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FINAL REPORT ON UNHSC COLD CLIMATE PERMEABLE INTERLOCKING CONCRETE
PAVEMENT TEST FACILITY-THE UNIVERSITY OF NEW HAMPSHIRE STORMWATER
CENTER-MAY 2013

1.0 EXECUTIVE SUMMARY

University of New Hampshire Stormwater Center (UNHSC) completed a two year field
verification study of a permeable interlocking concrete pavement (PICP) stormwater
management system. The purpose of this study was to evaluate the cold climate functionality
of a PICP in an institutional setting. Monitoring took place from October 2010 through April
2012 on the University of New Hampshire (UNH) main campus in Durham, NH. The installation
converted Hood House Drive and adjoining J Lot from a standard asphalt surface to a PICP
system in the summer of 2010. The pre-existing condition included no stormwater control
measures and conveyed surface runoff into the municipal storm sewer. The PICP system was
designed by Appledore Engineering, Inc. in association with UNHSC and the Interlocking
Concrete Pavement Institute (ICPI). An ICPI recommended PICP profile was used for the study
site for the drive and a modified section with reservoir was used in the parking area. The
treatment area includes direct rainfall over the system area and run-on from three pedestrian
walkways and Memorial Union Building Drive. Concrete pavers and the surrounding grassed
landscaping are separated by granite curbing. Rainfall is designed to filter down through the
PICP system and into an infiltration reservoir. Excess stormwater is drained through internal
drainage which discharges subsurface to the municipal storm sewer system.

Pollutant loading is estimated by monitoring runoff from an adjacent parking lot at Thompson
Hall (T Lot) which is similar in size, usage, and location. Project objectives included: 1) Water
Quantity and Water Quality Monitoring, 2) Surface Infiltration Testing, 3) Thermal Performance
and Comparisons, and 4) Educational Outreach. In particular the Test Facility has been
examined with respect to cold climate functionality. Assessment of eleven water quality
parameters comparing the PICP lot and a reference lot was used to evaluate performance
metrics for the system. All analyses and procedures comply with the Technology Acceptance
and Reciprocity Partnership (TARP), and the Technology Acceptance Protocol — Ecology (TAPE)
guidelines to the maximum extent possible. The UNHSC operates under a detailed Quality
Assurance Project Plan (QAPP) which is available on request.

Following 2 years of monitoring that included 26 storms and 18 water sampling events, the
performance for volume reduction and pollutant load reduction was exceptional for an
instillation on a sandy clay soil (HSG-C). The USDA Soil Survey for the site is a Hollis-Charlton
(very rocky, fine sandy loam). Local infiltration measurements are consistent with rates of a
HSG-B soil at 3 in/hr. Volume reduction and subsequently pollutant mass removal exceeds 95%
for all contaminants measured including sediment (TSS and SSC), metals (total Zinc - TZn),
petroleum hydrocarbons (TPH), and nutrients (TP, ortho-P, TN, TKN, DIN = NO3, N02, NH4).
Reductions in effluent concentrations were not observed for these same contaminants. This
was presumably due to a concentration of pollutants caused by an exceptional volume
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reduction. Effluent volumes in any single event never exceeded 5 gallons and peak flows were
all less than 1 gallon per minute (with one exception).

Surface infiltration testing shows modest average performance for the PICP installation. A
substantial decline in infiltration was observed for areas subjected to run-on. Infiltration rates
declined 69% over 21 months yet still retained greater than 1000 inches per hour capacity.
Minimal maintenance was performed during the period of monitoring. Impacts from run-on
underscore the importance of designs minimizing run-on.

Thermal analyses were conducted comparing four pavement surface types at three different
times. PICP surface temperatures were observed to be lower than that for porous asphalt,
pervious concrete, and standard asphalt.

Outreach activities were conducted during 2011 and 2012. Three porous pavement design
workshops were performed. A full-day ICPI training was performed in collaboration with David
Smith, the ICPI Technical Director. The training included a field visit to the Test Facility alongside
other porous pavement installations throughout the UNH campus and the region. Participants
learned key design principles necessary to successfully design, evaluate, specify, and install
porous pavements for stormwater management.

2.0 INTRODUCTION

Under an agreement with the Interlocking Concrete Pavement Institute (ICPI), field verification
testing of a permeable interlocking concrete pavement (PICP) treatment system was conducted
by the University of New Hampshire Stormwater Center (UNHSC) on the University campus in
Durham, NH. Testing consisted of determining the water quality and quantity performance for
a range of parameters including sediments, metals, nutrients, petroleum hydrocarbons, net
effluent flow, and surface infiltration rates.

PICP performance evaluations were conducted across two seasons and a range of rainfall
conditions: important variables reflective of natural field performance conditions. This report
presents the analyses and monitoring from October 2010 through April 2012. This included
monitoring of 26 rainfall events and sampling of 18 events in total.

3.0 FIELD FACILITY

3.1 System Description, Configuration and Sizing

The climatology of the area is characterized as a coastal, cool temperate forest. Average annual
precipitation is 45 inches that is nearly uniformly distributed throughout the year, with average
monthly precipitation of 4.02 in +/- 0.5. The mean annual temperature is 48°F, with the
average low in January at 14°F, and the average high in July at 83°F.

The UNH test site is a 13,500 square foot PICP system installed in the summer of 2010 on the
UNH main campus in Durham, NH (Figure 1, Figure 2). The pre-existing Hood House Drive
(7,000 square foot) and J Lot (6,500 square foot) were standard asphalt surfaces. The areas
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previously had no stormwater controls and conveyed surface runoff to the downslope road and
existing municipal stormwater system. Hood House Drive and J Lot are heavily used parking
and driving surfaces during the school year. The PICP system was designed to: provide
treatment by filtration through the subbase; promote infiltration and groundwater recharge;
and underdrain to a central monitoring location, eventually flowing to the municipal storm
sewer. The PICP installation treats direct rainfall and run-on from three intersecting pedestrian
pathways and one moderately used road. While the entire installation was monitored for long-
term infiltration capacity and surface temperature, only the J Lot portion was monitored for

water quality.

Figure 1: August 2010 installation of PICP system (clockwise from top left)
demolition and excavation, placement of subbase aggregate, finished product,
underdrain installation.
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Figure 2: Location map of the PICP Test Site.

Appendix A includes project construction drawings and details. System configuration is an ICPI
recommended profile (Figure 3). Concrete pavers were placed on a 2-inch bedding course of
ASTM No. 8 aggregate. Appendix H provides test results on the concrete pavers which conform
to ASTM C 936. The No. 8 aggregate was also used to fill the joints between the pavers. The
bedding course is supported by a 4-inch open graded base layer of No. 57 aggregate. This layer
was placed on a stone subbase reservoir of variable thickness of ASTM No. 2 aggregate. The
thickness of the No. 2 subbase was 20 inches in the J Lot (the upper portion) areas, and 17
inches thick along the drive portion leading to Main Street. Below the subbase are native soils
of sandy loam which have a high infiltration capacity of approximately 3 in/hr., measured in a
test pit location prior to installation. The subbase and surface slopes of the PICP system are 6%
and designed with internal grade controls. Two check dam and perforated underdrain
configurations (Figure 4) were installed in the reservoir layer; one draining J Lot and the other
Hood House Drive into an underground monitoring chamber. The J Lot underdrains are
installed downstream of the check dams while the Hood House Drive underdrains are installed
upstream. The check dams are constructed of 30 mil (0.762 mm) impermeable PVC liner
installed in a stepped pattern (Figure 4). The perforated underdrains are placed 4 inches above
the native soils. The J Lot configuration is intended to retain stormwater between events to
promote denitrification within the subbase. The Hood House Drive configuration is intended to
allow high flow events to bypass through the system more quickly. Both configurations allow
the design storm event to infiltrate into the native soils. Each configuration has a unique outlet
into the monitoring chamber. To date monitoring efforts have focused on the main parking
area (J Lot) of the PICP system.
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Figure 3: Typical PICP Hood House Drive Cross Section. The concrete haunches on both sides of the
granite curbs are not typical to most PICP applications. The use of the concrete in this detail is specific to

the University of New Hampshire.
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Figure 4: Check dam and perforated underdrain configurations. On the left is J Lot and the right is
Hood House Drive. J Lot is the section being monitored for this study.

The reference influent monitoring and rain gauge were located off T Lot (Figure 5), which is
approximately 400 feet from the PICP effluent monitoring location. T Lot is adjacent to
Thompson Hall and Dimond Library on the main University campus and is similar in size, usage,
and rainfall characteristics. T Lot is a 12,000 square foot standard asphalt lot with
approximately 50 parking spaces, granite curbing, and traffic consisting of both passenger
vehicles and routine bus traffic. The area, like Hood House Drive and J Lot, is subject to frequent
plowing, and deicing (salting) throughout winter months. Literature reviews indicate that
pollutant concentrations from T Lot are above or equal to national norms for parking lot runoff.
T Lot is drained by a typical catch basin and piping network. A 12 inch HDPE pipe conveys a
portion of T Lot runoff to a surface location (Figure 6) where monitoring equipment is installed
to collect data, gather samples, and monitor flow and rainfall depths.
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Figure 6: Picture of T Lot effluent location. T Lot is to the upper right in this picture.
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3.2 Subgrade Soils

Prior to system design and construction, subgrade soils were examined. Soils categorized as
Hydrologic Soil Group (HSG) B (NEH630.07, 2007) with an average infiltration rate of 3 inches
per hour. Three test pits were dug however due to ledge outcrops were discovered at two of
the test locations average infiltration rate from measured at one location on Hood House Drive
was used. Appendix B (page 32) details test pit investigations. Two test pits (test pit #1 and #3)
were dug down to 48 inches or until ledge outcrops impeded further excavation. Appendix B
contains infiltration capacity (IC) and particle size distribution (PSD) of subbase soils located
under Hood House Drive. Infiltration data is only available for Test Pit #2 and was measured at
an average 3 inches per hour.

3.3 Reference TSS Information

Comparisons of the TSS concentrations for varied land uses are presented in Figure 7. Urban
highway pollutant concentrations tend to be twice the mean concentration measured for
parking lots and residential uses. Historical data collected from the UNH facility is within the
national norm for commercial parking lots and is within the range of typical concentrations
observed for a range of land uses. Occasional storms are monitored that have exceptionally
high solids concentrations.
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Figure 7: Total suspended solids (TSS) concentrations for varied land uses and at UNH Stormwater
Center (Source: National Stormwater Quality Database, 2005, UNHSC, 2007)
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4.0 INSTRUMENTATION AND MEASURING TECHNIQUES

4.1 Flow

Influent and effluent flow monitoring is accomplished with the use of Teledyne ISCO 6712
automated samplers. The samplers are equipped with Teledyne ISCO 730 Bubbler Flow
Modules which work in conjunction with Thelmar compound weirs. Pre-established flow rating
curves (Lehigh University, 1992) are used to convert depth readings to flow rates.

4.2 Rainfall Collection and Measurement

Rainfall is monitored using a Teledyne ISCO 674 Rain Gauge. The gauge collects direct rainfall
through a 6-inch diameter opening in a 2-foot high anodized aluminum housing; water flows
through an HDPE funnel and into a tipping bucket. The tipping bucket is calibrated to take a
reading every 0.01-inch of rainfall depth. The rain gauge connects to and stores data in the ISCO
6712 sampler located off T Lot.

4.3 Other Measurements

Temperature, pH, specific conductivity, and dissolved oxygen are monitored using YSI 600XL
multi-parameter sondes. These parameters are monitored at the effluent location during wet
weather events only. Moisture, temperature, and electrical conductivity are measured within
the system base materials using Decagon Devices 5TE probes in conjunction with Decagon
Devices Em50 Data Loggers. The 5TE probes were installed during placement of the PICP
system. Probes were installed in pairs at each interface of the base materials (i.e. two between
the native soils and No. 2 stone reservoir; two between the No. 2 and No. 57 stone layers, etc.)
Probes are paired for redundancy and because access to their location is impossible once
installed.

4.4 Water Quality Analysis

Samples were processed and analyzed by an EPA and National Environmental Laboratory
Accreditation Conference (NELAC) certified laboratory using the standard methodologies
outlined in Table 1.

Table 1: Laboratory analytical methods and detection limits for each analyte.

Analyte Analytical Method Sample Detection Method Detection
Limit (mg/L) Limit (mg/L)®

Nitrate/Nitrite in water EPA 300.0A 0.1 0.008

Total Suspended Solids SM 2540 D Variable, 1-10 04

Suspended Sediment ASTM D-3977 Variable, 1-2 1

Concentration

Total Phosphorus EPA 365.3 0.01 0.008

Zinc in water EPA 200.7 0.01 0.001-0.05

Total Petroleum SW 3510C 8015B Variable £3.5 0.1-3.0

Hydrocarbons —Diesel Range
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®Method detection limit is different than sample detection limit which will often be higher due to
available sample volume.
SM = Standard Method, SW = Solid Waste

5.0 TEST PROCEDURES

5.1 Field Sampling Procedures

PICP effluent is captured by an automated sampler (large runoff events) or a 5-gallon bucket
(small runoff events). For the majority of events a 5-gallon bucket was sufficient to hold

the entire effluent volume. In these cases full sample (total capture) methods were used as
opposed to automated composite samples. Total capture methods were utilized due to the
increased accuracy associated with system performance and the tremendous volume reduction
occurring by infiltration into the native soils. The total capture volume is homogenized,
measured, and split into 1 liter ISCO Pro-Pak bags using a United States Geological Survey
(USGS) Dekaport Cone Sample Splitter. PICP influent sampling was achieved using a portable
ISCO 6712 automated sampler. Influent samples were collected using a flow weighted sampling
program. Programs are set to achieve a minimum of 70% coverage over the duration of the
storm event. Individual samples are automatically discharged into 1 liter Pro Pak bags. Post-
processing consists of compositing all relevant samples into identical 1 liter samples using the
USGS Dekaport Cone Splitter. The 1 liter disposable LDPE sample bags are used to assure clean,
non-contaminated sample containers. Samples are sealed and labeled with a unique, water
proof, adhesive bar code that corresponds with a field identification label containing
information relating to the stormwater treatment unit and date of sampling. Records are kept
that correlate sample bar code with sample time, date, flow, and other real time water quality
parameters. This begins the chain-of-custody record that accompanies each sample to track
handling and transportation throughout the sampling process.

3

Figure 8: Surface Inundation Test Equipment; A variation on ASTM C 1701 and D 3385-03
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Infiltration rate (IR) measurements are developed using a modified surface inundation (Sl)
device. The modified Sl is a falling head test that measures the time to infiltrate a known
volume of water (0.56 gallons) through the permeable surface (Figure 8). S| measurements
were taken at three separate locations on the PICP lot over 11 times throughout the study. The
Sl test is a modification of an ASTM Standard D 3385-03 (ASTM, 1988) in which the falling head
Sl test involves placing a cylinder of known diameter onto the pavement surface which is then
sealed to the pavement surface (Briggs, 2006). The UNHSC Sl test is similar to ASTM C 1701 for
pervious concrete in which both methods measure the infiltration rate of a known volume of
water through a pervious pavement. The difference is that the Sl is a falling head test that
starts time zero when the full volume of water is delivered to the infiltration device. C 1701
specifies that the known volume be delivered to the device at a rate that maintains a surface
depth between 10mm to 15mm and starts time zero as soon as water contacts the pavement
surface. Another difference is that the Sl uses a closed-cell foam foot to seal the cylinder to the
pavement surface and C 1701 specifies the use of plumbers putty as a sealant. Also, C 1701
generally requires at least 5 gallons of water to conduct, whereas the modified Sl requires 0.56
gallons.

S| tests were used to monitor the infiltration capacity of the PICP system through the duration
of the study. Locations for infiltration capacity measurement were chosen to represent
different use scenarios. Location 1 is located near the entrance to Hood House Drive and
represents a high use area. This location receives run on from Memorial Union Building Drive,
sediment tracking from vehicles entering the lot, and leaf litter from a pair of deciduous trees.
Location 2 is subject to less vehicle traffic, less impervious surface run on, is located on a more
gradual slope, and has an evergreen tree that drops needles onto the surface of the test lot.
Location 3 is located in a level parking stall that receives little traffic, has no organic litter build
up, and is representative of a low loading area. IR measurements over the research period are
shown in Figure 9. A site average for the study area is plotted and based on relative area
contributions and infiltration capacity.

Page 10
PICP Performance Evaluation Report
The University of New Hampshire Stormwater Center-May 2013



Surface Infiltration Rate

5,000
4,000 i\\
3,000 A

’

T~
L

N
o o
o o
o o
I I

[y

’

Infiltration Capacity (in/hr)

0
Sep-10 Dec-10 Mar-11  Jul-11 Oct-11  Jan-12 May-12

—=— location1 —&— Location2 —&— Location3

Site Average ¢+++++ Cleaning — — Re-stone

Figure 9: Infiltration rate monitoring over time of 3 separate locations representing different loading
and usage characteristics.

6.0 MAINTENANCE

Throughout the monitoring period UNHSC worked with ICPI and Stormwater Compliance, Inc.
to develop a long-term maintenance strategy to maintain aesthetics and infiltration capacity of
the PICP system. The first attempt to clean the pavement in the fall of 2010 with a Tymco 210
Regenerative Air Sweeper (see Appendix C, page 41, for general specifications) was stopped
due to the excessive removal of stone from between the pavers. A decision was made to
postpone vacuum cleaning until clogging was more evident. In the spring of 2011 three areas of
concern were identified and are described as follows:

e A pair of deciduous trees located near the entrance to Hood House Drive drop leaves
onto the pavement. The leaves then pack between the pavers and clog the joints.

e Alarge evergreen located near the middle of Hood House Drive drops pine needles
onto the pavement, which are subsequently ground into the joints from vehicle traffic.

e Areas of run-on from intersecting pedestrian paths convey sediment onto the
pavement. Sediment has clogged the joints and grass has begun to grow.

A second attempt at vacuum cleaning was conducted with a Tymco 500X High Side Dump
Regenerative Air Sweeper (see Appendix D, page 42, for general specifications). The machine
alone was ineffective at removing packed debris from between the pavers in these areas of
concern. The use of a leaf blower and pressure washer helped to dislodge some of the upper
layer of debris, but more was packed underneath. In areas that were not clogged the No. 8 joint
stones had settled approximately 1 inch. In these areas debris such as cigarette butts, sticks,
and trash were observed lodged in the paver joints. With the stones at this depth the Tymco
could dislodge more of the stones, but did not pull many directly into the hopper. Some of the
stones were seen bouncing away from the vacuum head as the Tymco passed over the
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pavement. It was also evident that many of the pavers were loose and could be wobbled by
foot. Winter plowing and freeze-thaw did not dislodge any of the pavers. In August 2011,
additional No. 8 joint stone was used to fill in the seams. This proved to stabilize the loose
pavers and no further settling was observed through the monitoring period. Photo
documentation of various conditions is provided in Appendix E. An operation and maintenance
procedure for PICP placements is an area of acute interest for additional research.

Results from work by Smith and Hunt (2010) indicated if a regenerative air machine is not used
regularly, withdrawal of accumulated sediment requires use of a full vacuum machine. These
machines have greater suction power than regenerative air machines which requires stone
replenishment after cleaning.

Winter maintenance including plowing and anti-icing/de-icing was handled independently by
UNH facilities. A memo regarding equipment and procedures used is included in Appendix I.

7.0 DATA EVALUATION
Data analyses are presented to examine PICP performance for water quality, quantity,
infiltration, and surface reflectivity. Data and results are presented along with simple statistical
analyses to examine performance trends. Data analyses included a range of approaches:

e evaluation of storm characteristics

e table of influent and effluent event mean concentrations (EMC), volume and pollutant

mass summaries

e simple statistics summary

e particle size distribution (PSD) analysis

e thermal survey information from various pavements

Storm characteristics for each sampled storm event are presented in Table 2. Included in this
table are characteristics of 8 events that could not be sampled for water quality analyses. Out
of these 8 events 6 had 100% total volume reduction and thus no effluent volume with which to
produce water quality results. This helps to illustrate the infiltration capacity of the native
materials providing excellent groundwater recharge and runoff reduction.

EMC's are presented in Table 4 through Table 7 along with volume and mass reduction for a
range of seasons. EMC’s are used to represent the flow-proportional average concentration of a
given parameter during a storm event. An EMC is the total constituent mass divided by the total
runoff volume. When combined with flow measurement data, the EMC can be used to estimate
the pollutant loading from a given storm, or on an annual basis. With respect to determination
of EMC samples for the effluent flows both flow-weighted composite samples and total capture
samples were taken. Total capture (entire storm volume) was used when available due to the
higher data quality expectation. Total pollutant mass in the effluent samples were flow
weighted to produce a relative EMC from total capture samples as a function of rainfall depth
and the square footage of the test lot. Calculations are made according to the following
equations:
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Equation 1: Vi=A,* P, * 0.98 * 7.48 (gallons)

Equation 2: V, =1 - (V,/V;)

Equation 3: Massi, =V; * EMC;, * 3785

Equation 4: Massou: = Vo * TCout * 3785

Equation 5: %Mass Reduction = 1 — (Mass.t/Massi, )

Where:
V; = Direct volume into the system, or the runoff volume from impervious surface.
A, = Area of the pavement (6,500 ft?).
P. = The precipitation associated with the event.
V, = The volume out of the system collected and directly measured out of the system
underdrain.
V. = The amount of water volume reduction expressed as a percentage.
Massi, = the total mass, in grams, of pollutant entering the system
Mass,y: = the total mass, in grams, of pollutant leaving the system
EMC;, = the measured laboratory results from the flow weighted composite sample
taken at the reference influent location (T Lot).
TCout = the measured laboratory results from the total capture sample taken at the
effluent location.
And with:
0.98 = a runoff conversion typical of paved or impervious surfaces.
7.48 = volume conversion factor to yield gallons from cubic feet.
3785 = a conversion factor to get from gallons to liters and milligrams to grams.

8.0 RESULTS

8.1 Water Quality and Quantity Performance

Results presented below for the PICP Test Facility represent data collected from the period of
monitoring from October 2010 through April 2012 conducted at the UNHSC field facility. The
data set reflects rainfall across four seasons and covers a wide range of rainfall characteristics.
Table 2 displays rainfall event characteristics and influent and effluent volume for 26 storms of
which 18 events had sufficient volume to monitor for water quality. Storms ranged in size from
low intensity to high intensity, small volume to large volume.
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Table 2: Rainfall-Runoff event characteristics for 26 storm events; 18 events sampled for water quality analyses.

Rainfall Influent Effluent
Storm = Antecedent Water
Date Duration Peak- Rainfall Peak Flow Total Peak Flow Total Dry Period | Season | Quality**
R Intensity Depth Volume* Volume
(min) (in/Smin) (in) (gpm) (gal) (gpm) (gal) (days) (yes/no)

6/1/2011 270 0.09 0.13 69 516 0.000 0.000 8 Spring No

6/9/2011 510 0.10 0.36 76 1429 0.009 0.410 8 Spring Yes
6/11/2011 1485 0.04 1.08 31 4288 0.013 0.285 2 Spring Yes
6/18/2011 4005 0.10 0.17 76 675 0.000 0.000 1 Spring No
6/22/2011 2520 0.03 0.81 23 3216 0.005 1.395 4 Summer Yes
6/24/2011 800 0.15 0.50 115 1985 0.022 0.155 1 Summer No
6/29/2011 215 0.03 0.11 23 437 0.000 0.000 4 Summer No
7/13/2011 310 0.18 0.40 137 1588 0.000 0.000 7 Summer No
7/25/2011 1805 0.03 0.23 23 913 0.016 3.815 7 Summer No
7/29/2011 505 0.04 0.25 31 993 0.009 0.125 3 Summer Yes

8/2/2011 660 0.06 0.11 46 437 0.000 0.000 4 Summer No

8/6/2011 985 0.04 0.53 31 2104 0.035 0.955 4 Summer Yes

8/8/2011 580 0.12 0.37 92 1469 0.000 0.000 1 Summer No

8/9/2011 630 0.03 0.50 23 1985 0.024 0.530 1 Summer Yes
8/15/2011 1330 0.08 1.85 61 7346 0.044 5.000 5 Summer Yes
8/21/2011 500 0.19 0.61 145 2422 0.095 4.000 2 Summer Yes

9/6/2011 520 0.04 0.87 31 3454 0.035 1.294 9 Summer Yes
9/22/2011 1700 0.05 0.40 38 1588 0.027 1.545 2 Summer Yes
9/23/2011 835 0.07 0.59 53 2343 0.018 0.310 1 Summer Yes
10/2/2011 1075 0.03 0.64 23 2541 0.020 0.660 1 Fall Yes
10/13/2011 2510 0.07 1.28 53 5082 0.016 0.835 9 Fall Yes
11/10/2011 710 0.06 0.98 46 3891 0.039 0.898 11 Fall Yes
11/30/2011 335 0.04 0.64 31 2541 0.020 0.920 7 Fall Yes
1/17/2012 1780 0.05 0.10 45 357 6.600 2.853 3 Winter Yes
1/26/2012 1280 0.03 1.11 49 4407 0.200 1.585 3 Winter Yes
4/22/2012 1660 0.04 2.32 9212 0.120 2.985 27 Spring Yes
* Total Influent Storm Volume calculated from Rainfall Depth, system area, and runoff coefficient of 0.98
** Indicates whether or not storm samples were sent for water quality analyses

Table 3 presents the volume reduction for the PICP system for each of 26 events monitored.
Figure 10 presents rainfall depth and influent and effluent volumes for monitored storms. Table
4 through Table 7 present the water quality, volume reduction, and pollutant mass reductions
for each monitored storm and simple summary statistics.

EMC effluent concentrations were typically higher than the influent concentration for nearly
every concentration measure however this must be considered in the context of volume
reduction. Volume reduction was so exceptional that the effluent concentration appears to
have been concentrated. However the median effluent volumes were less than 1 gallon and as
such quality performance must be evaluated in the context of load reduction. Mass load
reduction was typically greater than 95% for all contaminants.
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Table 3: Rainfall-Runoff event statistics for 26 storm events including volume reduction calculations.

Page 15

Total Influent

Total Effluent

% Volume
Date Volume (V;) Volume (V,) .
Reduction (V,)
(gal) (gal)
6/1/2011 516 0.00 100.00%
6/9/2011 1430 0.41 99.97%
6/11/2011 4289 0.29 99.99%
6/18/2011 675 0.00 100.00%
6/22/2011 3216 1.40 99.96%
6/24/2011 1985 0.16 99.99%
6/29/2011 437 0.00 100.00%
7/13/2011 1588 0.00 100.00%
7/25/2011 913 3.82 99.58%
7/29/2011 993 0.13 99.99%
8/2/2011 437 0.00 100.00%
8/6/2011 2105 0.96 99.95%
8/8/2011 1469 0.00 100.00%
8/9/2011 1985 0.53 99.97%
8/15/2011 7346 5.00 99.93%
8/21/2011 2422 4.00 99.83%
9/6/2011 3455 1.29 99.96%
9/22/2011 1588 1.55 99.90%
9/23/2011 2343 0.31 99.99%
10/2/2011 2541 0.66 99.97%
10/13/2011 5083 0.83 99.98%
11/10/2011 3891 0.90 99.98%
11/30/2011 2541 0.92 99.96%
1/17/2012 357 2.85 99.20%
1/26/2012 4408 1.59 99.96%
4/22/2012 9213 2.99 99.97%
n 26 26 26
Average 2586 1.18 99.93%
Median 2045 0.75 99.97%
Standard 2145 1.41 0.00
Deviation
Coefficient of 0.83 1.20 0.00
Variation

PICP Performance Evaluation Report

The University of New Hampshire Stormwater Center-May 2013




Figure 10: Total Volume of Influent and Effluent and Rainfall Depth for the Research Period of the Permeable Interlocking Concrete Pavement Treatment System.
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Table 4: Water quality performance for sediments with pollutant mass balance.

Total Suspended Sediments (TSS)
V; Vo EMC in EMC out Massin | Massout | % Mass
Date %V, .
(L) (L) (mg/L) [ (mg/L) (g) (g) Reduction
6/9/2011 5411 1.40 99.97% 400 540 2164 0.76 99.97%
6/11/2011 16,233 3.00 99.98% 29 140 471 0.42 99.91%
6/22/2011 12,175 3.00 99.98% 10 12 122 0.04 99.97%
7/29/2011 3,758 1.10 99.97% 51 45 192 0.05 99.97%
8/6/2011 7,966 5.00 99.94% 38 29 303 0.15 99.95%
8/9/2011 7,515 9.50 99.87% 75 100 564 0.95 99.83%
8/15/2011 27,806 18.93 99.93% 24 110 667 2.08 99.69%
8/21/2011 9,169 15.14 99.83% 360 940 3301 14.23 99.57%
9/6/2011 13,077 4.90 99.96% 22 74 288 0.36 99.87%
9/22/2011 6,012 1.00 99.98% 42 280 253 0.28 99.89%
9/23/2011 8,868 0.80 99.99% 56 100 497 0.08 99.98%
10/2/2011 9,620 0.75 99.99% 31 48 298 0.04 99.99%
10/13/2011| 19,239 3.16 99.98% 80 130 1539 0.41 99.97%
11/10/2011| 14,730 3.40 99.98% 150 70 2209 0.24 99.99%
11/30/2011 9,620 3.34 99.97% 140 51 1347 0.17 99.99%
1/17/2012 1,353 10.80 99.20% 110 8 149 0.09 99.94%
1/26/2012 16,684 6.00 99.96% 77 15 1285 0.09 99.99%
4/22/2012 34,871 11.30 99.97% 320 17 11159 0.19 100.00%
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 112 151 1,489 1.15 99.92%
Median 9,620 3.37 99.97% 66 72 530 0.22 99.97%
St Dev 8,389 5.31 0.00 121 234 2,573 3.30 0.00
Coefficient
of Variation 0.67 0.93 0.00 1.08 1.56 1.73 2.88 0.00
Suspended Sediment Concentration (SSC)
V; Vo EMC in EMC out Mass in | Mass out | % Mass
Date %V, .
(L) (L) (mg/L) (mg/L) (g) (g) Reduction
6/11/2011 16,233 3.00 99.98% 29 140 471 0.42 99.91%
6/22/2011 12,175 3.00 99.98% 18 19 219 0.06 99.97%
8/6/2011 7,966 5.00 99.94% 29 20 231 0.10 99.96%
8/9/2011 7,515 9.50 99.87% 53 69 398 0.66 99.84%
8/15/2011 27,806 18.93 99.93% 21 100 584 1.89 99.68%
8/21/2011 9,169 15.14 99.83% 320 390 2,934 591 99.80%
9/6/2011 13,077 4.90 99.96% 32 160 418 0.78 99.81%
10/2/2011 9,620 0.75 99.99% 42 530 404 0.40 99.90%
11/10/2011| 14,730 3.40 99.98% 140 49 2,062 0.17 99.99%
11/30/2011 9,620 3.34 99.97% 61 48 587 0.16 99.97%
1/17/2012 1,353 10.80 99.20% 110 1 149 0.01 99.99%
1/26/2012 16,684 6.00 99.96% 79 16 1,318 0.10 99.99%
n 12 12 12 12 12 12 12 12
Average 12,162 6.98 99.88% 78 129 815 0.89 99.90%
Median 10,897 4.95 99.96% 48 59 445 0.28 99.93%
St Dev 6,517 5.53 0.00 85 165 861 1.66 0.00
Coefficient
of Variation 0.54 0.79 0.00 1.09 1.29 1.06 1.88 0.00
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Table 5: Water quality performance for hydrocarbons and zinc, with pollutant mass balance.

Total Petroleum Hydrocarbons - Diesel Range (TPH-D)
Vi Vo EMC in EMC out Mass in Mass out | % Mass
Date %V, .
(L) (L) (ug/L) (ug/L) (mg) (mg) | Reduction
6/22/2011 | 12,175 3.00 99.98% 430 157.5 5,235 0.47 99.99%
7/29/2011 3,758 1.10 99.97% 800 158 3,006 0.17 99.99%
8/6/2011 7,966 5.00 99.94% 610 410 4,859 2.05 99.96%
8/9/2011 7,515 9.50 99.87% 410 350 3,081 3.33 99.89%
8/15/2011 | 27,806 18.93 99.93% 320 158 8,898 2.98 99.97%
8/21/2011 9,169 15.14 99.83% 1,400 158 12,836 2.38 99.98%
10/13/2011| 19,239 3.16 99.98% 710 5,100 13,660 16.12 99.88%
11/10/2011| 14,730 3.40 99.98% 660 1,100 9,722 3.74 99.96%
11/30/2011| 9,620 3.34 99.97% 570 370 5,483 1.24 99.98%
n 9 9 9 9 9 9 9 9
Average 12,442 6.95 99.94% 657 884 7,420 3.61 99.96%
Median 9,620 3.40 99.97% 610 350 5,483 2.38 99.97%
St Dev 7,297 6.23 0.00 318 1,609 4,018 4.85 0.00
Coefficient
of Variation 0.59 0.90 0.00 0.48 1.82 0.54 1.34 0.00
Total Zinc - (TZn)
Vi Vo EMC in EMC out Mass in Mass out | % Mass
Date %V, .
(L) (L) (mg/L) (mg/L) (mg) (mg) | Reduction
6/9/2011 5,411 1.40 99.97% 0.14 0.26 758 0.36 99.95%
6/11/2011 | 16,233 3.00 99.98% 0.03 0.12 487 0.36 99.93%
6/22/2011 | 12,175 3.00 99.98% 0.03 0.01 365 0.03 99.99%
7/29/2011 3,758 1.10 99.97% 0.10 0.07 376 0.08 99.98%
8/6/2011 7,966 5.00 99.94% 0.05 0.07 398 0.35 99.91%
8/9/2011 7,515 9.50 99.87% 0.03 0.05 225 0.48 99.79%
8/15/2011 | 27,806 18.93 99.93% 0.03 0.05 834 0.95 99.89%
8/21/2011 9,169 15.14 99.83% 0.11 0.3 1,009 4.54 99.55%
9/6/2011 13,077 4.90 99.96% 0.03 0.29 392 1.42 99.64%
9/22/2011 6,012 1.00 99.98% 0.07 0.08 421 0.08 99.98%
9/23/2011 8,868 0.80 99.99% 0.03 0.07 266 0.06 99.98%
10/2/2011 9,620 0.75 99.99% 0.02 0.03 192 0.02 99.99%
10/13/2011| 19,239 3.16 99.98% 0.05 0.12 962 0.38 99.96%
11/10/2011| 14,730 3.40 99.98% 0.11 0.09 1,620 0.31 99.98%
11/30/2011| 9,620 3.34 99.97% 0.05 0.06 481 0.20 99.96%
1/17/2012 1,353 10.80 99.20% 0.24 0.03 325 0.32 99.90%
1/26/2012 | 16,684 6.00 99.96% 0.06 0.03 1,001 0.18 99.98%
4/22/2012 | 34,871 11.30 99.97% 0.01 0.005 349 0.06 99.98%
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 0.07 0.10 581 0.57 99.91%
Median 9,620 3.37 99.97% 0.05 0.07 410 0.32 99.96%
St Dev 8,389 5.31 0.00 0.06 0.09 374 1.05 0.00
Coefficient
of Variation 0.67 0.93 0.00 0.86 0.95 0.64 1.86 0.00
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Table 6: Water quality performance for total nitrogen and dissolved inorganic nitrogen (NO,, NO3, NH,),
with pollutant mass balance.

Total Nitrogen (TN)
Vi Vo EMCin EMC out Mass in Mass out | % Mass
Date %V, .
(L) (L) (mg/L) | (mg/L) (mg) (mg) [Reduction
6/9/2011 5411 1.40 99.97% 4.0 7.6 21,644 10.64 99.95%
6/11/2011 16,233 3.00 99.98% 0.8 3.1 12,986 9.30 99.93%
6/22/2011 12,175 3.00 99.98% 1.1 2.7 13,392 8.10 99.94%
7/29/2011 3,758 1.10 99.97% 2.0 6.3 7,515 6.93 99.91%
8/6/2011 7,966 5.00 99.94% 0.9 5.0 7,170 25.00 99.65%
8/9/2011 7,515 9.50 99.87% 0.6 3.7 4,509 35.15 99.22%
8/15/2011 27,806 18.93 99.93% 0.8 2.9 22,245 54.89 99.75%
8/21/2011 9,169 15.14 99.83% 2.1 2.9 19,254 4391 99.77%
9/6/2011 13,077 4.90 99.96% 0.5 1.6 6,538 7.84 99.88%
9/22/2011 6,012 1.00 99.98% 1.3 3.1 7,816 3.10 99.96%
9/23/2011 8,868 0.80 99.99% 0.6 1.9 5,321 1.52 99.97%
10/2/2011 9,620 0.75 99.99% 0.8 1.5 7,696 1.13 99.99%
10/13/2011| 19,239 3.16 99.98% 1.0 3.4 19,239 10.74 99.94%
11/10/2011| 14,730 3.40 99.98% 1.5 1.3 22,095 4.42 99.98%
11/30/2011| 9,620 3.34 99.97% 1.6 3.5 15,391 11.69 99.92%
1/17/2012 1,353 10.80 99.20% 2.9 2.5 3,923 27.00 99.31%
1/26/2012 | 16,684 6.00 99.96% 0.9 1.1 15,015 6.60 99.96%
4/22/2012 | 34,871 11.30 99.97% 1.1 4.9 38,358 55.37 99.86%
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 1.36 3.28 13,895 17.96 99.83%
Median 9,620 3.37 99.97% 1.05 3.00 13,189 9.97 99.93%
St Dev 8,389 5.31 0.00 0.90 1.74 8,858 17.97 0.00
Coefficient
of Variation 0.67 0.93 0.00 0.66 0.53 0.64 1.00 0.00
Dissolved Inorganic Nitrogen (DIN)
V; Vo EMCin EMC out Mass in Mass out | % Mass
Date %V, .
(L) (L) (mg/L) | (mg/L) (mg) (mg) | Reduction
6/9/2011 5411 1.40 99.97% 0.2 0.05 1,082 0.07 99.99%
7/29/2011 3,758 1.10 99.97% 0.5 2.9 1,879 3.19 99.83%
1/17/2012 1,353 10.80 99.20% 0.6 0.25 812 2.70 99.67%
n 3 3 3 3 3 3 3 3
Average 3,507 4.43 99.72% 0.43 1.07 1,258 1.99 99.83%
Median 3,758 1.40 99.97% 0.50 0.25 1,082 2.70 99.83%
St Dev 2,041 5.52 0.00 0.21 1.59 555 1.68 0.00
Coefficient
of Variation 0.58 1.24 0.00 0.48 1.49 0.44 0.84 0.00
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Table 7: Water quality performance for total phosphorus and ortho-phosphate with

pollutant mass balance

Total Phosphorus (TP)
Vi Vo EMC in EMC out Mass in Mass out | % Mass
Date %V, .
(L) (L) (mg/L) (mg/L) (mg) (mg) |Reduction
6/9/2011 5,411 1.40 99.97% 0.81 1.10 4,383 1.54 99.96%
6/11/2011 | 16,233 3.00 99.98% 0.17 0.50 2,760 1.50 99.95%
6/22/2011 12,175 3.00 99.98% 0.11 0.14 1,339 0.42 99.97%
7/29/2011 3,758 1.10 99.97% 0.17 0.27 639 0.30 99.95%
8/6/2011 7,966 5.00 99.94% 0.13 0.48 1,036 2.40 99.77%
8/9/2011 7,515 9.50 99.87% 0.09 0.49 676 4.66 99.31%
8/15/2011 | 27,806 18.93 99.93% 0.06 0.37 1,668 7.00 99.58%
8/21/2011 9,169 15.14 99.83% 0.27 0.92 2,476 13.93 99.44%
9/6/2011 13,077 4.90 99.96% 0.10 0.21 1,308 1.03 99.92%
9/22/2011 6,012 1.00 99.98% 0.21 0.36 1,263 0.36 99.97%
9/23/2011 8,868 0.80 99.99% 0.06 0.17 532 0.14 99.97%
10/2/2011 9,620 0.75 99.99% 0.12 0.21 1,154 0.16 99.99%
10/13/2011| 19,239 3.16 99.98% 0.16 0.13 3,078 0.41 99.99%
11/10/2011| 14,730 3.40 99.98% 0.39 0.19 5,745 0.65 99.99%
11/30/2011| 9,620 3.34 99.97% 0.12 0.26 1,154 0.87 99.92%
1/17/2012 1,353 10.80 99.20% 0.26 0.05 352 0.54 99.85%
1/26/2012 | 16,684 6.00 99.96% 0.14 0.12 2,336 0.72 99.97%
4/22/2012 | 34,871 11.30 99.97% 0.06 0.05 2,092 0.57 99.97%
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 0.19 0.33 1,888 2.07 99.86%
Median 9,620 3.37 99.97% 0.14 0.24 1,323 0.68 99.96%
St Dev 8,389 5.31 0.00 0.18 0.28 1,414 3.45 0.00
Coefficient
of Variation 0.67 0.93 0.00 0.93 0.85 0.75 1.67 0.00
Ortho - Phosphate (OrP)
V; Vo EMC in EMC out Massin | Massout | % Mass
Date %V, .
) v (mg/L) | (mg/L) | (mg) (mg) _[Reduction
6/9/2011 5,411 1.40 99.97% 0.250 0.010 1,353 0.014 100.00%
6/11/2011 | 16,233 3.00 99.98% 0.080 0.005 1,299 0.015 100.00%
6/22/2011 | 12,175 3.00 99.98% 0.040 0.005 487 0.015 100.00%
7/29/2011 3,758 1.10 99.97% 0.060 0.050 225 0.055 99.98%
8/6/2011 7,966 5.00 99.94% 0.060 0.250 478 1.250 99.74%
8/9/2011 7,515 9.50 99.87% 0.040 0.120 301 1.140 99.62%
8/15/2011 | 27,806 18.93 99.93% 0.020 0.030 556 0.568 99.90%
9/6/2011 13,077 4.90 99.96% 0.060 0.005 785 0.025 100.00%
9/22/2011 6,012 1.00 99.98% 0.078 0.008 469 0.008 100.00%
9/23/2011 8,868 0.80 99.99% 0.030 0.025 266 0.020 99.99%
10/2/2011 9,620 0.75 99.99% 0.059 0.015 568 0.011 100.00%
10/13/2011| 19,239 3.16 99.98% 0.082 0.017 1,578 0.054 100.00%
11/10/2011| 14,730 3.40 99.98% 0.123 0.002 1,812 0.007 100.00%
11/30/2011| 9,620 3.34 99.97% 0.026 0.007 250 0.023 99.99%
1/17/2012 1,353 10.80 99.20% 0.003 0.001 4 0.011 99.73%
1/26/2012 | 16,684 6.00 99.96% 0.010 0.009 167 0.054 99.97%
4/22/2012 | 34,871 11.30 99.97% 0.001 0.003 35 0.034 99.90%
n 17 17 17 17 17 17 17 17
Average 12,643 5.14 99.92% 0.06 0.03 625 0.1943 99.93%
Median 9,620 3.34 99.97% 0.06 0.01 478 0.0234 99.99%
St Dev 8,606 4.90 0.00 0.06 0.06 552 0.3996 0.00
Coefficient
of Variation 0.68 0.95 0.00 0.97 1.90 0.88 2.06 0.00
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8.2 Particle Size Distribution

One set of influent and effluent samples were sent to Microtrac Inc. in Largo, FL for analysis of
particle size distribution by laser diffraction. The requested range was 0.02 — 1500 microns. The
influent sample was a composite from the influent reference parking lot (T-Hall) and the
effluent was a sub-sample of the effluent total capture. Samples were taken from the 8/9/2011
event. The median particle diameter for both samples were very fine, approximately 42-47
microns. Results are included as Appendix F on page 44.

8.3 Real-Time Water Quality Parameters

Water quality parameters were monitored for 14 of the 18 sampled events using an YSI 600XL
Multi-parameter probe. Parameters include dissolved oxygen, conductivity, pH, and
temperature. Table 8 lists the average values over the duration of each event with summary
statistics covering the entire monitoring period. During August and September of 2011 the
conductivity / temperature probe began to malfunction and were recording either static or
inaccurate values, therefore they have been removed from the data set.

Table 8: Real-time water quality parameters per event.

Average Real-Time Water Quality Parameters
Dissolved .
Date R Conductivity oH Tempfrature
(mg/) (uS/cm) (°F)

6/9/2011 No Data

6/11/2011 No Data

6/22/2011 No Data

7/29/2011 9.5 327.2 8.0 68.9

8/6/2011 7.6 460.4 7.9 69.2

8/9/2011 9.5 430.5 8.4 68.6
8/15/2011 8.9 217.9 8.0 67.1
8/21/2011 9.9 7.8

9/6/2011 3.2 9.1

9/22/2011 17.1 7.6

9/23/2011 17.4 7.6

10/2/2011 No Data

10/13/2011 5.3 44.6 6.3 61.7
11/10/2011 11.2 84.6 7.3 55.0
11/30/2011 8.0 54.5 6.2 54.3

1/17/2012 16.8 429.3 6.7 42.2

1/26/2012 13.1 97.4 7.1 41.0
4/22/2012 11.5 108.1 8.9 54.7
n 14 10 14 10
Average 10.7 225.5 7.6 58.3
Median 9.7 163.0 7.7 58.4
St Dev 4.1 161.6 0.8 10.1
Coefficient
of Variation 0.4 0.7 0.1 0.2
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8.4 Thermal Performance and Comparison

Thermal performance in the form of surface reflectivity was examined on June, 21, 2012 for the
PICP lot in comparison with three other pavements types. Thermal performance examined the
surface temperature of various pavements when exposed to direct sunlight throughout an
entire summer day. Measurements were taken on each surface at 7a.m., 12 p.m., and 5 p.m.
with an infrared thermometer, Mastercool model #52224-A. The device measures near infrared
or 750 to 2,500 nm wavelengths, and emissivity is set at 0.95. Pavement types selected to
compare with PICP are porous asphalt, pervious concrete, and conventional asphalt. This nm
range is similar to that used to determine solar reflective index or SRI. Results can be found in
Figure 11.

Radiometric Performance
Time of Day

6:00 AM 12:00 PM 6:00 PM

140 1 140

130 130
& 120 S 120 &
@ 110 = BN 110 £  m=mpice
= = B g
S 100 o <] 100 5§ E=IPA (EAC)
g e e DEDEDE o
E 90 90 § B PC
- — o DN =
e 80 - - = I 80 & BN DMA
w LTI ><><> Illll {"{}{} -
§ 70 g o 70 § =—AirTemp
f% = e ECY o DU ]
e 60 e I e 60 &

50 g S SN 50

20 40
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Time of Measurement

Figure 11: Thermal performance comparison of PICP, porous asphalt, pervious concrete and conventional
asphalt. Measurements taken on June 21, 2012.

9.0 OUTREACH AND EDUCATION
The UNHSC has conducted numerous outreach and education efforts including workshops,
presentations at national conferences, and publications.

Two porous pavement workshops and one PICP specific workshop were performed during the
monitoring period on 06/02/2011, 10/06/2011, and 06/11/2012 (PICP only). The PICP workshop
was conducted in partnership with ICPl and David Smith. The workshops provided stormwater
management professionals with the most up to date characteristics of successful porous
pavement/PICP applications. The full-day training included a field visit to the PICP Test Facility,
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and in some cases, alongside with other porous pavement installations throughout the UNH
campus and the region. Participants learned key design principles necessary to successfully
design, evaluate, specify, and install porous pavements for stormwater management.
Additional workshop events may be organized and conducted following project completion.

UNHSC will use additional educational outreach as follows. UNHSC produces a biennial report
on the testing results of the various stormwater systems and management practices. PICP
research results are in the next report and a copy has been included in Appendix G. An
electronic version of the full biennial report is available for download at the UNHSC website
at http://unh.edu/unhsc/sites/unh.edu.unhsc/files/docs/UNHSC.2012Report.10.10.12.pdf.

10.0 SUMMARY AND CONCLUSIONS

The range of statistical analyses presented reveals constant and repeatable performance
trends. Mass pollutant removals were calculated to best represent overall system performance.
While conceivable that the PICP systems have diverse unit operations and processes to address
and effectively remove sediments, and sediment associated pollutants (SSC, TSS, TZn, TPH-D),
all pollutant reduction recognized in this analysis is associated with mass reduction through
volume control (infiltration). Thus, the final performance report for the PICP system indicates
very strong volume reduction and overall pollutant mass reduction. Of course, a large volume
spill would be an issue for any infiltration system. In general appropriate design and siting
would be critical criteria to ensure groundwater protection.

The surface vacuuming of the PICP did not prove to be an effective method of regenerating the
infiltration capacity of the system. Manipulation of the vacuum sweeper to maintain
appropriate suction proved difficult. A more thorough investigation is needed to determine the
full impact of vacuuming however vacuuming less frequently with greater suction and
replacement of the No. 8 joint stone may be a worthwhile direction to investigate. While
infiltration rates were seen to decline following the installation of new No. 8 joint stone,
average IR still remained upwards of 1,000 in/hr. The replacement of missing No. 8 within the
top 1 inch of the joints should not be viewed as a means to increase surface infiltration. In the
same respect overall infiltration rate declined by 69% over 21 months however with average IR
upwards of 1,000 inches/hour the system is working as expected.

The thermal performance of the PICP surface was compared to porous asphalt, pervious
concrete, and standard dense mix asphalt on June 21, 2012. The weather was sunny all day and
the measurement locations were exposed to direct sunlight throughout the study period. The
average ambient air temp was 88°F. The PICP consistently remained cooler than each of the
other pavement types indicating the potential for thermal buffering. Previous studies have
demonstrated that that stormwater control measures like PICP that provide treatment by
infiltration and filtration can moderate runoff temperatures by thermal exchange with cool
subsurface materials (Roseen et al 2011). Numerous agencies and locales are beginning to
consider the thermal impacts of stormwater management upon cold water streams.
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Of future interest is to explore the winter maintenance and performance for PICP. Research on
porous asphalt (PA) at the UNHSC has shown that PA exhibits greater frictional resistance and
can become clear of snow and ice faster than conventional pavements. Substantial reductions
of up to 77% in annual salt loads for anti-icing/deicing practices were demonstrated. Winter
maintenance of the PICP, including plowing and anti-icing/de-icing was handled independently
by UNH facilities. A memo regarding equipment and procedures used is included in Appendix .
UNH Facilities Department staff was not instructed to reduce application rates on Hood House
Drive and managed the PICP like all other dense pavements on campus.
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APPENDIX B: Analysis of soils from test pits at Hood House, University of New Hampshire
Durham, NH dug on April 15, 2010.
April 30, 2010

Performed By: Timothy Puls, Field Facility Manager
Reviewed By: Robert Roseen, Director

UNH Stormater Center

35 Colovos Road

Durham, NH 03824

RE: Analysis of soils from test pits at Hood House, University of New Hampshire Durham, NH
dug on April 15, 2010.

Introduction

This report contains infiltration capacity (IC) and particle size distribution (PSD) of sub-base soils
located under Hood House driveway on the University of New Hampshire (UNH) main campus.
Refer to attached map for location of test pits. Test pits 1 and 2 were dug down 48 inches or
until ledge impeded further excavation. Test pits 3-5 are not included in this report.

Test Pit 1

Excavation

e At 24” down an unmarked utility was found. This was an old rusted pipe 1.5” in
diameter that was of unknown use. UNH facilities personnel came out to inspect pipe,
but there was no determination of what the pipe was used for or if it was in use. It was
assumed to be an abandoned pipe, but we moved the pit location over to avoid and
work around the pipe.

e At 24” down soil changed from coarse sand to sandy clay. Soil sample was taken.

e At 36” down soil is sandy clay. Soil sample was taken.

e At 48” down the excavator hit ledge that seemed to be continuous throughout the pit.

Infiltration Capacity
e No IC test was done due to ledge.
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Particle Size Distribution of Soil Samples
Soil Sample taken at 24” depth

. Sieve Mass Mass Percent
UsS sieve . . . .
opening retained | passing finer by
number .
(mm) (8) (8) weight
d M M, p
4 4.750 988.70 100.00
10 2.000 156.50 832.20 84.17
20 0.850 143.30 688.90 69.68
40 0.425 130.80 558.10 56.45
60 0.250 99.50 458.60 46.38
100 0.150 36.70 421.90 42.67
200 0.075 63.40 358.50 36.26
pan 358.50 0.00 0.00
Hood House Test Pit 1 - 24"
100 Vi
90 /./ o
= 80
>
g 70 A
> 60
g 50 o
= 40 e
8 30
[0
o 20
10
0
0.01 0.1 1 10
Grain size (mm)

D1 =<0.075mm
D3 =<0.075mm
D5 = 0.300 mm
Dgo = 0.500 mm

e Other Information
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o 17.77% moisture content as a percentage of oven-dried mass. Determined using
ASTM Designation: D 2974-00.

e Soil Sample taken at 36” depth

. Sieve Mass Percent
US sieve . . Mass .
number opening retained passing (g) finer by
(mm) (g) weight
d M Mo p
4 4.750 978.30 100.00
10 2.000 204.40 773.90 79.11
20 0.850 199.40 574.50 58.72
40 0.425 137.00 437.50 44.72
60 0.250 101.70 335.80 34.32
100 0.150 51.60 284.20 29.05
200 0.075 31.70 252.50 25.81
pan 252.50 0.00 0.00
Hood House Test Pit 1 - 36"
100 Vai
90
= 80 /
=
ags 70
> 60 Bl
o 50
£ 4 L
% 30 .k_/l/
o 20
10
0
0.01 0.1 1 10
Grain size (mm)

D1 =<0.075mm
D30 =0.160 mm
Dso = 0.540 mm
Dgo = 0.890 mm
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e Other Information

o 12.85% moisture content as a percentage of oven-dried mass. Determined using
ASTM Designation: D 2974-00.

Test Pit 2

Excavation

e At 24” down ledge along curbed side of the pit was found. The ledge extended
approximately 1 foot into the pit. There was enough room to continue digging in the

same location.

e At 24” down soil is sand that was placed as sub-base for existing driveway. Soil sample

was taken.

e At 36” down soil is coarse sand. Soil sample was taken.

e At 48” down soil is sandy clay. Soil sample was taken.

Infiltration Capacity

e |Ctest was conducted using a Turf Tech infiltration device. Results are as follows.
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Time A Time Inner Ring
(min) (min) _ A L.evel _ IC. . IC
Level (in)  (in) (in/min)  (in/hr)
0 - 0.250 - - -
1 1 0.375 0.125 0.125 8
2 1 0.469 0.094 0.094 6
3 1 0.500 0.031 0.031 2
4 1 0.531 0.031 0.031 2
5 1 0.563 0.031 0.031 2
6 1 0.594 0.031 0.031 2
7 1 0.625 0.031 0.031 2
8 1 0.688 0.063 0.063 4
9 1 0.719 0.031 0.031 2
10 1 0.750 0.031 0.031 2
11 1 0.813 0.063 0.063 4
12 1 0.875 0.063 0.063 4
13 1 0.906 0.031 0.031 2
14 1 0.938 0.031 0.031 2
15 1 0.969 0.031 0.031 2
16 1 1.000 0.031 0.031 2
|_Average 3
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Hood House - Test Pit 2

Inf. Rate (in/hr)
O = N W~ 01O N

o

Time (min)

Particle Size Distribution of Soil Samples
e Soil Sample taken at 24” depth

. Sieve Mass Percent
US sieve . . Mass .
number opening retained passing (g) finer by
(mm) (g) weight
d M Mo p
4 4.750 977.30 100.00
10 2.000 92.00 885.30 90.59
20 0.850 82.50 802.80 82.14
40 0.425 196.00 606.80 62.09
60 0.250 194.30 412.50 42.21
100 0.150 126.60 285.90 29.25
200 0.075 37.70 248.20 25.40
pan 248.20 0.00 0.00
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Hood House Test Pit 2 - 24"

100
90

AT

80
70

60
50

40
30

o

Percent finer by weight

20
10

0.01

0.1

Grain size (mm)

10

D1 =<0.075

mm

D30 =0.160 mm
D50 =0.300 mm
DGO =0.400 mm

e Other Information
o 6.99% moisture content as a percentage of oven-dried mass. Determined using
ASTM Designation: D 2974-00.

e Soil Sample taken at 36” depth.
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. Sieve Mass Percent
US sieve . . Mass .
number opening retained passing (g) finer by
(mm) (8) weight
d M My p
4 4.750 1174.80 100.00
10 2.000 266.50 908.30 77.32
20 0.850 197.00 711.30 60.55
40 0.425 212.60 498.70 42.45
60 0.250 176.20 322.50 27.45
100 0.150 105.30 217.20 18.49
200 0.075 48.10 169.10 14.39
pan 169.10 0.00 0.00

PICP Performance Evaluation Report
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Hood House Test Pit 2 - 36"

100 Yai
90

80
70 A
60 /

50
40 w

30 b
20 g
10

Percent finer by weight

0.01 0.1 1 10

Grain size (mm)

D1 =<0.075mm

Dgo =0.270 mm
D50 =0.560 mm
D60 =0.830 mm

e Other Information
o 8.57% moisture content as a percentage of oven-dried mass. Determined using
ASTM Designation: D 2974-00.
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e Soil Sample taken at 48” depth.

. Sieve Mass Percent
US sieve . . Mass .
number opening retained passing (g) finer by
(mm) (g) weight
d M Mo p
4 4.750 1052.00 100.00
10 2.000 266.00 786.00 74.71
20 0.850 185.60 600.40 57.07
40 0.425 176.20 424.20 40.32
60 0.250 147.90 276.30 26.26
100 0.150 98.20 178.10 16.93
200 0.075 43.90 134.20 12.76
pan 134.20 0.00 0.00
Hood House Test Pit 2 - 48"
100 Val
90
= 80
§’ 70 X
> 60
& 50 al
S 40 o
8 30
& 20 o ~
10 il
0
0.01 0.1 1 10
Grain size (mm)

D1 =<0.075mm
D30 =0.290 mm
Dso = 0.605 mm
Dgo = 0.990 mm

e Other Information
o 11.18% moisture content as a percentage of oven-dried mass. Determined using
ASTM Designation: D 2974-00.
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Location Map for Test Pits at Hood House
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APPENDIX C: General specifications for Tymco 210 Regenerative Air Sweeper.

‘s

REGENERATIVE AIR SWEEPERS

Cabover Cab Chassis

MODEL 210° REGENERATIVE AIR SWEEPER®
GENERAL SPECIFICATIONS

SWEEPER AUXILIARY ENGINE

ENgne ... Kubsota V2403MT, 4 cyl. {Tler 45

Displacsment .. .148.5 cuble INches (24260c)

Hil .56 @ 2800 APM (417 kW)

Mt tarqus. .. 421 tHE @ 1900 APM {184 M)

Al deanar, ha-ewduty ... Ory typa

Ol Mtar, spinaon . Full Moy
... Liquidd

Ausdiary engire shubdosn sysiem

Fusl wa'ler separatar

SWEEPER AUXILIARY

ENGINE, GASOLINE

{Consult Factory)

BLOWER

Aluminum aloy high wilums q:-an face hrbine

PUrposs .. reates blast and sucton
Bsaings o AN
Houzing - Abrasion reciatant, replacsabis lIner
Drive ... ... Hanyy duly power bend
DUST SEPARATOR

THPE <...... c,-um n'l.ﬂﬁp&aa t:aﬂl:rm.lgaj saparaton
Siza . . 207 x 22 5"

eylindrical arsa [suem-n ¥ 1548mmj,
Locstion .. ... Adlfacsnt to hoppar

Particulas ramoval . Through 22 6" x .5°
{572 mm x 13 mm) skdmmer slot Inbo hoppar

Ingpacton ... ACoSSs part for cleening

HOPPER

Capm‘g' umetric) ... ... 2.4 cublc yards
.2 cublcyards

Welled stesl plats

Dump doo size . .5 x99
{1221 mm x 584 mm)

Dumping method . Hyaraulic with 11t up

Dumping helght &0* {1524 mm)

PICK-UP HEAD

.. Ar bisst and sucton chambear
............. 787 1.0 (1881 mim)
z.maaq nichas (1.91 mh

Suction & pressuns hoes
Pressuns blesdar ..

leablight maerial pickLp
Rewvarss plok-up head sy stam

.12° dameter (205 mm)
e e T EEEEL TOT

HYDRAULIC SYSTEM

np-amea quitar [H'IHIITI:B:I dump ared plok-up head
Gear oriven from audiiary engne

anamr. .5 GPM {18.025 LPM)

Reganalr ........ gmmaummmwmm
algrrt.r an-a»rﬂt.ra- gauge

Flier... . ... 10 micron in-Iree

CONTROLS

Inglde cab (lighied) .. . Plck-up head,
guitter Broomis], lgnn:lan ard tachometer (LB
engine], woltmetar, kow water warmning {for
optional dust canirol system), all aslsty Ights, hour
meater, preaaua bleeder

Outelde cab .. ....Dump

OPTIONAL EQUIPMENT

Abraskon probection package

Amber beacon gt

Aullary fuss pansl

Auxlary hand hess & dia. (152 mmj
Cabover exira waber capacily

dOWN pragsure, paﬂ:am nnd'ma-a:
CHonam pressurs. . -
adjusts tora-ql.lrament
Flembility ........ All direcions. Inegral ant-damage
Wiy Gway” relel valve
=1 . Palypropylens water 55°
a4 rnm] ‘or gkesal wire dma 22° {El2.8 mim]
Hepper draln sysiem
Hepper slide out soresrs
Hefper up alarm
LED Lights - Alerrating Warning Lighits, rear mourit
Light ber - Cab mountad
Low emisskons package
net
Rubber linad biossr
Skid bumpst edarsions
Sound Reduction Enginesring (SRE")
aalriess Stesd Hopper
Slalrless Stesd Blower Housing
Codor [othar than TYMCD standard whits)
Special gplions ave availalie for your hovicual
requirements. Gontsct pouriecs dealer of TYMGOL

... Automatically

0 TYMOO, Inc. 2011

CAB/CHASSIS

Minimum Requirements

Maodel . .fsun) MPA - HD
GVW... 14,500 ba. (8,582 k)
Erging, b dieeel ..o S hp5.19L

Tranzmisskon ... Autamatic
BHBITIEDOT. <.os .. et e e e e e erree e 110 amp
Battery .... -Dual (2] TS0 GCA
Wreabaza... .. L3206 (3965 mm)
Fusl tank, rear mouned ... Angal. (112 L)

DEF Tark. .. .. Dk Exhaust Auid

215/85R 16E all season
Power

VBl assksted

rrpdrauic brakes whand-lock

Irstumants & lights ...........Ful package as required

Back-up alarm

Poser windows and door ocks

Alr conditionsd cab

AM/ P CD rado

Cansult Tactory for sweaper specifications and ofhar
evallabia tuck chassls.

GENERAL

SWEEPING WIDTH

Plok-up hesd ariy....... e (1881 mm)
WA 1 guttar Broom .28 {2408 mim)
Wt 2 guttar brooms .. .. 118" {2907 mrm)
OVERALL DIMENSIONS
(Approximate)

Length ... 223* (5664 mm)
Wt ... . BTTE" (2223 mm)
Haight @ tuck ..30" (2208 mm)
Haight with light ber BT (2484 mm)
Empty wakght......... 9,440 Ibes (4298 bg)
Welght {aeepery” .. e 4,190 I (1598 k)

‘Timansions and waght may wny wih agupmant.

1-800-258-9626

wWww.tymco.com
AQMD PM10 Certified

TaaH 1

This product 13 protecid by nurmesoLs

.ard Forelgn Pab cifications subject to change withaut notics.
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APPENDIX D: General specifications for Tymco 500X High Side Dump Regenerative Air
Sweeper.

Page 42

‘T

REGENERATIVE AlR SWEEPERS

GENERAL SPECIFICATIONS/ MIJI]EL 500X °
HIGH SIDE DUMP REGENERATIVE AIR SWEEPER®

SWEEFER AWNILIARY ENGIN GUTTER ERODMS , Dual Patentesd STANDARD SAFETY MENT
ﬂmh Contral, Turbe |=’sﬂ Eh'lhdnqlmrt.rltd-ﬁmddimﬂp-dﬂcmm Solid stria prowimity swi rghlundlwh-dnni:imr-
.......................... John Diogra, 4542T, 4 ol (Tier 3y U718 Variabls spsad  (auiomatically angaga whan Iit . blower
r._:_ = 275 cubic inchas (4.2 non-Jevensible ydmulio mobor actuation inbélodk, n1nrr|.|m -:Il.rrE::I k, stabikzer
F 1% © 2,200 e (B2 A.d]P.‘li-rr:m .............. P #dpsinble for down mmﬁ"""m ker “mu:i-mmimrt
Mak . 355 filbe. & 1500 pm (451 Nm)  Dicam ) Automuticaly  Juad mdsoator ..,..grh':"mgﬁ'q. g
Air doanar radial ssal with safety dlamart Fhﬂ B o requiramant ”d_ icres. ol
O Filbad, 8RN 00 oot Full Bow gl ey i i ractions, niag OPTIONAL EQUYPMENT
5. Fubber Lined Erwnmd ........................... 42. -:il (1.1 m) stesd wir, :ﬁ"a-"‘-‘" Protaction
m N | gaems
i i P o tik Latt & Right Simnplnh'mpt[.lsl]
Aluminum alley hghwl.rmnpn:r:l:.h.l:mnm. cbion R ubt\c-cml wdjust for ourb depth e l.u.ruilryHlndl-b“
[ﬁllnlhdhrih sk aligni E ir block hoala
_ ——— monied wf STSTEM H’L'#r B aom Ly Down
, replace raulio pUmpEs ... r tpqtm '.'I"'h""
L - mrn.bl:n' section, i{ P‘w-ﬁwu I:E-!H'& Hu s ahdor syt with AT weiar pump
ron-wiping spring astustsd Ti e thﬁ_pﬂﬂ I'l:ppﬂrdum WPUI'I'P Happnrlmdu;lﬁdmhr nlarme
Driva . danarmrt Driva .., Diract driva from mmuinTI'kHIh'
vy duty ydraulic motor aundiary engi n:-lcmmurﬁr:mmblmdw]
... Heawy duty variable LmE-qn-url lage
Preamurs Pigﬂp hlgudu_ﬁ;ntunmlhr
Bleverss Pio Head
..... 45 GPM (170 LPM)  Sweapar O
TGN oy M) Scapar Debuge Bymam
30 Gal {110 Zaraan vibraior
lhmmﬂ' elot nto hopper
I-b':rq.i fir Clor {other than TYMCO sinndand whits)
| csabls
ol emplying when heppar s ammynurbolldnlbr hﬁlrdm.lmum““
v.ﬂh ﬂn’mmln.bcu]hl comrolled aleotric fan
R, Stalniess Staal
'C""!F DUST CONTROL SYSTEM ricrmational 4300Mr
Systam of warler spray rezdes for sibome dust =0
pulunzrn-m Eloctrin d
| na
Rlssarsir P : ﬂlhm ?;?cn Frame
|:DI-B L) wih hydran i lh-al, irHina
meuinr shutaff o 5
with low watar waming kght in b 0
e o
up head 4 1m
Guttar h_rngtrrll [E=T] z Ak 50 gallons, (180
Hepperin ' Tia S [efrant, 4-raar)
. CONTROLS Tubalees mdial 11 R x22.5, 14 ply

-.. 2 from bottom of dhute fo ground

.. 11" from bottomn of dhute o ground
.............. 2 pmﬂﬂlrllllmll:mm
ing top nide

BROOM ASSIST PICK-DF HEAD (BAH®
hh.!1-1dl|.|c.hcn

Fundlion

-c.hlrrbar with broom essist
\Width B7" (2210 mm,
Head arsa .. .BEET.0 lql.rn rnh-z[_!

Pressurs blaader
lnak'kght maberial pick-up.

AQMD PM4p Certified

S TYMOD, ke 201

Imslde cab: h laftandright hand guther
oo o g b nictmdgu [

d-mm.rul.
low warlar wlmmgl'yl'lnm dutmn‘l.rn

u!n?l
kecdar, i e
dq:lpl_lll; wh:h nuhdnl rn
hwotir matens for mundiany engire; ht r-nd. ngh: hand
ard BaAH brooms; pick-up head and blower.
Steering: Dual

STANDARD EOUIPMENT
l.l.l.l\!lil% rlgrln-dmnl. fuakwater soparator,

l.ry h,ldrluic. I]I['I,-% I:rnum
st :iu.l h d
ﬂ R Imll:| e [EA nr bm-orrl h'h
|ndudﬂ|ﬂundn# iz mimors, uﬂnrtrmm
tik adjustarlelt and nght, pressura H
l'InﬂIhlﬂlI rlnrnmwntl}nrnn

p

. olainkas
ga, TYMCD!

13 mﬂlhunmdgrlgulm
comparimant, hoppar drain system

1-800-298-9626

www.tymco.com

atnnng Dl with

Irlﬁumnql':rlhmﬁ fahis
as requinad
EIHII. SWEEPING WIDTH
head oaly ... ..B7" (230 mm
Wiih I:?:Igu‘ﬂnrI:\|'|:xn|:\|11 1100 mm
‘With 2 guttar brooms . 142" [3807 mm
OVER ALL DIMENSIONS
IIII-H;I'
ht 112" [2B45 mm
w‘&-. " (2438 mm
Em o 21,000 ke (0,534 ky
Len 2" [T112 mm
dearncs hek 353 mm
Overall haight d.lmprg B85S mm
‘Waight will vary waith agupmant

This product is protected by numerous U.S. and Foreign Patents.
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APPENDIX E: Photos of various conditions of the UNH PICP installation during the testing
period.

Figure 12: Run on from an intersecting pedestrian Figure 15: No. 8 joint stone has settled
walkway. approximately 1 inch.

Figure 13: Loss of No. 8 stone along curb line due to Figure 16: Snow cover after plowing but before sun
erosion and cleaning. begins to warm up pavement.

Figure 14: Another area of run on from an Figure 17: Run on from intersecting MUB drive.
intersecting pedestrian walkway.
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APPENDIX F: Results of particle size distribution analysis by laser diffraction.

Influent Sample
University of New Hampshire SOP Name: UNH(")
| Vokme Run Tim a2 30 See Fusd] waTEt |
g&”"""% 19932 | Progression:ceom 8 Rost nmld: Avgetd R 139 L a.1142 |
& ™ MT 8613, File P2689
A 04/24/2012 15:08 $3000/53500
195 DB Rec: 8 S3220
| oate Waiue| s cTile| | %eTile Size(ur _. | Diafnm) | Viol% WAdth
llﬂl'iuml 62.08 | 1000, 13.11 4280 | 100.0 8250
MNum): 758 | 2000 19.44 |
(. 30,00 26.28
a000| 3435
| 50.00/ 43.80
[ 60.00| 5531
P 70,00 7033 e fham elliDefD:
. 80.00 9268
Skij0.A%6 ] |evon] 13ns
Kgi1.218 | 95.00) 170.8

| 542.8 | 0.00 [100.00 28.53 | 3.12 3206 1.490 | 0.00  0.00 | 0.0790 | 0.00 | 0.00
=] T
B [
g =
i 2
& =]
& #
et
| 206.0 | 0.41
|
[ 10 | 2714 | 051 |6
Size{Microns) | 2489 | 0.62

| 2282 | 0.76 | 97.47 | 11.99 | 1.37 | £.36 | 0.630 | 0.00 | 0.00 | 0.0330 | 0.00 | 0.00

1357 | 194 |90.20| 7.13 | 0.52 | 2.50 | 0.375 | 0.00 | 0.00
Wamings: NONE | 1244 | 218 |35 6.54 | 0.44 | 2.07 | 0.344 | 0.00 | 0.00
1141 | 241 8617 600 | 0.38 | 1.63 | 0.315 | 0.00 | 0.00
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Effluent Sample

University of New Hampshire

o 19936

- . MT 8614, File P2689

SOP Name: UNH(*)

. Volme Run Tim o 308ee

Fluid] WATER

3 BRoet R

Avgotd

Fluid Ref Index] 1,233

Up Edgejum): 2000 Partiche:

Belew Residus: 0

RS Res iduak

Low Edgejum); 00215 o

it
10.6.1

S$3000/S3500
$3220

04/24/2012 15:15
DB Rec: 12

Disabled | Part Ruf. Indas: 181
schannets! 132 | Pamice Shape!

cellipd 0134

Usonic Power:

Anatysis Mode! S30002500

0 Min,

Usonic Tim e

Filter! _Enabled 08 Rscord: 12

Fusals Satus orignal

Serial Number;

Data  [Value Vol% Width

MV (um 7046 10.00| 1514 47.16 | 100.0| 104.00

MN(um )+ 10.67 20,00 2189

MA[um )3 3263 30.00| 2892

Vol 37.02

o

47.16

5005201

60.39

| UDefNam e UDe fData

T8.66

Mzi63.21

106.6

160.5

2137

“wPassing

om 01 1 10 100
SizeiMicrons)

%o Channel

Analysis Gan:_Datauttiz) Mmakn?gnm Files Micratrac FLEX 10.6.1 Datab;

UNLMDB

Warnings: NONE

100,00 104.6 | 2.68 | 79.47

Sizs{um) Chan' Pass Size(um) HChan's Pass Size(um)UChan% Pass Size(um] XChan% Pat
2000 | 0.00 550 | 0.25 041 | 0.2890  0.00  0.00

1826 | 0.00 100.00 95.95 | 2.85 | 76.79| 5.04

0.16 | 0.16 | 0.2650

0.00 | 0.00

1674 | 0.00 100.00 87.99 | 3.01 |73.84 4.62

0.00 | 0.00 | 0.2430

0.00 | 0.00

1535 | 0.00 100.00 80.69 | 3.15 | 70.93| 4.24

0.00 | 0.00 | 0.2230

0.00 | 0.00

1408 | 0.00 100.00 73.89 | 3.25 |67.78 3.8

0.00 | 0.00 | 0.2040

0.00 | 0.00

1201 | 0.00 100.00 67.85 | 3.35 |64.53 357

0.00 | 0.00 | 0.1870

0,00 | 0.00

1184 | 0.00 100.00 6222 | 3.43 |61.18 327

0.00 | 0.00 | 0.1720

0,00 | 0.00

1086 | 0.00 100.00 57.05 | 3.49  57.75| 2.000

0.00 | 0.00 | 0.1580

0,00 | 0.00

995.5 | 0.00 100.00 52.32 | 3.55 | 54.26 | 2750

| 0.00 | 0.00

0.1450

0.00 | 0.00

9129 | 0.00 100.00 47.98  3.57 50.71 2521

0.00 | 0.00 | 0.1330

0.00 | 0.00

837.1 | 0.00 100.00 44.00 | 3.58 47.14 2312

0.00 | 0.00 | 0.1220

0.00 | 0.00

T67.6 | 0.00 100.00 40.34 | 3.58 4356 2120

0.00 | 0.00 | 0.1110

0.00 | 0.00

703.9 | 0,00 100.00 37.00 | 3.57  39.98 1.944

0.00 | 0.00 | 0.1020

0.00 | 0.00

6455 | 0.00 100.00 3393 | 3.52 3641 1.783

0.00 | 0.00 | 0.0940

0.00 | 0.00

581.9 | 0.00 100.00 31.11 | 3.41  32.89| 1.635

0.00 | 0.00 | 0.0860

0.00 | 0.00

542.8 | 0.00 100.00 28.53 | 3.27 2043 1.409

0.00 | 0.00 | 0.0790

0.00 | 0.00

497.8 | 0.03 100.00 26.16 | 3.12 | 26.21 1.375

0.00 | 0.00 | 0.0720

0,00 | 0.00

0.00 | 0.00 | 0.0660

0.00 | 0.00

456.4 | 0.00 | 99.97| 23.99 | 2.93 |23.09) 1.261
4186 | 0.20 | 99.88| 22.00 | 2.73 | 20.16| 1.156

0.00 | 0.00 | 0.0610

0.00 | 0.00

3838 | 030 9068 2017 | 2.52 | 17.43 | 1.060

0.00 | 0.00 | 0.0560

0.00 | 0.00

352.0 | 0.38 199.38| 18.50 | 2.28 | 14.91  0.072

0.00 | 0.00

0.0510

0.00 | 0.00

3228 | 0.51 99.00 16.96 | 2.04 | 12.63 0.39‘;

0.00 | 0.00 | 0.0470

0.00 | 0.00

296.0 | 0.67 98.49 1555  1.79 | 10.59 0.817

0.00 | 0.00 | 0.0430

0.00 | 0.00

271.4 | 0.85 | 97.82| 14.26 | 1.56 | 8.80 | 0.750

0.00 | 0.00 | 0.0390

0.00 | 0.00

2489 | 1.05 96,97 1308 | 1.33 | 7.24 | 0.887

0.00 | 0.00 | 0.0360

0.00 | 0.00

2282 | 1.22 |95.92| 11.99 | 1.13 | 591 | 0.630

0.00 | 0.00 | 0.0330

0.00 | 0.00

209.3 | 1.39 94.70 11.00 | 0.95 | 4.78 | 0.578

0.00 | 0.00 | 0.0300

0.00 | 0.00

191.0 | 1.53 |03.31) 10.00 | 0.79 | 3.83 | 0.530

0.00 | 0.00 |0.02790

0,00 | 0.00

176.0 | 1.67 91.78 9.25 | 0.66  3.04 0486

0.00 | 0.00

161.4 | 1.80 90.11 848 | 0.55 | 2.38  0.446

0.00 | 0.00 |0.02550
0.00 | 0.00 |0.02340

0.00 | 0.00

148.0 | 1.95 8831 7.78 | 0.46 | 1.83 | 0.409

0.00 | 0.00

1357 | 211 8636 7.13 | 0.38 | 1.37 | 0.375

0.00 | 0.00

1244 | 230 B4.25 654 | 031 0.99 | 0.344

0.00 | 0.00

114.1 | 248 (81.85 6.00 | 0.27 | 0.68 | 0.315

0.00 | 0.00
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APPENDIX G: Final factsheet in the UNHSC 2012 biennial report.
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Permeable
Interlocking
Concrete Pavement

PICP iz a high durability and logical choioa for
effective stormuater mana gement. PICP provides
remarkable runoff volume reductions while
providing an enhanced asstheticappeal.

Howe the System YWorks

About Permeable Interlocking
Concrete Pavement

Permeable Interlocking Concrete Pavements
(PICH are a pervious pavement sy stem
comprised of precast paving units Similar

to other permeable pavements, storm water
storageand treatment occurin the constructed
subsurface. The UMH installation retrofi thed
Hood House drive locted on the main campus
in the summer of 2010, A standard Interlocking
Concrete Pawerment Institute (ICPI) profile was
used for the drive lane and a modified section
with an internal storage reservoirwas usedin
the parking arsa. Apphcations of this technal-
ogy often include parking areas, driveways,
sidewalks, and other low speed drving aras.
Permeable pavements have been shown to be
active overa wide ange of climates. Proper
design for cold climate prevents damage from
free ze-thaw cycle. PICP cn be visually stunning
and add a strong architectural flair to pavement
while at the same time providing tremendous
water quality and hydrologic benefits,

System Performance

Cost & Maintznancs

The 2010 installation cost of the PICP Lot which
includes pawers, jointing and bedding matenals
and mechanicl installation was approximately

CATEGORY / Biological
EMP TY PE {ieoetative &
Porous Pavemant Cherical {Sarption)

UNIT OFERATIOMNS
& PROCESSES

Hydrologic
(Flow alteration)
lilter Oua lity:

BASIC DIMEMNSIONS
£,500 5

DESIGM SOURCE:
UMHSC aMD ICPI

Phyzical Catchment Area
(Sedimentation, Q.15 acm
Filtration),

34 per square foot. Paving units would hawe
an added expense associated with hand
installation if necessary. Individual units
typically must be cut and placed along the
edge of any nonuniform shape.

The permeability of PICP exists between the
paving units themselves. The units hawe a small
gap that is filled with chip stone. Maintenance
is performed by cleaning with 3 regenerative air
vacuum. One of the most important elements of
ma ntenance of PICPis 2 design to minimize
run-on. A low maintenance designis the best
way to mininmze clogging. Other clogging
mechanisms include sediment tracking from
vehicles, and arganic litter buildup between the
paving units. Attempts to clean the PICP
surface have yielded varable results. Regenera-
tive air vacuums work well to pick up bulk
surface debris, but their effectivenass at
remaving deeper debris fram between the
pavers is still being msearched. A strong
wacuum can also resultin the mmoval of the
joint stone between the units. Preventative

mai ntenance is essentialin preserving high
permeability far heawily used areas. This
includes routine removal of surface debris
through vacuuming orwith the use of leaf
blowers at @ minimum of twice per year. One
substantive benefit of PICP over other porous
pavements is that they can be completely
regenerated. If a system 15 clogged, a high-

Maintenancz
Sensthivity: Low
Inspactionss Loa

Sedimant
Removal: High

Water Quality Flow:
1cfs

Water Ouality wolurne:
R4 of

IMSTA LLATION COST

$4.00 persf mechani -
@ lly installed

P2 A MTEMNA NG E

—

. Rainfall infiltrates into the pawer joints thatare filled [CITIIITIITIIT]
with clean aggregate (A 5TH Mo, & stone) into the I {

bedding course (ASTM Mo, &),

-

. Starmweater drains through the bedding course, through
the open-graded base (ASTM Mo, 57 stone), and into
the stone subbase reservoir (ASTM Mo stone). Through
these layers the physicl process of filkration provides
treatment of the stormwater runoff,

w

. Installed in the stone subbase are perforated underdrain:
placed 4 inches above the native soils which provides
retention and infiltmtion. Internal check dams constructed 1
of an impermeable liner are installed for every 12" drop
of elevation to provide storage on a sloped grade.

=

. Expess water flows through theelevated underdrins
to the municpal starm seswers or Eoeivin g water

Ploas nicte: Thie desin

e subbnss design
For odd divaesand
drainage ¥ Low
parreabiitg sods.
Thera 530 interral chodk dam which o sk om0 et g i up
16 ik of he ¢ dameter perorated underda = shown i the detsd i the tpriht
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strength vacuum could be used to remove the
joint stone and clogging debris, and the
stone would then be replaced along with
hydraulic capacity.

Cold Climate

With proper design and installation, the PICP
system is a suitable stormwater management
system for cold climate regions. The well-
drained subbase and capillary barrier limits
freeze thaw and reduces damage to the system
by winter plowing. Conventional winter
maintenance by salt and plowing is effective
at removing the majority of snow and ice
from the surface. Surface infiltration
minimizes black ice formation thereby reducing
the salt required for winter maintenance.

Water Quality Treatment

The water quality treatment performance of
the PICP system has been excellent. Mass load
reduction and removal efficiencies exceed 99%
for pollutants due to a tremendous amount of
infiltration. Effluent volumes are typically 99%
less than the influent volume. The figure and
table to the middle right reflect the system's
performance in achieving runoff volume
reductions and subsiguent pollutant mass load
reductions Values represent results recorded
over the study period.

Water Quantity Control

The PICP system has performed exceptionally
well for stormwater volume reduction. Rainfall
drains directly through the joints between the
interlocking pavers and infiltrates into the
subgrade. This significantly reduces peak flows,
decreases runoff temperatures, and reduces
runoff volumes. The PICP system is built over
HSG-C soils and shallow depth to bedrock.
Underdrains are installed 4 inches above the
native soil to promote infiltration. It is rare
that a storm event generates any effluent in
the underdrains.

consists of four basic layers:

Top layer: Paving units are placed on top, are 3.13 inches high

by 4 inches wide by 8 inches long with a 0.25 inch gap filled with
ASTM No. & stone with ~13% surface void space for infiltration;
pavers are laterally contained by granite curbing or concrete headers.

Second layer: Two inches of an open-graded bedding course

of No, 8 stone supports the pavers;

Third layer: Four inches of an open-graded base course of ASTM No.
57 stone to support the bedding course, and provide filtration;

Fourth layer: Seventeen to twenty inches of an open-graded
reservoir subbase of ASTM No. 2 stone is installed over native
materials as a capillary barrier to minimize frost heaving. Perforated
underdrains are installed in the reservoir 4 inches above the native
materials and provides storage and infiltration. The sides of the
system may be lined with geotextile fabric to prevent migration of
fines; a bottom lining is only recommended with poor structural soils
or when infiltration is not desired. Geotextiles in horizontal layers
should be used with caution as they can lead to premature clogging.

Infiltration Rate {in/hr)

SYSTEM DESIGN ¥

The PICP lot is designed to handle the WQV and CPV. The design

&

Average Infiltration Rate
UNH PICP Test Lot

S N ———

S oS

wlil Site Average Cleaning == Re-stone

&

WATER QUANTITY

Total
Date {',:}:::

(gal)
n 26
Average 2586
Median 2045
Standard Deviation 2145
Coefficient of Variation 0.83

Total
Effluent
Volume

(gal)
26
1.18
0.75
141
1.20

&

% Volume
Reduction

26
99.93%
99.97%

0.00
0.00

UNH PICP - TOTAL VOLUME & RAINFALL

s Rainfall 4 Influent W Effluent

=

2

2 100

=

2 10

- |

= 1 | | | |
2 n g1

et AEART
i

=
]

=
ra

Total Rainfall (in)

]
| |
|
o

ra

——
-
i=1 <

-
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APPENDIX H: Concrete paver test results.

NATIOMNAL

COMNMCRETE MASOMNAY

ASSOCIATION

Susdialnable Doncrate Products far Struchunss amd | 1amdeds s

ASTM C140-10 Test Report
Sampling and Testing Concrote Masonry Unite sed Rslabed Units

13750 Sunrse Valkey Drive
Hemdan, Wirginia 201714662
T0E.F13.1900 g 7037131910 Fax
NEMEENCTa.ong m WwWaLnCma.arg

Job Mo:
Report Dabe:

TO-5234
TEN2Me

Clest Imerincking Goncrets Pasament Insthute Testng Agesy Malizial Concnats Magsonny Assocaltion
Mddrass 1301 Park Center Road, Sule 270 Rezzancn and Devwsiopmen] Laborsiony
Hemdar, WA 20171 Addres e DATED S e Walbey Drivag
Hemdan, ¥, 20171-4652
Unit Specificabion: ASTM CERTDIEM-00 Samping Party: Inkerineking Concmia Favement Ingtiuin
Uinit Diesscription Conciodd Praar Dale Samples Recensst G020
Spacifad Haighl (mmi: B
Summarny of Test Resulis Feasuirgad Aciual
Mel Area Compmeaiae Sirengih E000 min 11350 P
T T £ e a7 E
Dwnsity {Owven Dry Condition) bt 142.8 =
Mel Cooas Sectional & e, o e i’
Varialion from Specfied Widih Dimersons.... ... 08 fas nos? in
Varmbion from Speciied Height Dimensions.,.... 135 max LoE2  in
Variation from Speciied Length Dimersens. ... 000 max {1 vk in.
Sivicual Linkt Tasd Result
ol Size Lint Measuramaniy
Hoag. A Ang. Camph:
Width  Height  Length Weight
finj finh [128] =)
Unil #1 2644 3z12 1536 r.ia
Dalo Tested: Uil 2 1870 3194 T84T T.EQ
WTEHD Uil 3 1658 3048 -1 TET
Average 365 s T4 TEq
COMIERERN Spacivans
Awerage Mt fraa
ey A, HAug Sampla  Aspedt  After Capging Cap Taotal Het®  Compressve
W th Haight  Langh  sighd F=fin Hmage Thardnas i Aot S Rirangih
[in} in.] 0] {Ey fip finj o fin|
Uni ¥ 3.6 a2 THIE T 0E 3373 &1 H] 322000 ar.ez RaE-nit}
(Dt Temled: iei 2 3.HTD Z198 T.B&T TE8 LE-T 3.2 onza I21130 28,05 11440
R0 Limk ¥3 ol s 200 7B TE&T 0 &5 .8 Coad 310020 2B.00 11070
Average 3857 3305 T.B4E8 TE8 LE-=-] 3.2 ongzg FRELFD] FEl] 11380
* Mol anea determined a3 the product of the engl and wisth o the unit
Abgorplion Specinans
Received Imewrsed EB50  Oen-Dey
Weighl  Weight  Weight  \Weigh his
Wy Wi, Wig W Abseiplion  Dansiy Waluma
ik} k] =] e {pef L
Diaba T led Lini &4 T.83 4.40 T.80 T is 1434 oonsIe
W20 Lisil 485 T.88 4,48 7T TAT 40 1423 onhzs
=] Lﬂlﬂ- T.63 4.44 T.r2 Fadd ar 141.8 Q0525
WA Anperage ] 450 TR TE ar 142.5 00527

Commeanis: Thess units mest o axoesd (e COMBResEag Brangi, absorpion,
and dirmneional mgquinaments of A5TM CHIECAIN-08,

Chrd"BHE by
Fovs THC143ER
Lot Pernmd S50 0

Page 49

PICP Performance Evaluation Report
The University of New Hampshire Stormwater Center-May 2013

A/

iy, Rescoru & Doedlupaen | Labuosaboy

el



13750 Sunrise Valley Drive

MATIONAL Herndon, Virginia 20171-4652
WHEHE‘_'I_'I!WH"’ 703.713.1900 w 703.713.1910 Fax
Sustainobls Gomarobs Mrodusts for & and | TETNEYICAN . [ e T oy
AZTM C1648/C1645M-09 Test Report Jab Mo 10-5238
Freeze-Thaw and De-icing Salt Durabdlity of Report Dafa: 11232010
Salid Concrate Intarlocking Paving Units
Cliem: Intestocking Concrebs Pavarment Instiluds Tasling Agency: Matongl Concreda Masarry Assor
13621 Park Centar Rioad, Svite 270 Research ard Davelopanen] Laboraloey
Hesmdan, WA 20171 Addreaa: 13750 Sunise Valley Crive
Hamdan A, 30171.4562
Linit Specilicalian: BETM CH3ECE35M-00 Eamplng Farty: Intericcking Cancrate Pavermnant Inslitute
MameiDescrpbon of Unit: Dabe Samples Received:  94/2010
Cancrale Paver
Specified Haight [mm): B0.00
Sumdmary of Test Resulis Fedguired Achual
SUraE ANSE e S ooE om'
T Cycle Mass Loss ..., ke oas gmt
28 Cycle Mass Lo8a ..o 225 max 1651 gm’
Test Solution: Saling
Individusal Unit Test Results
Ag. Avg. Aug. Surface Surface
Width Helighi Lengih AraE Huea
{in.| {in) {in.} i’} im’)
Unit #1 386 LR TA3 127.72 og
Unit &2 166 322 THZ 128,45 0,08
Diala Tesled: Uit #3 162 321 TEY 127.35 .08
Q700 Ainarags 154 A T2 137 B4 0.0s

7 Cwle 7 Cwale 20 Gyl 28 Cycle
Mass Less  Masploss  Masaless  Mass Loss

g figim) (gl igm’

Diale Tested: Linii #1 Q.00 Q.00 1.13 13,76
TV1E200 Linil @2 Q.00 Q.00 1.13 1345
) Uni@3 0o 0.00 1.81 208
1112372010 Average oo 0.00 136 16.51

Comments: These unils camply with tha resistance 1o freezing and
thareing requirgments of ASTM CEIETILEM-09, Hiich R Lang ™

Manager, Research & Development Labaralory
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APPENDIX I: Memo from UNH Facilities.

Below is the feedback from Tom Byron, UNH Manager of Grounds and Events in response to
guestion regarding standard practices and effectiveness of winter plowing and anti-icing/de-
icing management of the PICP.

From: Byron, Thomas

Sent: Monday, March 25, 2013 7:09 AM

To: Geuther, Mark

Cc: Fortin, Robert; VanDessel, Larry; Howard, Dave
Subject: RE: Hood House Drive Questions

1. What type of equipment was use to remove snow? It’s a 1 ton truck that plows that area
with a steel cutting edge. The small areas it can be shovels or snow blowers we have had no
problems.

2. Did Hood House Drive receive deicing materials? What type? Rock salt was used just like the
rest of the campus | don’t think there was any less or more used.

3. Did snow on Hood House Drive melt faster, the same, or slower than snow and ice on asphalt
pavements? As far as melting | would say it’s slower just because of the drainage. When
applying salt as it melts it makes a brine that helps with melting and because of the drainage it
doesn’t spread out as well.
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