Eld watershed
grant was later extended another year through Spring of 2000.

An identified issue was that there is no institution chaged with or mechanism in place for tracking
maintenance of BMPs. This lack impedes the ability to correlate BMPimplementation with any water
quality changes.

PROJECT CONTACTS

Administration

Bill Hashim
Washington State Dept. of Ecology
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Ecology Water Quality Program

P.O. Box 47600

Olympia, WA 98504-7600

(360) 407-6551; Fax: (360) 407-6426

Christine Hempleman

Ecology Southwest Region Office
PO Box 47775

Olympia, WA 98594-7775

(360) 407-6329; Fax: (360) 407-6305

Land Treatment

Linda Hofstad

Thurston County Environmental Health Services
2000 Lakeridge Drive SW

Olympia, WA 98502-6045

(360) 754-4111; Fax: (360) 754-2954

Management Team

Thurston Conservation District

6128 Capitol Blvd.

Tumwater, WA 98501

(360) 754-3588; Fax: (360) 753-8085

Water Quality Monitoring

Keith Seiders

Washington State Dept. of Ecology
Environmental Assessment Program
P.O. Box 47710

Olympia, WA 98504-7710

(360) 407-6689; Fax (360) 407-6884
E-mail: kese461@ecy.wa.gov
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Figure 54: Otter Creek (Wisconsin) Project Location
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PROJECT OVERVIEW

The Otter Creek Section 319 National Monitoring Program project is in east central Wisconsin
(Figure 54), with a project area of 9.5 square miles. Otter Creek drains into the Sheboygan River
which then drains into Lake Michigan. Land use mainly consists of dairies and croplands.

Otter Creek has a warmwater forage fishery The fish community is degraded by lack of cove
disturbed streambanks, and siltation. Fecal coliform levels frequently exceed the state standard of 400
counts per 100 ml, and dissolved oxygen often drops below 2 mg/l during runof events. Fifteen
percent of all water oxygen concentration samples fall below the state standard of 5 mg/L. Otter
Creek delivers high concentrations of phosphorus and fecal coliform to the Sheboygan River These
pollutants then travel to the near shore waters of Lake Michigan, which serves as a water supply for
municipal use and also supports recreational fisheries.

Streambed sediments originating from cropland erosion, eroding streambanks, and ovegrazed dairy
pastures are reducing the reproductive potential for a high quality fishery with abundant forage fish.
Otter Creek is further degraded by total phosphorus and fecal coliform export from dairy barnyards,
pastures, cropland, and alfalfa fields.

Critical area criteria are being used to reduce phosphorus and sediment loading to project area
streams. Eight of the nine dairy operations in the project area were classified as critical; two of the
eight critical dairy operations spread enough manure that their cropland was classified as critical.
Streambank critical areas are the 6,200 feet of streambank trampled by cattle.

Land treatment design is based on the pollutant type and the source of the pollutant. Upland fields
were treated with cropland erosion control practices to reduce sediment loss. Sreambanks have been
fenced to limit cattle access, and barnyard structural practices have been installed to reduce nutrient
runoff into Otter Creek. Post-BMP monitoring was completed in Summer, 2002. The final project
report was completed in 2005.

PROJECT BACKGROUND

Project Area

The Otter Creek watershed area is about 9.5 square miles. The Meeme River watershed is the control
watershed, with an area of about 16 square miles.

Project Hydrologic, Geologic, and Meteorologic Factors

Average annual precipitation is 29 inches. Fifteen inches of rain falls during the growing season
between May and September. About 42 inches of snow (five inches of equivalent rain) falls during a
typical winter.

The topography of the watershed ranges from rolling hills to nearly level. The soils are clay loams or

silty clay loams that have poor infiltration and poor percolation but high fertility Soils are glacial drift
underlain by Niagara dolomite.
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Land Use
Land Use %
Agricultural 75
Forest 14
Wetland 6
Other* 5
Total 100

*Includes pasture, grazed woodlot, residential, water, and roads
Source: Corsi et al., 2005

Water Resource Type and Size

Otter Creek is 4.2 miles long with an average gradient of .0047 ft/ft or 25 ft/mile (Figure 53).The
creek flows into and out of a small spring-fed lake called Gerber Lake.

Water Uses and Impairments
Otter Creek is used for fishing and for secondary body contact recreation. The fishery is impaired by

degraded habitat, while contact recreation is impaired by high fecal coliform counts. Both uses are
also impaired by eutrophic conditions.

Pollutant Sources
There are eight critical dairy operations that serve as important pollutant sources. Trampled

streambanks and cropland and pastureland receiving dairy manure are also critical sources. Some
critical area cropland is in need of erosion control practice installation.

Modifications Since Project Started

None.
Pre-Project Water Quality

The Otter Creek project area is part of the larger Sheboygan River watershed, identified as a Priority
Watershed in 1985. The watershed is characterized by streambank degradation due to cattle traffic.
Excessive phosphorus, fecal coliform, and sediment runoff originate from manure spreading and
cropland. Fisheries are impaired because of degraded aquatic habitat that limits reproduction.
Recreation is limited by degraded fisheries and highly eutrophic and oganically enriched stream
waters.

Water Quality Objectives
The Otter Creek project water quality objectives are as follows:

* Increase the numbers of intolerant fish species by improving the fish habitat and water quality
* Improve the recreational uses by reducing the bacteria levels.

*  Reduce the loading of pollutants to the Sheboygan River and Lake Michigan by installation of
best management practices (BMPs) in the Otter Creek watershed.

* Improve the wildlife habitat by restoring riparian vegetation.
Project Time Frame
Spring, 1994 through Spring, 2003
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PROJECT DESIGN

Otter Creek, Wisconsin

Nonpoint Source Control Strategy

Streambank erosion and cattle exclusion practices included shoreline and streambank fencing and
stabilization; barnyard management included barnyard runof management and manure storage
facilities; and cropland practices included grassed waterways, reduced tillage, and nutrient and
pesticide management.

The Sheboygan County Land Conservation Department obtained funds through a private
organization, “Pheasants Forever,” to plant and maintain vegetative buffers on 19.8 acres of riparian
land for 10 years.

Nine thousand, two hundred feet of streambank fencing have been installed, as well as a significant
change in cropping practices to reduce upland soil erosion.

Project Schedule
Management Pre-BMP Monitoring Date Installed/ Post-BMP
Unit Dates BMP Installed Established Monitoring Dates
Otter Creek A USGS monitoring Animal waste utilization, Majority of BMPs Oct. 1999-Sept.
Watershed station has been Streambank were installed 2002
collecting water quality stabilization, between Oct.
data on Otter Creek Runoff diversions, 1993- Sept. 1997
since 1990. Water Conservation tillage,
quality monitoring Clean-water diversions,
funded through the 319  Barnyard runoff
Program began in April controls,
1994. Pre-BMP 1990- Cattle crossings,
1993. Streambank fencing
Upstream- April 1994 — October Clean-water diversions,  October 1995 — April 1996 — June
downstream 1995 Barnyard runoff November 1995 1997
monitoring controls,
study, within the Filter strip,

Otter Creek
Watershed

Cattle crossing,
Streambank fencing

Water Quality Monitoring

Two monitoring studies were conducted in the Otter Creek National Monitoring Program project.
They initially included a paired watershed study and an above and below study Because of significant
changes in the control watershed (MR1) that prevented a paired watershed analysis, the data collected
at the Otter Creek outlet station (OC1) were evaluated as a on Otter Creek single-watershed before-/
after- design.

Six sampling sites on Otter Creek are shown in Figure 53.The main site on Otter Creek was an outlet
station that served as the site for the single station before and after monitoring site. Four fish and
habitat monitoring stations are indicated by the numbered dots in Figure 53.The above and below
watershed study was conducted using two mainstem sites located above and below a critical area
dairy, approximately coinciding with the biological monitoring stations numbered 3 and 2 in Figure

53.
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The before-/after- watershed study was used to assess the overall impact of best management
practices on water quality. The treatment watershed is 9.5 square miles and was monitored at station
OCl. Biological, bacterial, and chemical parameters were monitored; precipitation, along with
precipitation and water discharge covariates.

The above and below study of a single dairy that implemented barnyard runof control structures has
been completed. Data on the pollutant loads from the barnyard prior to BMPs are reported in USGS
Fact Sheets FS-221-95 and FS-051-98. Findings on this before and after — above and below study
were presented at the 1997 National 319 Conference.

Variables Measured

Biological

Fisheries survey
Macroinvertebrate survey
Habitat assessment

Fecal coliform (FC)*

Chemical

Total phosphorus (TP)*

Dissolved phosphorus (DP)

Total Kjeldahl nitrogen (TKN)
Ammonia (NH,)*

Nitrogen series (NO,-N and NO,-N)
Total suspended solids (TSS)*
Dissolved oxygen (DO)*

pH

*monitored throughout entire project

Covariates

Stream discharge
Precipitation

Sampling Scheme

The schedule for chemical grab sampling and biological and habitat monitoring varied by station and
by year. Chemical grab sampling occurred at a time characterized as midsummeefall for 1990 and
1994 and during spring-midsummer in 1991.

Fisheries monitoring included sampling fish species, frequencies, and biomass. Fisheries data were
summarized and interpreted based on the Index of Biotic Integrity (ILyons, 1992). Macroinvertebrate
monitoring criteria included macroinvertebrate species or genera and numbers. Macroinvertebrate
data were summarized and interpreted using the Hilsenhoff Biotic Index (Hilsenhoff , 1987). Habitat
parameters included riparian buffer width, bank erosion, pool area, stream width to depth ratio, riffle-
to-riffle or bend-to-bend rating, percent fine sediments, and cover for fish. Habitat information was
rated using the fish habitat rating system established for Wisconsin streams by Simonson et al. (1994).

Grab and event-flow samples were used for water chemistry monitoring. Parameters sampled
included TP, FC, DO, and TSS.

The following table provides details on the original sampling design for the paired study the
upstream/downstream, and the single downstream station. The monitoring sites are listed for
reference. The primary covariates are very similar for each study except for methods used for
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macroinvertebrates. The frequency of sampling, the covariates, and the duration of each study are also
listed.

The before and after — above and below component of the project has been completed. Automated

event flow sampling has been discontinued on Otter Creek.

Monitoring Scheme for the Otter Creek Section 319 National Monitoring Program Project

Sites or Primary Frequency of Primary
Design Activities Parameters Covariates Parameter Sampling Duration
Paired Otter CreekT Fisheries index Precipitation Annually 1990-2002
watershed OCl1 Macroinvertebratest Discharge Annually
design Meeme River€ Habitat Annually
MR1 FC
30 samples per
TP lllUllilUl illg sbdbUll,
DP weekly April-Oct.
TKN
NH3
NO3
NO2
TSS
DO
Upstream/ Above Dairy© Fisheries index Precipitation Annually 1994-1997
downstream oc4 Macroinvertebrates® Discharge Annually
Below DairyT Habitat Annually
ocC2 Same bacterial & chemical 30 samples per
parameters as paired monitoring season;
watershed study weekly April-Oct.; periodic
storm event sampling
Single Otter Creek Fisheries index Precipitation 30 samples per 1990-2002
downstream OC1 Macroinvertebrates® Discharge monitoring season
Habitat for nutrients only
Same bacterial & chemical
parameters as paired
watershed study
T'=Treatment Area

¢ = Control Area
H =Hilsenhoff Biotic Index level; kick samples
F= Family level; kick samples

DATA MANAGEMENT AND ANALYSIS

Data Management and Storage

All water chemistry data were entered into the Wisconsin Department of Natural Resources (DNR)
data management system, WATSTORE (the U.S. Geological Survey national database), U.S.
Environmental Protection Agency’s Nonpoint Source Management System software (NPSMS), and
STORET.

379



Otter Creek, Wisconsin

Project Findings

Before/after watershed study. Targeted and implemented land treatment in the Otter Creek
Watershed is summarized in the table below. Upland erosion control BMPs included change in crop
rotation, reduced tillage, critical area stabilization, grass waterways, and pasture management; tons
of sediment controlled were estimated by the RUSLE.

Management practice Targeted Implemented
Animal waste management
Manure storage (#) 4 3
Barnyard runoff (#) 8 8
Milkhouse wastewater treatment (#) 0 2
Streambank protection
Streambank protection (feet) 6,600 6,220
Fencing (feet) 9,200 9,200
Grade stabilization (#) 4 4
Buffer strips (acres) 0 19.8
Upland management
Nutrient management (acres) 1,130 1,570
Upland erosion BMPs (tons of sediment) 505 276

Under base-flow conditions, reductions between pre- and post-BMP periods were detected in
median concentrations for total suspended solids (TSS) and BOD, but not for total phosphorus (TP)
or dissolved ammonia nitrogen. Fecal coliform counts during base-flow increased over the study
period.

Annual reductions in rainfall storm loads between the pre-and post-BMP periods during the non-
vegetative season (Nov through May) were observed for TSS (58%), TP (48%) and dissolved
ammonia nitrogen (41%). Differences in rainfall storm loads of these three constituents for the
vegetative season (June through October) were not detected. On an annual basis, TSS storm loads

were reduced by 58% and dissolved ammonia nitrogen loads were reduced by 41% during the post-
BMP period.

Habitat was improved for stream segments that had either natural riparian bufer or where
streambank fencing was installed, but not at the station where the riparian area was pasture and no
streambank fencing was installed. Biomonitoring results also suggest that BMP implementation in
Otter Creek substantially modified fish community structure, but the overall community quality was
not improved.

The Sheboygan County Land and Water Conservation Department felt that the most effective BMPs
for TSS reduction were the buffer strips, which provide an area for solids to settle before reaching
the stream, and streambank fencing that allows for growth of vegetation on the streambank, reducing
streambank erosion. The most effective BMPs for nutrient reduction were believed to be
streambank fencing that reduced the number of livestock in the stream, barnyard-runof control
systems, manure-storage facilities, and milk house wastewater treatment systems.

The final report on this portion of the project is published as Corsi, et al. 2005. Effects of Best-
Management Practices in Otter Creek in the Sheboygan River Priority Watershed, Wisconsin, 1990-
2002. Scientific Investigations Report 2005-5009, U.S. Geological Survey, U.S. Department of the
Interior and is available at: http://water.usgs.gov/pubs/sir/2005/5009

Upstream/downstream study. A comparison of upstream and downstream loads after the barnyard
BMPs were implemented indicates that the BMPsystems improved water quality. Post-BMP
pollutant loads contributed by the barnyard were significantly lower than pre-BMP loads for:
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suspended solids (85%), total phosphorus (85%), ammonia (94%), BOD (83%), and fecal coliform
(81%) were statistically lower. The final report on this portion of the project is published as
Stuntebeck and Bannerman. 1998. Effectiveness of Barnyard Best Management Practices in
Wisconsin. USGS Fact Sheet FS-051-98. U.S. Geological Survey, U.S. Department of the Interior and
is available athttp://wi.water.usgs.gov/pubs/FS-051-98/.

INFORMATION, EDUCATION, AND PUBLICITY

The Sheboygan County Land Conservation Department developed and implemented an efective
educational program to reach project dairymen. Project personnel achieved a high level of
participation through education, technical assistance, effective communication, and cost-share
assistance.

*  Watershed tours are held for landowners.
*  Watershed newsletters are sent biannually to landowners.
*  Annual watershed advisory committee meetings are held.

*  Small group tours of BMP installation sites are given for landowners considering installing
BMPs.

TOTAL PROJECT BUDGET

Funds through the state of Wisconsin Nonpoint Source Program were used to fund cost-share
practices. The estimated budget for the Otter Creek National Monitoring Program project for the

period FYO0O is:
Project Element Eunding Source($)

Federal State Local Total
Proj Mgt NA 5,000 NA 5,000
LT NA NA NA NA
I&E NA 5,000 NA 5,000
WQ Monit 25,000 NA NA 25,000
TOTALS 25,000 10,000 NA 35,000

IMPACT OF OTHER FEDERAL AND STATE PROGRAMS

State grants were provided to cover the cost of land treatment technical assistance and information
and educational support.

OTHER PERTINENT INFORMATION

Cooperating agencies included the Wisconsin Department of Natural Resources, Department of
Agriculture, Trade, and Consumer Protection, Sheboygan County Land Conservation Department,
and the U.S. Geological Survey.
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PROJECT CONTACTS

Administration

Roger Bannerman

Nonpoint Source Section

Wisconsin Department of Natural Resources
101 South Webster St., Box 7921

Madison, WI 53707

(608) 266-2621; Fax (608) 267-2800
Internet: banner@dnrstate.wi.us

Land Treatment

Patrick Miles

County Conservationist

Sheboygan County Land Conservation Dept.
650 Forest Ave.

Sheboygan Falls, WI 53805

(414) 459-4360; Fax (414) 459-2942

Water Quality Monitoring

Steven R. Corsi

USGS Water Resources Division
8505 Research Way

Middleton, WI 53562

(608) 821-3835; Fax (608) 821-3817

Information and Education

Andy Yenscha

University of Wisconsin—Extension
1304 S. 70th St., Suite 228

West Allis, WI 53214

(414) 475-2877
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Appendix |

Minimum Reporting Requirements
For Section 319 National Monitoring
Program Projects

The United States Environmental Protection Agency (USEPA) has developed the
NonPoint Source Management System (NPSMS) software to support the required
annual reporting of water quality and implementation data for Section 319 National
Monitoring Program projects (USEPA, 1991). The software tracks nonpoint source
control measure implementation with respect to the pollutants causing the water
quality problem.

Currently, NPSMS can accept and track the following information (USEPA, 1991):

Management Area Description:
e State, USEPA Region, and lead agency.

*  Watershed management area description (management area name,
management area identification, participating agencies, area
description narrative).

*  305(b) waterbody name and identification.
*  Designated use support for the waterbody.

*  Major pollutants causing water quality problems in waterbody and
relative source contributions from point, nonpoint, and background sources.

Best Management Practices (BMPs) and Nonpoint Source Pollution

Control Measures:

*  Best management practices (BMP name, reporting units,
indication whether the life of the practice is annual or multi-year).

* Land treatment implementation goals for management area.

*  Pollutant sources causing impaired uses that are controlled
by each BMP. Each control practice must be linked directly to the
control of one or more sources of pollutants causing impaired uses.

Funding Information:

*  Annual contributions from each funding source and use of funding
for each management area.
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Appendix I: Minimum Reporting Requirements

Water Quality Monitoring Plan:

Choice of monitoring approach (chemical/physical or biological/habitat).

Monitoring design and monitoring station identification (paired watersheds,
upstream-downstream, reference site for biological/habitat monitoring, single
downstream station). The paired watershed approach is recommended; the
single downstream station is discouraged.

Drainage area and land use for each water quality monitoring station.
Delineation of monitoring year, seasons, and monitoring program duration.

Parameters measured (parameter name; indication if the parameter is a
covariate; STORET, BIOSTORET, or 305(b) Waterbody System code;
reporting units).

Quartile values for chemical/physical parameters. Quartile values are
established cutoffs based on historical or first-year data for each season and
monitoring station.

Maximum potential and reasonable attainment scores for biological monitoring
parameters. Indices scores that correspond to full, threatened, and partial use
supports are required.

Monitoring frequency. Chemical/physical monitoring, with associated
covariates, must be performed with at least 20 evenly-spaced grab samples in
each season. Fishery surveys must be performed at least one to three times per
year. Benthic macroinvertebrates must be performed at least once per season,
with at least one to three replicates or composites per sample. Habitat
monitoring and bioassays must be performed at least once per season.

Annual Reporting:

The NPSMS software is used to report annual summary information. The raw
chemical/physical and biological/habitat data are required to be entered into
STORET and BIOSTORET, respectively.

Annual chemical/physical and covariates. The frequency count for each
quartile is reported for each monitoring station, season, and parameter.

Annual biological/habitat and covariates. The scores for each monitoring
station and season are reported.

Implementation tracking in the watershed and/or subwatersheds that constitute
the drainage areas for each monitoring station. Implementation reported
corresponds to active practices in the reporting year and includes practices with
a one-year life span and practices previously installed and still being
maintained.

USEPA. 1991. Watershed Monitoring and Reporting for Section 319 National
Monitoring Program Projects. Assessment and Watershed Protection Division,
Office of Wetlands, Oceans, and Watersheds, USEPA, Washington, D.C.
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Abbreviations

ACP ..o Agricultural Conservation Program

ADSWQ ... ... Automatic Data System for Water Quality

A Silver

AGNPS. ... ... . Agricultural Nonpoint Source Pollution Model

Al Lo Aluminum

ANSWERS..................... Areal Nonpoint Source Watershed Environment
Response Simulation

APL. ... Antecedent Precipitation Index

AS Arsenic

ASCS .. Agricultural Stabilization and Conservation
Service, USDA

B Boron

Ba.. ..o Barium

Be ... Beryllium

BMPs ... .o Best Management Practices

BIBI ... Biological Index of Biotic Integrity

BIOS. .. ... ..o USEPA Natural Biological Data Management
System

BOD ... Biochemical Oxygen Demand

Ca. i Calcium

CalPoly ........... ... ... California Polytechnic State University

Cd..oo Cadmium

CES ... Cooperative Extension Service, USDA

ofs .o Cubic Feet per Second

cfu. ... Colony Forming Units

Cl o Chloride

COD ..o Chemical Oxygen Demand

Crove Chromium

CREAMS ......... .. ... . ...... Chemicals, Runoff, and Erosion from

Agricultural Management Systems Model
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CTUIR . ... i Confederated Tribes of the Umatilla Indian
Reservation

CU. Copper

DEC ... ... Department of Environmental Conservation

DO ... Dissolved Oxygen

DP... . Dissolved Phosphorus

DNR ....... .. Department of Natural Resources

DSWC ... .. Division of Soil and Water Conservation

DWQ ... ... Division of Water Quality

EPIC ... ... ... Erosion Productivity Index Calculator

FC.. .o Fecal Coliform

Fe ... o Iron

FS . oo Fecal Streptococcus

FSA ... . Farm Service Agency (USDA)

GIS.... ... Geographic Information System

GMV .. Geometric Mean Value

GRASS . ... Geographic Resources Analysis Support System

HBI.... ... ... . Hilsenhoff Biotic Index

HEL ... ... Highly Erodible Land

HUA ... Hydrologic Unit Area

I&E ... oo Information and Education Programs

IBI .. Index of Biotic Integrity

ICM .. Integrated Crop Management

IDNR ... . Towa Department of Natural Resources

IDNR-GSB..................... Towa Department of Natural Resources
Geological Survey Bureau

ISU-CES...... ... .. .. Iowa State University Cooperative Extension
Service

ISUE. ... ... Iowa State University Extension

Ko Potassium

LRNRD ................ ... ... Lower Republican Natural Resource District

LT. . Land Treatment

Ma ... Manganese

MCL ... ... Maximum Contaminant Level

Mg . Magnesium

Mg/l .o Milligrams Per Liter

N Nitrogen

Na. .o Sodium

NA Information Not Available

NCSU . ... North Carolina State University
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NDEQ........coiiiiii i Nebraska Department of Environmental Quality

NEP ... National Estuary Program

NH3 .o Ammonia-Nitrogen

NH 4 .o Ammonium-Nitrogen

Nioo Nickel

NMP. ... .o National Monitoring Program

NO2 oo Nitrite-Nitrogen

NO3 o Nitrate-Nitrogen

NPS .. Nonpoint Source

NPSMS. .. ... NonPoint Source Management System

NRCS ... .o Natural Resources Conservation Service
(USDA)

NTU .o Nephelometric Turbidity Units

OCC ... . Oklahoma Conservation Commission

OP... . Orthophosphate

OSSS .. On-site Sewage System

P Phosphorus

Pb.. . Lead

ProjMgt ....................... Project Management

QA/QC ... Quality Assurance/Quality Control

RCWP ... . Rural Clean Water Program

Se oo Selenium

Section319........ ... ... .. ..., Section 319 of the Water Quality Act of 1987

Si o Silica

Sno.o Tin

SO4™ ..o Sulfate

SPL ... Shellfish Protection Initiative

SS Suspended Solids

STORET........ ... .. .. ... ... USEPA STOrage and RETrieval Data Base for
Water Quality

TDP ... Total Dissolved Phosphorus

TDS .. Total Dissolved Solids

TKN . Total Kjeldahl Nitrogen

TMDL ...... ... ... . Total Maximum Daily Load

TOC .. Total Organic Carbon

TP .o Total Phosphorus

TS Total Solids

TSS . Total Suspended Solids

Ug/l. oo Micrograms Per Liter
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UHL ... ... . University Hygienic Laboratory (Iowa)

USDA ... ... United States Department of Agriculture

USEPA . ... ... ... .. United States Environmental Protection Agency

USGS ... United States Geologic Survey (U.S.
Department of the Interior)

VSS Volatile Suspended Solids

WATSTORE ................... USGS Water Data Storage System

WCCF ... Webster County Conservation Foundation

WQ.. . Water Quality

WQIP ... Water Quality Incentive Project

WQMonit .......... .. ... .. Water Quality Monitoring

WQSP. ... Water Quality Special Project

N Zinc
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AGNPS (Agricultural Nonpoint Source Pollution Model) — an event-based,
watershed-scale model developed to simulate runoff, sediment, chemical oxy-
gen demand, and nutrient transport in surface runof from ungauged agricultur
al watersheds.

Animal unit (AU) — One mature cow weighing 454 kg or the equivalent. For
instance, a dairy cow is 1.4 AU because it weighs almost 1.5 times a mature
beef cow. The animal units of smaller animals than beef cows is less than one:
pigs = 0.4 AU and chickens = 0.033 AU.

Anadromous — Fish that return to their natal fresh water streams to spawn.
Once hatched, these fish swim to the ocean and remain in salt water until
sexual maturity.

Artificial redds — An artificial egg basket fabricated of extruded PVC netting
and placed in a constructed egg pocketArtificial redds are used to measure the
development of fertilized fish eggs to the alevin stage (newly hatched fish).

Alachlor — Herbicide (trade name Lasso) that is used to control most annual
grasses and certain broadleaf weeds and yellow nutsedge in corn, soybeans,
peanuts, cotton, woody fruits, and certain ornamentals.

Atrazine — Herbicide (trade name  Atrex, Gesa prim, or Primatol) that is
widely used for control of broadleaf and grassy weeds in corn, soghum, sugar
cane, macadamia orchards, pineapple, and turf grass sod.

Autocorrelation — The correlation between adjacent observations in time or
space.

Bedload — Sediment or other material that slides, rolls, or bounces along a
stream or channel bed of flowing water.

Before-after design — A term referring to monitoring designs that require
collection of data before and after BMP implementation.

Beneficial uses — Desirable uses of a water resource such as recreation
(fishing, boating, swimming) and water supply.
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Best management practices (BMPs) — Management or structural practices
designed to reduce the quantities of pollutants — such as sediment, nitrogen,
phosphorus, bacteria, and pesticides — that are washed by rain and snow melt
from farms into nearby surface waters, such as lakes, creeks, streams, rivers,
and estuaries. Agricultural BMPs can include fairly simple changes in practic-
es such as fencing cows out of streams (to keep animal waste out of streams),
planting grass in gullies where water flows of f a planted field (to reduce the
amount of sediment that runoff water picks up as it flows to rivers and lakes),
and reducing the amount of plowing in fields where row crops are planted (in
order to reduce soil erosion and loss of nitrogen and phosphorus from fertiliz-
ers applied to the crop land). BMPs can also involve building structures, such
as lar ge animal waste storage tanks that allow farmers to choose when to
spread manure on their fields as opposed to having to spread it based on the
volume of manure accumulated.

BMP system — A combination of individual BMPs into a “system” that
functions to reduce the same pollutant.

Biochemical oxygen demand (BOD) — Quantitative measure of the strength
of contamination by organic carbon materials.

Chemical oxygen demand (COD) — Quantitative measure of the strength of
contamination by organic and inorganic carbon materials.

Cost sharing — The practice of allocating project funds to pay a percentage of
the cost of constructing or implementing a BMPThe remainder of the costs are
paid by the producer.

County ASC Committee — County Agricultural Stabilization and Conserva-
tion Committee: a county-level committee, consisting of three elected mem-
bers of the farming community in a particular countyresponsible for prioritizing
and approving practices to be cost shared and for overseeing dissemination of
cost-share funds by the local USDA-Agricultural Stabilization and Conserva-
tion Service office.

Covariance — A measure of the relationship between two variables whose
values are observed at the same time.

Covariate — The parameter which is related to another parameter.

Critical area — Area or source of nonpoint source pollutants identified in the
project area as having the most significant impact on the impaired use of the
receiving waters.

Demonstration project — A project designed to install or implement pollution
control practices primarily for educational or promotional purposes.  These
projects often involve no (or very limited) evaluations of the ef fectiveness of

the control practices.

Designated use — Uses specified in terms of water quality standards for each
water body or segment.

Drainage area — An area of land that drains to one point.
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Ecoregion — A physical region that is defined by its ecology, which includes
meteorological factors, elevation, plant and animal speciation, landscape posi-
tion, and soils.

EPIC (Erosion Productivity Index Calculator) — A mechanistic computer
model that calculates erosion from field-size watersheds.

Erosion — Wearing away of rock or soil by the gradual detachment of soil or
rock fragments by water, wind, ice, and other mechanical or chemical forces.

Eskers — Glacially deposited gravel and sand that form ridges 30 to 40 feet in
height.

Explanatory variables — Explanatory variables, such as climatic, hydrologi-
cal, land use, or additional water quality variables, that change over time and
could affect the water quality variables related to the primary pollutant(s) of
concern or the use impairment being measured. Specific examples of explana-
tory variables are season, precipitation, streamflow, ground water table depth,
salinity, pH, animal units, cropping patterns, and impervious land surface.

Fecal coliform (FC) — Colon bacteria that are released in fecal material.
Specifically, this group comprises all of the acrobic and facultative anaerobic,
gram-negative, nonspore-forming, rod-shaped bacteria that ferment lactose
with gas formation within 48 hours at 35 degrees Celsius.

Fertilizer management — A BMP designed to minimize the contamination of
surface and ground water by limiting the amount of nutrients (usually nitrogen)
applied to the soil to no more than the crop is expected to usd’his may involve
changing fertilizer application techniques, placement, rate, and timing.

Geographic information systems (GIS) — Computer programs linking fea-
tures commonly seen on maps (such as roads, town boundaries, water bodies)
with related information not usually presented on maps, such as type of road
surface, population, type of agriculture, type of vegetation, or water quality
information. A GIS is a unique information system in which individual obser-
vations can be spatially referenced to each other.

Goal — A narrowly focused measurable or quantitative milestone used to
assess progress toward attainment of an objective.

Interfluve — A flat area between streams.

Land treatment — The whole range of BMPs implemented to control or
reduce NPS pollution.

Loading — The influx of pollutants to a selected water body.

Macroinvertebrate — Any non-vertebrate organism that is large enough to be
seen without the aid of a microscope.

Mechanistic — S tep-by-step path from cause to ef fect with ability to make
linkages at each step.
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Moraine — Glacial till (materials deposited directly by ice) which is generally
irregularly deposited.

Nitrogen — An element occurring in manure and chemical fertilizer that is
essential to the growth and development of plants, but which, in excess, can
cause water to become polluted and threaten aquatic animals.

Nonpoint source (NPS) pollution — Pollution originating from diffuse areas
(land surface or atmosphere) having no well-defined source.

Nonpoint source pollution controls — General phrase used to refer to all
methods employed to control or reduce nonpoint source pollution.

NonPoint Source Management System (NPSMS) — A software system de-
signed to facilitate information tracking and reporting for the USEP A 319
National Monitoring Program.

Objective — A focus and overall framework or purpose for a project or other
endeavor, which may be further defined by one or more goals.

Paired watershed design — In this design, two watersheds with similar
physical characteristics and, ideally , land use are monitored for one to two
years to establish pollutant-runoff response relationships for each watershed.
Following this initial calibration period, one of the watersheds receives treat-
ment while the other (control) watershed does not. Monitoring of both water -
sheds continues for one to three years. This experimental design accounts for
many factors that may afect the response to treatment; as a result, the treatment
effect alone can be isolated.

Parameter — A quantity or constant whose value varies with the circumstanc-
es of its application.

Pesticide management — A BMP designed to minimize contamination of soil,
water, air, and nontaiget organisms by controlling the amount, type, placement,
method, and timing of pesticide application necessary for crop production.

Phenolphthalein alkalinity — A measure of the bicarbonate content.

Phosphorus — An element occurring in animal manure and chemical fertilizer
that is essential to the growth and development of plants, but which, in excess,
can cause water to become polluted and threaten aquatic animals.

Post-BMP implementation — The period of use and/or adherence to the BMP
Pre-BMP implementation — The period prior to the use of a BMP.

Runoff — The portion of rainfall or snow melt that drains of f the land into
ditches and streams.

Sediment — Particles and/or clumps of particles of sand, claysilt, and plant or
animal matter carried in water.
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Sedimentation — Deposition of sediment.

Single-station design — A water quality monitoring design that utilizes one
station at a point downstream from the area of BMP implementation to monitor
changes in water quality.

Subbasins — One of several basins that form a watershed.

Substrate sampling — Sampling of streambeds to determine the percent of
fine particled material and the percent of gravel.

Subwatershed — A drainage area within the project watershed. It can be as
small as a single field or as large as almost the whole project area.

Tailwater management — The practice of collecting runoff, “tailwater,” from
irrigated fields. Tailwater is reused to irrigate crops.

Targeting — The process of prioritizing pollutant sources for treatment with
BMPs or a specific BMP to maximize the water quality benefit from the
implemented BMPs.

Total alkalinity — A measure of the titratable bases, primarily carbonate,
bicarbonate, and hydroxide.

Total Kjeldahl nitrogen (TKN) — An oxidative procedure that converts
organic nitrogen forms to ammonia by digestion with an acid, catalyst, and
heat.

Total Kjeldahl phosphorus (TKP) — An oxidative procedure that converts
organic phosphorus forms to phosphate by digestion with an acid, catalyst, and
heat.

Tracking — Documenting/recording the location and timing of BMP imple-
mentation.

Turbidity — A unit of measurement quantifying the degree to which light
traveling through a water column is scattered by the suspended or ganic
(including algae) and inorganic particles. The scattering of light increases with
a greater suspended load. Turbidity is commonly measured in Nephelometric
Turbidity Units (NTU), but may also be measured in Jackson Turbidity Units
(JTU).

Upstream/downstream design — A water quality monitoring design that
utilizes two water quality monitoring sites. One station is placed directly
upstream from the area where the implementation will occur and the second is
placed directly downstream from that area.

Vadose zone — The part of the soil solum that is generally unsaturated.

Variable — A water quality constituent (for example, total phosphorus pollut-
ant concentration) or other measured factors (such as stream flow, rainfall).
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Watershed — The area of land from which rainfall (and/or snow melt) drains
into a stream or other water body Watersheds are also sometimes referred to as
drainage basins. Ridges of higher ground generally form the boundaries
between watersheds. At these boundaries, rain falling on one side flows toward
the low point of one watershed, while rain falling on the other side of the
boundary flows toward the low point of a different watershed.

396



Appendix IV

Project Documents and
Other Relevant Publications

This appendix contains publication references for the Section 319 National
Monitoring Program projects. Project document lists appear in alphabetical
order by state.

This list is preceded by general information on the 319 National Monitoring
Program, including publications pertaining to data analysis and National
Monitoring Program project highlights, successes and recommendations.

319 NATIONAL MONITORING PROGRAM -
GENERAL INFORMATION

Clausen, J.C. and J. Spooner. 1993. Paired Watershed Study Design. Biological and
Agricultural Engineering Department, North Carolina Sate University, Raleigh, NC.
EPA-841-F-93-009. 8p.

Grabow, G .L., L.A. Lombardo, D.E. Line, and J. Spooner . 1999.
Detecting Water Quality Improvement as BMP Effectiveness Changes over Time: Use
of SAS for Trend Analysis. NWQEPNOTES 95:1-8. Website: http:/wwwS5.bae.ncsu.edu/
programs/extension/wqg/issues/95.pdf.

Grabow, G.L., J. Spooner, L.A. Lombardo, and D.E. Line. 1999. Detecting Water
Quality Changes Before and After BMP implementation: Use of SAS for Statistical
Analysis. NWQEP NOTES 93:1-11. Website: http://www5.bae.ncsu.edu/programs/
extension/wqg/issues/93.pdf.

Grabow, G.L., J. Spooner, L.A. Lombardo, and D.E. Line. 1998. Detecting Water
Quality Changes Before and After BMP implementation: Use of a Spreadsheet for
Statistical Analysis. NWQEP NOTES 92:1-9. Website: http://www35.bae.ncsu.edu/
programs/extension/wqg/issues/2.pdf.

Lombardo, L.A., G .L. Grabow, J. Spooner , D.E. Line, D.L. Osmond, and G .D.
Jennings. 2000. Section 319 Nonpoint Source National Monitoring Program Suc-
cesses and Recommendations. NCSU Water Quality Group, Biological and Agricul-
tural Engineering Department, NC State University, Raleigh, North Carolina. (EPA
Grant no. X97527401)

NCSU Water Quality Group, Department of Biological and\gricultural Engineering,
NC State University. Website: www.ncsu.edu/waterquality/.
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ALABAMA LIGHTWOOD KNOT CREEK
SECTION 319 NATIONAL MONITORING PROGRAM PROJECT

1996. Nonpoint Source Water Quality Monitoring Project for Lightwood Knot Creek
Watershed in Southeast Alabama: A Report to the Alabama Department of Environ-
mental Management for the Period January 1, 1996 to March 31, 1996. Tuscaloosa,
Alabama.

Cook, M., S. Coffey, and J. Young. 1997. Lightwood Knot Creek (Alabama) Section
319 National Monitoring Program Project. NWQEP NOTES 85:1-3, North Carolina
State University Water Quality Group, North Carolina Cooperative Extension Ser -
vice, Raleigh, NC.

Cook, M.R., and N.E. Moss. Section 319 National Monitoring Program Project for
Lightwood Knot Creek Watershed in Southeast Alabama: A Report to the Alabama
Department of Environmental Management. June 1998. Geological Survey of Ala-
bama, Tuscaloosa, AL., 70 p.

Cook, M.R., and N.E. Moss. Section 319 National Monitoring Program Project for
Lightwood Knot Creek Watershed in Southeast Alabama: A Report to the Alabama
Department of Environmental Management. 1999. Geological Survey of Alabama,
Tuscaloosa, AL., 88 p.

Cook, M.R., P E. O'Neil, N.E. Moss, T.E. Shepard and R.M. Baker .2002. Final
Report Section 319 National Monitoring Program Project: Lightwood Knot Creek
Watershed, Southeast Alabama: Geological Survey of Alabama, Tuscaloosa, AL.55p

Geological Survey of Alabama. 1998. Section 319 National Monitoring Program
Project for Lightwood Knot Creek Watershed in Southeast Alabama: A Report to the
Alabama Department of Environmental Management (1997 Annual Report and
Paired Watershed Calibration). Geological Survey of Alabama, Tuscaloosa, AL.
70 p.

Geological Survey ofAlabama. 1995. Project Proposal for Watershed Monitoring for
Section 319 National Monitoring Program. Nonpoint Source Water Quality Monitor
ing Project for Lightwood Knot CreekWatershed in SoutheastAlabama. Tuscaloosa,
AL.30p.

ARIZONA OAK CREEK CANYON
SECTION 319 NATIONAL MONITORING PROGRAM PROJECT

1994. Oak Creek National Monitoring Project Workplan (Revised), June. Workplan.

Arizona Department of Environmental Quality. April, 1991. Oak Creek Watershed,
NPS 319 Project, Arizona Department of Environmental Quality Nonpoint Source
Program.

Bale, J. 1991. Proposed Oak Creek 319 Watershed Project Workplan. 8/16. Letter
from Jack Bale to Dave Smith.

Dressing, S.A. 1991. Review of Proposal for Section 319 National Monitoring
Program. Oak Creek Watershed NPS 319 Project (April 1991). 8/5.

Dressing, S.A. 1993. Review of Proposal for Section 319 National Monitoring
Program, 11/16.
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Dressing, S.A. 1994.Approval of Oak Creek, AZ as a National Monitoring Project, 7/
7. Memorandum from Steve Dressing to Jovita Pajarillo.

Dressing, S.A. 1994.Approval of Project Il of Oak Creek, AZ as National Monitoring
Project, 7/18. Memorandum from Steve Dressing to Jovita Pajarillo.

Dressing, S.A. 1994. Oak Creek, AZ National Monitoring Project Proposal: Review
and Recommendations, 6/23. Memorandum from Steve Dressing to Chris Heppe.

Dressing, S.A. 1994. Oak Creek: Comments on the Slide Rock Parking Lot, 7/12.
Memorandum from Steve Dressing to Chris Heppe.

Dressing, S.A. 1994. Review of Project 111 (Camping) in Oak Creek Project, 7/13.
Memorandum from Steve Dressing to Chris Heppe.

Dressing, S.A., E. Liu, and R. Frederick. 1994 . Review of Proposal for Section 319
National Monitoring Program. 3/21.

Harrison, T.D. 1993. Equivalencies of Slide Rock and Grasshopper Point: Two
Popular Swimming Holes in Oak Creek Canyon, 10/7. Memorandum from Tom
Harrison to Benno Warkentin and Jean Spooner.

Harrison, T.D. 1993. Fecal Coliforms: Slide Rock and Grasshopper Point—1977 to
1980, 10/12. Memorandum from Tom Harrison to Jean Spooner.

Harrison, T.D. 1993. Slide Rock/Grasshopper Point Comparative Data, 10/11. Mem-
orandum from Tom Harrison to Jean Spooner and Benno Warkentin.

Harrison, T.D. 1994. Oak Creek, AZ National Monitoring Project Assurances, 7/5.
Memorandum from Tom Harrison to Chris Heppe.

Harrison, T.D. 1994. Oak Creek, AZ National Monitoring Proposal: Response to
Steve Dressing’s Memorandum of July 13, 1994, 7/15. Memorandum from Tom
Harrison to Chris Heppe.

Harrison, T.D. 1994. The Oak Creek 319(h) Demonstration Project: National Moni-
toring Program Work Plan, February 4. Replaces 9AZ002. The Northern Arizona
University Oak Creek Watershed Team.

Harrison, T.D., S. Salzler, J.B. Mullens, and D. Osmond. 1995. Oak Creek Canyon
(Arizona) Section 319 National Monitoring Program Project. N\WQEP NOTES 71:1-
3, North Carolina Sate University Water Quality Group, North Carolina Cooperative
Extension Service, Raleigh, NC.

Heppe, C. 1994. Approval letter for Project I, 7/12. Letter from Chris Heppe to Dan
Salzler.

Oak Creek Canyon Section 319 National Monitoring Program Project. Final Report.
January 1994-June 1998.

Southam, G. 1996. The Oak Creek Canyon Section 319(h) National Monitoring
Project. Summary of Two-Year Baseline Monitoring. Submitted to the USEPA. 7/15.

Spooner, J. 1993. Oak Creek 319 National Monitoring Program Project Proposal,
7/9. Memorandum from Jean Spooner to Chris Heppe and Ed Liu.

Spooner, J. and D. Osmond. 1996. Memorandum to Gordon Southam. 10/3.
Southam, G. 1998. The Oak Creek Canyon Section 319(h) National Monitoring
Project Final Report.
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Warkentin, B.P. 1993. Arizona Oak Creek Project, Recommendation for adoption
into the 319 National Monitoring Project, 10/1. Memorandum from Benno Warken-
tin to Ed Liu.

CALIFORNIA MORRO BAY WATERSHED
SECTION 319 NATIONAL MONITORING PROGRAM PROJECT

State of California: Regional Water Quality Control Boards. Morro Bay briefing
materials.

1987. Wastewater Treatment Facilities: Final Environmental Impact Report. The
Morro Bay Group, County of San Luis Obispo, Government Center

1989. Erosion and Sediment Study: Morro Bay Watershed, September. Soil Conser-
vation Service.

1989. Morro Bay Watershed Enhancement Plan, September. Soil Conservation Ser-
vice.

1991. Proposed Monitoring Program, 7/1.

1991. Workplan for Water Quality Management Planning Program [Section 205(j)]
on Non-Point Source Evaluation and Treatment Effectiveness for Land Treatment
Measures for the Morro Bay Watershed, Coastal San Luis Resource Conservation
District, 6/4. Workplan.

1992. Morro Bay Watershed Program, Watershed Educational Program, December.
Fact Sheet No. 1.

1992. Nonpoint Source Pollution Evaluation and Treatment Measures for the Morro
Bay Watershed, 2/18.

1993. Approach for San Luis Obispo Creek, 8/21.
1993. Report on Morro Bay Project in California, 2/3, by Oregon.
1994. Report on Visit to the California 319 Monitoring Site at Morro Bay, 3/14.

1995. Nomination of Morro Bay to the National Estuary Program. The Bay Founda-
tion of Morro Bay and the Central Coast Regional Water Quality Control Board.

Central Coast Regional Water Quality Control Board and the California Polytechnic
State University, San Luis Obispo. 2003. Morro Bay National Monitoring Program:
Nonpoint Source Pollution and Treatment Measure Evaluation for the Morro Bay
Watershed. 1992-2002 Final Report. August 31, 2003.

Central Coast Regional Water Quality Control Board. 1993. Nonpoint Source Pollu-
tion and Treatment Measure Evaluation for the Morro Bay Watershed.

Dressing, S.A. 1992. Review of Proposal for Section 319 National Monitoring
Program (Morro Bay, CA), 9/11. Fax Transmittal to Jovita Pajarillo.

Haltiner, J. 1988. Sedimentation Processes in Morro Bay, Prepared by Philip Will-
iams and Associates for the Coastal San Luis Resource Conservation District with
funding by the California Coastal Conservancy

Morro Bay HUA. 1992. FY-92: Annual Progress Report, Morro Bay HUA. Soil
Conservation Service.
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Morro Bay HUA. 1993. Workplan for Non-Point Source Pollution and Treatment
Measure Evaluation for the Morro Bay Watershed, Revised 3/15. Workplan.

Morro Bay HUA. 1993. Morro Bay Sedimentation Project Progress Report, 5/3.

The Morro Bay Group. 1990. Freshwater Influences on Morro Bay, San Luis Obispo
County, The Morro Bay Group, Prepared for the Bay Foundation of Morro Bay; P.O.
Box 1020, Morro Bay, CA 93443.

USEPA. 1991. California’s High on Coastal Nonpoint Source Karma! InEPA News-
Notes, #14.

Worcester, K. 1994. Morro Bay, California: Everyone’s Pitching In. From Nonpoint
Source News-Notes, #35.

Worcestor, K, D. Paradies, K. Kropp, R. Wilson, J. Langmann, and T. Rice. 1997.
Annual Report 1996-97 Nonpoint Source Pollution and Treatment Measure Evalua-
tion for the Morro Bay Watershed.

Worcester, K., T.J. Rice, and J.B. Mullens. 1993. Annual Report on the Morro Bay
National Monitoring Program.

Worcester, K., T.J. Rice, and J.B. Mullens. 1994. Annual Report on the Morro Bay
National Monitoring Program.

Worcester, K., T.J. Rice, and J.B. Mullens. 1994. Morro BayWatershed 319 National
Monitoring Program Project. NWQEP NOTES 63:1- 3, North Carolina State Univer-
sity Water Quality Group, North Carolina Cooperative Extension Service, Raleigh,
NC.

Worcester, K., T.J. Rice, and J.B. Mullens. 1995. Annual Report on the Morro Bay
National Monitoring Program.

Worcester, K., T.J. Rice, and J.B. Mullens. 1996. Annual Report on the Morro Bay
National Monitoring Program.

CONNECTICUT JORDAN COVE URBAN WATERSHED
SECTION 319 NATIONAL MONITORING PROGRAM PROJECT

Alexopolous, J. 2000. Best Management Practices. Presentation aEcology Applied:
Integrating Design and Landscape Process. University of Connecticut. 6/00.

Clausen, J. C. 2007. Jordan Cove UrbarWatershed Section 319 National Monitoring
Program Project. Final Report to Connecticut Department of Environmental
Protection.http://www.jordancove.uconn.edu/jordan_cove/publications/
final_report.pdf

Clausen, J. C. 2004. Jordan Cove UrbarWatershed Section 319 National Monitoring
Program Project. Annual Report to Connecticut Department of Environmental
Protection.

Clausen, J. 1996. Annual Report — Jordan Cove Urban Watershed Section 319
National Monitoring Program Project. 10/23.
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Clausen, J. 1997. Jordan Cove (Connecticut) UrbanWatershed Section 319 National
Monitoring Program Project. NWQEP NOTES 82:1-3, North Carolina Sate University
Water Quality Group, North Carolina Cooperative Extension Service, Raleigh, NC.

Clausen, J. et al. 1999. Practical Methods for Protecting Water Resources, Jordan
Cove National Monitoring Site and Glen Brook Green Subdivision: Examples of
Innovative Land Development. Presentation at Wilton, CT. 01/29/99.

Clausen, J.C., M.P. Cote, Jr, B.L Morton, and S. Zaremba. 1997. Jordan Cover Urban
Watershed Section 319 National Monitoring Program Project. In  Proceedings:
National Watershed Water Quality Project Symposium. USEPA. Washington, D.C.

Clausen, J. 2002. Annual Report - Jordan Cove Urban Watershed Section 319
National Monitoring Program Project. Department of Natural Resources Management
& Engineering, College Of Agriculture and Natural Resources, University of
Connecticut, Storrs, CT. September 1, 2002.

Clausen, J. and J.K. Gilbert. 2003. Annual Report - Jordan Cove Urban Watershed
Section 319 National Monitoring Program Project. Department of Natural Resources
Management & Engineering, College Of Agriculture and Natural Resources,
University of Connecticut, Storrs, CT. September 1, 2003.

Clausen, J. 2004. Annual Report - Jordan Cove Watershed Project. Department of
Natural Resources Management & Engineering, College OfAgriculture and Natural
Resources, University of Connecticut, Storrs, CT. November 1, 2004.

Clausen, J. C., M. Cote, B. Morton, E. Thomas, S. Zaremba, T. Wagner, C. Arnold,

D. Gerwick, J. Alexopoulos, K. Guillard, M. Hull, J. Engdahl, R. Phillips, M. Dietz,
J. Gilbert, M. Hood, and E. Bedan. 2006. Jordan Cove UrbaWatershed Section 319

National Monitoring Program Project. NC State. NWQEP Notes Newsletter.

Connecticut Developer Volunteers- Demonstration Site Tests Urban Watershed
Management Techniques. In Nonpoint Source News-Notes, USEPA, #48. Apr./May
1997.

Connecticut—Jordan Cove Urban Watershed, Section 319, National Monitoring
Program Project. InSec. 319 National Monitoring Program, 1997 Summary Report.
EPA-841-S-97-004. Sept. 1997.

Connecticut—Jordan Cove, Section 319 National Monitoring ProgramAn Overview.
In Rpt. Prepared for USEPA by NCSU Water Qual. Grp. May 1997.

Connecticut: Jordan Cove UrbanWatershed, Sec. 319 National Monitoring Program
Project. In Section 319 National Monitoring Program 1996 Summary Report. EPA-
841-S-96-002. Sept. 1996.

Cote’, M.P. et al. 2000. Jordan Cover Urban Wtershed National Monitoring Project.
National Conference on Tools for Urban Water Resource Management and Protection
Proceedings, Chicago, IL. Feb. 7-10, 2000.

Engdahl, J.J. 1999. Impacts of residential construction on water quality and quantity
in Connecticut. M.S. Thesis. University of Connecticut. Storrs.

Gilbert, J.K. and J.C. Clausen. 2006. S tormwater runoff quality and quantity from
asphalt, paver, and crushed stone driveways in ConnecticutWater Research. 40:826-
832.

Hood, M. J., J. C. Clausen, and GS. Warner. 2006. Low impact development works!
J. Soil & Water Conservation Society. 60(5):115A-117A.

402



Appendix IV: Project Documents

Hood, M.J., J.C. Clausen, and G .S. Warner. 2007. Comparison of stormwater lag
times for low impact and traditional residential development. J. American Water
Resources Association. 43(4):1036-1046.

Hood, M. J., J. C. Clausen, B. C. Braskerud, and G . S. Warner. 2006. Forsinket
avrenning fra urbane felt. Et. Eksemple pa local overvannshandteringVann (10):32-
40.

Hood, M. J., J. C. Clausen, G . S. Warner , and B. C. Braskerud. 2006. Redusert
avrenning fra urbane felt et eksemple pa local overvannshandtering. Restoration of
the hydrological regime after urban development. Vattan 62:1-5.

Hull, M.E. 1997. The quality and quantity of runoff from paired urban watersheds.
M.S. Thesis. University of Connecticut. Storrs.

Jordan Cove (Connecticut) UrbanWatershed Sec. 319 National Monitoring Program
Project. In NWQEP NOTES #82. NCSU Water Qual. Grp., March 1997.

Jordan Cove Urban Watershed 319 National Monitoring Program Project. J.C.
Clausen, et. al. InProceedings: National Watershed Water Quality Project Symposium.
EPA/625/R-97/008. Dec. 1997.

Jordan Cove Urban Watershed National Monitoring Project. In Update, newsletter
for Long Island Sound Study. Winter 1998.

Jordan Cove Urban Watershed 319 National Monitoring Program Project Annual
Report. J.C. Clausen. Dept. of Natural Resources Management and Engineering,
College of Agriculture and Natural Resources, University of Connecticut, Storrs. 1
Sept. 2002.

Lombardi, J., Jr. 1997. Glen Brook Green — Jordan Cover Urban Watershed 319
Project Site Plans.

Morton, B.L. 1999. EPA Monitoring Project: Jordan Cove Subdivision, Waterford,
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