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1. Description of Technology

The EcoStreari Biofiltration System( fi E ¢ 0 $Mo jsearmengineerediofiltration treatment
system that removes contaminants from stormwater runoff through filtration, adsogsttbn
biological uptake. Biofiltration has long been used in stormwater treatment processes, and has
proven effective at removing sediments, mautts, heavy metals&nd a wide variety of organic
contaminants. The target pollutants, hydraulic retention time, filter media, pretreatment, and flow
rate all affect the removal efficiency of the filt@his verification is solely focused on sediment
removal.

The EcoStreari” can be configured in a precast concrete vault or other type of structurally
adequate containment vessel (suioface containerized structure). As shown in three dimensions
in Figure 1, the test unjtthe EcoStreaff' 4x4 modelj s assembl ed inside a 4
and consists of a biofiltration cell (B) andderdrain (F) surrounded by gravel (C). Thectre
contains the influent pipéH), an energy dissipator (I)an effluent pipe (Eyvith a flow control
orifice (J) and a higHlow bypass pipe (D)EcoStrear is commercially availableith a growth

layer (A) and optional plant¥ heEcoStream™ 4x4 system was tested without plamsstandpipe

(G) indicates the water head levellhe thicknesses of the three media layers in the tested
EcoStream 4x4 are 5 inches for Layer A (Growth Media), 15 inches for Layer B (Biofiltration
Media), and 5.5 inches for Layer C (Gravelepresenting a total media bed thickness of 25.5
inches. These three media layers are identifiddgare 1.

Figure 1 The EcoStreant 4x4

Growth Media (50 De Underdrain
Bi ofiltrat Depth) Medi a Standpipe
Gravel (5.50 Depth) Inlet Pipe

High Flow Bypass Pipe with Beehive Cap Energy Dissipator
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Effluent Pipe Flow Control Orifice



The media chamber lattalsypad8sdevelTherflavpath for th&coStread t
4x4is shown inFigure 2. Stormwater runoff enters the EcoStré¥rdx4 via a pipe inlet or curb
inlet and flows downwardia gravity flow throughgrowth medi#iofiltration media/gravel layers.
The top layer providesetainsthe coarse sediment, trash, and debris. The fine sedisfernther
removedhrough the media bed. Treated water entg@eroratedunderdrain pipéand then exits
the EcoStreafY 4x4 through the effluent pipe into a stormwater systeminfiltrates into the
ground (installations with open bottom#). the test unit, a flow control orifice (Was placed
downstream of the underdrain and upstreath@bypass standpipe to ensure the system achieve
the design flow rate.

TREATMENT PATI

Figure 2 Flow Path of theEcoStrearE

The EcoStream 4x4 has 16 square feet offective filtration treatmentarea. The maximum
treatment flow ratéMTFR) is approximately 6 gpm. The tested unit ishownin Figure 3.



Figure 3 Photo of the TestedEcoStreanE 4x4

2. Laboratory Testing

Beginning inNovember2022, oneEcoStreari 4x4 commercial size unitvas installed athe

ADS Water QualityLaboratoryin Mount Airy, Maryland, to evaluate the performancetiu#
EcoStream on Total Suspended Sadi(TSS) removalBoggs Environmental Consultants (BEC)
provided thirdparty review and oversight ofl éesting and data collection in accordance with the

New Jersey Department of Environmental Protection Laboratory Protocol to Assess Total
Suspended Solids Removal by a Filtration Manufactured Treatment Device (JAAu3a022).

All sediment concentration samplevere analyzed byn 1SO 17025 certified laboratory
(GeoTesting Expres$sTE) using ASTM D3970@7in St andar d Test Met hods
Sediment Concentrations in Wat&a mp | es . 0O Li kewitbeeRarticle SEe anal
Distribution (PSD) samples in accordance with method ASTM D@%18nd ASTM D7924.7.

The moisture content of the test sedimemat determined by GTE in accordance with ASTM
Method D221619. Prior to the start of testing, a Quality Asznce Project Plan (QAPP), revision

dated November 14, 2022was submitted and approved by the New Jersey Corporation for
Advanced Technology (NJCAT).



2.1 Test Setup

The testing systenshown inFigure 4, consistedf source tankdeed pump, floncontrol valve,
flow meter(i nst all ed according t o, badkgeounchaampld port,t ur er
screwauger sediment doser, anlEcoStream 4x4.

WATER TANKS
r
T L
BACKGROUND  FLOW FLOW PUMP
SAMPLE METER CONTROL
POINT VALVE
1
DOSER
OUTLET
SAMPLE
POINT
. OUTFALL
EcoStrearf™ 4x4 Test Unit !

Figure 4 Schematic of theEcoStream™ 4x4 Test Configuration

Testing Procedure

The water source was potable water from the Town of Mount, Atlp, Water & Sewer
Department, obtained from an onsite tBfunicipal tap water wa used to fill the source tanks,
andthe unheated watevasthen pumped tothe system. Flow rate waontrolled to the target of
66 gpm by a flow control valve. An inline flow metS$eametrics IMAG4700mpicturedn Figure

5) measured and recordéte flow rate at oneninute intervalsTwo-anda-half feet upstreanof
the system inlet, sediment svantroduced to the feed streama a dosing porgpictured inFigure

6); thedosing rate wa controlled by a screaugerVelodyne Barracuda 500A volumetric feeder
with a Y2 HPvariable speed otor. The dosing rate wacalalated to deliver an amount of
sediment that, when mixed with thater from the source tank, woyldoduce influent water with
a targettest sediment concentration 200 mg/L The inlet and outl et p
diameter. The slope of thalet pipe was 1.92%, and the slope of the outlet pipe was 1.74%.



Figures 5 and 6 Photographs ofFlow Meter and Sediment Delivery Port
Test Unit and Scalingxplanation

The EcoStreari™ 4x4 testedcontains the same depth of media, composition of media, and
gradation of medias thesmallestcommercial modelThe only major difference is that no
established plant life was included top of the biofiltration celh this tested systeriihe effective
filtration treatment ardlading rateis 4.125gpm/f, and the ratio of effective sedimentation
treatmentarea to effective filtration treatment angel.0. Given thesegatios we can effectively
scale the test resultsr all commercial system

Sample Collection

The grab sampling method wased for all sample collectidoy sweeping a widenouth XL
plastic bottlethrough an open flowing stream, to ensure the full cross section of the flow was
sampled. The start time for each run was recorded

The sampling schedule is providedTiable 1. The detention time for tHecoStreari™ 4x4is 2.43
minutes To comply withthe NJDEP FilterProtocol,after initiating and stabiting the flow rate

at the MTFR and beginningediment feed, effluent samplimtid not beyin until the filtration
manufactured treatment deviddTD) hadbeen in operation for a minimum of three detention
times

Background water samples were collected upstredinthe doser (Figures 4 and 7) in
correspondence with the ocddimbered effluent samples



Figure 7 Photograph of Background SamplingPort

Two evenlyvolumespaceddrawdownsamples, DDA and DDB, were taken after the flow and
sediment feed to the unit had been stopped.

Sediment sample rates were measured using a stopwatch and mass measuaenarihe start
of dosing, once in the middle of the run, and once just prior to the conclusion of.dséng
duration of each run w&l minutes

Table 1 Sampling Schedule for theEcoStream™ 4x4 Tests

Time (min Sample(s Time (min Sample(s

E5, BG3
E6
S3
Stop Flow
DDA
DDB

NOTE: S =sedimentte E = effluent; BG = background; DD drawdown

A Chain of Custody{COC)form was usedor each test ruto record sampling date and tirfor
externally analyzedamplesCopies of these forms were maintainedlyADS Water Quality
Laboratory and>TE. Sample bottles were labeled to identify the test run number and sample type
(e.g., background, effluentgprrespondingo the sample identification on t&OC form. BEC

was present and witnessed labeling, completio@©OL forms, and packaging of samgléor
shipmentto the external laborators(TE). Each person taking or relinquishing possession of the
samples was required to sige®Cform before samples changed hands.



Other Instrumentation and Measurement

Influent watertemperature was recordedegy minute by a HOBO data loggand did not exceed

80 degrees Fahrenhefthe water levebn top of the media bedf the EcoStream 4x4 was
recordedoy BEC personneidt five-minute intervals, as well as at the start and end of each run, and
whensamples were collecteBun and sampling times were measured usidigiigal timer and a
stopwatch

2.2 Test Sediment

The test sediment had the particle size distribf®R8D)presented ifrigure 8. Thetestsediment
was custorrblended using various commercially available silica safdee blend ratio of those
sands was determined such that plaeticle size distribution of the resulting blended sediment
would meet the specification for tiéJDEP FilterProtocol. Figure 8 showsthe NJDEPtest
sediment particle size distributigrottedagainst the values of thestsedimenblend, which was
sampled under supervision by BEC amthlyzed byGTE, using the methodology oASTM
D691317 and ASTM D792847.

100 +—

% Finer by Mass

f =
—
1
]

0 T e NJDEP Specification | |
=———ip——  Test Blend

0- S A I I B A  mwany
1 10 100 1000
Particle Size (um)

Figure 8 Average Particle Size Distribution of Test Sediment Verified bycTE



The PSD test results are also summarizethinle 2 GTE results showed tha8-19% of the test
sedimentparticleswere less than Bicrons (1m) and90-91% of the test sedimepiarticleswere

less than 25@nicrons(um). The mediarparticlesize(dso) wasapproximately 68 pnfor this test

Thus, the blended test sediment was found to meet the NJDEP patrticle size specification and was
acceptable for usdn addition to particle ige distribution, GTE also performed the moisture
analysis of the test sediment and determined the water content to be gh&3f@alyticalmethod
detection limij.

Table 2 Particle Size Distribution of Test Sediment as Analyzed B$TE

Particle Size Test Blend % Finer by Mass Analyzedoy GTE
(um) NJBlendA NJBlendB NJBlendC  Average ('r\'n‘]ir?irf]z rﬁri/ef;giit.ﬁ;
1000 100 100 100 100 98
500 95 95 95 95 93
250 90 90 91 90 88
150 77 77 81 78 73

100 58 58 63 60 58
75 50 50 53 51 50
50 47 46 47 47 43
20 36 35 38 36 33
8 19 18 19 19 18

12 11 12 12 8
2 7 5 7 6 3

2.3 SedimentRemoval Efficiency Tesing

Sediment removal efficiency testing adhered to the guidelines set forth in Skectitre NJDEP
Laboratory Protocol for Filtration MTDs. The target flow rate through the systentévgsm,

with a target sediment concentration of 200 mg/L. All samples w@liected in clean,-IL wide-
mouthbottles Individual sample volumes were500 ml. Three background samples were taken
in correspondence witthe odd-numbered effluent samplés ensure the tap water source met the
sediment concentratiaquirement. According to the NJDEP Filter Protocol, these background
concentrations cannot exceed a TSS of 20 mg/L.

The test sediment screaugerfeeder (doser)ntroducel the test sedimerinto the feed water
stream to achieve the targafluent TSS cacentration of 200 mg/LAccording to the NJDEP
Filter Protocol, tis influent concentration must stay within 10%tbé target. Thedoser was
calibrated prior to each rum order to confirm sediment feed rates during the test, in accordance
with the NJIEP Filter Protocol, iree samples of the test sedimerdre collected fromthe
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injection point Figure 4, A D anslFegure 6) into a clean containdor verification of sediment
feed rate, over an interval timed to the nearest second, wiinimmum volume of 0.1 liter or a
collection interval not exceing one minute (whichever canfiest). The time was kept with a
stopwatchThe samplesvereweighed to the nearest milligraim houseunder the observation of
BEC. The sediment feed rate cea#int of variance (COV) fothe test sediment samples diot
exceed 0.10. The mass from the sediment feed rate measurement sampiggracted from the
total mass introduced to the system when removal efficiency was calculated.

Effluent sampling waperformed by the grab sampling method during eachaceording to the
schedule inTable 1. When the test sediment feed was interrupted for test sediragnt
measurements, the next effluent samples were collectedagfieastthree detention times had
elapsed. During thérawdownperiod, two eveniyvolumespaceceffluentsamples were collected
after flow and sediment feed had stopped. All sediment condentssmples were analyzég
GTE using the ASTM D39779 7 AStandard Test Met hods
Concentrations in Water Samples. o

2.4 Sediment Mass Loading Capacityestng

After Run 25the target influent concentratiovasincreagdto 400 mg/L, and albtheraspects of

testing procedurewere kept the same to ensure consistency throughout. The sediment mass

loading capacity of thEcoStrear™ 4x4 was definedas the cumulative mass loading of the unit

at the end of the test run durindpich themaximum driving head was reached while operating at

60gpm(90% of MTFR). In this testing programhe EcoStrean™ 4x4 reached maximum driving
head 6.5 inches above the media petl86 gpm (100% of MTFR) during Rudl. The feed flow

rate was then reduced@®gpm (90% of MTFR), and testing continued until the maximum driving

head was reached once agaiaring Run 62)

2.5 Scour Tesing
Scaur testingwas performedo demonstrate that tiecoStrear™ Biofiltration Systemcan be
operatedr-line. The test was performed at an average feed flow rat8 bfpm @198% of the
MTFR). In accordance with the NJDEP Filter Protodod &verage effluent concentratiduring
the scour rumust be less than 20 nhgabove the background concentration.

Scour testing was performed oglaan EcoStreaff 4x4 bed The bed was loaded with NJ blend

sediment, uniformly distributed across bed surface, in five equal increments of 33 Ib. After each

sediment loading, cleanaterwas runattheMTFR (66 gpm) througkthebed for up to 30 minutes.
After the target amount of sedimemasloaded onto the bethe system waited approximately 22
hours before conducting the scour test.

The scour run commendeby conveying clear water through the EcoStrEadx4 at increasing

flow rates. The flow rate&vasincreased to the target flow rate (132 gpm) within three minutes of

commencement of the test. The flow rate then reetkionstant at the target flow rate fibre

remainder of the test duration. The flow natesrecorded continuously so that the effluent samples

could be compared to corresponding flow rate values. Fifteen (15) effluent sanguktsken at

9
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1, 3 and 5 minutes and then every two minutes therefait an additional 12 samples (i.e., 7. 9,
1129 minut es) .ereusédlto ddtesmine thergvdrageseffluent concentration.

Eight background sampled the cleamwaterwerecollected at evenly spaced intervals throughout

the duration of the scour test. All samples (background and efflwenganalyzedby GTE for

TSS in accordancavith ASTM D3 977 nAStandard Test Met hods f
Concentrations in Water Sample 60 maéximaim allowable background concentration in the
clearwaterdid not exceed 20 mg/L.

All effluent sample results from tlseour test runvereadjusted by subtracting the background
concentratiorirom the recorded effluent samptencentration

2.6 Laboratory Proficiency Testing

FourspikedSuspended Solid Concentrati(®SC) samplegwo at a concentration of arouné 2

mg/L andtwo othersat a concentration of aroud@ mg/L were prepared BADS using the same

test sediment as for the removal performance tesiiegseen by BECThese samples were

submitted toGeoTesting Expres@GTE), an ISO 17025 accredited laboratoryAnton, MA.

Samples were analyzed ITE for sedment concentration (SSC) in accordance with ASTM

Method D397 7 A Standard Test Methods for Determin
Sample® The results of the pr déableBhelemcy testi ng &

Table 3 GTE Proficiency Testing Results

Sample
Sample ID Concentration | Reported SSC | % Recovery
(mg/L)
Spike #1 25.29 27.71 109.5
Spike #3 26.57 25.04 94.2
Average 101.85
Spike #2 41.86 37.05 88.5
Spike #4 43.57 42.54 97.6
Average 93.05

The average recovery percentage of the spiked SSC samplel0&86 at ~25 mg/L and
93.0%% at~40 mg/L, meeting therotocolrequirement of 85 115%.GTE passed the Laboratory
Proficiency Testing for SSC analysis.

10



3. Performance Claims

Per theNJDEP verification procedure and based on the laboratory testing conducted for the
EcoStrear! 4x4 Biofiltration System the following are the performance claims made by
Advanced Drainage Systemac.

Total Suspended Solids (TSS) Removal Efficiency

Based on the laboratory testing conductedFt@Strear™ 4x4 achieved 8.4% cumulative TSS
removal efficiencyafter ten quiify ing runs.

Maximum Treatment Flow Rate (MTFR)

The EcoStrear 4x4 has an MTFR of 0.147 cfs (66 gpm) and an effective filtration treatment
area (EFTA) of 16 ft(loading rate = 4.125 gpmjt

Detention Time and Volume

The EcoStreari 4x4 wet volume is 21.4 # and the detention time is about 2.43 minutes at the
test flow rate of 66 gpm.

Effective Sedimentation Treatment Area

The Effective SedimentatiofireatmentArea (ESA) increases as the size of the EcoStréam
increases, with a larggcale system having a higher ESTA. Under test conditions with a single
EcoStreani™ 4x4, the ESTA is 16 ftand the ratio ESTA/EFTA was 1.0.

Sediment Load Capacity
Based on laboratory testing results, the EcoStf¥atr4 has a mass loading capacity2@0.8lbs.

Maximum Allowable Inflow Drainage Area

Laboratory testing results show ti3i#.9 Ibs of sediment can be loaded intoEcoStrean 4x4

with internal bypasswhile achieving a cumulative sediment measioval efficiency of 8.0%

(after all 62 runs)Per the NJDEP Filter Protocol, to calculate the maximum inflow drainage area,
the total sediment load captured during the t28D.8 Ibs) is divided by 600 Ib/acre. Thus, the
maximum inflow drainage area@s452acres.

4. Supporting Documentation

The Procedure for Obtaining Verification of a Stormwater Manufactured Treatment Device from
NJCAT states that copies of thealyticallaboratory reports, all data from performance evaluation
test runs, original data, pertinent calculations, and docunmntaft any maintenance activities

that occur during the testing process are to be included in this section. All of this information can

11



be made available upon requesiNJCAT, but it was not practical toclude itin the verification
report.

5. Testing Results

A total of 25 removal efficiency testinguns, and 37 mass capacity rumgere completed in
accordance with the NJDEP filter protocol. The target inflisdiment concentratisnfor

removal efficiency runsral mass capacity rgnvere200 mg/Land 400 mg/l.respetively. The

results from allremoval efficiencyruns were used to calculaée overall cumulativeremoval

efficiency of theEcoStrean™ 4x4 atthedesign flow ratef 66 gpm.

5.1 Flow Rate

Flow rate was recorded by a Seametrics IMAG4700P FloneM®stery minute during each run
For each run, the flow rate was maintained within 10% of the target flowa@te7Q gpm at
100% MTFR, anb4 1 66 gpm at 90% MTFR). The average flow rée the first 61 runsvas
67.0gpm. The average flow rate for run 62 (90% MTFR) was 60.2 gpne flow data with
coefficient of variation (OV) values for all62 runs are summarized rable 4.

5.2 Water Temperature

Temperatures were recorded every minute by a HOBO water level logger-0420ihe average
water temperatureof all 62 runs wass8 degrees Fahrenheit, with a maximum6afs degrees
Fahrenheit, meeting thdJDEP Filter Protocol requirement to below 80 degrees Fahrenheit
Data are summarized Table 4.

12



Table 4 Flow Rate and Temperature Summary

Flow NJDEP
Max Min Average Compliance| Maximum | Temperature
Flow Flow Flow Flow (COV < | Temperature | Compliance
Run# | (gpm) (gpm) (gpm) Ccov 0.1) (Fahrenheit) (<80 F)
1 69.87 54.93 65.62 | 0.0435 N 58.8 Y
2 67.20 66.13 66.73 | 0.0035 Y 57.1 Y
3 67.47 65.60 66.77 | 0.0055 Y 58.0 Y
4 68.00 65.87 66.97 | 0.0068 Y 59.2 Y
5 67.73 66.13 67.07 | 0.0054 Y 58.5 Y
6 67.20 66.40 66.94 | 0.0036 Y 59.2 Y
7 67.47 66.13 66.78 | 0.0049 Y 58.3 Y
8 68.00 66.13 67.04 | 0.0064 Y 65.5 Y
9 67.47 66.13 66.97 | 0.0048 Y 58.0 Y
10 67.47 66.13 66.92 | 0.0051 Y 59.2 Y
11 67.20 66.40 67.03 | 0.0032 Y 58.0 Y
12 67.47 66.13 67.01 | 0.0047 Y 61.7 Y
13 67.20 66.13 66.87 | 0.0046 Y 57.8 Y
14 67.20 66.13 66.98 | 0.0040 Y 62.9 Y
15 67.47 66.13 66.94 | 0.0057 Y 57.6 Y
16 67.73 66.40 66.89 | 0.0052 Y 63.5 Y
17 67.20 66.67 67.06 | 0.0027 Y 57.3 Y
18 67.73 66.40 67.08 | 0.0044 Y 64.1 Y
19 67.47 66.13 67.13 | 0.0045 Y 57.4 Y
20 67.73 66.67 67.35 | 0.0040 Y 64.7 Y
21 67.47 66.13 67.13 0.0052 Y 57.4 Y
22 67.73 66.40 67.18 | 0.0040 Y 64.7 Y
23 67.20 66.67 67.07 | 0.0028 Y 56.6 Y
24 68.00 66.40 67.22 | 0.0050 Y 57.8 Y
25 67.47 66.67 67.28 | 0.0029 Y 56.9 Y
26 67.73 66.40 67.32 | 0.0048 Y 58.5 Y
27 67.47 66.67 67.14 0.0031 Y 56.4 Y
28 67.73 66.67 67.28 | 0.0041 Y 59.9 Y
29 67.73 66.67 67.44 | 0.0037 Y 56.9 Y
30 67.73 66.13 67.18 | 0.0045 Y 59.7 Y
31 67.73 66.40 67.29 | 0.0059 Y 57.1 Y
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Table 4 Flow Rate and Temperature Summary (continued)

Flow NJDEP
Max Min Average Compliance| Maximum | Temperature
Flow Flow Flow Flow (COV < | Temperature | Compliance
Run# | (gpm) (gpm) (gpm) Ccov 0.1) (Fahrenheit) (<80 F)
32 68.00 65.07 66.60 | 0.0118 Y 60.2 Y
33 67.73 65.87 66.91 | 0.0079 Y 57.1 Y
34 68.00 66.40 67.05 | 0.0055 Y 59.3 Y
35 67.20 66.13 66.79 | 0.0040 Y 56.2 Y
36 67.73 66.40 67.17 | 0.0044 Y 56.4 Y
37 68.27 66.67 67.41 | 0.0066 Y 60.0 Y
38 68.00 67.20 67.70 | 0.0029 Y 56.1 Y
39 68.00 65.87 67.23 | 0.0083 Y 56.1 Y
40 68.27 67.47 67.97 | 0.0030 Y 62.9 Y
41 68.00 66.93 67.53 | 0.0036 Y 54.8 Y
42 68.00 66.93 67.67 | 0.0037 Y 56.2 Y
43 68.00 66.67 67.56 | 0.0053 Y 55.4 Y
44 68.53 66.93 67.77 | 0.0052 Y 61.9 Y
45 67.73 66.40 67.47 | 0.0049 Y 53.8 Y
46 67.20 66.40 67.01 | 0.0038 Y 54.3 Y
47 68.51 67.45 67.94 | 0.0042 Y 59.2 Y
48 68.25 67.18 67.85 | 0.0037 Y 54.5 Y
49 67.98 66.65 67.37 | 0.0039 Y 54.5 Y
50 68.53 66.67 67.77 | 0.0059 Y 60.4 Y
51 68.00 66.93 67.79 | 0.0042 Y 54.5 Y
52 68.00 65.60 67.18 | 0.0081 Y 55.2 Y
53 67.73 66.67 67.41 0.0040 Y 55.7 Y
54 68.27 66.93 67.74 | 0.0048 Y 61.1 Y
55 68.00 64.27 67.49 | 0.0094 Y 52.8 Y
56 67.73 66.67 67.42 | 0.0042 Y 53.1 Y
57 67.47 64.27 65.95 | 0.0145 Y 53.4 Y
58 65.07 64.00 64.72 | 0.0051 Y 58.0 Y
59 65.87 63.20 64.12 0.0121 Y 54.5 Y
60 65.60 63.47 64.64 | 0.0116 Y 58.5 Y
61 65.33 63.47 64.82 | 0.0073 Y 58.5 Y
62 61.60 57.33 60.17 | 0.0173 Y 53.4 Y
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5.3 Head

Thewater surface level on top of the media et recordedyy BEC personnedt five-minute
intervals, as well as at the start and end of each run, and when samples were cbliectater
surface levetemained constant at 0.125 inches for the first 54 runs. Th#neachsubsequent
run, thewater surface levehcreased sligity, until reaching the maximui(6.5inches)in Run61.
Beginning with Rur62, the flow rate was reduced to 90% MTK&O gpm). Thewater surface
level thenreachedhe maxinum duringthat run. Maximum head for each run is summarized in
Table 5.

Table 5 Maximum Head

Maximum Maximum Maximum
Water Water Water

Surface Surface Surface
Run Level Level Level

# (inches) Run # (inches) Run # (inches)
1 0.125 22 0.125 43 0.125
2 0.125 23 0.125 44 0.125
3 0.125 24 0.125 45 0.125
4 0.125 25 0.125 46 0.125
5 0.125 26 0.125 47 0.125
6 0.125 27 0.125 48 0.125
7 0.125 28 0.125 49 0.125
8 0.125 29 0.125 50 0.125
9 0.125 30 0.125 51 0.125
10 0.125 31 0.125 52 0.125
11 0.125 32 0.125 53 0.125
12 0.125 33 0.125 54 0.125
13 0.125 34 0.125 55 0.79
14 0.125 35 0.125 56 0.875
15 0.125 36 0.125 57 3.29
16 0.125 37 0.125 58 0.375
17 0.125 38 0.125 59 5.500
18 0.125 39 0.125 60 5.79
19 0.125 40 0.125 61 6.500
20 0.125 41 0.125 62 6.500

21 0.125 42 0.125

15



5.4 Sediment Concentration and Removal Efficiency

Background TSS

Municipal tap water was used as thatersource during testin@verall, theaverage background
TSS concentrationwas 03 mg/L, which is far below the 20 mg/LNJDEP Protocollimit.

Background TSS concentrations for each run are provid@alie 6. The average background
TSS value for each run was subtracted feffluentanddrawdownT SSvalues to provide adjusted
figures per the protocol

Table 6 Background TSS Concentrations

NJDEP NJDEP NJDEP
Background Background Background
TSS TSS TSS

Background | Compliance Background | Compliance Background | Compliance

Run# | TSS(mg/L) | (<20mg/L) | Run# | TSS (mg/L) | (<20 mg/L) | Run# | TSS (mg/L) | (<20 mg/L)
1 0.1 Y 22 0.2 Y 43 0.8 Y
2 0.1 Y 23 0.1 Y 44 0.1 Y
3 0.1 Y 24 0.1 Y 45 0.5 Y
4 0.1 Y 25 0.1 Y 46 0.8 Y
5 0.4 Y 26 0.4 Y 47 0.1 Y
6 0.2 Y 27 0.8 Y 48 0.4 Y
7 0.2 Y 28 0.4 Y 49 0.3 Y
8 0.1 Y 29 0.5 Y 50 0.2 Y
9 0.1 Y 30 0.4 Y 51 0.1 Y
10 0.2 Y 31 0.1 Y 52 0.1 Y
11 0.5 Y 32 0.1 Y 53 0.3 Y
12 0.1 Y 33 0.2 Y 54 0.3 Y
13 0.2 Y 34 0.3 Y 55 0.1 Y
14 0.1 Y 35 0.7 Y 56 0.6 Y
15 0.1 Y 36 0.9 Y 57 0.8 Y
16 0.1 Y 37 0.5 Y 58 0.1 Y
17 0.1 Y 38 0.5 Y 59 0.1 Y
18 0.1 Y 39 0.9 Y 60 0.4 Y
19 0.1 Y 40 0.3 Y 61 0.1 Y
20 0.1 Y 41 0.1 Y 62 0.1 Y

21 0.2 Y 42 1.0 Y

Mean Background TSS (mg/L) 0.3 Y

MDL = 0.2 mg/L; In casgof nondetect, a value equal to %2 the M{.1 mg/L) was used
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Sediment Dosing Rate and Influent TSS

Influent TSS concentration was calculated by dividing the total mass of sediment added during a
given run by the total volume of water flowing through the MTD during the addition of test
sediment during that run. The volume of water flowing through thé&ceeluring the run was
calculated by multiplying the average feed flow rate by the time of sediment additionAdhly.
values are within the target range of 200 + 20 nigflcemoval efficiency runs and 400 £ 40 mg/L

for mass capacity runJable 7 provides the measured sediment rates for each run, and the
resulting calculated influent TSS concentration. lis table, NJDEP Protocol compliance is
defined as a TSS concentration in the rangei 1800 mg/Lor 360i 440 mg/Land GOV (0.1.

17



Table 7 SedimentFeedRate Measurements

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
Run Time | Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 48.902 60 48.9
2 47.247 60 47.2
1 65.6 189.5 Y
3 45.128 60 45.1
cov 0.040
51.922 60 51.9
48.228 60 48.2
2 66.7 197.9 Y
49.918 60 49.9
cov 0.037
51.034 60 51.0
48.169 60 48.2
3 66.8 198.5 Y
51.251 60 51.3
cov 0.034
53.634 60 53.6
51.871 60 51.9
4 67.0 208.9 Y
53.396 60 53.4
cov 0.018
51.433 60 51.4
51.947 60 51.9
5 67.1 204.7 Y
52.612 60 52.6
cov 0.012
51.587 60 51.6
49.495 60 49.5
6 66.9 203.8 Y
53.819 60 53.8
cov 0.042
52.929 60 52.9
49.502 60 49.5
7 66.8 202.5 Y
51.178 60 51.2
cov 0.033
48.858 60 48.9
50.300 60 50.3
8 67.0 199.5 Y
52.729 60 52.7
cov 0.038
51.982 60 52.0
51.086 60 51.1
9 67.0 202.1 Y
50.625 60 50.6
cov 0.014
50.771 60 50.8
50.119 60 50.1
10 66.9 1994 Y
50.649 60 50.6
cov 0.007
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Table 7 SedimentFeedRate Measurements (continued)

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
Run Time | Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 49.756 60 49.8
2 53.428 60 53.4
11 67.0 207.7 Y
3 54.867 60 54.9
cov 0.050
54.098 60 54.1
52.072 60 52.1
12 67.0 2079 Y
51.968 60 52.0
cov 0.022
52.339 60 52.3
51.166 60 51.2
13 66.9 205.3 Y
52.374 60 52.4
cov 0.013
50.025 60 50.0
51.510 60 51.5
14 67.0 199.4 Y
50.185 60 50.2
cov 0.016
50.343 60 50.3
54.295 60 54.3
15 66.9 209.9 Y
55.027 60 55.0
cov 0.048
48.406 60 48.4
49.265 60 49.3
16 66.9 191.7 Y
47.933 60 47.9
cov 0.015
50.801 60 50.8
48.591 60 48.6
17 67.1 1975 Y
50.970 60 51.0
cov 0.027
51.679 60 51.7
48.019 60 48.0
18 67.1 194.8 Y
48.696 60 48.7
cov 0.040
53.669 60 53.7
48.272 60 48.3
19 67.1 201.3 Y
51.508 60 51.5
cov 0.053
54.708 60 54.7
53.304 60 53.3
20 674 209.6 Y
53.336 60 53.3
cov 0.015
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Table 7 SedimentFeedRate Measurementgcontinued)

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
Run Time | Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 49.301 60 49.3
2 52.562 60 52.6
21 671 204.0 Y
3 53.639 60 53.6
cov 0.043
51.536 60 51.5
50.319 60 50.3
22 672 197.7 Y
49.043 60 49.0
cov 0.025
51.196 60 51.2
52.131 60 52.1
23 67.1 206.5 Y
53.962 60 54.0
cov 0.027
51.316 60 51.3
47.766 60 47.8
24 672 192.1 Y
47.478 60 47.5
cov 0.043
51.055 60 51.1
48.514 60 48.5
25 67.3 198.2 Y
51.810 60 51.8
cov 0.034
105.580 60 105.6
108.682 60 108.7
26 67.3 423.2 Y
109.213 60 109.2
cov 0.018
105.260 60 105.3
101.593 60 101.6
27 67.1 408.9 Y
104.914 60 104.9
cov 0.020
103.096 60 103.1
100.606 60 100.6
28 673 396.0 Y
98.908 60 98.9
cov 0.021
99.962 60 100.0
105.489 60 105.5
29 674 403.4 Y
103.489 60 103.5
cov 0.027
100.399 60 100.4
104.961 60 105.0
30 672 402.8 Y
104.608 60 104.6
cov 0.025
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Table 7 SedimentFeedRate Measurements (continued)

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
RunTime Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 100.712 60 100.7
2 102.923 60 102.9
31 673 404.9 Y
3 105.801 60 105.8
cov 0.025
90.361 60 90.4
97.444 60 97.4
32 66.6 384.0 Y
102.584 60 102.6
cov 0.063
101.769 60 101.8
97.753 60 97.8
33 66.9 397.8 Y
102.691 60 102.7
cov 0.026
98.803 60 98.8
100.499 60 100.5
34 67.0 396.8 Y
102.834 60 102.8
cov 0.020
97.591 60 97.6
96.730 60 96.7
35 66.8 387.9 Y
99.908 60 99.9
cov 0.017
99.254 60 99.3
106.264 60 106.3
36 67.2 401.9 Y
100.979 60 101.0
cov 0.036
99.231 60 99.2
99.696 60 99.7
37 674 390.8 Y
100.341 60 100.3
cov 0.006
109.133 60 109.1
105.124 60 105.1
38 677 413.8 Y
103.923 60 103.9
cov 0.026
105.079 60 105.1
103.436 60 103.4
39 672 416.0 Y
109.067 60 109.1
cov 0.028
99.026 60 99.0
104.477 60 104.5
40 68.0 398.2 Y
103.003 60 103.0
cov 0.028
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Table 7 SedimentFeedRate Measurements (continued)

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
Run Time | Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 103.299 60 103.3
2 101.898 60 101.9
41 675 399.8 Y
3 101.407 60 101.4
cov 0.010
106.357 60 106.4
106.226 60 106.2
42 67.7 414.0 Y
105.472 60 105.5
cov 0.004
105.931 60 105.9
106.333 60 106.3
43 67.6 415.4 Y
106.522 60 106.5
cov 0.003
102.157 60 102.2
101.200 60 101.2
44 67.8 395.1 Y
100.715 60 100.7
cov 0.008
100.602 60 100.6
106.915 60 106.9
45 67.5 406.5 Y
104.005 60 104.0
cov 0.030
101.621 60 101.6
105.121 60 105.1
46 67.0 413.2 Y
107.696 60 107.7
cov 0.029
102.082 60 102.1
106.377 60 106.4
47 679 406.9 Y
105.430 60 105.4
cov 0.022
102.626 60 102.6
101.420 60 101.4
48 678 405.7 Y
108.560 60 108.6
cov 0.037
105.342 60 105.3
103.119 60 103.1
49 674 413.4 Y
107.931 60 107.9
cov 0.023
99.366 60 99.4
101.705 60 101.7
50 67.8 3934 Y
101.682 60 101.7
cov 0.013
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Table 7 SedimentFeedRate Measurements (continued)

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
RunTime Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 105.053 60 105.1
2 106.545 60 106.5
51 678 407.0 Y
3 101.709 60 101.7
cov 0.024
98.644 60 98.6
104.176 60 104.2
52 672 399.8 Y
102.231 60 102.2
cov 0.028
104.346 60 104.3
102.049 60 102.0
53 67.4 405.6 Y
104.224 60 104.2
cov 0.013
99.581 60 99.6
99.303 60 99.3
54 67.7 388.0 Y
99.581 60 99.6
cov 0.002
100.804 60 100.8
105.434 60 105.4
55 67.5 407.5 Y
106.051 60 106.1
cov 0.028
102.585 60 102.6
103.383 60 103.4
56 67.4 408.3 Y
106.629 60 106.6
cov 0.020
105.599 60 105.6
105.982 60 106.0
57 66.0 423.8 Y
105.774 60 105.8
cov 0.002
96.916 60 96.9
97.261 60 97.3
58 64.7 403.7 Y
102.503 60 102.5
cov 0.032
106.825 60 106.8
105.035 60 105.0
59 64.1 438.1 Y
107.234 60 107.2
cov 0.011
102.238 60 102.2
99.479 60 99.5
60 64.6 412.8 Y
101.332 60 101.3
cov 0.014
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Table 7 SedimentFeedRate Measurementgcontinued)

Influent
TSS Conc.
Based on
Influent Average
Sediment Water Sediment
Run Time | Sediment Duration Feed Rate| Flow Rate Rate NJDEP
Run (min) Weight (g) (s) (g/min) (gpm) (mg/L) Compliance
1 98.907 60 98.9
2 103.468 60 103.5
61 64.8 413.7 Y
3 102.088 60 102.1
cov 0.023
92.324 60 92.3
88.902 60 88.9
62 60.2 403.6 Y
94.570 60 94.6
cov 0.031

At the end of each run, the sediment remaining in the inlet pipe after the sediment injection point
was collected, dried, and weighed. This quantity was very small, ranging from 0.017 to 4.8 g

(0.00004 to 0.011 Ib), as shownTable 8 This quantity wasubtractedrom the mass fed to
the flowwhen calculatinghe average influent concentration.

24



Table 8 Sediment Mass Recovered from Inlet Pipe

Sediment | Sediment Sediment | Sediment Sediment | Sediment

Recovered| Recovered Recovered | Recovered Recovered | Recovered

from Inlet | from Inlet from Inlet | from Inlet from Inlet | from Inlet

Run # | Pipe (9) Pipe (Ib) | Run # Pipe () Pipe (Ib) Run # Pipe (9) Pipe (Ib)
1 0.199 0.00044 22 0.164 0.00036 43 1.066 0.00235
2 0.168 0.00037 23 0.123 0.00027 44 0.696 0.00153
3 0.156 0.00034 24 0.055 0.00012 45 0.196 0.00043
4 0.163 0.00036 25 0.076 0.00017 46 0.399 0.00088
5 0.158 0.00035 26 0.040 0.00009 47 0.177 0.00039
6 0.115 0.00025 27 0.442 0.00097 48 0.168 0.00037
7 0.053 0.00012 28 0.024 0.00005 49 0.106 0.00023
8 0.056 0.00012 29 0.567 0.00125 50 3.576 0.00788
9 0.017 0.00004 30 0.084 0.00019 51 1.888 0.00416
10 0.022 0.00005 31 0.160 0.00035 52 0.753 0.00166
11 0.090 0.00020 32 0.205 0.00045 53 1.730 0.00381
12 0.074 0.00016 33 0.149 0.00033 54 2.118 0.00467
13 0.072 0.00016 34 0.360 0.00079 55 3.432 0.00757
14 0.017 0.00004 35 0.416 0.00092 56 2.322 0.00512
15 0.122 0.00027 36 0.471 0.00104 57 3.646 0.00804
16 0.034 0.00008 37 0.132 0.00029 58 2.169 0.00478
17 0.063 0.00014 38 0.236 0.00052 59 3.342 0.00737
18 0.052 0.00012 39 0.811 0.00179 60 2.596 0.00572
19 0.092 0.00020 40 0.427 0.00094 61 4.833 0.01065
20 0.055 0.00012 41 0.269 0.00059 62 3.199 0.00705
21 0.060 0.00013 42 0.197 0.00043
EffluentTSS

During each run, grab samples were taken of the effluent according to the schélchidéeid,

and all TSS analysis was conducted3})E. For each run, the average effluent concentration was
adjusted by subtracting the averdbgekground TSS concentration. The average adjusted effluent
TSS concentration during testing wasrag/L for all the removal efficiency runsvith individual

run averages ranging frogbd to 35 mg/L. Adjusted effluent TSS concentrations for each run are
given inTable 10.
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Drawdown &S

According to the NJDE Filter Protocol, the amount eédiment that leaves the filter during the
drawdownperiod must be accounted fand documented~or each run, two evenlyolume

spaced grab samples were taken of the effluent during drawdown, and all TSS analysis was
conductedy GTE. For each run, the averageawdownconcentration was adjusted by subtracting

the average background TSS concentrafidre averageadjusteddrawdownTSS was34 mg/L

for removal efficiency runswith individual run averages ranging fror@ tb 51 mg/L. Adjusted
averagedrawdownTSS concentrations are givenTiable 9.

A summary of the calculations of the sediment delivered to the systewersigiTable 10.
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Table 9 Removal Efficiency Drawdown Losses

Total Total
Head Average Sediment Head Average Sediment
Level Adjusted Lost Level Adjusted Lost
at End | Drawdown | Drawdown During at End | Drawdown | Drawdown During
of Run Volume | TSS Conc.| Drawdown | Run | of Run Volume | TSS Conc.| Drawdown
Run#| (in) (gal) (mg/L) Q) # (in) (gal) (mg/L) Q)
1 0.125 99.2 43.3 16.3 32 0.125 99.2 39.2 14.7
2 0.125 99.2 33.8 12.7 33 0.125 99.2 32.9 12.4
3 0.125 99.2 43.7 16.4 34 0.125 99.2 39.6 14.9
4 0.125 99.2 27.0 10.1 35 0.125 99.2 45.1 16.9
5 0.125 99.2 32.7 12.3 36 0.125 99.2 60.6 22.8
6 0.125 99.2 50.3 18.9 37 0.125 99.2 57.2 21.5
7 0.125 99.2 37.9 14.2 38 0.125 99.2 41.5 15.6
8 0.125 99.2 39.5 14.8 39 0.125 99.2 46.9 17.6
9 0.125 99.2 38.3 14.4 40 0.125 99.2 55.5 20.9
10 0.125 99.2 29.5 11.1 41 0.125 99.2 52.2 19.6
11 0.125 99.2 41.2 15.5 42 0.125 99.2 64.9 24.4
12 0.125 99.2 40.5 15.2 43 0.125 99.2 64.5 24.2
13 0.125 99.2 36.7 13.8 44 0.125 99.2 56.3 21.1
14 0.125 99.2 41.8 15.7 45 0.125 99.2 47.6 17.9
15 0.125 99.2 34.6 13.0 46 0.125 99.2 55.6 20.9
16 0.125 99.2 36.5 13.7 47 0.125 99.2 53.7 20.2
17 0.125 99.2 33.7 12.6 48 0.125 99.2 45.0 16.9
18 0.125 99.2 27.1 10.2 49 0.125 99.2 50.2 18.9
19 0.125 99.2 30.0 11.3 50 0.125 99.2 42.6 16.0
20 0.125 99.2 26.6 10.0 51 0.125 99.2 45.3 17.0
21 0.125 99.2 25.1 9.4 52 0.125 99.2 30.1 11.3
22 0.125 99.2 27.4 10.3 53 0.125 99.2 44.3 16.6
23 0.125 99.2 20.8 7.8 54 0.125 99.2 40.6 15.3
24 0.125 99.2 20.6 7.7 55 0.79 105.5 39.7 15.8
25 0.125 99.2 17.9 6.7 56 0.875 105.5 44.0 17.6
26 0.125 99.2 34.5 13.0 57 3.29 130.4 30.1 14.8
27 0.125 99.2 29.8 11.2 58 0.375 100.5 43.9 16.7
28 0.125 99.2 36.1 13.6 59 5.500 152.9 34.1 19.8
29 0.125 99.2 36.1 13.5 60 5.79 154.1 35.0 20.4
30 0.125 99.2 37.4 14.1 61 6.500 160.3 40.9 24.9
31 0.125 99.2 35.7 13.4 62 6.500 160.3 38.5 23.4
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Table 10 Sediment Mass Delivered Summary

Cum. Cum.

Sediment Mass Mass Sediment Mass Mass
Mass Recovered| Delivered| Delivered Mass Recovered| Delivered| Delivered

Run| From| Mass [ from Inlet to to Run| From| Mass | from Inlet to to
# | Scale| Sampled Pipe System | System | # | Scale|] Sampled Pipe System | System

(Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)
1 |13.294| 0.311 4.4E04 2.982 2.435 32 | 6.908( 0.640 4.5E04 6.267 106.186
2 |[3.332 0.331 3.7E04 3.001 4.990 33 | 6.962| 0.666 3.3E04 6.295 111.687
3 |3.449| 0.332 3.4E04 3.117 7.630 34 | 6.938| 0.666 7.9E04 6.271 117.074
4 |[3.596| 0.350 3.6E04 3.245 10.399 | 35 | 6.992( 0.649 9.2E04 6.342 122.715
5 |3.620| 0.344 3.5E04 3.276 13.191 | 36 | 6.990( 0.676 1.0E03 6.313 128.401
6 |3.424( 0.341 2.5E04 3.082 15.847 | 37 | 6.890( 0.660 2.9E04 6.230 133.594
7 | 3.448( 0.339 1.2E04 3.109 18.510 | 38 | 7.210( 0.701 5.2E04 6.508 139.169
8 |3.402| 0.335 1.2E04 3.067 21.111 | 39 | 7.286| 0.700 1.8E03 6.584 144.975
9 |3.474( 0.339 3.7E05 3.135 23.806 | 40 | 7.002| 0.676 9.4E04 6.325 150.347
10 | 3.470| 0.334 4.8E05 3.136 26.506 | 41 | 7.134| 0.676 5.904 6.457 156.039
11 | 3.654| 0.348 2.0E04 3.305 29.328 | 42 | 7.232] 0.701 4.3E04 6.530 161.882
12 | 3.610| 0.349 1.6E04 3.261 32.100 | 43 | 7.116| 0.703 2.3E03 6.411 167.543
13 [ 3.554| 0.344 1.6E04 3.210 34.877 | 44 | 7.002| 0.670 1.5E03 6.330 172.837
14 | 3.442| 0.334 3.7E05 3.107 37.546 | 45 | 7.124| 0.687 4.3E04 6.437 178.357
15 | 3.606| 0.352 2.7E04 3.254 40.364 | 46 | 7.236| 0.693 8.8E04 6.542 184.124
16 | 3.418| 0.321 7.6E05 3.097 43.049 | 47 | 7.196| 0.692 3.9e04 6.504 189.644
17 | 3.422| 0.331 1.4E04 3.090 45,720 | 48 | 7.098| 0.689 3.7E04 6.408 195.166
18 | 3.348| 0.327 1.2E04 3.021 48.330 | 49 | 7.302| 0.698 2.3E04 6.604 200.833
19 [ 3.580| 0.338 2.0E04 3.242 51.147 | 50 | 6.988| 0.667 7.9E03 6.313 206.154
20 | 3.654| 0.356 1.2E04 3.298 54.005 | 51 | 7.130| 0.691 4.2E03 6.435 211.618
21 | 3.556| 0.343 1.3E04 3.213 56.823 | 52 | 7.140| 0.673 1.7E03 6.466 217.185
22 | 3.438| 0.333 3.6E04 3.105 59.508 | 53 | 7.120| 0.685 3.8E03 6.431 222.725
23 | 3.564| 0.347 2.7E04 3.217 62.319 | 54 | 7.030| 0.658 4.7E03 6.367 228.106
24 | 3.362| 0.323 1.2E04 3.039 64.961 | 55 | 7.122| 0.688 7.6E03 6.426 233.577
25 | 3.538( 0.334 1.7E04 3.204 67.765 | 56 | 7.136| 0.689 5.1E03 6.442 239.346
26 | 7.390| 0.713 8.9E05 6.677 73.502 | 57 | 7.214| 0.700 8.0E03 6.506 245.152
27 | 7.174| 0.687 9.7E04 6.486 79.121 | 58 | 6.882| 0.654 4.8E03 6.223 250.476
28 | 6.921| 0.667 5.4E05 6.254 84.440 | 59 | 7.050| 0.703 7.4E03 6.339 255.867
29 | 7.108| 0.681 1.3E03 6.426 89.930 | 60 | 6.896| 0.668 5.7E03 6.222 261.082
30 | 7.056( 0.683 1.9E04 6.372 95.332 | 61 | 6.910| 0.671 1.1E02 6.228 266.130
31 | 7.092 0.682 3.5E04 6.409 100.817 | 62 | 6.334( 0.608 7.1E03 5.719 270.840
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Removal Efficiency Calculation

Removal efficiency was calculated using the following equation from the NJDEP Filter Protocol:

o

) a Average 0
Averagelnfluent AdjustedEflluent § ee
0 g DrawdownFlow g

a 0 a
& 0 &
SSConcentrabn xg SSConcentrabn xg . =
g g- i 8- & ssConcentrabn x 9
TotalVolume TotalVolume & 0
& 8 & TotalVolume 6
¢ -~ ¢

of Test Water of Effluent Water 8 5
geof Drawdown Water=

AverageEffluent TSSConcentrabn x Total Volumeof Test Water

x 100

RemovalkEfficiency (%) =

For each run,ediment concentrations of background, influent, effluent,drad/down as wellas
calculated removal efficiencare summarized imable 11. Three runs were excluded from the
removal efficiency calculations. During Run 1, theluent waterflow line experienced a
momentary introduction of air, causing the measumédent waterflow rate to drop below the
allowable range. One effluent sample each from Runs 4 and 6 were broken in transit to GTE.
Therefore, results from theslereeruns were excluded from the cumulative removal efficiency
calculation.As shown inTable 11, the EcoStram™ 4x4 demonstrated a cumulative sediment
removal efficiency after ten qualifying runs (i.e., after Run 13) of 85.4%. No removal efficiencies
below 80% were experienced.
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Table 11 Removal Efficiencyand Mass Loading CapacityResults

Adjusted Sediment
Adjusted Average | Drain Mass Single
Average | Influent | Average | Effluent | Drain Down | Delivered| Mass of Run Cumulative
Influent | Water | Effluent | Water Down Water to Captured | Removal | Removal
Run TSS | Volume TSS Volume TSS Volume | System | Sediment| Efficiency | Efficiency
# | (mg/L) | (ga) | (mg/L) (ga) | (mg/L) (gal) (Ib) (Ib) (%) (%)
1 194.5 1837 35.2 1738 43.3 99 2.98 2.44 81.7
2 192.5 1869 28.3 1769 33.8 99 3.00 2.55 85.1 85.1
3 199.8 1870 29.8 1770 43.7 99 3.12 2.64 84.7 84.9
4 207.4 1875 30.7 1776 27.0 99 3.25 2.77 85.3
5 209.0 1878 30.7 1779 32.7 99 3.28 2.79 85.3 85.0
6 197.1 1874 26.0 1775 50.3 99 3.08 2.66 86.2
7 199.3 1870 28.1 1771 37.9 99 3.11 2.66 85.6 85.2
8 195.8 1877 29.2 1778 39.5 99 3.07 2.60 84.8 85.1
9 200.3 1875 27.5 1776 38.3 99 3.14 2.70 86.0 85.3
10 200.6 1874 27.8 1774 29.5 99 3.14 2.70 86.1 85.4
11 211.0 1877 30.2 1778 41.2 99 3.31 2.82 85.4 85.4
12 208.3 1876 30.8 1777 40.5 99 3.26 2.77 85.0 85.3
13 205.5 1872 27.2 1773 36.7 99 3.21 2.78 86.5 85.4
14 198.5 1875 27.2 1776 41.8 99 3.11 2.67 85.9 85.5
15 208.0 1874 27.4 1775 34.6 99 3.25 2.82 86.6 85.6
16 198.1 1873 25.8 1774 36.5 99 3.10 2.68 86.7 85.7
17 197.2 1878 26.4 1778 33.7 99 3.09 2.67 86.4 85.7
18 192.7 1878 26.2 1779 27.1 99 3.02 2.61 86.4 85.8
19 206.7 1880 26.9 1780 30.0 99 3.24 2.82 86.9 85.8
20 209.6 1886 28.1 1787 26.6 99 3.30 2.86 86.7 85.9
21 204.9 1880 25.2 1780 25.1 99 3.21 2.82 87.7 86.0
22 197.8 1881 26.7 1782 274 99 3.10 2.69 86.5 86.0
23 205.3 1878 26.2 1779 20.8 99 3.22 2.81 87.4 86.1
24 193.5 1882 25.5 1783 20.6 99 3.04 2.64 86.9 86.1
25 203.8 1884 25.8 1784 17.9 99 3.20 2.80 87.5 862
Cumulative Mass Removed (Ib) (Runs 1 25) 67.8
Total Mass Loaded (Ib)(Runs 1- 25) 78.8
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Table 11 Removal Efficienc

and Mass Loading CapacityResults(continued)

Adjusted Sediment
Adjusted Average Drain Mass Single
Average | Influent | Average | Effluent | Drain Down | Delivered | Mass of Run Cumulative
Influent | Water | Effluent | Water Down Water to Captured | Removal | Removal
TSS | Volume TSS Volume TSS Volume System | Sediment| Efficiency | Efficiency
Run#] (mg/l) | (ga) | (mg/L) (ga) | (mg/l) (gal) (Ib) (Ib) (%) (%)
26 424.5 1885 61.2 1786 34.5 99 6.68 5.74 85.9 86.2
27 413.5 1880 56.7 1781 29.8 99 6.49 5.62 86.6 86.2
28 397.8 1884 60.7 1785 36.1 99 6.25 5.32 85.1 86.1
29 407.8 1888 60.7 1789 36.1 99 6.43 5.49 85.4 86.1
30 405.9 1881 63.2 1782 37.4 99 6.37 5.40 84.8 86.0
31 407.6 1884 60.1 1785 35.7 99 6.41 5.48 85.6 86.0
32 402.8 1865 58.8 1766 39.2 99 6.27 5.37 85.7 86.0
33 402.7 1873 51.8 1774 32.9 99 6.30 5.50 87.4 86.0
34 400.3 1877 574 1778 39.6 99 6.27 5.39 85.9 86.0
35 406.4 1870 44.9 1771 45.1 99 6.34 5.64 88.9 86.2
36 402.3 1881 38.8 1782 60.6 99 6.31 5.69 90.1 86.3
37 395.5 1887 66.3 1788 57.2 99 6.23 5.19 83.4 86.2
38 411.4 1896 59.9 1796 41.5 99 6.51 5.58 85.7 86.2
39 419.2 1883 49.7 1783 46.9 99 6.58 5.81 88.2 86.3
40 398.3 1903 60.3 1804 55.5 99 6.33 5.37 84.9 86.2
41 409.3 1891 48.3 1791 52.2 99 6.46 5.69 88.1 86.3
42 413.0 1895 42.3 1795 64.9 99 6.53 5.84 89.5 86.4
43 406.2 1892 46.5 1793 64.5 99 6.41 5.66 88.3 86.5
44 399.8 1898 65.9 1798 56.3 99 6.33 5.29 83.6 86.4
45 408.3 1889 58.7 1790 47.6 99 6.44 5.52 85.8 86.4
46 417.9 1876 49.2 1777 55.6 99 6.54 5.77 88.1 86.4
47 409.7 1902 62.4 1803 53.7 99 6.50 5.52 84.9 86.4
48 404.3 1900 56.5 1800 45.0 99 6.41 5.52 86.2 86.4
49 419.5 1886 60.0 1787 50.2 99 6.60 5.67 85.8 86.3
50 399.1 1898 63.8 1798 42.6 99 6.31 5.32 84.3 86.3
51 406.5 1898 62.1 1799 45.3 99 6.44 5.46 84.9 86.3
52 412.0 1881 58.8 1782 30.1 99 6.47 5.57 86.1 86.2
53 408.5 1887 57.3 1788 44.3 99 6.43 5.54 86.1 86.2
54 402.6 1897 63.5 1797 40.6 99 6.37 5.38 84.5 86.2
55 407.9 1890 61.8 1784 39.7 105 6.43 5.47 85.1 86.2
56 409.2 1888 42.7 1782 44.0 105 6.44 5.77 89.6 862
Cumulative Mass Removed (Ib) (Runs -b6) 2394
Total Mass Loaded (Ib) (Runs 156) 277.7
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Table 11 Removal Efficiencyand Mass Loading CapacityResults(continued)

Adjusted Sediment
Adjusted Average Drain Mass Single
Average | Influent | Average | Effluent | Drain Down | Delivered| Mass of Run Cumulative
Influent | Water | Effluent | Water Down Water to Captured | Removal | Removal
TSS | Volume TSS Volume TSS Volume | System | Sediment| Efficiency | Efficiency
Run#| (mg/L) | (ga) | (mg/L) (ga) | (mg/l) (gal) (Ib) (Ib) (%) (%)
57 422.7 1847 46.6 1716 30.1 130 6.51 5.81 89.2 86.3
58 411.8 1812 60.4 1712 43.9 100 6.22 5.32 85.6 86.3
59 423.6 1795 66.0 1642 34.1 153 6.34 5.39 85.0 86.2
60 412.3 1810 69.6 1656 35.0 154 6.22 5.22 83.8 86.1
61 411.9 1815 81.5 1655 40.9 160 6.23 5.05 81.1 86.1
62 407.3 1685 75.3 1524 38.5 160 5.72 4.71 82.4 860
Cumulative Mass Removed (Ib) (Runs 162) 270.8
Total Mass Loaded (Ib) (Runs 1 62) 314.9

32




5.5 Sediment Mass Loading

Sediment mass loading for each run was approximat2ps on average for Runs25, and6.4
Ibs for Runs B-62. These data asuummarzed inTable 12.

Table 12 Sediment Mass Loading Summary

Cumulative Cumulative Cumulative Cumulative
Sediment| Sediment Mass Mass Sediment| Sediment Mass Mass
Run | Loading Loading | Captured | Captured | Run | Loading Loading | Captured | Captured
# (Ib) (Ib) (Ib) (Ib) # (Ib) (Ib) (Ib) (Ib)
1 2.98 2.98 2.44 2.44 32 6.27 123.71 5.37 106.19
2 3.00 5.9 2.55 4.99 33 6.30 130.00 5.50 111.69
3 3.12 9.10 2.64 7.63 34 6.27 136.27 5.39 117.07
4 3.25 1235 2.77 10.40 35 6.34 142.61 5.64 122.71
5 3.28 15.62 2.79 13.19 36 6.31 148.93 5.69 128.40
6 3.08 18.70 2.66 15.85 37 6.23 155.16 5.19 133.59
7 3.11 21.81 2.66 18.51 38 6.51 161.67 5.58 139.17
8 3.07 24.88 2.60 21.11 39 6.58 168.25 5.81 144.97
9 3.14 2801 2.70 23.81 40 6.33 174.57 5.37 150.35
10 3.14 3115 2.70 26.51 41 6.46 181.03 5.69 156.04
11 3.31 34.46 2.82 29.33 42 6.53 187.56 5.84 161.88
12 3.26 37.72 2.77 32.10 43 6.41 193.97 5.66 167.54
13 3.21 40.93 2.78 34.88 44 6.33 200.30 5.29 172.84
14 3.11 44.03 2.67 37.55 45 6.44 206.74 5.52 178.36
15 3.25 47.29 2.82 40.36 46 6.54 213.28 5.77 184.12
16 3.10 50.39 2.68 43.05 47 6.50 219.79 5.52 189.64
17 3.09 53.48 2.67 45.72 48 6.41 226.19 5.52 195.17
18 3.02 56.50 2.61 48.33 49 6.60 232.80 5.67 200.83
19 3.24 59.74 2.82 51.15 50 6.31 239.11 5.32 206.15
20 3.30 63.04 2.86 54.01 51 6.44 245.55 5.46 211.62
21 3.21 66.25 2.82 56.82 52 6.47 252.01 5.57 217.18
22 3.10 69.35 2.69 59.51 53 6.43 258.44 5.54 222.72
23 3.22 72.57 2.81 62.32 54 6.37 264.81 5.38 228.11
24 3.04 75.61 2.64 64.96 55 6.43 271.24 5.47 233.58
25 3.20 78.81 2.80 67.77 56 6.44 277.68 5.77 239.35
26 6.68 85.49 5.74 73.50 57 6.51 284.19 5.81 245.15
27 6.49 91.98 5.62 79.12 58 6.22 290.41 5.32 250.48
28 6.25 98.23 5.32 84.44 59 6.34 296.75 5.39 255.87
29 6.43 104.66 5.49 89.93 60 6.22 302.97 5.22 261.08
30 6.37 111.03 5.40 95.33 61 6.23 309.20 5.05 266.13
31 6.41 117.44 5.48 100.82 62 5.72 314.92 4.71 270.84
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Sediment mass loading was calculated fromdhemation of the total sediment mass added
during dosing in each run

Overall, a total o815 Ibs of sediment was loaded into tEeoStreari 4x4 over the course of the
62runs. Total captured mass over t2runs wa271 Ibs.

The relationship between removal efficiency and sediment mass loading is sHegure9.
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Figure 9 Removal Efficiency vs. Sediment Mass Loading
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The relationship between head and sediment mass loading is shBigar 10.
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Figure 10 Head vs. Sediment Mass Loading

5.6 Scour

The scour tedbok place on a unit that hdeen prdoadedper the procedure in the NJDEP Filter
Protocolwith >50%0 of t he manufacturerds recomme.nded
Scour testing was conducted in accordance with Sestudrihe NJDEFRFilter Protocol.Effluent

and background samples were takenording to the schedule shownTable 13.

Table 13 Scour Sampling Schedule

Run Time (min)
Sample
O[1]3|5]7|9| 11| 13| 15| 17 | 19| 21| 23| 25| 27| 29
Effluent XIX|IX|X|X] X X X X X X X X X X
Background X X X X X X X X

The flow rate during thecour run averaged3l gpm @98% of MTFR), witha COV of 0.028,
which is in compliance with the NJDEP Filter Protocol. The maxinuatertemperature during

the scour run wa6l.4 degrees Fahrenheit, which is also in compliance with the NJDEP Filter
Protocol.
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Scour test TSS results are presentedahle 14. The maximum badground TSS concentration
was0.8 mg/L, which is below the maximum of 20 mg/L allowed by the NJDEP FiltetoPob

Each effluent TSS concentration was adjusted by subtracting the background concentration. For
samples that did not have a corresponding background sample, the background TSS concentration
was interpolateddm the previous and subsequent backgrauadm p TS& sofcentratian The

average adjusted TSS aamtration of the effluent i53.3 mg/L. Asthis value is below thJDER
Protocotspecifiedlimit of 20 mg/L, theEcoStreari™ Biofiltration Systemmet the requirement

for on-line use.

Table 14 Scour TSS Results

Scour Test TSS Concentrations (mg/L)
Sample # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Effluent 725 | 362 | 165 | 112 | 111 | 79| 72|66 | 51| 43| 43| 49| 57| 6.4 | 45
Background 0.7 0.3 0.1 0.1 0.8 0.1 0.7 0.3
Adjusted 71.9 35.7 16.2 11.0 11.0 78 | 71|62 44| 39| 42 ) 45| 51 ] 60| 4.2
Effluent
Average Adjusted Effluent Concentration (mg/L) 13.3

MDL = 0.2 mg/L; In cases of nedetect, a value equal to %2 the ML1 mg/L) was used.
6. DesignLimitations

MaximumFlow Rate
The EcoStream” 4x4 has an MTFR of 047 cfs (68 gpm) and a effective filtration treatment
area(EFTA) of 16 ft? (loading rate %.125gpm/ft).

Slope
The EcoStrear™ Biofiltration Systemis recommended for installation witittle-to-no slope to
ensure proper, consistayperation. Steep slopes shob@revewed byADS Engineering support.

Allowable Head Loss

There is an operational head loss associatedtiagtEcoStreami” Biofiltration System.The head
loss will increase over time due sediment loading to the stgm. When configured with an
internal bypassa desigrhead loss 082 inches(from invert of the outlet pipedhould be used.
Site-specific treatment flow rategpeak flow rates, pipe diameteand pipe slopes should be
evaluated to ensure thereais appropriatbead for the system to function properly.

Sediment Load Capacity
Based oraboratory testing results, tieoStrear” 4x4 has a mass loading capacity20fL Ibs
while operating at aumulativesediment removal efficiency o681%.

Pre-treatment Requirements
The EcoStrearf™ Biofiltration Systemdoes not require prgeatment.
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Configurations

The EcoStreari” Biofiltration Systemis available in multiple configurationgjth curb, gutter,
grated inlet, or straigkih pipe inlets TheEcoStrearg can be installed above, at, or below grade
andwith or withoutplantsto allow maximum design flexibility.

StructureLoad Limitations

The EcoStrearii” Biofiltration Systemis typically located adjacent to a roadway and therefore

the precasvault or structures designed to handle-BD traffic loads. For deeper installations or
installations requiring a greater load ceipg the system will be designed and manufactured to
meet those requiremen®DS provides fultservice technical design support throughout the life

of a project and can help ensure the system is designed for the appropriate structural load
requirements.

7. Maintenance Plan

General Inspetion

The EcoStrear Biofiltration System ( fi E ¢ o $“o nreqaimes periodic inspection and
maintenance for it to operate at the design efficiency. The inspection process helps in deciding
when and whaevel of maintenance will be needed to bring the unit up to or near peak efficiency.

As with ADSO other water quality prwllwets, tF
driven mostly by the actual solids and trash/debris load brought into thensyste

The frequency of maintenance depends on thespeeific pollutant loading conditions. ADS
recommends a visual inspection of the system quarterly for the first year of service, and after every
high intensity and higlvolume storm event (1 in/hr andegiter than 3 inches rainfall within 24
hours)occurringduring the first six months. After the first year, systems should be inspected at
least biannually and ideally before the spring or rainy season and after the summer season, or
prior to fall or winte seasons. The inspections should look for signs of but not limited to erosion,
displacement, sediment, and trash accumulations in the upper portion of media bed or planting
area. I't is recommended that some grmedatrthe | Ago.
beginning of the rainy or spring season every year. Depending on the site conditions, full system
maintenance including removal of all media and plant life may be necessary if ponding water
remains on top adhemedia bed for 24 hours after astprm event.

For most maintenance needs, the EcoSt¥gstanting component follows the practices used for
handling standard bioretention systems (i.e., general landscaping, cover management, and
replacement planting of surface plants).

It may be advisdbe t o fAwater o or ™plantareg intgeographical refian® St r e
experiencing droughts or proloed periods without rainfall during the first year of service.
Watering the plant life will help to ensure the plants can take hold and be eswlbbsliuture

growth.

Inspection and General Maintenance Equipment

The following is a list of equipment recommended for inspection and general maintenance.
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APersonal Pr ot ect i doed skogs) safetynglasses, dlopes, rsdfesy vestshard e |
hat, etc.)

AManhol e Hook or Crowbar
ATraffic Cones and Signage
AStadia Rod and Tape Measur e

Alnspection Operation and Maintenance (O&M) L
of guide)

AFl ashlight, Trash r e mbroomhnd tiabhedceptadke vi ce, shov
AvVvac Truck (i f more extensive maintenance i S
ALight Duty Construction Equipment (if bioret
General Inspection and Maintenance Procedures

Routine inspection will ensure that the system is performing at optimal conditions and that the risk
of flooding is low. EcoStreafY inspection involves a visual inspection of the plant surface area,
structure inlet, and the media bed. This can all be done at the surface and requires no confined
space entry into the EcoStredfnunit. An Inspection O&M log should be useahddates and
weather conditions should be noted.

If the EcoStrea is located in a traffic ared.€., roadway or automobile travel way), and
inspection is not possible without entering the vehicular area, safety measures should be employed
(safety cones, efcprior to performing the inspection and maintenance.

For inspection of the treatment chamber of the EcoStéagstem, the manhole cover should be

safely removed (i.e., using a manhole hook). A visual inspection of any inlet grates should be
noted. If grates armissing or inlets are damaged, contact ADSrégairrecommendatiosn A

visual inspection of the general appearance of the EcoStfesimould be performed, and notes

should be taken detailing the condition of the surface plant life, invasive speciesomtr
vandal i sm, erosion in the planting area and a
surface soil bed area. This general system condition should be noted in the inspection/maintenance
log.

If the plant life and surface media show sigriglistress, general landscaping O&M should be
performed, i.e., raking, weeding (removal of invasive plants), and general planting replacement to
maximize the cover area in the planting bed/media treatment chamber. If ponding of water is
present in the mea treatment cell and the last rain event was greater than 24 hours prior, further
inspection should be performed to ensure the effluent pipe is not blocked.

A visual inspection (with a flashlight if needed) of the inlet (pipe or curb) and medishbed

be performedRemove all trash and debris from the inlet and toghe@media bed manually or by
vacuum truck as required. If there is a visible sediment load or the media bed appears to have been
greatly disturbed during preceding storm events, relligtior replace the tggowth medidayer
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as needed. If sediment load is heavy, removegitbeth medidayer and inspect the biofiltration
media and replace the top twwhes of media if it appears clogged. Additionally, a further
inspection should bendlertaken within 24 hours after a major storm event to see if there is standing
water in the system. Water stagnation in the treatment chamber indicates that media bed
replacement may be recommended. ADS Field Engineering can assist with this analysis.

ADS should be contacted for material specifications and replacement parts. Media chamber
replacement will involve utilizing small construction excavation equipment.

Disposal of material from the treatment chamber should be in accordance with the local
municipalitydés requirements. Typically, tradi
solids and trash obtained from servicing the EcoSttéamall ADS at 806821-6710 for further
information.See the O&MGuidanceManual at

https://www.adspipe.com/resources/documents/46 DAADBGD-4B222AC03FBEF7310E895

8. Statements

The attached pages include signed statements fiee manufacturer (Advanced Drainage
Systems, Inc.), thedependenthird-party observer (Boggs Environmental Consultants, Inc.), and
NJCAT. These statements are included as a requirement for the verification process.
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March 01, 2023

Dr. Richard S. Magee, Sc.D., P.E., BCEE

New Jersey Corporation for Advanced Technology
c/o Center for Environmental Systems

Stevens Institute of Technology

One Castle Point on Hudson

Hoboken, NJ 07030

RE: Verification of the EcoStre8fBiofiltration System
Dr. Richard Magee,

Advanced Drainage Systems is pleased to provide this lettmurestatement certifying that the
protocol,

oNew Jersey Department of Environmental Protection Laboratory Protocol to Assess Total Suspended

Solids Removal by a Filtration Manufactured Treatment Dévicé b W5 9t CAf G SNJ t N2 (G202 f
2022), was statly followed while testing our EcoStredfBiofiltration system. The testing was

performed at the ADS Water Quality Laboratory, located in Mount Airy, MD under the direct supervision

of Boggs Environmental Consulting (BEC) in full compliance with adsdgd@lprotocol and process

criteria. All data pertaining to the EcoStre8fisystem NJDEP Protocol test is included in the Verification

Report.

Regards,

Bo Liu, P.E. Ph.D.
Advanced Drainage Systems
Research Engineer

Phone (301)252418
e-mail: bo.liu@dspipe.com

cc Joe Chylik, ADS

Our reason is water."

Advanced Drainage Systems, Inc. // 4640 Trueman Boulevard, Hilliard, OH 43026 // Tel (614)658-0050 // adspipe.com




Middletomam, MD & Morgantowen, WV

‘ BOGGS wmmome

Middletown, Marjland 31969 Fax  (301) Gad-g759

Mfarch 28, 2023

Advanced Drainage Systems, Inc.
1207 Park Radge Drive
Moumt Ay, MD 21771
kevin chase{fiadspipe com
ATTENTION Eevin Chase
Vice President Project Ensinesnng
REFERENCE: Third Party Review of Testing Procedures of the
Advanced Drainage Systems (ADS) EcoStream™ System at the
ADS Water Crabity Laboratory
1207 Park Fadge Dirive
Mount Ay, MID 21771
BOGGS ENVIRONMMENTAL CONSULTANTS, INC. (BEC) provided Third Party Rewview services for the testing of the
EcoStream™ system to evaluate if the required testing mests certification standards established by the Mew Jersey Department of

| LABORATOREY TESTING PROCEDUEES & METHODOLOGIES

*  New Jerzay Department qf Emarommental Protection, Laboratory Protocol to Assess Towal Suspended Solids Removal
by a Filtration Mamgfactured Treamment Device, dated Jomary 14, 2022,

* (OAPP for Farjfication Testing of the Advemced Dvamape Sztems Stormrwater Filtration Treatmemt System
EcoStream™ in accardance with the MIDEP Testing Protocol (2022).

| ONSITE THIRD-PARTY OBSERVATION OF TESTING PROCEDURES

BEC was present at the ADS Water Cruality Laboratary, at 1207 Park Ridge Dimve, m Mowmt Ay, MD 21771, to observe 62
removal efficency / mass loading capacity nms and the scowr o to enswre that all testing, data collecton, and handling of
samples were conducted m accordance with the estabhzhed protocol.

| THIRD-PARTY VERIFICATION & OPINIONS

*  That the testing of the EcoStream™ at the ADS Water Quality Laboratory was conducted in accordance with the New
Jerzey Department of Emironmental Protection, Laboratory Protocol to Assess Toial Suspended Solids Removal by a
Filtration Manyfactured Treatment Device, dated Jomuwary 14, 2022 and procedures established m the G4PP for
Verification Testing qf the Advanced Drainags Systems Stormwater Filiration Treatment System EcoStraam™, prepared
by Advanced Dainage Systems, Inc., dated October 20, 2022, and Bevisad November 14, 2022

*  The report tifled NJCAT Tachnology Pearification of EcoStramm™ prepared by Advanced Drainage Systems, Ine | dated
March 2023, used applicable NICAT protocol and acourately reflects the festing observed by BEC.

Should vou have any questions, contact our office at vour earhest comvemence.
Smearaly,
BOGGS ENVIRONMENTAL CONSULTANTS, INC.

Wbl R Wi
William R Warfal ‘
e I W L

ENVIRONMENTAL SCTENCE, ENGINEERING & INDUSTRIAL HYGIENE SERVICES
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