Pre/Post BMP Monitoring

Introduction

A Section 319 Nonpoint Source Pollution Grant was awarded to The FORUM of
Greater Kalamazoo (FORUM) in 2004 to update the existing Portage-Arcadia Creeks
Watershed Management Plan (WMP) and generate a nine elements approved WMP for
these plans. As part of the project, limited wet weather sampling of stormwater runoff
was to be conducted at existing and future Best Management Practice (BMP) sites within
the Portage-Arcadia Creek Watershed. The Portage-Arcadia Steering Committee
recommended these sampling locations during regular meetings held in 2004 and 2005 to
evaluate current BMP treatment effectiveness (and/or opportunity for future treatment) of
stormwater runoff for parameters of interest.

The Kalamazoo Water Reclamation Plant (KWRP) agreed to process samples in
their laboratory as an in-kind contribution to the project qualifying as loca match. The
FORUM continues to serve as the loca Administering body for the project. All technica
elements of the project continue to be conducted through KIESER & ASSOCIATES
(K&A), as a subcontractor to the FORUM. All sample collection, sample handling and
data analysis has been performed in accordance with the Quality Assurance Project Plan
(QAPP) approved by the Michigan Department of Environmental Quality (MDEQ) on
November 1, 2005.

Sampling Locations

Multiple locations were sampled during wet weather events including: 1) Milham
Park Runoff, 2) AquaSwirl-in; 3) AquaSwirl-out; 4) Loy Norrix Outfall; 5) Maple St. Rain
Garden; and 6) Pfizer Curb Cut. Relative locations of each sample site are illustrated in
Figure 1. Composite samples were collected from locations 2, 3 and 4 given their
relative likelihood of prolonged runoff flows during rain events. Discrete grab samples
were collected from locations 1, 5 and 6 to characterize the more infrequent, excess
runoff generated from each of these sites. Stormwater runoff from each site was sampled
on at lease one occasion. Table 1 provides a summary of information related to each
sampling event conducted by K&A at each location. Figures 2 and 3 provide
photographs of each sampling site. A genera description of each sampling site is
presented in the following text.

Site # 1 — Milham Park Runoff

Overland runoff was collected in the City of Kalamazoo's Milham Park in an
existing area where surface flow passes over a mowed lawn area and discharges into
Portage Creek. The lawn area recelves heavy waterfowl traffic, and runoff is
suspected to be a significant source of sediment and phosphorus loads to Portage
Creek.
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Sites #2 and #3 — AquaSwirl-In/Out

Surface stormwater runoff was collected at the inlet (Site #2) to the existing
catch basin located with the asphalt parking lot behind the City of Kalamazoo Public
Services Building at 415 Stockbridge Avenue. The parking lot serves as a storage
location for the City’s large utility vehicles and equipment. Runoff that enters this
catch basin is pumped (via automated controls) to an Aqua-Swirl™ stormwater
treatment structure. Outgoing, treated stormwater was also sampled as it was
discharged from the Aqua-Swirl™ structure into nearby Portage Creek (Site #3).

Site # 4 — Loy Norrix Qutfall

A dgignificant portion of the stormwater runoff generated at the Loy Norrix
High School (from nearly 14 acres of impervious surfaces) is discharged via storm
sewers beneath Kilgore Road and into Portage Creek. This stormwater outfall was
included in this sampling regime since plans are currently underway for
implementation of new onsite ssormwater BMPs under a CMI Portage-Arcadia Grant.
The analytical results from monitoring this outfall serve to provide estimates of pre-
implementation conditions.

Site #5 — Maple Street Rain Garden

The City of Kalamazoo was awarded a Clean Water Act Section 319 grant
from the Michigan Department of Environmental Quality. Funds were directed to the
Kalamazoo Nature Center to construct arain garden in the Axtell Creek Watershed, at
the Maple Street Magnet School for the Arts, and to hold an educational workshop. A
rain garden capable of capturing up to a 2-inch storm event from roof top areas over
the gymnasium, cafeteria and some classrooms was designed and constructed in
August 2003. Stormwater grab samples collected from this site represent captured
runoff that no longer reaches Axtell Creek.

Sites #6 — Pfizer Curb Cut

Sampling runoff from a Pfizer parking lot located in downtown Kalamazoo
(400 East Lovell Street; approximately 8.5 acres of impervious area) was attempted in
August 2005 as an in-kind, preliminary field reconnaissance effort to determine
feasibility under an approved QAPP. Stormwater from a surface curb cut was
sampled as runoff exited the parking lot and dissipated into an open lawn area before
reaching Portage Creek.

Fidd-measured parameters of temperature, pH, specific conductance and
dissolved oxygen were recorded in the field per QAPP procedures. Flow related data
were also collected (where applicable) during each station visit including: 1) pipe exit
velocities (averaged) using a handheld Marsh-McBirney portable velocity meter; and, 2)
depth of water flow using a tape measure (refer to Figure 5). All grab and composite
samples were delivered to the City of Kalamazoo Water Reclamation Plant (KWRP)
laboratory for analysis of total phosphorus (TP), total suspended solids (TSS), total
petroleum hydrocarbons (TPH), and volatile organics. As necessary and to assist with
scheduling, the KWRP forwarded some samples to KAR Laboratories, Inc. (KAR) for
anaysis. Both laboratories are state-approved and adhere to MDEQ requirements for
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quality control. All samples were anayzed within recommended hold-times and in
accordance with the methods outlined in the Standard Methods for Examination of Water
and Wastewater (APHA, 1998).

A nearby rain gage stationed at the Portage Creek surface water 1SCO sampling
location (used for previous WMP sampling efforts) was utilized to characterize local
rainfall data related to each rain event that was sampled. Rainfall data for each sampling
event arelisted in Table 1.

Event Mean Concentrations

Water quality analytical data associated with each sampling event and each
sampling Site are summarized in Table 2. A pre-QAPP, in-kind reconnaissance sampling
event was conducted on August 20, 2005, (in accordance with a prior approved April 26,
2001 Portage-Arcadia QAPP) to obtain preliminary information related to grab sampling
during first flush conditions at select locations. All subsequent sampling (conducted after
November 1, 2005) was focused upon collecting samples throughout the duration of each
event and included flow-weighted composite samples (where possible) in order to
calculate event mean concentrations (EMCs) for each site.

Flow-proportioned runoff volumes (based on volume and time period between
grab samples) were calculated at sites where composite sampling could be utilized. For a
given sample site, discrete grab samples were collected at various times throughout the
duration of a storm event in individual bottles and a corresponding flow was recorded.
Following the storm event, properly proportioned volumes from each grab sample were
combined, alowing each percentage volume to represent a particular sample
concentration. The proportioned volumes were combined from their individual bottles
into the composite sample bottle for laboratory analysis to determine event mean
concentrations (EMCs) of each desired parameter. Refer to the following example
illustration for the composite sampling strategy utilized:
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Computed EMCs for each sampling site prior to treatment are as follows:

Table 3.
Location TP EMC TSS EMC
(mg/L) (mg/L)
Site #1 0.47 300
(Milham Park Runoff)
Site #2 0.01 155
(AquaSwirl-In)
Site #4 0.3 66
(Loy Norrix Outfall)
Site #5 0.02 4.4
(Maple St. Rain Garden)
Site #6 0.04 2
(Pfizer Curb Cut)

Note: AquaSwirl-In (site #2) TP was non-detect at <0.01 mg/L. EMC is an estimate.

Where multiple sampling events were conducted at a particular site (e.g., Site #1
and Site #4), EMC values were averaged to obtain the final concentrations listed above.

Surface soil samples were also collected for laboratory anaysis at the Milham
Park location. Composite surface soils were collected at two areas in Milham Park. The
first area (SS-1) is representative of heavy waterfowl traffic. The second area (SS-2) is
representative of low waterfowl traffic. Three subsamples were collected at each area at
a depth of zero to one haf inch below the surface. These subsamples were then
combined into a 100 ml composite sample in equal proportions for anaysis of total
phosphorus. Sample composite concentrations are presented in Table 4.

Annual Pollutant Load Estimates

Pollutant loads from stormwater runoff were calculated for each project sampling
site using the EMCs listed in the previous text section. Often, EMCs are estimates of
nonpoint source pollution as determined from the USEPA Nationwide Urban Runoff
Program (NURP). However, since site-specific EMCs were obtained for this project, the
stormwater pollutant loads are based on pollutant loading factors that vary by land use,
land type, and percent imperviousness (Wayne County, 1998). Loads were computed
using Equations 1 and 2 as follows:

M, = EMC; * R, *K (Eq. 1)

Where:
M, = Loading factor from land use L (Ibs/aclyr)
EMC, = Event mean concentration of runoff from land use L (mg/L)
R; = Total average annual surface runoff from land use L computed from Eqg. 2
K = Unit conversion factor of 0.2266

Runoff Equation:
R.=[Cp+(C/-Cp)IMP,] *I (Eq. 2)

Portage-Arcadia Section 319 NPS Transition Grant
Best Management Practice Water Quality Sampling

December 2005 KIESER & ASSOCIATES



Page 5

Where:
R, = Total average annual surface runoff from land use L (in/yr)
IMP,, = Fractional imperviousness of land use L
I = Long term average annual precipitation (in/yr)
Cp = Pervious area runoff coefficient (0.20)
C; = Impervious area runoff coefficient (0.95)

Equation 1 shows that the loading factor (M) for land use L is the product of the
event mean concentration for land use L, the annua runoff for land use L, and a unit
conversion factor. The runoff calculation in Equation 2 provides the R. value used in
Equation 1 through the product of the annual rainfall depth (34" from Kaamazoo rainfal
records) and the percent imperviousness of land use L, with the tuning coefficients Cp and
Ci. The loading factor, M, is multiplied by the area of land use L to obtain atotal annual
loading for that land use.

The above equations were utilized to calculate site-specific loading rates for each
sampling site. Table 5 provides a summary of loading data for each sampling site based
on existing land use and percent imperviousness. Estimated annual loads (Ibs/yr) for
total phosphorus and total suspended solids are as follows:

Table 6. Phosphorus Suspended Solids
Location Total Area M. Annual M. Annual
(ac) (Ibs/aclyr) (Ibstyr) (Ibs/aclyr) (Ibstyr)
Site #1 0.7 3.44 2.41 2,196 1,537
(Milham Park Runoff)
Site #2 191 0.04 0.07 1,134 2,167
(AquaSwirl-In)
Site #4 20.7 1.62 33.49 356 7,368
(Loy Norrix Outfall)
Site #5 0.73 0.15 0.11 32 24
(Maple St. Rain Garden)
Site #6 10.38 0.26 2.68 13 134
(Pfizer Curb Cut)

Results Summary

The following findings were noted based upon these Portage-Arcadia Transition
Grant monitoring efforts. They relate to specific observations at the sites, and discuss
their relevance to pending BMPs where applicable.

Milham Park Runoff (site #1)

o Future Milham Park bioretention BMPs (2005-2007 CMI Grant) will need to
address first flush sediment loads (1,537 lbs TSS/yr) via filter strips, check

dams, forebays, etc.

o |Initia bioretention BMP concepts are currently in-place and have been

acknowledged by the PA Steering Committee.
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Final treatment BMP design details will be finalized in early 2006.

This sampling location is not well suited to accommodate composite sampling
of surface runoff. From on-site observations, it appears that runoff is
generated from the existing parking area at rainfall amounts greater than
approximately 0.25 inches. Once this initia threshold is achieved, a
significant portion of the parking lot runoff is directed toward the creek across
the existing manicured lawn and waterfow! traffic areas. Proper timing was
required to obtain first flush stormwater grab samples from this location.
Observed EMC values for TP (0.47 mg/L) and TSS (300 mg/L) are higher
than other urban runoff concentrations reported by others for parking lot
studies during the past twenty years. (Refer to Attachment A.)

Soil phosphorus concentrations for the existing bare soils in the park appear to
be relatively consistent with other area streambank phosphorus levels
observed throughout the Kaamazoo River Watershed. One possble
explanation for these “normal range” concentrations in high traffic waterfowl
areas is that most phosphorus is transported to the creek as particulate matter
prior to binding onto bare site soils. (A recent CMI-funded project caled the
Kaamazoo River Critical Erosion Sites Mitigation Project revealed that the
average soil phosphorus concentration for nine streambank sites along the
Kaamazoo River was 514 mg/kg within Calhoun, Allegan and Kalamazoo
Counties.) For more information, go to
http://www.kalamazooriver.net/tmdl/nps_opps/cmi.htm

AquaSwirl-In/Out (sites #2/3)

o

Based on limited data for a single sampling event conducted at the Aqua
Swirl™ stormwater treatment unit located at the City’s Public Services
Building, this BMP structure appears to capture approximately 34% of the
total suspended solids load.

This BMP structure prevents approximately 737 Ibs sediment from reaching
Portage Creek each year from this impervious drainage area.

Additional sampling conducted at this location may revea a higher removal
percentage of solids.

Furthermore, variations in sampling strategy may aso alow for improved
monitoring/evaluation of phosphorus and volatiles treatment that were not
directly discernable during this study. For more information related to Aqua-
Swirl™ systems, go to

http://www.epa.gov/NE/ass stance/ceitts/stormwater/techs/aquafiltersys.html

Loy Norrix Outfal (site #4)

o

o

(0]
(0]

Future Loy Norrix stormwater BMPs (2005-2007 CMI Grant) will also need
to address significant first flush sediment and phosphorus loads.

Initial stormwater BMP concepts are currently in-place and have been
acknowledged by the PA Steering Committee.

Final treatment BMP design details will be finalized in early 2006.

Observed EMC values for TP (0.3 mg/L) and TSS (66 mg/L) are very similar
to other urban runoff concentrations reported by others for parking lot studies
during the past twenty years. (Refer to Attachment A.)
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Maple Street Rain Garden (site #5)

o0 Sampling conducted at the Maple Street Rain Garden BMP site was somewhat
problematic due to a lack of significant runoff. The two storm events that
were sampled at the rain garden manhole structure were relatively smal in
size (both <0.34 inches of rain).

0 The existing, flat rooftop at the Maple Street Middle School is comprised of a
tar and gravel substrate. Previous estimates for this site suggest that
significant runoff does not typically occur from this rooftop unless rainfall
greater than 0.35-0.5 inches has occurred (dependant upon antecedent
moisture conditions). Thus, the site-specific EMCs and the calculated loads
for TP and TSS are significantly under-estimated at this location.

o0 This sampling location is not well suited to accommodate composite sampling
of surface runoff. As aresult, grab samples were collected at the rain garden
inlet structure during this study.

0 Observed EMC vaues for TP (0.02 mg/L) and TSS (4.4 mg/L) are below
other urban runoff concentrations reported by others for rooftop studies during
the past twenty years. (Refer to Attachment A.)

0 Using NURP EMC values, the rain garden is estimated to prevent 225 |bs TSS
and 0.5 Ibs TP from reaching Axtell Creek each year. Fore more information,
go to http://www.kal amazooriver.net/pa319new/axtell/raingarden/project.ntm

o Further monitoring of larger rain events (>0.5 inches) for this dte is
recommended to obtain more accurate EMCs associated with the Maple Street
School tar and gravel rooftop runoff.

Pfizer Curb Cut (Site #6)

0 This sampling location is not well suited to accommodate composite sampling
of surface runoff. From on-site observations, it appears that runoff is
generated from the existing parking area at rainfal amounts greater than
approximately 0.25 inches. Once this initia threshold is achieved, a
significant portion of the parking lot runoff is directed toward the creek across
an existing manicured lawn area. Proper timing is required to obtain first
flush stormwater grab samples from this location. The first flush runoff of
stormwater may have been missed on August 20, 2005.

0 Observed EMC values for TP (0.04 mg/L) and TSS (2 mg/L) are well below
other urban runoff concentrations reported by others for parking lot studies
during the past twenty years. (Refer to Attachment A.)

While initial data are helpful for targeting problem loading areas, the data
collected during these BMP sampling efforts are limited to three storm events (all below
0.35 inches) and should be considered initid findings. Additiona sampling is
recommended if more detailed evaluation of loading is desired for a particular site.
Seasona influences (i.e., spring, summer, fal) should also be identified to obtain more
accurate EMCs related to each sampling site. Other considerations such as use of
automated sampling equipment, first flush characterization, quantification of peak flows,
rainfall intensity and storm duration should be carefully contemplated if more detailed
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monitoring data is desired. Overal, it was determined that proposed BMPs for Milham
Park and Loy Norrix High School will be beneficial given measured EMCs at or above
national averages.
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