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1. Desciption of Technology

The HydroworksHydroFilter is a stormwater management device designécadstormwater
via filtration. HydroFilter canalso be integratedwith storage for ifiltration to maintain the
hydrologc cycle during urbanizatiorHlydroworks hasmodified the SWMM model to include
infiltration storageto be able to design storage meet any state recharge requirement.
Maintenance of the hydrologic cycle helps prevent floodengsion and promotes watgunality

by maintaining the stream geomorphology. Maintenance of the hydrotygle requires
infiltration to reduce ta additional stormwtar volume and reduction in infiltration that occurs
with standard development.

The requiement for infiltration iscomplicated by the fact that urbanization increases pollution
and it would le detrimental to the environment to meraifiltrate this poluted water. Therefore,
there is a need to pretreat the water that is to be infiltrabed @rbanized areas such rasds
and parking lots. HydroFilter provides the pretreatment and infiltréitecharge) in one device.

Many site infltration practicesry to infiltrate all the watertahe low point of the site just prior

to connection witithe municipal storm draisystem. This is not the same as predevelopment
infiltration which is dispersgall over the site. Centralized infiltrath can be problematisince

the storm sewer is too deep, requiring an outlet control device to back upupsiieram to get
the requied infiltration volume. Centralized infiltration can cause groundwater mogretal
sealing of pores reducing infiltratiaccapacity.

Low Impact Development (LID) practices promote more infiltration at the source. HydroFilter
canbe considered a LID pracé since the intention is to promote dispersed infiltration around
the site akach inlet which is a more holistic appobieto maintenance dfie hydrologic cycle.

As stornwater treatment stotures fill up with pollutants, they become less effective in
removing new pollutionln separators detention time is reduced and theree@egmpotential for
re-entrainment of settled solids. In filgerthe accumulation of solids in the filter requires
increased head tachieve thalesignflowrate, leadingo the potentialfor greater anual bypass
volumes anda reduction in the volume oftemwater filtered.Therefore, it is important that
stormwatertreatment structures be maintained on a regular basis to ensure that they are operating
at optimum performance. TheydroFilter is no diferent in this regard.

Operation

The Hydroworks HyduFilter is a LID devie since it promotes the maintenance of the
hydrologic cycle. Unlike many infiltration systems however, HydroFilter was designed for
dispersed infiltration @und the site, such as inlets or catch basjSge Section 5 Design
Limitations, Infiltration Regulatory Requirements

Under normal or low flows, war enters the structa through a grate or inlet. Incoming wate
builds up arand the filters and cread&ead to drive water radially into the filter cartridges from
theoutsidetttugh to the center of mim)ediameter opanentdrg e . Th



that runs thragh the center of each cartridge. Watexctdng the cemetr opening falls by grawit

into the base plug an conveyed out of the structure by a pipda(gp a storm drain or
optionallyinto the surrounding ground to kgfiltrated (Figure 1). A solid deflectorconewith an

air-port is paced on the top filtecartridge to prevat incomng wat er from enteri
mm) diameter opening without passing through the filter.
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Figure 1 Hydroworks HydroFilter Operation 7 Low Flow



If the flow rate into the structure exceeds the flow capacityhef filter water will bypass
(overflow) into the downstream storm drgiRigure 2).

4|
o a
Deflector Cone —H_
Overflow Pipe / Storm Drain
. : EEE—
Fliter Cartridges —
-
a
/ |_— Base
—
4 5 = a, a. - '
El ‘ e 4 o % 4 4 . as=
Ll

Storm Drain or
Recharge Storage

Figure 2 Hydroworks HydroFilter Operation 1 Bypass

It should be noted that the HydroFilter can be installed inym@onfigurations (round or
rectangular structures) with one or marartridges in a stack @hone or more stacks per
structure Therefoe, the confyuration of the HydroFilter varies dependingtbe flow rate to be

treated andvhether the design incorporaiesltration.



2. Laboratory Testing

The test program was wduced at the Aden Research Labatory, Inc. (Alden), Holden,

Massachusettsunder thedirect supervisio o f Al dends senior stor mw

Mailloux. Alden has performed verificatioresdting on Hydrodynamic Separator and Filtration
Manufacturd Treatment Dewes (MTDs) for maufacturers under various statedafederal
testing praocols. Particle size distribution (PSD) analysisas conducted by GeoTesting
Express,Inc., Acton, Massaclsetts. GeoTesting is an AALA ISO/IEC 17025 accredited
indeenden laboratoy. Water quality amples collected during e¢htestng processwere
analyedinAl den6s Cali bration Laboratory, which

Laboratory testing was done in accarda with the New Jersey Department of Environmental
Protecion fiLaboratory Protocol to Asses3otal Suspended Solids Removal b Filtration
Manufactured Treatment DevicgJanuary2013) (NJDEPFilter Protocol). Prior to starting the
performance testingrpgram, a quality assurance project plan (QAPP) was swdairitt and
approsed by the New Jesey Corporation for Advanced Trewlogy (NJCAT) as pe the NJDEP
certificationprocess

2.1 Test Setup

The tested treatmerfilter was comprised of two (2)&Rda i amet er X 120
interlocking filter cartridgs irstalled ina 3ft diameter tak. Each cartridge contained a
proprietaryfilter meda. The inner and outer flow surfaces of the cartridges were perforated. A
2 4-diameter by approximately d:high deflection cone was installed on the top cartridblee

filter assenbly was installed n  ad i 2adnve t e-high baye pdd@stawhich was sealed to

the tank floor.Wat er was conveyed i nt-diametdr aletpipenvkhichb y
dscharged onto a sl oped i Theflow was déledted aroundrthgg a
annular space between the filtard tankand was coveyed radially through the cartridges. 8 6
center openingn each cartridgeonveyed the treated flow dowvimto the base pedestal and into a
60 outl et phe oteom bf dve tank. e The pip@vas sealed to the pedestal and tank
wall. A 6 paslkpipe was instadtl with the invert elevation at 3.04 ft. The pipe was connected
to a tee in the outlet pgoupstream of the sampling point. The annular area arthenthse
pedesth(3.93 ff) was @signed as a settling area for larger plasi. Aseies ofanti-scourflaps
were installed at the height of the pedestal {deather condition) to protect theaptured
sediment from scour.

Drawings of theHydroFilter testunit are sbwn onFigure 3. Photograpls showing thefilter
installed inthe testloop areshown onFigure 4, Figure 5, and Figure 6. The bottom riser
section shown in the photographs wasduseelevate the tank for sampling purposes and was not
pat of the treatmst system.
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Figure 4 Hydroworks HydroFilter Test Setup



Figure 6 Outlet and Bypass Piping



The HydroFilter systenwas installed in the Alden test lpostown onFigure 7, which was set

up as a recirculation system. The looms desiged to provide metem flow up to
approximately 1 cfs. Flow was supplied to the unit wittOHPlaboratory pmp, drawing water

from a 50,00@gallon supply sump.The tes flow was seu s i n g aicePplatd differential f
pressure (DP) metend correponding control valve A DP cell and computer Data Acquisition

(DA) program was used to record the test floWwentyf i ve (25) feet of st
influent pipe coneyedthe meteed flowto aslopdi nl et tray contaiaing a
inlet grate. Two (2) feetof 6 0 PVC-dghamed the effuent flows to an effluent
channel, which returnedhé flow to the supply sump. The influent and effluent pipeseset at

1% s | opes . e wasdocaed pipediameters (2 ft) upstiam of tle sloped inlet, for

injecting sediment into the crown of the influent pipe using a varsded auger feeder.

Filtration of the supply sump was performed with asiin filt er wall cntaining Xmicronbag
filters.
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Figure 7 Plan View of AldenFlow Loop



2.2 Removal Efficiency Testing

Sediment testing was conducted to determine the removal efficiencyJlassveediment mass
loading capacityThe sediment testingas caducted o an initially clean system at th&00%
MTFR of 25 gpm (as setted byHydroworks). A mininum of ten (10) 3@minute test runs
were required to be conducted to meet the removaliezitig criterion. Additional runs were
conducted to determenthemaximummass loading. Theaptured sediment was not removed
from thesystem beveen test runsThetotal mass injected into the systevasquantified at the
conclusion ofall the runs This datawas used for determination of the required mainteeanc
frequency.

The test sedimenwvas prepared by Alden to meet the PSD gradabdf 1-1000 microns in
accodance with the distribution shown @olumn 2 ofTable 1. The sedimenivas silica based,
with a specific gavity of 2.65. Three randonPSD samplesf thetestsedimentwereanalyed

by GeoTeting Expressan indgendent certified analytical laboratongsing ASTM D 42263
(2009 AStandar dofMeBar tMied Ihe d S if z &he Average pfshe sthe o f
sanples wasused for compliace with the protocol. Additional discussiafi the £dment is
presentedn Section4.1

Table 1 Test Sediment Particle Size Distribution

Table 1: Test Sediment Particle Size Distribution'

P?;,t[iiz:-::):?si)ze Target Minimum % Less Than?
1,000 100
500 95
250 90
150 75
100 60
75 50
50 5
20 35
] 20
5 10
> 5

1. The material shall be hard, firm, and inorganic with a specific gravity
of 2.65. The various particle sizes shall be uniformly distributed
throughout the material prior to use.

2. A measured value may be lower than a target minimum %5 less than
value by up to two percentage points, A measured value may be lower
than a target minimum % less than value by up to two percentage
points (e.g., at least 3% of the particles must be less than 2 microns in
size [target is 5%]), provided the measured d50 value does not exceed
75 microns..

The target influent sedimentconcentration w&s 200 mg/L (+/-20 mg/L) for all tests The
concentration was verified by collectirigree timed dry sanmgs at the injector and correlating
the data with the measured average flow to verify the influentecration values for each test.
The allowed Coefficient o¥ariance (COV)for the measuregamples wa£0.10.The madsture

8
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contentof the test sedimenwas determined using ASTM D4989. The protocol requirs the
temperature athe supply wateto be O80 degrees .F

Five (5) timestamped effluent samples wereleoted from he end of the outlet pipe daog
each run. A minimunof three detentionimes were allowed to pass before collecting a sample
after the start of sediment feed and when the feedim@supted for injection measurements.
Three (3) backgroungamples oftie supply water were collecteluring each run. Themples
were collectd with each odehumbered effluent sample (1, 3 & 5). Collected samples were
analyzed for Suspended Solidsencentration (SSC) usil®STM D397797 (2019).

At the conclsion of a runthe injection feed was stppd and timestamped. Te flow was
stopped #&er a duration of 18econds had passed. Two (2) voldbased evenkgpaced
effluent samples were collext from the pipe during drawdown.

2.3 Scour Testing

Scour esting was caducted at the conclusion dfie removal efficiency red mass loading
testing, to qualify the filter as an ofline system. The target flow 200% MTFR) was reached
within 5 minutes binitiating the test. A total of fifteen (15) effluent samplwere colleted
over a period of 30 mirias (every 2 minutes)tasting 2 minutes aér reaching the target flow.
Each #luent grabsample for sediment concentratiomseollectedfrom the ed of the effluent
pipe by sweeping a-liter beaker throughhte effluent 'eam Eight background samgs were
collected duringhe test, in conjurton with each oddhumbered effluent sample (1, 3, 5, etc.).
The system qualified for elne installationif the average effluent concentration (adjusted for
backgroud ) wasg/lO 20 m

An additional scour test was conducted at 50 ¢p00% MTFR)on thefully loaded HydroFilter
with thev au | t pr el oad®e micron pdriiclesuskoivm ifablel8. The vault
settling areavas cleaned prior to preload.

24 Instrumentation and Measuring Techniques

Flow
The inflow to the test univas measured usiregl. 50 <cal i br at ed opresstirée ce pl
flow meter. The meter was fabricated per ASME guidelines and adlibe d in Al de

Calibration Department prior to the start of testinfhe high and lowpressure lines from the
metker were connected toanifolds containing isolation valves. Flows were sehwitcontrol
valve and the differential head from the meter wassured using Rosemourit 0 to 250inch
Differential Pressureell, alsocalibratedat Alden prior to testing. All pressure lines andells
were purged of air (bled) prior to the start ofledest. The testflow was averaged and recorded
every 5 seaads throughout the duration of each test run using dmouse comperized data
acquistion program. The accuraof the flow measurenmt is °1%. A photograph of the flow
meters is shown oRigure 8.



Figure 8 Photograph Showing Laboratory Flow Meters

Temperature

Water temperature measurements within the supphgpswere obtained ang a calibrated
Omegd DPX temperature probe drreadout device. The calibration was performed at the
Aldenlaboratoryprior to testing The temperaturmmeasuremenwas documented at the start and
end of each test, ensurean accepble testing tempeture ofO80 degrees F.

Pressure Head

Pressure head (water level) measurements were recorded in the tesingkpiezometer tap
andan Omegadyne PX419D- 2.5 psipressure transducer (RT)he PT was calibrated at Alden

prior to testing Accuray of thereadings i 0.001 ft The PT was installed at a known datum

in relation to the tank floor. Water level (driving head) measurements were averaged and
recorded every 5 seconds during each test run. A photograph of theg@iassumentatioms
shownon Figure 9.

10



Figure 9 Pressure Measurement Instrumentation
Sediment Injection

The test sediment was injected into the crown of the influent pipe using an® Auaglemetric

screw feeder, model VVE, shown orFigure 10. The auger feed screvdriven with a variable

speed drive, was calibrated with the test sediment prior to testing. The calibration, as well as test
confirmationof the sediment feed was accomplished by collecting timed dry sampleslioéi0.1

up to a maximm of 1-minute, andveighingthem on an Ohaédst000g x 0.1g, model SGD10

digital scale. The feeder has a hopper at the upper end of the auger to provide a constant supply
of dry test sediment. The allowable Coefficient of Variance (COV) for the injersi.10.

Figure 10 Phatograph Showing Variable Speed Auger Feeder
11



Sample Collectio

Effluent samples were collected inrliter containers from the end of thed @ffluent pipe.
Background concentration samples were collected from the center adrtivalvpipe upstram
of thetest unit with the use of a calibratsokinetic sampler, shown dfigure 11

Figure 11 Photograph Showing the Background Isokinetic Sampler
Sample Concentration Analysis

Effluent and background concentration samples veagdyzed by Aldenn acordance with

Method B, as described in ASTM Designation: D 39772019) iStandard Test
Determining Sedi ment Concentration in Water S
sediment testing did nogsult in any disseedsolidsin the samfes and therefore, simplified the

ASTM testing methods for determining sediment concentration

25 Data Management and Acquisition

A designated Laboratory Records Book was used to document the conditionstarehipeata
entriesfor eachtest conduad. All entriesvereinitialed and dated.

A personal computer running an Aldenhiouse Labvie® Data Acquisition program was used

to record all data related to instrument calibration and testing. -Bit Idational Instrument$

NI6212 Andogto Digitallto ar d was wused to convert the signa
in-house data collection software, by default, collects one second averages of data collected at a
raw rate of 250 Hz. The system allows verygawontiguous dataall edion by continuasly

writing the collected -second averages and their RMS values to disk. The data output from the
program is in tab delimited text format with a udefined number of significant figures.

12



Test flow and pressadata werecontinwusly collected at drequency of 250 Hz. The flow data
was averaged and recorded to file every 5 seconts.recorded data files were imported into a
spreadsheet for further analysis and plotting.
Excel based data sheets were usegktord all data sed for quantifying injection rate, effluent
and background sample concentrations. The data wput to the designated spreadsheet for
final processing.

3. Performance Claims

Per the NJDEP verification procedure and based on the tabprzsting condued for the
Hydrowoiks HydroFilter, the following are the performance claims made by Hydroworks, LLC.

Total Suspended Solids (TSS) Removal Efficiency

Based on the laboratory testing conducted, the HydroRilercartridge filter systa tested
achieved a 85.3% cumulative TSS removal efficiency.

Maximum Treatment Flow Rate (MTFR)

The HydroFiltertwo cartridge filter systerhas an MTFR o025 gpm (0.06 cfs) and an effective
filtration treatment area (EFTA) d2.57ft2 (loading rate 2.0 gpm/ft).

Detertion Timeand Volume

The HydroFilter two cartridge filter systemaximumwet volume is7.85ft3, and the detention
time varied from2.4 to 3.9minutesover the course of the testiagthe test flow rate &5 gpm.

Effective Sedimentation Treatment Area

The Effective Sedimrtation Treatment Aea (ESTA) for the test systeris 3.93ft? and the ratio
ESTA/EFTAIs0.31

Sediment Loa@apacity/Mass Load Capture Capacit

Based on laboratory testing results, tHgdroFilter two cartridge filter systerhas a mass
loading capacityf 31.8Ibs and a mss loading capture capacity 7.1 Ibs (2.1 Ibs/ft of filter
area)

Maximum Allowable Inflow Drainage Aae

Laboratory testing results show ti&dt.8 Ibs of sediment can be loadedto a HydroFilter two
cartridge filter systemwhile achieving a cumulate sdiment mass removal affiercy of 85.3%

(mass loading capture capacity2%.1 Ibs). Per the NJDEP Filter Protocol, to calculate the
maximum inflow drainage area, the total sediment load captured mass observed during the test

13



(27.11bs) is divided by600lbs/acre. Thus, the maxnum inflow drainage area 3.05 acres.

4. Supporting Documentation

The NJDEPProcedurgNJDEP, 201B) for obtaining verification of a stormwataranufactured
treatment deviceMTD) from the New Jersey Corpion for Advanced Tehndogy (NJCAT)

requires thaf cpes of the laboratory test reports, including all collected and measured data; all
data from performance evaluation test runs; spreadsheets containing original data from all
performance test runs; gliertinent calculatios; e t de imcluded in thissecton. This was
discussed with NJDEP and it was agreed that as long as such documentation could be made
availableby NJCAT upon requeghat it would not be pruderdr necessaryo include all this
informétion in this verifcation report. This informaton was provided to NJCAT

4.1 Test Sediment PSD Analysis

The sediment particle size distribution (PSD) used for removal efficiency testing was comprised
of 1-1000 micron silicaparticles, as showin Table 1. The Specific Gravity (SG) of the
sediment mixes was 2.65. Commerciallailable silica products were provided by AGSCO
Corp., a QAS International 1IS@001 certified company, arilended by Alden asequired Test
batches wergrepared in individual Egallon buckets, which were arbitrarily selected for the
removal testing. A welinixed sample was collected from three random test batches and
analyzed for PSD in accordance with A3TD422-63 (2007), l§ GeoTesing Express, an
ISONEC 17025 accredited independent laboratory. The average of the samples was used for
compliance to the protocol specifications listed in Column Radifie 1. TheDso of the samples
rangedfrom 56 to 65 microns, wh an average of 60 microns. The PSD data of the samples are
shown inTable 2 and the corresponding curves are showfigare 12.

Table 2 PSD Analyses of Alden NJDEP 11000 Mix

Particle size
(em)

NJDEP
Specification

Sample 1

Sample 2

Sample 3

Average

1000
500
250
150
100

75
50
20

100%
95%
90%
75%
60%
50%
45%
35%
20%
10%

5%

100%
96%
91%
76%
60%
53%
48%
33%
18%
12%

4%

100%
96%
91%
76%
60%
53%
48%
34%
19%
13%

5%

100%
97%
93%
75%
61%
52%
46%
35%
19%
15%
4%

100%
96%
92%
76%
60%
53%
47%
34%
19%
13%

4%

75

Dso

56

59

65

60

14



The sediment particle size distribution (PSD) used for removal efficiency testing exceeded the
NJDEP PSD sediment specificationgable 1) across the entire distributiothe Dso of 60
micromrs was les than the require@S microns.

100%

90%

80% /
70% —o—NJIDEP

-

60% —a— Average PSI
50% /
40%

30%

%-Finer

20%

10% /

O% T T T T T L L L L L] T T T

1 10 . 100 1000
Microns

Figure 12 PSD Curves of 11000 micron Test Sediment and NJDEP Specifications

4.2 Removal Efficiencyand Mass LoadingTesting
TestingSummary

Ten (10) emoval efficiencytests (runs 1L0) andten (10) mass loadg tess (runs 1120) were
conducied ata target flow of 25 gpm (100% MTFR). The mass loading tests were a continuation
of the removal efficiency testing. The duration of the runs ranged from 35 to 38 minutes, with a
target influent sednent concentrationf 200 ny/l. All test runsmet a exceeded the protocol
testing criteria.

The removal efficiencies were calculated using #verageinjected influent concentrations
shownin Table 4, andthe adjusted effluent and drawdown sediment concentrations dnehinf
effluent and drawdown volaes shown in Table 3 using Equation 1. The measured and
calculated data for the 20 runeeashown inTable 4 and Table 5. The injected andapturel
mass are shown ifiable 6. Theremoval efficiency vs mass loading is shownFigure 13. The
recorded driving &ad at the end ofaehrunvs mass loadings sltown on Figure 14.
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Average

Average Influfent Adjusted Effltlient Drawdown Flow
TSS Concentration X TSS Concentration X .
— — | TSS Concentration X

Total Volume Total Volume Total Volume
of Test Water of Effluent Water of Drawdown Water

Average Influent TSS Concentration X
Total Volume of Test Water

Removal Ef ficiency (%) =

X 100

Equation 1 Equation for Calculating Removal Efficiency

RemovakEfficiency Testing

The measured flow ranged from 24.9 gpm to 25.0 gpm, with an average flow of 25.0 gpm. The
calculated COV was 0.002 for all test runs. The maximum recordgzktatures rangeadm

69.2 to 75.8 degrees FThe neasured injected influee concetrations ranged from 198 to 206
mg/L, with an average concentration of 202 mg/L. The injection COV ranged from 0.007 to
0.018 for all test runs. The injected mass wantiiied at the enaf the removal tests (run L0

The calculatedotal mas injected/total test watewolume influent concentration was 211 mg/L.

The average adjusted effluent concentrations ranged from 22.9 to 46.4 mg/L and the average
drawdown concendtions ranged from39 to 23.1 mg/L. The dragown duration for the runs
increasedsequentially from 19 minutes to approximately 45 minutes. The calculated removal
efficiencies utilizing the injected concentration ranged from 77.3% to 88.8%, with dativau
averagesedment removal of 85.1%. Thend-of-test average removalfigiency using the
mass/volume concentration was 86.2%. The maximum driving head, which was recorded at the
end of run 10, was 2.64 ft, which correlates to 0.40 ft below bypass.

The calculated imctel mass was 15.09bs, whle the quantified mass was5B1 Ibs
(approximately 5% higher)

Mass Loading Testing

The measured flow ranged from 24.9 gpm to 25.1 gpm, with an average flow of 25.0 gpm. The
calculated COV was 0.002 fall test runs. Thenaxmum recorded temperatweanged from

73.4 to 76.5 dgrees F The measured injected influent concentrations ranged from 198 to 206
mg/L, with an average concentration of 202 mg/L. The injection COVs ranged from 0.010 to
0.019 forall test runs. Thenjected mass was quantified the end of mass loadingsts (un

20). The calculatetbtal massinjectedtotal test watewolume influent concentration was 205
mg/L, with a calculated average concentration of 208 mg/L for all tast(it20). The aveage
adjusted effluent concémations ranged from 24.7 t87.4 mdL and the average drawdown
concentrations ranged from 13.8 to 23.7 mg/L. The drawdown duration for the runs increased
sequentially from approximately 45 to 110 minute§.he calculated remwal efficiencies
utilizing the injected concentration rgad from82.0% to 88.0%, with a cumulative average
removal of 85.3% for all twenty (20) runs. The @feest average removal efficiency using the
mass/volume concentration was.B%. The maximumriving head, which was recadl atthe

end of run 20, wa2.96 ft which correlates to 0.08 ft below bypass.
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The calculated injected mass for runs2Dlwas 15.78 Ibs, while the quantified mass was 16.00

Ibs. The total quantified massjected during alfuns was 31.81 Ibs, which wappoximately
3% higher tlan the elculated injected mass of 30.87 Ibs.

Table 3 Removal Efficiency Summary

Average Avgrage Avgrage )

Concentration Concentration | Concentration eleney verage

mg/L mg/L mg/L L L L
1 203 27.6 19.3 3353 3253 100 86.5% 86.5%
2 202 28.8 16.6 3350 3238 113 86.0% 86.2%
3 202 314 231 3352 3226 126 84.6% 85.7%
4 200 46.4 217 3364 3229 135 77.3% 83.6%
5 203 351 22.0 3360 3216 144 83.0% 83.5%
6 200 24.2 13.9 3361 3211 150 88.1% 84.2%
7 202 229 16.5 3356 3199 157 88.8% 84.9%
8 202 30.7 22.6 3357 3193 164 85.0% 84.9%
9 203 33.0 17.6 3547 3375 171 84.1% 84.8%
10 200 24.7 15.6 3548 3369 178 87.9% 85.1%
11 203 24.7 15.8 3538 3356 182 88.0% 85.4%
12 201 26.8 210 3561 3374 187 86.8% 85.5%
13 202 35.7 17.9 3543 3351 192 82.8% 85.3%
14 203 31.0 18.2 3545 3348 196 85.1% 85.3%
15 201 26.2 19.7 3547 3348 199 87.1% 85.4%
16 202 374 19.1 3554 3349 205 82.0% 85.2%
17 202 27.6 13.8 3557 3351 206 86.7% 85.3%
18 201 27.5 22.4 3553 3342 211 86.5% 85.3%
19 202 32.6 18.0 3545 3333 212 84.3% 85.3%
20 202 27.4 237 3548 3333 215 86.5% 85.3%
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Table 4 Measured Test Parametes

Run # Dl,;l—thSiton Measured Flow Max Temp Bacli\/g;arlzund Influent Concentration (mg/L) QNQ_C
Compliant
minutes gpm CoVv Deg. F mg/L Minimum | Maximum | Average Ccov
1 35.5 25.0 0.002 70.0 0.5 201 204 203 0.007 Y
2 355 24.9 0.002 69.2 0.5 199 206 202 0.018 Y
3 35.5 25.0 0.002 69.7 0.5 200 203 202 0.007 Y
4 355 25.0 0.002 69.8 0.5 199 202 200 0.008 Y
5 35.5 25.0 0.002 70.2 0.5 201 206 203 0.013 Y
6 35.5 25.0 0.002 74.6 0.5 198 203 200 0.013 Y
7 35.5 25.0 0.002 74.5 0.5 199 205 202 0.015 Y
8 355 25.0 0.002 74.5 0.5 199 205 202 0.015 Y
9 375 25.0 0.002 75.7 0.5 201 204 203 0.008 Y
10 375 25.0 0.002 75.8 2.6 199 202 200 0.008 Y
11 375 24.9 0.002 76.4 0.5 200 206 203 0.013 Y
12 375 25.1 0.002 76.5 1.2 198 203 201 0.012 Y
13 375 25.0 0.002 74.8 0.5 199 206 202 0.019 Y
14 375 25.0 0.002 74.8 15 200 206 203 0.015 Y
15 375 25.0 0.002 734 0.5 199 203 201 0.010 Y
16 375 25.0 0.002 734 1.0 199 206 202 0.018 Y
17 375 25.1 0.002 73.9 0.5 199 206 202 0.016 Y
18 375 25.0 0.002 74.1 11 199 204 201 0.013 Y
19 375 25.0 0.002 75.3 1.0 199 205 202 0.015 Y
20 375 25.0 0.002 75.4 13 199 206 202 0.019 Y

Mimimum Detecion Limit (MDL) = 1.0 mg/L Concertrations below the L areconsideed nondetect andhre

reported as 0.5 mg/L
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Table 5 Measured Sample Concentrations

Adjusted Drawdown

Run # Adjusted Effluent Concentrations (mg/L) Concentrations (mg/L)
#1 #2 #3 #4 #5 Average #1 #2 Average
1 27.0 28.2 26.1 28.0 28.8 27.6 17.8 20.9 19.3
2 32.0 29.4 31.2 24.2 27.4 28.8 20.0 13.1 16.6
3 35.6 31.8 333 27.8 28.7 31.4 29.8 16.5 23.1
4 53.1 65.3 44.1 35.3 34.3 46.4 28.2 15.2 21.7
5 50.4 34.0 30.5 29.7 30.7 35.1 335 10.6 22.0
6 24.9 24.5 24.8 23.9 23.0 24.2 21.6 6.1 13.9
7 21.3 22.2 22.6 24.4 24.1 22.9 25.8 7.2 16.5
8 31.9 32.7 32.2 29.2 27.7 30.7 37.4 7.7 22.6
9 33.1 34.4 34.6 31.6 31.6 33.0 29.2 6.0 17.6
10 25.9 26.3 25.0 235 22.7 24.7 27.3 3.9 15.6
11 24.7 26.4 24.4 24.3 23.9 24.7 26.4 5.2 15.8
12 27.1 28.9 27.9 24.4 26.0 26.8 37.3 4.7 21.0
13 35.9 36.9 36.3 35.1 34.2 35.7 31.0 4.9 17.9
14 33.2 32.4 32.3 28.6 28.4 31.0 31.1 5.3 18.2
15 25.2 24.8 26.0 28.1 26.9 26.2 32.9 6.5 19.7
16 41.8 41.7 41.9 31.4 30.4 37.4 33.6 4.6 19.1
17 30.9 29.4 28.3 25.2 24.4 27.6 24.2 35 13.8
18 30.5 28.9 27.1 25.0 25.9 275 40.3 4.4 22.4
19 36.1 34.1 32.8 30.1 30.1 32.6 31.9 4.1 18.0
20 30.8 26.5 29.2 24.9 255 27.4 41.2 6.1 23.7
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Table 6 Injected Mass

RUN # Injected Cur&lillilve Mass Total Mass
Mass Injected Captured | Captured
Ibs Ibs Ibs Ibs
1 1.50 1.50 1.30 1.30
2 1.49 2.99 1.29 2.58
3 1.49 4.49 1.26 3.84
4 1.49 5.97 1.15 4.99
5 1.50 7.47 1.25 6.24
6 1.48 8.95 1.30 7.54
7 1.49 10.45 1.33 8.87
8 1.49 11.94 1.27 10.14
9 1.58 13.52 1.33 11.47
10 1.57 15.09 1.38 12.85
11 1.58 16.68 1.40 14.24
12 1.57 18.25 1.37 15.61
13 1.58 19.83 131 16.91
14 1.58 21.41 1.35 18.26
15 157 22.98 1.37 19.63
16 1.58 24.56 1.29 20.92
17 1.58 26.14 1.37 22.29
18 1.57 27.72 1.36 23.65
19 1.58 29.29 1.33 24.98
20 1.58 30.87 1.37 26.35
Quantified Mass 31.81
n % 3.1
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Removal Efficiency vs Mass
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Figure 13 Hydroworks HydroFilter Removal Efficiencyvs Mass Loading

Elevation vs Mass
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4.3 Scour Tess

The Hydroworks HydoFilter system is designed with an internal bypass fotirma operation.
Scour teshg was cowlucted on the filte to qualify it as an odine sysem. The test was
conductedhfter tre conclusion of the mass loading tests on the fully loaded HydroBytsem.

200% MTFR (50 gpm)

A scour test was conducted at 50 gpm (200% MTFR). The bypasg pipsiconnected tthe
outlet pipe upstream ahe efluent sampling location.The testwas conducted with clean water
(020 mg/L). The measured average flo@ss0.4gpm and the COV was 0.00 The flow was
reached within 5 minutes of initiating the test total of 15 efluent samples were colleceat 2
minute intervalswith the first smple being collected 2 minutes after reaching the target flow
Backgraind samples were collected with each -oddhbered effluent sample, for a total of 8
samples.

The background concérations were all nordetectand eported as onkalf the MDL of 1.0
mg/L. The unadjustedeffluent concentrations ranged fronon-detect,also reported as.5
mg/L, to 2.0 mg/L, with an average concentration of @g/L. The maximum tmperature was
77.4degees F. The test resulise $iown inTable 7and flow data showron Figure 15.

Table 7 200% MTFR Scour Data

. Effluent Background
Timestamp . )
Sample # Concentration | Concentration
(minutes) mg/L mg/L
1 2 2.0 0.5
2 4 14
3 6 0.5 0.5
4 8 0.5
5 10 0.5 0.5
6 12 0.5
7 14 0.5 0.5
8 16 0.5
9 18 0.5 0.5
10 20 0.5
11 22 0.5 0.5
12 20 0.5
13 26 0.5 0.5
14 28 0.5
15 30 0.5 0.5
Average 0.7 0.5
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HydroFilter Re-entrainment Test
50 gpm Flow Data

70 ‘

Average Test Flow = 50.4 gpn
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Figure 15200% MTFR Scour Test Flow Data

200% MTFR (50 gpm) with Preload

An additional scour test was conductaedthe fully loadedHydroFilter from the previosi 200%
scour testat 50 gpm (20 MTFR) with the vault preloaded to-i8. (50% of maximum
sediment depthiising 21000 micron particles shown rable 8 andon Figure 16. (Note: This
was anew batch of sedimerthatwas required to complete the testinghle vault settling area
was cleard priorto preload. The bypass pipinvasconnected to the outleipe pstream of the
effluent sampling locationThe test was conducted with clean wat@2Q mg/L). The measad
average flow was0.3gpm and the COV was 0.00 The flow was reachedithin 5 minutes of
initiating the test.A total of 15 effluent sanigs wee collected at 2ninute intervalswith the
first sample being collected 2 minutes after reaching thettfilay. Background samples were
collected with each oddumbered effluensamplefor a totalof 8 samples.

The maximum background concentian was1.4 mg/L. Theunadjusteceffluent concentrations

were all nordetect (reported as 0.5 mg/nehalf the MDL). The maximum temperature was
70.4degrees F. The test results sinewn inTable 9andflow data shown ofigure 17.

23



Table 8 200% MTF R Scou Test Preload Sediment PSD

Particle
AT 8 NJDEP Sample 1 [ Sample2 | Sample 3| Average
1000 100% 100% 100% 100% 100%
500 95% 97% 97% 97% 97%
250 90% 89% 93% 89% 90%
150 75% 74% 75% 75% 75%
100 60% 61% 61% 64% 62%
75 50% 53% 52% 57% 54%
50 45% 46% 46% 47% 46%
20 35% 34% 35% 35% 35%
20% 19% 19% 20% 19%
10% 14% 15% 14% 14%
2 5% 7% 4% 7% 6%
Dso 75 62 65 57 61
100%
90%
80% —4=—NJDEP /
70% —m—Averag

60%

50%

%-Finer

K

40%

30%

yd

20%
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10%

0%
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Figure 16 Preload Scour TestPSDand NJDEP Specifications
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Table 9 200% MTFR Scour Data with 3-inch Preload

. Effluent Background
Timestamp ) )
Sample # Concentration | Concentration
(minutes) mg/L mg/L
1 2 0.5 0.5
2 4 0.5 -
3 6 0.5 0.5
4 8 0.5 -
5 10 0.5 0.5
6 12 0.5 -
7 14 0.5 1.4
8 16 0.5 -
9 18 0.5 0.5
10 20 0.5 -
11 22 0.5 0.5
12 20 0.5 -
13 26 0.5 0.5
14 28 0.5 -
15 30 0.5 0.5
Average 0.5 0.6

Flow (gpm)

HydroFilter Re-entrainment Test

Sump Preloaded to 3" with 1-1000 micron
50 gpm Flow Data

. | |
Average Test Flow = 50.3 gpn
COV =0.001
60
50 S
/ -3%
40 /
30 /
20
10 {
0.0 5.0 15.0 20.0 25.0 30.0 35.0

Time (minutes)

40.0

Figure 17 200% MTFR Preload Scour Test Flow Data
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Data not included

Two additional scour testwerepeformed without the antscour pads at 200% MTFR assess

the performance othe antiscour pds on peventing sediment scaur This first test was
conducted prior to cleaning out the unit in preparation for the preload test. The average recorded
flow was 50.4gpm, with a COV of 0.003. The maximum temperature was 76.5 degre&it F
backgroundand effluent concentrationsvere nondetect (MOL = 1.0 mg/L) These results
suggest that the ardcour pads have little if any impact on preventing sedintmnirs

The secondestwithout antiscour padsvas conductedbllowing the preloadedscourtest(with
ani-scour padsdescribed above The average recorded flow was 50.4 gpm, with a COV of
0.003. The maximum temperature was4/degrees F.All background concentrations were
nontdetect (MDL = 1.0 mg/L) The nonadjusted effluent concentrations raddgeom 13.2 to 0.5
mg/L (nondetect), with an average concentration of 1.6 mglfhese resultsonfirmedthat the
antiscour pads hawainimalimpact on pregnting sediment scour.

5. Design Limitations

Required Soil Characteristics

The HydroFilter is suiible fa installation in all types of soil§ only usedfor filtration. One d
the keybenefits ofthe HydroFilter isthe ability to use it ®a catch basirfor dispersed filtration
and irfiltration. In this application, sils must be deemed suitable fofiitration. This means the
soils must havesuitable soil percolation rate andthe stucture baseshould be aredequate
distance fromthe seasonal high waterlig andor bedrock.

Infiltration Regulatory Requirements

For an MTD to be considered Agreen infrastruc
amendments to the Stormwater Management rules at N.J.A.C. 7:8, the MTDneeisthe Gl

definition noted at amended N.J.A.C. -Z2. Specifically, the MTD shall (1) treat by
infiltration into subsoil; and/or (2) treat stormwater runoff through filtration by vegetation or

soil; or (3) store stormwater for reuse.

While the HydoFilter can be designed upstream of an infiltration facility, such as a subsurface
infiltration basin, the HydroFilter itself does not provide infiltration of the water quality design
storm and does not incorporate any vegetation, soil, or storage ofstimmnior reuse. As such,

it does not meet the definition of green infrastructure at N.J.A.G1.2:8However, like any
NJDEP certified filtration MTD, if it is utilized as the required 80% TSS removatrpegment

for a subsurface infiltration basin dgised in accordance with Chapter 9.5 of the New Jersey
Stormwater BMP Manual, the overall system will meet the definition of Gl, since the subsurface
infiltration basin does meet the Gl definition.
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Slope

TheHydroFilter is recommaded to beristalled atow slopes (0-1%). Hydroworks engineers can
assist with designs using greater pipe slopes and vertical inlets to ensure proper installation

Maximum Flow Rate

The maximum treatment flow rate for thigdroFilter is a function of model size drthe number
and size of the fier caitridges contained in the unitThe HydroFilter is rated for a hydraid
loadingrate of 2gpm/ft of filter media surface area.

Maintenance Requirements

As is true of all stormwater best management practicegjtenarce requirements for each
individual HydroFilter installation wil be influenced by site specific pollutaloading. Detailed
maintenance information is provided$ection 6

Installation Limitations

Soils must have suitable &rng capacity fothe precast structure that lsesthe HydroFilter
cartridges.The HydroFilter is shippedwith base plugs and without the filter cartridges. The
filtration cartridges are shipped to the site after the corigiruphase once the site is stabilized.
The filtration cartridgeshould not b instdled during he construction pls sirce they willplug
prematurely.

Configurations

The HydroFilter is typicallycomprised of aound or rectangular precast structure that houses the
refillable mediafilled filter cartridgesThe filter cartridg@sopeste consistentlyegardless ofhe
structure whichallows systems to be scaleddarly.

Structural Load Limitdons

HydroFilter configurations are designed for-20 trafic loading. Configurations can be
designedor heavier (aport) loadings ponrequest.

Pre-treatment Requirement

HydroFlter does not requirgretreatmentsince it is tself pretreatment for infiltratian If
desirable, petreatment may be praled ypstream of he HydroFilter to reduce the paltant load
reachingthe filter media ard extend themaintenance frequewg of the catridges. However,
sediment capacity and amtenance recommendations assume no additional pretreatment is
provided.
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Limitations in Tailwater

Frequent ailwater condiions (tidal etc.) will impact he opemtion of the HydroFilter. Any
applications whee the HydroFilter will be subject tafrequenttailwater conditions lsould be
reviewed withHydroworksd engineering team to ealuate he pdential impact oroperation and
performance.

Depth to Seasomh&ligh Water Table

Rechargeoperation and herce, performance ofhe HydroFilter if designed with downstream
infiltration will be impacted by high groundater since the unitwill fill with groundwater if
desigred for infiltration. Surrounding soil testingshould confirm that the soil meetsl
regulatory requirements for the volume of water to be infiltrated (i.e., soil hydraulic cosiyict
seasonal highvater table, and groundwater moundirgd that theinstallation degn matches
siteconditionsif recharge $ designedlownstream of the HydroFilter

6. Maintenarnce

As storm watetreatnert structures fill up with palitants they become less and less effective in
removing new pollution. Thissi especially true of any stormater treatment practicadtutilizes
filtration such adHydroFilter. Therefore, it is iportant that storm ate treatment structures be
maintainedon a regular basis to ensure that they areatipg at optimum performanc&he
HydroFilter is no differenin this regardAn Operations and Maintenance Manpabvides the
owner/operator with e necesary inform#éion to inspect andcoordinate maintenance of their
HydroFilter. This manual can be accessedmatiw.hydroworks.com/hfmaintenance.pdf

Inspection

Procedure

The HydroFilter shuld be inspected 2dours after rainfal. Inspection within 6 bursof rainfall
may not provieé useful information regarding maintenarsince the unit may be draigidown
If the structure has not drained down to theeb@dmttom of lowest filter cartige) within 24
hours of the last rainfal, the HydroFilter likely rguires maintenance.

In the event of standing water in the struetaround the cartridges the eoshaild be removed
from a stack of cartridges. If stand water is visible in the cemtr core of the filte stack

consistent vith the level of water on #éhoutside of the filter atk this is indicative ohigh

groundvateror slow infiltration and notaquire filter maintenance.

However, if the water leveih the central cartridge is belothe bottom of thdowest filter
cartridge with standing wateraund the filter cartridgethen filter maintenance is required.
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Frequency

Construction Period

If HydroFilter is installed onlinehe filter cartridgesshould not be installed in the HydroRer
systemduring the construain period since cofrsiction sediment wil prematurely plug the
cartridges requiring exceise maint@ance during tis period. A plae is installed in the base for
the construction period to remind the contractor that thgridges should only be instatldor
post construdbn opeation. This pate needs to be removedhen the cartridges arestalled br
post development operatiolfi.the inlet to an @line HydroFilter system can be plugged during
the construction ped, thefilter cartridges can be installed during construction

PostConstruction Period

TheHydroFilter should be inspected twicerahg the first yeaof operatim for normal stabilize
sites (no exposedoi or materials stage). The iitial inspections will indcate the required
future frequency of inspection and maintenance if the wag maindined and put into service
(filters installed) after theonstructon period.

It is anfcipated that the fier catridges will need to be m@aced annually. Howevethis will
depend on pollutant loadings on the site anesé activities (narby conguction,etc.).

A filter does noneed tdbe maintaied untilib s r at e d etdecreasds toe¢he poinheaa t

it can no longer provide the required annual percentage of pollutant removal. This is a hydraulic
requirement tat will depend on thaydrology (rainfallintensity distribtion) ard charactestics

of the site (imperviousnesarea, pollutant loadg) beingdesigned. That is why the frequency of
cleaning is based on the presence of water after a storm since thratBosweduced indiating
maintenance isequired

Reporting

Reports shouldbe prepareds part of each inspgon and include theoflowing information:

Date of inspection

GPS coordinates of HydFdter unit

Time since last rainfall

Date of last inspction

Installation @ficiencies (missin@arts, incorrectristallaion of part3
Structurddeficiencies (concte cracks, broken pajts
Opeational deficiencies (leaks, blockages)

Presence of oil sheen or depth of oil layer

Estimate of depth/volume ofdétable (trash, leaes) captured
10 Sedimemndepth measured

11.Recommendtions for ag repairs ad/or maintenance fahe unit

©CoNo,rwNE
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12. Estimation oftime befare maintenance is required if not required at time of inspection
A sample inspection checklist is providedlet endof the O&M Marual.

Maintenance Procedures

1. Water/Sdiment Removal

Maintenance inglves removing the wat and replacing theltier cartidges. In both cases,
sediment that has been collected around the filter cartridges in the sump of the destide m
removed. Thids typically done bya vacuum truckIn instanes where avacuum truk is not
available otler maintenance methodan beused, but they will be less effective.

The local municipality shoulbe consulted for the allowable disposal options for hb#water
and sediments prior to any maintana opeation. Dispcsal of thesediment/water removedbm
the structure Wi depend on local requirements.

It is important to remove all sediment and water from the structure before trying toaesm
and replace the filter cartridges.

2. Filter Cartridge Rplacement

Replacerant of filter cartridges is madeasydue to the modlar natue of each adridge. The
cartridges a stacked vertically on top of each other. Each cartridge has a bell antdssjuilgo
that the fit together.

A lifting bar is locatedn the center of th6 6 h odntiermfaeach cartige nea the top of he
cartridge. The topcone has a lifting ring othe top of it. Vertical stacks of filters should have an
access opening ingtstructure directly above them or close to being direaibigve them.

A winch with a ook is lowered dowio hookon to the coa lifting ring and thecone is winched
out of the structure. Similarly, the winch is hooked under the lifting bar of eaclesie filter

cartridge and they are winched out of theugiure. Fresh caridges are isnilarly winched in

stacking them as ragiredendirg each stdcwith a cone.

3. Filter Cartridge Replenishment

Small HydroFiltersystemsmay be able to beeplenishedo extend the cartridgesplacement
frequency Once the topcone is removed ainflatable pipe plug can be lowed through the
centralcorecreated by the connected filters to the base and expanded at the bottomthe seal
vettical core.

This vertical core or pipe oathen be filled withclean water to backflissthe filter forcingit to
flow from the central corepening back throughhé filter to the outside of each filter cartridge.
This backflush water can then benpped o vacuumed from the structure with the ecahtore
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still being 1ll of water.

7. Statemerts

The followingsigned statemas from the manufactar (Hydroworks, LLQ, independent testing
laboratory (Alden Research Laboratgryand NJCAT are required toomplee the NJCAT
verification process.

In addiion, it should be notk that this report haveen subjected to palic review (e.g.
stormwater indstry) and all commentsnd ©ncerns have been satisfactorily addressed.
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HydIOWOrkS

July 23, 2020

New Jersey Corporation for Advanced Technology
Stevens Institute of Technology

Castle Point on Hudson

Hoboken, NJ 07030

Attention: Dr. Richard Magee, Sc.D., P.E., BCEE

Subject: HydroFilter Verification Report

Dear Dr. Magee,

We certify that the Hydroworks HydroFilter filtration device was tested in strict
adherence to the New Jersey Department of Environmental Protection Laboratory
Protocol to Assess Total Suspended Solids Removal by a Filtration Manufactured
Treatment Device (NJDEP, January 2013).

We certify that all requirements and criteria were met or exceeded during testing of
the HydroFilter filtration/infiltration device.

Please do not hesitate to contact us if you have any questions regarding this letter.

Sincerely,

HYDROWORKS LLC,

pa

Graham Bryant, M.Sc., P.Eng.
President
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