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1. Description of Technobgy

The Hydroworks HydroDomes a hydrodynamicstormwater separatoHydroDome comes
complete with an outlet pipe that slides into the outlet pipie structure and ishen securely
attached to the structure walFkigure 1). All of the flow into the stucture passes through the
HydroDome. There is no internal high flow bypass. Oil and floatable solids rise to the surface
and are immediately separatiedm the flow. Densesuspended solids settle and are captured in
the sump of the concrete structure.

Figure 1 Hydroworks HydroDome

The housing of the HydroDome itself is the primary measure to prevent any floatables or debris
from entering the HydroDome. Water flows into the HydroDome through submerged horizontal
openings at the bottom dfie device Figure 2). Water then enters a low flow path near the
center of the HydroDome before exiting through an orifice on the outlet side of the low flow
path. A debris screen (inlet protection) is located at the entrance to the low flow path as a
secondary measa to prevent any clogging from debris. A perforaggdstic scour protection

plate at the bottom of the HydroDome minimizes scour by minimizing upward velocities/flow
from the structure floor during periods of higher flow. Hefordionsin the platemuch larger

than the largest particle testg@deventsediment from settling on the plate
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Figure 2 HydroDome Internal Components

The water level continues to rise in the structure depending on the rate of flow into the structure
and rate of flow oubf the low flow path. If the flow rate into the HydroDome exceeds the low
flow path (siphon)rate the water level rises &ohigh flow weir (as tested in this study). Higher
flows are safely conveyed to the outlet over this weir. The weir is optionather design
configurations where a controlled flow rgtnly low flow rate)is desired.

2. Laboratory Testing

The test program was condedt at the Alden Research Laboratory, Inc. (Alden), Holden,
Massachusettsunder the direct supervisio o f A | idrestolnsvaters engineer, James
Mailloux. Alden has performd verification testing on approxatly twenty hydrodynamic
separatorand filtration Manufactured Treatment Devices (MTDs) for multiple manufacturers
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under various state ané@deral testing protot® Water quality samples collected during this
testingprocess were analyzadA|l dendés Cal i brati on L abredtet or vy,

Laboratory testing was de in accordance with the New Jersey Department of Environmental
ProtectionfiLaboratory Protocol to Assess Total Suspended Solids RemoweaHipgrodynamic
Sedimemation Manufacdured Treatment Devige (January 2013) (NJDEP Hydrodynamic
Protocol). Prior tostarting the performance testing program, a quality assurance project plan
(QAPP) was submitted toand approved hythe New Jersey Corporanh for Advanced
Techrology (NJCAT).

2.1 Test Setup

The laboratory test udea fullscale HydroDome (model HD 3) installedin a three (3) foot
diameterby nine (9) foothigh plasticcylindrical test device. TheID 3 has a sump depth db ft
and a sumprea of7.07ft2. Aluminuminlet and outlet pipes,8tinch in diameter, were @mnted
along the centerline of thenit, with the inverts locate@0 inches above the sump flooThe
100% and 50% sediment sump storage depths were 12 inches and 6 irspedjvedy. A
photogrgh of heinstalledunit is shown orfFigure 3.

Figure 3 HydroDome HD 3 Test Unit Installed in Alden Test Loop



The HD 3 test unit was installed in the Alden test loop, showrrigiure 4, which is set up as a
recirculation system. He loop is designed torovide metered flow up to approximatéhcfs,
usinga calibrated orifice plate and ventuifferentialpressure meterd-low was supplied to the
unit using eithera 20HPor 50HP laboratory pump(flow dependent)drawing water frm a
50,000gallon supfy sump. The test flow was set and measured using ardifteatpressure
meter and controlalve. A Differential Pressure (DP) cell and computer Data Acquisition (DA)
program was used to record the test flowhirty (30) feet of $raight 18-inch influent pipe
conveyed the metered flow to the unigight (8)feetof straightl8-inch effluentpiping returned
the test flow back to theupply sumpas a free dischargeThe influent and effluent pipes were
set atl.(0% slopes. Al2-inch tee was locate8l pipe-diameterq7.5 ft) upstream of the test unit
for injecing sediment into the crown of thefluent pipe Sediment injection was accomplished
with the use of a volumetric screw feeder. The-efdipe grab sampling methodology was
used for the scour angtmoval efficiency tests. An iskinetic sampler was imtalled in the
upstream vertical rex pipe for collection of background sampl&diration of the supply sump,
to reduce background concentration, was performed with #indarfilter wall containng 1-
micron badilters.
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Figure 4 Plan View of Alden Flow Loop



2.2 Hydraulic Testing

The HD 3 unit was tested with clean water to determine its hydraulic characteristic curves. Flow
and water level measurements were recordesteaidystate flow coditions using a computer
DataAcquisition (DA) system, with included a data collect progra®2 500 Rosemoun
Differential Pressure (DP) cdllow), and Omegadyne-2.5 psi Pressure Transducer (Rater
elevations) Piezometer fas were installed inhe invert of the inlet and outlet pipes, one pipe
diameterupstream and downstream of thet tasit. An additional tap was installed within the
test tank. Manometer tubing was used to connect the taps to thehi®h was installedtaa
known datum of 1.06 ft below the inlet pipe invertAll measured elevatianwere adjusted to

this datum. Flows were set and measured using calibrated differeptedsure flow meters and
control valves. Each test flow was set and operated atyst¢zté for approximaty 5 minutes,

after which time a minimum of 60 seconddlofv and pressure data were avesagnd recorded

for each pressure tap location.

2.3 Removal Efficiency Testing

Removal testing was conducted on a clean unit utilizing end-of-pipe grab sampling
methodology. Five sediment removal efficiencysts were conducted at flows corresging to

25%, 50%, 75%, 100% and 1258f6the Maximum Treatment Flow Rate (MTFR). false floor

was installed at the 50% collection sump segtit storage depth6f6, as st ated by H
All tests were run with cleawater containing a sediment salmbncentration (SSC) of less than

20 mg/L.

A minimum of 25 Ibs of test sediment was introduced into the influent pipe for each test. The
moisture content of theéest sediment was determined using ASTM D4%6%or eachtest
conducted.

The test sedimenwvas prepared by Alden to meet the PSD gradation-b®QD microns in
accordance with the distribution showm Table 1 (NJDEP, 2013a)The sedinert is silica

basd, with a specific gravity of 2.65. Random samples of the test batch were analyzed for PSD
compliance by GeoTesting Express, Inécton, Massachusettsan independent certified
analytical laboratory, using the ASTM D483 (2007)analytical method. Thavelage of all the
sanples was used for compliance with the protocol specification.

The target influent sediment amentration was 200 mg/L (@0 mg/L) for all tests. The
concentration was verified by collecting a minimufrsix timed dry samples at thejector and
correlaing the data with the measured flow rate. Each sample volume was a minimum of 0.1
liters, with the collection time not exceedingne minute. The allowed Coefficient of Variance
(COV) for the measured swples is 0.10. The reportedrenration was calclated based on

the total mass injected during the test and total volume of wateducedduring sediment
dosing.
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Table 1 NJDEP Target Test Sediment Particle Size Distribution

TSS Removal Test PSD Scaur Test Preload PSD
Particle Size (Microns) Target Minimum % Less Thar? Target Minimum % Less Thar?
1,000 100 100
500 95 90
250 90 55
150 75 40
100 60 25
75 50 10
50 45 0
20 35 0
8 20 0
5 10 0
2 S 0
1. The material shall be hard, firm, amdgsmnic with a specific grgvif 265. The variouparticle sizes shall |
uniformly distributed throughout the material prior to use.
2. A meased value may be lower than a target minimum % less than value by up to two percentage poin
the measuredgvalue does not esed B microns.
3. The distribution istobe usedtopramad t he MTDOs s e d i-limeand odirte iscoun testing.a

Eight (8) background samples of the supply water were collected using an isokinetiersampl
evenlyspaced intervalthroughout each test.Collected samples were analyzed for Suspended
Solids Concentration (SSC) using ASTM D397 (2019). A 3%order curve and corresponding
equation was developed for calculating the adjusted effluent stwattens. A correction was
made b each timestampo account for the detention time between the background and effluent
sampling locations.

Fifteen (15) effluent samples were collected from the end of the effluent pipe at-spaochd

intervals, usingl-L wide-mouth bottles. Sanlipg was started afterma minimum of three (3)
detention timegollowing the initiation of sediment injection, as wak after the interruption of
sediment feed for injection verification.



24 Scour Testing

A sediment scoutest was conducted to evaledheahlity of the HydroDometo retain captured
material during high flows A commercifly-available AGSCO NJDEPS50D000 -certified
sediment mix was utilized for the scour tedthree sampés of thke batch mix were analyzed in
accordance with ASTM D423 (2007), by CTGroup, Skokie, lllinas, an ISO/IEC 17025
accredited independent laboratory, and provideti tie sediment shipmenthe unit was pre
loaded with 561000-micron sediment to thB0% Hydroworksrecommendedumpstoragdevel
(6 inches) All testsediment was evenly distributed and levelledmpto testing.

The unt was filled with clean water (< 20 mg/L background) to tirg-weather conditiomprior
to tesing. Testing was conducted at a temperature not exceeding 80 degrees F. The test was
initiated within 96 hours of filling the unit.

The test was conducted &200% MTFR fa online certification. Testing consisted of conveying
the selected target flowitough the unit and collecting 15 tirseamped effluent samples (every

2 minutes) for SSC analysis, and a minimumefht @) time-stanped background samples
evenly spacedthroughout the test. The target flow was reached within 5 minutes of
commencementdf the test. Flow data eve continuously recorded every 5 seconds throughout
the test and correlated with the samples.

Each effluengrab sample for sedimembncentratia analysis was collected from the end of the
effluent pipe by sweeping alllargemouth bottle through the effluent stream.

25 Instrumentation and Measuring Techniques
Flow

The inflow to the test unit was measdiusing one of five (5xalibrated dferentialpressure

fl ow meters (1.50, 20, 4 0 , tedgpér ABME, guidglinés.and E ac I
cali brated in Aldenés Calibration Department.
differential headrom the meter was maasd using aRosemourit 0 to 250inch Differential

Pressure (DP) cell, also calibrated at Ald@ihe test flow was averaged and recorded evet 5

seconds (flow dependent) throughout the duration of the test usinghmuse compterized

data acquisitio (DA) progran. The accuracy of the flow measurement18. The maximum

allowable Coefficienbf Variance (COV) for flow documentation was 0.03. A photograph of the

flow meter array is shown dfigure 5.



Figure 5 PhotographShowing Laboratory Flow Meters

Tempeature

Water temperature measurements within the supply sump were obtained usatigrated
Omegd@ DP25 temperature probe and readout device. The calibration was performed at the
Alden laboratoryprior to testing Thetemperature readingas documentkat the start and end

of each test, tensurean acceptable testing temperaturéest than 80 degrees F.

Pressure Head

Pressure head measurements were recorded at multiple locations using piezometer taps and a
Omaadyne PX419, 0 2.5 ps pressure ansducer (PT), calibrated at Alden prior to testing.
Accuracy of the readings 7s0.001 ft. The cell was installeld016 ft below the inlet pipe invert
allowing for elevation readings through the full range of flow#s minimum of 60 secaas of

pressue data vere averaged and recorded for each pressure tap during steddyhydraut

testing, using the computerized DA program.photograph of the pressure measurement
instrumentation is shown dfigure 6.



Figure 6 Pressure Measurementnstrumentation

Sediment Injection

The test sediment was injected into the crown of theeénflpipe using an Augenolumetric
screw feeder, model VVE, shown orFigure 7. The feeder rmahopper at the uppend of the
auger to provide a constant supply of dry test s feed screws used in testiagged in size
from 0.5inch to 1.0inch, depending on the test flow. Each auger screw, driven with a variable
speed drive, was calilbed with the test sedinm¢ prior to Esting, to establish a relationship
between the auger speed1(@0%) and feed rat@ mg/minute. Theretestcalibration, as well

as test verification of the sediment feed was accomplished by collecting dry sahples
maximum collection the of Zminute and weighing them on @alibratedOhaud 40009 x 0.1g,
model SCB010 digital sca. The maximum allowable COV for sediment feed was 0.10.

Figure 7 Photograph Showing VariableSpeed Auger Feeder



Sample Collectio

Baclground concentratiosamples werecollected from the center of the vertical riser pipe
upstream of the test unit withe use of a 0.7&chisokinetic sampler, shown dfigure 8. The
sampler was calibrated for each test flohhe endof-pipe effluentsamples were collectetly
sweeping al-L wide mouth bottle through the free discharge of the outlet. gipecollected
samples were a minimum of AL5n volume.

Figure 8 Photograph Showing the Background Isokinetic Sampler
Sample Conadration Analysis

Effluert and backgmund concentration samples were analyzed by Alden in accordance with
Method B, as dscribed in ASTM Designation: D 3987 (Reapproved 209) , AStandard
Methods for Determining Sediment Concentration in Water $ampAlllen has assigned
Non-Detecton Limit (NDL) of 1.0 mg/L. To be conservative, all concentrations below the NDL
were assigned a value of 0.5 mg/L.

2.6 Data Management and Acquisition

A designated Laboratory Records Book was used to documeootiéions and pertindrdata
entriesfor each test conducted. All entries are initialed and dated.

A personal computaunning an Alden irfhouse Labvie® Data Acquisition program was used
to record all data related to instrument calibration and testhd.6-bit National Instument$
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NI6212 Analog to Digital (A/D) board was used to convert the signal from the presdisréoca
vol t age. -hougelddia aol@ecion isaftware, by default, collectssmm®nd averages of
data collected at a raw ravé 250 Hz. The systemllaws very log contiguous data collection
by continuously writing the collectedskecond averageand their RMS values to disk. The data
output from the program is in tab delimited text format with a-deéined number of signifant
figures.

Test flowand pressuréata werecontinuously collected at a frequency of 250 Hz. The flow data
was averged and recorded to file every 5 to 30 seconds, depending on the duration of the test.
Steadystate pressure data was averaged anordet over a duration 060 seconds floeach

point. The recorded data files were imported into Excel for further asadysl plotting.

Excel based data sheets were used to record all sediment related data used for quantifying
injection rate, effluent anbdadkground sample conng&ations, cafured mass and PSD data. The
data was input to the designated spreadsheet fopfioeessing.

2.7 Quality Assurance and Control

All instruments were calibrated prior to testing and periodically checked througfeodest
program.nstrumentation chbrations were providetb NJCAT.

Flow

The flow meters and pressure cells weselci br at ed i n Al den,dkichiSal i br a
ISO 17025 accreditedAll flow meterpressure lines were purged of air prioririgiating each

test. A standard wate manometer board and Engineers Rule were used to measure the
differential pressurand verify the computer measurement of the selected flow meter.

Sediment Injection

The sediment feed (g/min) was verified with theeud a NIST digital st watch and 400g
calibrated digital scale. The tare weight of the sample container was repaoteiy collection
of each sample. The samples were a minimum of 0.1 liters in size, wigiximmum collection
time of minute. The reported overall massblume sedimentconcentrations were adjusted for
moisture.

Sediment Concentration Analysis

All sediment concentration samples were processed in accordance with the ASTMI33977
(2019) analytical method. Gross sample weights weeasired using a 4000g 6c1g calibragd

digital scale.The dried sample weights were measured with a calibrated 0.CotHlgtical
balance. The change in filter weight due to processing was accounted for by including three
control filters with each testet. The average of théhree valueswhich was typically (+/
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0.1mg) was used in the final concentration calculations.

Analytical accuracy was verified by preparing two blind control samples and processing using
the ASTM method. The final calculatedlues were within 0.26%nd 0.87% of he theoretical
sample concentrations, with an average of 0.57% accuracy.

3. Performance Claims

Per the NJDEP verification procedure, the following are the performance claims for the
HydroworksHD 3 based on the results the laboratory testg conducted.

Total Suspended Solids (TSS) Removal Efficiency

The TSS removal rate of thdydroworks HD 3 was calculated using the weighted method
required by the NJDEP HDS MTD protocol. Based on a MTFR&8% €fs (381.5 gpm,)theHD
3 achieved a weigted TSS remaal rate of B.5%.

Maximum Treatment Flow Rate (MTHF8Jirface loading Rate

The Hydroworks HD 3 had a effective treatmentsedimentation area o7.07 ft> and
demonstrated a maximum treatment flow rate (MTFR) &5 Qcfs (3815 gpm).  This
corresponds to a stdiace loading rate 4.0 gpm/ft of sedimentation area.

Maximum Sediment Stora@epth and Volume

The maximum sediment storage depfhthe HD 3is 12 inches which equates t@.07 ft2 of
sediment storage volume. Aediment storage depth dd inches comsponds to 50% full
sediment storage capacit.§ ft3).

Effective Treatmeredimatation Area
The effective treatmerstedimentatiorarea is7.07 ft.
Detention Time and Wet Volume

The wet volume for théiD 3 is 344 gallons. The detentionnhe of theHD 3 is dependent upon
flow rate. At the MTFR the detention time in the3 is 54 seconds.

Online/Offline Installation

Based on the scour testing resultsiyelrovorksHD 3 qualifies for online installation.

12



4.

The NJDEPProcedue (NJDEP, 201B) for obtaining verification of a stormwataranufactured

Supporting Documentation

treatmentdevice MTD) from the New Jersey Corporation for Advanced Technology (NJCAT)

requires

t hat

Acopi es

test

runs;

al |

p e

rti

n e nrhis was |

loding dll bodectéd artteasarad aatagll
data from performance evaluation test runs; spreadsheets containing odiaafrom all
perfor mance
discussed with NJDEP antl was agreed that as Igmas such doauentation could be made
availableby NJCAT upon requeghat it would not be prudéror necessaryo include all this

t est

cul

information in this verification reporthis information was provided to NJCAT and is available
upan request.

4.1 Test Sediment PSD Analyss

Sediment test batches of approximately 35 Ibs were prepared in individjadlbs buckets,

which were arbitrarily selected for each removal efficiency test.

A-medkd sample was
collected from each test batchdaanalyzed for PSD by €oTesting Expess. The average of the

samples was used for compliance to the protocol speaifisat The PSD data of the samples
are shown imable 2and the corresponding curves are showfrigare 9.

Table 2Removal Efficiengy Test Sediment ParticleSize Distribution

Particle size NIDEP Mli\aniI:nE:m Test Sediment Particle Size Distribution (percent-finer) 0A/QC
(em) Target | \owance | Bucket2 | Bucket3 | Bucket8 | Bucket9 | Bucket10 | Bucket14 | Bucket15 | Average | Compliant
1000 100% 98% 100% 100% 100% 100% 100% 100% 100% 100% Yes
500 95% 93% 95% 95% 95% 96% 95% 95% 95% 95% Yes
250 90% 88% 89% 89% 89% 89% 89% 89% 89% 89% Yes
150 5% 3% 75% 5% 5% 76% 5% 75% 5% 5% Yes
100 60% 58% 63% 62% 63% 63% 63% 63% 63% 63% Yes

5 50% 50% 55% 54% 55% 55% 55% 55% 55% 55% Yes
50 45% 43% 45% 44% 45% 45% 45% 45% 45% 45% Yes
20 35% 33% 33% 33% 33% 34% 33% 33% 34% 33% Yes
8 20% 18% 21% 21% 22% 22% 22% 21% 22% 21% Yes
5 10% 8% 14% 15% 16% 15% 17% 15% 16% 15% Yes
2 5% 3% 6% % 8% % % 8% % % Yes
Dso 75 75 61 63 62 61 61 62 61 62 Yes

The sediment particle size distribution (PSD) used for removal efficitgstiyng exceeded the

NJDEP PSD sediment specificationgable 1) across the entire distributioihe Dy of 62
microns was less thandghequired 75 microns.

13
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Removal Efficiency Test Sediment PSD
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Figure 9 Removal Efficiency Test SedimenPSD Curves
4.2 Removal Efficiency Testing
Summary

Removal efficiency testwere conducted at tHeve () required flows of 25%, 50%, 75%, 100%
and 125% MTFR.The 100%MTFR was 0.8 cfs (381.5 gpm) resuling in target flows of 0.2
cfs (95.4 gpm)0.43 cfs (190.8 gpm)0.64cfs (286.1gpm), 0.8 cfs (3815 gpm)and 106 cfs
(476.9 gpm). All measured lows were within the +10%arget flow protocol requirement. I\
the nfluent concetrations were within the10% protocokarget influent sediment concentration
of 200 mg/I.

No measuable sednentwas collected on either thelén debris progction or tke perforaed
scour protectionlpteduring any of the TSS remabtests

The target ad measured flow angmperature parameters are show able 3and the injected
sediment and background daummary is shown ihable 4.
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Table 3 Test Flow and Temperatue Summary

Tageirion | Messwedfiow | P2 | yssroment | Mo | on/0C
cov
cfs gpm cfs gpm Deg. F.
0.21 95.4 0.21 94.4 -1.1% 0.001 65.4 Yes
0.43 190.8 0.39 173.9 -8.8% 0.002 64.9 Yes
0.64 286.1 0.64 286.3 0.0% 0.002 62.6 Yes
0.85 381.5 0.78 352.3 -7.7% 0.002 63.8 Yes
1.06 476.9 0.98 439.7 -7.8% 0.002 60.8 Yes
Table 4Injected Sediment Summary
Average Injector Maximum
Flow Injectgd. Measfurement Clzlloiscsel\r:(t)rth?:)en Injected Mass Backgrour)d CQoﬁ;:Jl?e;t
Concentration Cov Concentration
gpm mg/L mg/L Lbs mg/L
94.4 200 0.007 206 28.7 7.0 Yes
173.9 199 0.004 196 28.1 2.7 Yes
286.3 199 0.001 220 30.0 7.6 Yes
352.3 201 0.004 188 28.7 8.0 Yes
439.7 201 0.008 190 30.7 8.4 Yes

The calculéed remeal efficiences ranged from 4&% to 69.9%, with a weighted removal of
58.5% for the 5 flows tested. The MTFR removal swary is showrTable 5.

Additiond Tests

Two additional testgvere conducted at 243 gpm and 538 gpm dypgrormance tesg. These
testflow ratesfell outside of the allowable 10%r the MTFR andcould thereforenot be used
for calculating the weigted removalkfficiency (Table 5). However, wherell seven testsare
included ina removalefficiency curve the correspondingemovd efficiency equation (Figure
10), yields aweighted removal at the target MTKB81.5 gpm) 0b4.%%, exceeding the 50%
requred for verification

15



Table 5 Removal Efficiency Summary

Influent Average Removal NJDEP Weight NJDEP Wt'd
Flow . Effluent . Removal
Concentration . Efficiency Factor .
Concentration Efficiency
gpm mg/L mg/L % %
944 206 70.6 65.8 0.25 16.4
173.9 196 59.1 69.9 0.30 21.0
286.3 220 106.3 51.7 0.20 10.3
352.3 188 106.4 436 0.15 6.5
439.7 190 110.7 41.8 0.10 4.2
1.0 58.5
HD 3 Sediment Removal Efficiency
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by .\
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Figure 10 Hydroworks HD 3 Removal Efficiency Curve
25% MTFR (95 gpm)

The test vas conducted at 94 gpm over a period of 3 hours. The test parameters and sampling
results are shown ihable 6.
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The resulting removal efficiency was 65.8%. The test flas averaged and recorded every 20
seconds throughout the tesThe average recorde test flow was 94.4 gpm, with a COV of
0.001. The recorded temperature for the test did not exceed 6@slegre

The injection feed rate of 71.2 g/min was verified bylexding Eminute weight samples from

the injector. Six infliert injection measunmments were taken throughout the test duration. The
calculated concentrations for the full test ranged fr@f tb 203 mg/L, with a mean of 200
mg/L and COV of 0.01. Thetal mass injected into the unit was 28.7 Ibs. The calcutateg

flow concentratn for the test was 206 mg/L. The measured influent concentration and flow
data for the complete test is stroon Figure 11.

Eight (8) background concentrations samplesavopllected throughout the test and ranged from

0.7 (NDL) to 7.0 mgL. A 3"-order curve and corresponding equation was developed for
calculating thébackground concentrations used for dlokisted effluent concentrations.

Table 625% MTFR Test Parametrs and CollectedData

Effluent Background
Injection Sample| Sample Time Sample ID Sample Time | Concentration Concentration |Adjusted Effluent
minutes minutes mg/L mg/L mg/L
Inj1 1 Eff 1,BG 1 15 75.6 0.5 75.1
Inj 2 36 Eff 2 22 725 0.5 72.0
Inj 3 71 Eff 3,BG 2 29 67.9 0.5 67.4
Inj 4 106 Eff 4 50 73.6 17 719
Inj 5 141 Eff 5,BG 3 57 67.8 2.0 65.8
Inj 6 176 Eff 6 64 69.6 2.2 67.3
— . Eff 7,BG 4 85 73.1 3.0 70.2
Injection Sampling
Duration 60 Eff 8 92 77.3 3.2 74.1
(seconds) Eff9,BG5 99 71.9 35 68.4
Eff 10 120 79.3 4.3 75.0
Detention Time 37 Eff11,BG 6 127 78.1 46 73.6
(minutes)
Eff 12 134 4.7 4.9 69.8
Eff 13,BG 7 155 77.9 6.0 719
Total Run Time Eff 14 162 76.0 6.4 69.6
(minutes) 183.7 - - -
Eff 15,BG 8 169 734 6.8 66.6
Mass/Volume Average 70.6
Influent 206
Concentration 94 gpm Removal 65.8%
(mg/L) Efficiency '
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Figure 11 25% MTF R Measured Flow and Influent Concentrations

50% MTFR (19 gpm)

The testwas conducted at 174 gpm over a period of 1.75 hours. Thedemmeters and
sanpling results are shown ifable 7.

The resulting removal efficiency was 69.9%. The test flow wasaged andrecordel every 10
seconds throughout the test. The averagerded test flow was 173.9 gpm, with a COV of
0.002. The readed temperature fdhe test did not exceed 65 degrees F.

The injection feed rate of 131.6 g/min was verified by otihg 1-minute weght samples from

the injector. Six influent injectiomeasurements were taken throughout the test duration. The
calculated concentratis for the full test ranged from 198 to 200 mg/L, with a mean of 199
mg/L and COV of 0.00. The totalassinjected inb the unit was 28.1 Ibs. The calculated mass
flow concentration for the test was 196 mg/L. The measured influemterration and flow
data for the complete test is shownFagure 12.
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Eight (8) background concentrations samples wellectedthroughaut the test and ranged from
0.0 (NDL) to 2.7 mg/L.A 3-order curve and corresponding equation was developed for
calculating thebackgraind concentrations used fitre adjusted effluent concentrations.

Table 750% MTFR Test Parametersand Collected Data

Effluent Background
Injection Sample | Sample Time Sample ID Sample Time | Concentration Concentration |Adjusted Effluent
minutes minutes mg/L mg/L mg/L
Inj1 1 Eff 1,BG 1 10 45.7 0.5 45.2
Inj 2 19 Eff 2 13 63.8 0.5 63.3
Inj 3 37 Eff 3,BG 2 16 45.1 0.5 44.6
Inj 4 55 Eff 4 28 41.0 0.5 40.5
Inj5 73 Eff 5,BG 3 31 45.3 0.5 44.8
Inj 6 91 Eff 6 34 46.2 0.5 457
. ) Eff 7,BG 4 46 60.3 0.5 59.8
Injection Sampling
Duration 60 Eff 8 49 51.8 0.6 51.1
(seconds) Eff9,BG5 52 49.6 0.5 49.1
Eff 10 64 66.7 1.2 65.5
Detention Time 1.98 Eff 11, BG 6 67 53.7 1.4 52.3
(minutes)
Eff 12 70 53.4 15 51.9
Eff 13,BG 7 82 94.1 2.3 91.7
Total Run Time
(minutes) 105 Eff 14 85 96.2 2.6 93.6
Eff 15,BG 8 88 90.1 2.8 87.3
Mass/Volume Average 50.1
Influent 196
Concentration 173 gpm Removal 69.9%
(mg/L) Efficiency '
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Figure 12 50% MTFR Measured Flow and Influent Concentrations

75% MTFR (286 gpm)

The test was condudet 286 gpm over a period of 1 hour. The test parameters and sampling
results are Bown inTable 8

The resulting removalficiency was 3.7%. The testiow was averaged and recorded every 10
seconds througput the test. The average recorded test fiag 286.3 gpm, with a COV of
0.002. The recorded temperature for tlee ded not exceed 63 dgrees F.

The injection feedate of 216.63/min was verifed by collecting dminute weight samples from

the injector.  Six influent injection measurements wiéaken throughout the test duration. The
calculated concentrations ftie full tes ranged fom 198 to 199 mg/L, with a rae of 199
mg/L and COV of 0.00.The total mass injected into the unit was 30.0 [bise calculated mass
flow concentration for tb test was 220 mg/L. The measured influent concentration and flow
data br the compéte test ishown onFigure 13,
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Eight @) background @ncentrations saples were collected throughout the test and rangsa fr
2.3 to 7.6 mg/LA 3"-order curve and cagsponding equation was developed for calculating the
background concentians useddr theadjusted effluent concentrations.

Table 8 75% MTFR Test Parameters and CollectedData

Effluent Background
Injection Sample| Sample Time Sample ID Sample Time | Concentration Concentration |Adjusted Effluent
minutes minutes mg/L mg/L mg/L
Inj1 1 Eff 1,BG 1 6 98.0 2.1 95.9
Inj 2 13 Eff 2 8 102.0 2.4 99.6
Inj 3 25 Eff 3,BG 2 10 105.8 2.6 103.2
Inj 4 37 Eff 4 18 119.2 3.1 116.1
Inj 5 49 Eff 5,BG 3 20 106.4 3.2 103.2
Inj 6 60 Eff 6 22 111.2 3.2 107.9
Injection Sampling Eff 7,BG 4 30 120.2 3.5 116.7
Duration 60 Eff 8 32 119.1 3.5 115.6
(seconds) Eff9,BG5 34 102.5 3.6 98.9
Eff 10 42 100.5 4.2 96.3
Detention Time 1.20 Eff 11,BG 6 44 105.8 45 101.3
(minutes)
Eff 12 46 108.1 4.8 103.3
Eff 13,BG 7 54 116.7 6.6 110.0
Total Run Time 64 Eff 14 56 1221 7.2 114.9
(minutes)
Eff 15,BG 8 58 118.9 8.0 111.0
Mass/Volume Average 106.3
Influent 290
Concentration 286 gpm Removal 51.7%
(mg/L) Efficiency ’
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Figure 13 75% MTFR Measured Flow and Influent Concentrations

100% MTFR (B2gpm)

The test wasanducted &352 gpm over a periodf @ hour. The test parameters and sampling
results ae shown inTable 9.

The resulting removal efficiency was 43.6%. The test flow wasaged and recorded every 10
seconds tloughout the test. The average recorded flew was 352.3 gpm, with a COVfo
0.002. The recorded temperature for the test digxceed 64 deges F.

The injection feed rate of 267.5 g/min was verified byeotithg I-minute weight samples from
the njector. Six influent injection measurente were aken throughout the teduration. The
calculated concentrations for the ftdist ranged fron200 to 202 mg/L, with a mean of 201
mg/L and COV of 0.00. The tdtenass injected into the unit was 28.%8.IbThe calculated mass
flow concentratiorfor the est was 188 mg/L. The masured influent concentration and flow
data for the cmplete test isl®own onFigure 14.

Eight (8) background concentrations samples welected throughout the test and ranéredn
0.0 (NDL) to 8.0 mg/L.A 3-order wirve and orresponding equation wadeveloped for
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calculating thébackground concentratis used for thadjusted effluent concentrations.

Table 9100% MTFR Test Parametés and CollectedData

Effluent Background
Injection Sample | Sample Time Sample ID Sample Time | Concentration Concentration |Adjusted Effluent
minutes minutes mg/L mg/L mg/L
Inj 1 1 Eff 1,BG 1 5 109.3 0.5 108.8
Inj 2 12 Eff 2 7 112.9 0.5 112.4
Inj 3 23 Eff 3,BG 2 9 119.4 0.5 118.9
Inj 4 34 Eff 4 16 120.2 0.7 119.5
Inj 5 45 Eff 5,BG 3 18 101.1 0.5 100.6
Inj 6 56 Eff 6 20 123.0 0.9 122.0
Injection Sampling Eff 7,BG 4 27 104.6 1.7 102.8
Duration 60 Eff 8 29 113.4 21 111.3
(seconds) Eff9,BG5 31 102.3 2.4 99.9
Eff 10 38 128.0 3.8 124.2
Detention Time 0.97 Eff 11,BG 6 40 121.0 43 116.7
(minutes)
Eff 12 42 125.3 4.8 120.5
Eff 13,BG 7 49 82.3 6.5 75.8
Total Run Time
(minutes) 58.5 Eff 14 51 95.4 7.0 88.3
Eff 15,BG 8 53 81.1 7.5 73.6
Mass/Volume Average 106.4
Influent 188
Concentration 353 gpm Removal 43.6%
(mg/L) Efficiency ’
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Figure 14 100% MTFR Measured Flow and Influent Concentratons

125% MTFR (477 gpm)

The test was contted at 442 gpm over a periad 48 minutes. The & parameters and
sampling reglts are shown ifable 10

The resulting removal efficiency was 41.8%. Tést flow wasaveraged and recorded every 10
secondghroughout the test. The average recortisd flow was 439.7 gpm, wita QOV of
0.002. The reorded temperature for the tesd not exceed 61 degrees F.

The injection feed rate of 334.4 g/min wasified by colecting 30second weight samples from
the injector. Six influent injection measarents were taken throughotnettest duration. The
calculated concentrations ftie full test ranged from 198 to 202 mg/L, with a mean of 201
mg/L and COV 00.01. The ttal mass injected into the unit was Blbs. The calculated mass
flow concentrabn for the test was 190 mg/LThe measured influerdoncentration and flow
data br the complete test is shown Bigure 15.

Eight (8) background concentrati® samples we collected throughout the test andged from
1.1 to 8.4 mg/LA 3"-order cure and corresponding equatiorasdeveloped for calcatingthe
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backgroundtoncentréions used for thadjusted effluent concentrations.

Table 10125% MTFR Teg Parametersand CollectedData

Effluent Background
Injection Sample | Sample Time Sample ID Sample Time | Concentration Concentration |Adjusted Effluent
minutes minutes mg/L mg/L mg/L
Inj 1 1 Eff 1,BG 1 5 108.8 1.2 107.6
Inj 2 10 Eff 2 6 105.3 1.2 104.1
Inj 3 19 Eff 3,BG 2 7 121.1 1.1 119.9
Inj 4 28 Eff 4 14 123.0 14 121.6
Inj 5 37 Eff 5,BG 3 15 128.3 15 126.9
Inj 6 45 Eff 6 16 127.1 1.6 125.5
Injection Sampling Eff 7,BG 4 23 121.1 25 118.6
Duration 30 Eff 8 24 122.6 2.7 119.9
(seconds) Eff9,BG5 25 119.2 2.9 116.3
Eff 10 32 102.5 45 98.0
Detention Time 0.78 Eff 11,BG 6 33 114.7 47 110.0
(minutes)
Eff 12 34 118.1 5.0 113.1
Eff 13,BG 7 41 104.9 7.0 98.0
Total Run Time
. 48 Eff 14 42 111.7 7.3 104.4
(minutes)
Eff 15,BG 8 43 84.0 7.6 76.4
Mass/Volume Average 110.7
Influent 190
Concentration 442 gpm Removal 41.8%
(mg/L) Efficiency ’
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Figure 15 125% MTFR Measured Flow and Influent Concentrations

43 Scour Tes

The commerciallyavailable AGSCO NJDEP5@000 certified sediment mix was utilized fine
scour test. Three samples of thikatch mix were analyzed in acdance with ASTM D4253
(2007),by CTLGroup, an ISO/IEC 17025 accredited independent laboratwdypravided with
the sednent shipment. The specified ledgman (%finer) values of teB sample averageene
within the spedications listed inColumn 3 of Table 1, asdefined by the protml. The o of

the 3sample average was 202 microns. The PSB dfathe samples are sk in Table 11and
the corresponding curves, including theiaitAGSCO irhouseanalysis, areshownin Figure

16.
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Table 11Scaur Test Sediment Particle SizéDistribution

Test Sediment Particle Size (%-Finer)
Particle size | NJDEP %-Finer
(& m) [Specifications| gample 1 Sample 2 Sample 3 Average
1000 100 100 100 100 100
500 90 95 95 95 95
250 55 58 58 59 58
150 40 41 41 42 41
100 25 23 23 23 23
75 10 10 10 1 10
50 0 1 1 1 1
50-1000>m NJDEP and AGSCO
Sediment Mix PSD
100% /'
90% /
80% —i—2013 NJDEP PSD //
70% —a&— CTLGroup Analysis
2 60%
[ —+—AGSCO In-house
S 50% Analysis
40%
30%
20%
10%
0% ‘ ‘ ‘ X o
10 100 1000
Microns

Figure 16 Scour Test SedimenPSDCurves

The scour test wasnducted with thesumppreloaded with6o
level (60 ) .

of

sedi ment

t

The test was conducted at a target flow df®gpm, which is equal t@41% MTFR. The flow
data was recorded every 5 seconds throughwitest and is shown oRigure 17. The target
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flow was reached within 5 minutes of initiating the test. Theagerecorda seadystate flow
was 49 gpm, with a COV of 0.01. The recorded water temperatwas @}.8degrees F.

Eight background samplesere collected throughout theucation of the test. The measured
concentrations ranged from@lo 2.5mg/L, with an averag cncentration of 2.2 mg/L.

A total of 15 effluent samples were collected throughbattest. The measured concentrations
rangedfrom 1.4 to 2.8 mg/L, with an &erageunadjustecconcentration o2.2 mg/L. The scour
concentrationadjusted ér backgroundwas essentially zeroThe effluent and background
concentation dataareshown inTable 12and onFigure 18.

Hydroworks HD 3
241% MTFR Scour Test
Recorded Flow Data
1200 l
1100 | Average Flow =919.0 g
| COV =0.01
900 «
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Figure 17 Scour Test Fbw Data
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Table 12 Scour Test Unadjusted Effluent Concentration Data

Sample ID Timestamp Effluent. Backgrouhd
Concentration Concentration

(minutes) (mg/L) (mg/L)
EFF 1 7 2.45 2.18
EFF 2 9 2.58 2.05
EFF 3 11 1.96 1.92
EFF 4 13 2.09 2.15
EFF 5 15 2.37 2.38
EFF 6 17 2.84 2.27
EFF 7 19 2.70 2.17
EFF 8 21 221 2.27
EFF 9 23 1.53 2.37
EFF 10 25 142 2.01
EFF 11 27 1.60 1.66
EFF 12 29 2.04 2.09
EFF 13 31 1.99 2.52
EFF 14 33 1.62 231
EFF 15 35 1.68 211

Average 2.07 2.16

44 Hydraulics

Piezometertaps were installed in the unit assdgbedin Section 2.5 (Pressure head)Flow
(gpm) and water leveft] within the system wes measted for12 flows ranging from 50 gpm to
1105 gpm (2.5 cfs). ®recorded elevation data and systiass are shown iffable 13 The
outlet flow oscillatedwithin the pipe at low flows and consequently, it was necessary to
interpolate theelevationat 100gpm, asthe measured depth was uncharacteristically low. The
Elevation Curves for each pressure tlcation are shownrmoFigure 19. The system loss
deceased wth the outlet velocity head as shown leigure 20. The presste data for thk inlet

ard outletpipeswere corrected fovelocity head The greatest calcutdloss was realized at the
lowest fow, as the inlet elevation was fairly constant in congaa tothe outlet elevation.
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Table 13 Recorded Flow and Elevatioata

Water Elevations (measured) Walter Eleva‘tlons Losses
(adjusted to inlet)
Flow Inlet Pipe Tank | Outlet Pipe] Inlet Pipe Tank Outlet Pipe Inlet EI. (A) | Outlet El. (C Eriisgt;/eross
Corrected forf Corrected fof Outlet
gpm cfs A B ¢ A B ¢ V-head V-head A'-C V-head
ft ft ft ft ft ft ft ft ft ft
0 0 1.016 0.973
50.5 0.11 2.985 2.985 1.039 1.969 1.969 0.023 1.969 0.330 1.639 0.264
100.1 0.22 3.040 3.040 *1.061 2.024 2.024 0.045 2.024 0.529 1.496 0.441
150.0 0.33 3.083 3.083 1.084 2.067 2.067 0.068 2.068 0.609 1.459 0.498
201.4 0.45 3.100 3.098 1.090 2.084 2.082 0.074 2.085 0.886 1.199 0.769
274.2 0.61 3.139 3.139 1.112 2.123 2.123 0.096 2.125 0.996 1.128 0.857
349.7 0.78 3.175 3.174 1.138 2.159 2.158 0.122 2.162 1.008 1.154 0.843
450.6 1.00 3.221 3.217 1.172 2.205 2.201 0.156 2.210 1.009 1.201 0.810
550.7 1.23 3.247 3.248 1.200 2.231 2.232 0.184 2.238 1.052 1.186 0.825
652.5 1.45 3.274 3.261 1.222 2.258 2.245 0.206 2.269 1.136 1.133 0.887
804.2 1.79 3.324 3.318 1.239 2.308 2.302 0.223 2.324 1.379 0.945 1.113
952.1 2.12 3.390 3.376 1.248 2.374 2.360 0.232 2.396 1.693 0.704 1.418
1105.0 2.46 3.398 3.402 1.272 2.382 2.386 0.256 2.412 1.801 0.611 1.502
*Interpolated
Hydroworks HD 3 Hydraulic Characteristics
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Figure 19 MeasuredFlow vs Water Elevations
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HydroDome HD 3 Outlet Loss
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Figure 20 Calculated Outlet Losses

5. Design Limitations

Hydroworks haseen designing separators for site specific applicationower 15 years. Site
constraints and design requirements arees$d on a pject spedic bags. Siang calculations
are performed based on site specifitecra and submittals are providegam request. Hydraulic
assessments including hydrauli@adelinecalculationsand buoyancy calculations are provided
as parof the desigiwhen requsted

Requied Soil Characteristics

The hydrodynamic separatoart be modified to account for most soil conditions (bearing
capacity, chemistry, contaminaiti) throughchanges in footprint, materials, and coatings.

Pipe Slope

The Hydroworks HD was tested with ahorizontal inlet and outletpipe HydroDome is not
sensitive to pipslopesince it creates a futlipe velocity condition at the inlet

Invert to Grale

The depthof pipe burid (invert to grade) needs to be reviewed to ensure proper pige v
traffic loading and frost requiremerds well as constructability/conflictgith minimum product
dimensions (height of HD above pipe invert, thicknessopfdapheight of frame andcover).
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Most design conditions can be accommodated through séeifispdesign changes (e.g.,
embedding fram@nd cover in the top cap) although $twal invert to grade applications may
prevent the use of HydroDome.

Maximum Flav Rate

HydroDome is typicly designed to convey the flow rate of the outlet pipe as designéhe
required controlled flow rate iflow control is requiredThe Hydrowoiks HD will be sizedin
New Jerseyor water quality controbased upon the NJCATdied hyraulic loading rate ofb4
gallons per minute per square foot of settling surface area

Ensurng Properinstallation

The contractor is provided with drawings that show themation of the cap, let and outlet

pipes orientation and size, rimainvet elevations, the number of concrete pieces, and heaviest

picks. Instructions andnaterial (stanless steelbolts, caulking, gaskets) are provided to the
contractor for the inatlation of the HD inse in the outlet pipe of the structure. Matchds are

provided on the precast pieces to ensure the top cap is properly orientednfieremaie acces

The castrion frame and grate or cover is provided with the structure and hess®ad with

AHy dr oowotrok sensur e the stmantemoge e i s easily | oca

Configurations

The Hydroworks HD separatas available in various configaions. The nits can benstalled
online or offline. The HydroDome has been scour testethtoNJDEP protocol angroven to
have negligible scour at 241% perceftherated treatment rate.

Structural Load Limitations

The structural load limitatizs depend on the structure in which the HydroDome is installed. If
the HD is installed in a prast concrete structutbe HD will be designed for traffitbading
basel on the standard AASHTO B20 design standard. If the HD is installed in fiberglass,
plagic, or a metal structure the structural design will be based on thepsitéfic loading
requrement.

Pre-treatment Requirements

The HydravorksHydroDomehas no pe-treatnent requirements.

Tailwater Considerations

Tailwater increasethe requiredupstream drivinghead to convey a certain flow rate through the
drainage system. The overall dedifferential through the HydroDome, however, will remain the
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same with,or without, tailwater. Increasing upstream head elevations, and associated premature
bypass are not an issue with HydroDome since it does not havatamal bypass. Therefqre

the HydroDome will not experience premature bypass or loss of floatabl&®loetth tailwater

that could/would affect a separator with an internal or externpbsisy Accordingly, the
performance for TSS removal or floatablentrol are not affected by taihter unlike a
traditional separator with internal bypass weirs. Tyerdulic gradeline of the overall system is
affected by tailwater, and Hydroworks skibwbe conailted to assist in the assessment of
tailwater impact®n the hydraulic gradele

Allowable Headloss

Headloss for thedydroDome separatotis a function offlow velocity in the piping system and
the geometry of the tarnal separator componeniThe semitivity of a drainage system to
headloss and upstream flooding is sipecific based on downstream tailwater elevations, and
the design of the drainage systéself. The introduction of any structure to a drainageeays

will increase the hedaoiss and lydraulic gradeline. Hydroworks can provide calculations to
determine the headlsshrough thédydroDomeseparator based on the hydraulic tests performed
at Alden Labs. Tre engineer of record can determine if the caledldteadloss is acceptalbte

the dainage system in question.

Depth to Seasonal HigWater Table

High groundwaterconditions will not affect the operation of thlydroworks HD. Although the
draingye sysem is intended to be a sealed systeewatertable is typically reduakto the level
of drainage pipes since water infiltrates the storm network and/or flowsgih pipe bedding.
However, some agencies require buoyancy calculationsl lnesanenmpty vesel with the water
table at the surface. Theade of the concrete struet can be mae with an extension in these
cases to satisfy any sigpecific or specifie@nt-buoyancy criteria.

6. Maintenance

Routine nspection and maintenancef the Hydroworks HydroDome ensures optimal
performance Stormwaterregulations require thaall BMPs be ispected and maintained to
ensure they are operating as designed to alloweftactive pollutant removal and provide
protection to receiving water bodieBhe frequency d inspection and maintenance depends on
numers factors including landsg average déy traffic, nearby construction activities, ¢site
material storage, sitspill potential, winter sanding activities, and how the separator was sized
with regped to amual TSS removalparticle size distribution of TSS and required simdent
storage.

Typically, drainage structures are installed during the early stages of wciwtc Even if they
are not installed to provide sediment and erosiontrol, they wil provide this furction if
installed prior to stabilization of the sitehd@rdore, it is recommendedHhat the separator be
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cleaned at the end of the construction pkribhe Hydroworks HD should be inspected once
during the first year of operation forasilized sites andwice for hot spot installations. Hot spots
include:

High spl| potential

On-site maerial storage

Nearby construction or unstabilized site conditions
High average daily traffic (> 500 vehicles/day)

= =4 =4 -4

The inspection and maintenance permaa bedenghened oshortened based on the results from
the first, and sufequert inspectios.

Procedues for inspectionas well as a checklisare provided in thélydroDome O&M Manual
at: www.hydroworks.comhdmairtenancepdf. Hydroworks recommends the use of a cotinge
(Core Pro; Sidge Judgefo determine depths of oil and sediment in the unit. Sediméettal
in the separator has a higlater content and can be fine. It is difficult teeasuresedinent
depths in these circumstances with rods or measuring s#ckering tube povides thebest way
to measure sediment depth in a separator.

Depths are mvided in the maintenance manual as wellirashe Verification Appendix for
sediment dpths pior to mainterance. Increasing the depth of the structure will alsoease the
deph for sedimenaccumulation prior to maintenance, and therefore, needsdorisedered for
any sitespecific application.

The Hydroworks HydroDome separator da@ cleaed usiig any $andard drainage structure
cleaning equipment.

7. Statemerts

The following signed stat@ments from the manufactur@iydroworks LLC), independent tésg
laboratory (Alden Research Laboratgryand NJCAT are required to complete the NJICA
verificationprocess

In addition, it should be noted that this report lesn subjectedto public revew (e.g,
stormwater industry) and all comments and conceans been satisfactorily addressed.
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Hydroworks

April 8, 2021

New Jersey Corporation for Advanciechnadogy
Stevens Istitute of Technology

Castle Point on Hudson

Hoboken, NO7030

Attention: Dr. Riclard Magee, Sc.D., P.E., BCEE
Subiject: Hydroworks HydroDome HBVeification Testing Certification

Dear Dr. Magee,

Hydroworks certifies that the HydworksHydroDane HD hydrodynamic separator was

tested in strict accordanceith the New Jesey Departmenof Environmental Protection
Laboratory Protocol to AssesstiBsuspended Solids Removal by a Hydrodynamic Sedimentation
Manufactured Treatment Dewc(NJDE HDS Btocol, January 2013).

We certify that all requirements and teria were metor exceeded dung the testing of the
HydroDome.

Please to not hesitate toontact the undersigned if you have any questions regarding this
certification.

Sincergy,
Hydroworks, LLC

pa

Graham Bryant, MSc. P.Eng.

President
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