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VERIFICATION TESTING OF THE HYDROGUARD
HG6 HYDRODYNAMIC SEPARATOR
STORMWATER TREATMENT UNIT

1.0 INTRODUCTION

Under a contract from Hydroworks, LLC (Hydroworksgrification testing of a 6-foot diameter
Hydroguard HG6 Hydrodynamic Separator (HG6) wasloeted at Alden Research Laboratory,
Inc. (Alden), Holden, Massachusetts. Testing waslacted in three phases: Phase 1 evaluated
the re-entrainment conditions, Phase 2 measuratldssavalues and established hydraulic
characteristic curves, and Phase 3 determinecettiment removal efficiencies using a modified
mass balance method. Phases 1 and 3 utilizedetveJHrsey Corporation for Advanced
Technology (NJCAT) specified protocol sedimenthmatPSD of 1 to 1000 microns and a
specific gravity of 2.65. In addition, the weigtiteeatment efficiency determined in Phase 3
was calculated based on NJCAT weight factors. Refappendix A for the NJCAT test

procedures.

The HGS6 test unit is a circular separating devigé wmternal structures that divides it into three
chambers. The unit contains 14-inch influent affident pipes oriented on-center, with an
influent invert elevation of 73 inches above thdtee floor and an effluent invert of
approximately 72 inches. Both pipes were oriemetie test loop with 0.5% slopes. The inner
chamber is 48 inches in diameter and has a 22vimdé by 10.5-inch high rectangular opening
with an invert elevation of 71.0 inches. The operis aligned on-center with the influent pipe.
The inner chamber also contains a 36-inche wid@-imgh high rectangular opening with an
invert elevation of 36 inches, which allows flowgass from the inner chamber to the middle
chamber. A two-piece (upper and lower) outlet leaffall separates the middle chamber from
the outer chamber. The lower wall extends fromflihar to an elevation of 42 inches. A 15-
inch high opening separates the lower and uppdsaatl allows flow to pass from the middle
chamber into the outer chamber and then out tiheeeff pipe. Figure 1 shows a layout drawing
of the HGG6 test unit anBigure 2 shows a photograph of the unit installed in Aldete’st

facility.



2.0 TEST FACILITY DESCRIPTION

Figure 3 shows the closed test loop, located in Alden’sfeeslity, which was used to test the
HG6 Treatment Unit. Water was supplied to the wii either a 20HP or 50HP pump (flow
capacity of approximately 9cfs), which draw wateni a 50,000-gallon supply sump. One of
five (5) calibrated flow meters (2, 4, 6, 8, andideh), connected to a manifold, carried the test
flow to a section of 12-inch piping, 90-degree &bd2-inch by 14-inch expansion and 12 feet
(10 diameters) of 14-inch influent pipe. Watentipassed through the test unit and 14-inch
diameter effluent pipe to return to the laboratauynp. The effluent pipe contained an isokinetic
sampling-tube array, located approximately 3 festristream of the test unit, to collect the
effluent sediment concentration and PSD samplasglue-entrainment testing. The array
consisted of two (2) vertically adjustable samplinges (water level dependent), each
containing a flow-control shut-off valve. Sedimevds injected into the crown of the influent
pipe through a vertical pipe connected to a teatextapproximately 2 feet upstream of the test

unit.

3.0 INSTRUMENTATION AND MEASURING TECHNIQUES

3.1 Flow

The inflow to the test unit was measured usingarfeve (5) calibrated flow meters. Each
meter was fabricated per ASME guidelines and catidat in Alden’s Calibration Department
prior to the start of testing. Flows were set vathutterfly valve and the differential head from
the meter was measured using a Rosemo@rio 250-inch Differential Pressure (DP) cellcals
calibrated at Alden prior to testing. The testWilwvas averaged and recorded approximately
every 9 seconds throughout the duration of theusisig a computerized data acquisition (DA)
program. The accuracy of the flow measuremenstismated at2%. Photographs of the

pumps and flow meters are shownkigures 4 and 5



3.2 Temperature

Water temperature measurements within the sump eldeened using a calibrated Omega
DP41 temperature probe and readout device. Thiera@bn was performed at the laboratory
prior to testing. The temperature reading wasredtato the DA program at the start of each

test for use in the flow measurement calculations.

3.3 Pressure Head

The pressure head readings recorded during Phaséiry were measured using a Rosemount
0 to 60-inch DP cell. The pressure cell was catdxt at Alden prior to testing. A minimum of
1-minute of pressure data was recorded for eadspre tap, under steady-state flow conditions,

using a computerized DA program.

3.4 Sediment Injection

During Phase 3, NJCAT protocol sediment was ingeatéo the test unit (PSD of 1 - 1,000
microns, seéppendix A.) The test sand was introduced into the inflygpé using an Auger
volumetric screw feeders, model VF-1, showrFiggure 6. The Auger feed screws used in
testing ranged in size from 0.75 to 1 inch, depegain the test flow. Each auger screw, driven
with a variable-speed drive, was calibrated with st sediment prior to testing, in order to
establish a relationship between screw RPM andri@edn mg/minute. The feeder has a 1.5

cubic foot hopper at the upper end of the augerawide a constant supply of dry test sand.

3.5 Sample Collection

As described in Section 2.0, isokinetic samplirfgegiwere located within the effluent piping to
collect the sediment concentration samples durlms® 1 testing. The sampling tubes were
0.50 and 0.75 inches in diameter. The tube ari@y/wertically adjusted and calibrated prior to
testing, to match the velocities for each flow atind. A photograph of a typical sampling

array is shown ofigure 7.



3.6  Sample Concentration Analyses

Concentration samples were analyzed using the 8depeSolids Concentration (SSC) method
which utilizes the entire sample in the analydibe samples were processed at Alden as

described below.

SSC Analysis:

Collected samples were filtered and analyzed byAlt accordance with Method B, as
described in ASTM Designation: D 3977-97 (Re-appth2002), “Standard Test Methods for
Determining Sediment Concentration in Water Saniplése required silica sand used in the
sediment testing did not result in any dissolvddisan the samples and therefore, simplified the

ASTM testing methods for determining sediment cotraion.

Samples were collected in graduated 2-Liter beakbish were cleaned, dried and weighed to
the nearest 0.1-gram, using an Ohad®00g x 0.1g digital scale, model SCD-010, praor t
sampling. Collected samples were also weighebleémearest 0.1-gram using the Ohaus

digital scale. Each collected sample was filtdredugh a pre-rinsed Whatmar934-AH, 47-

mm, 1.5-micron, glass microfiber filter paper, @salaboratory vacuum-filtering system. Prior
to processing, each filter was rinsed and placeddesignated dish and dried in an Oakton
StableTemp gravity convection oven, model 0501535225 degrees F for a minimum of 2
hours. Each dried filter/dish set was then weigloetthie nearest 0.0001-gram, using an AND
analytical balance, model ER-182A. Once filtersalch sample and dish was dried at a
temperature between 175 and 220 degrees F (beldwg)dor 20 to 30 minutes until visually
dry. The oven temperature was increased to 22fedsd and the samples were dried for an
additional 2-%2 to 3 hours. The dry samples andedisvere then weighed to the nearest 0.0001-
gram, using the AND balance. Net sediment weight (mg) was determinyeslibtracting the
dried filter weight from the dried sample weightlanultiplying the result by 1,000. The net
sample volume, in liters, was determined by sulitrgche beaker and net sediment weight from
the overall sample weight and dividing by 1,00@clsample sediment concentration, in

mg/liter, was determined by dividing the net sedimeeight by the net sample volume. The
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effluent concentration for each flow condition veajusted for background. The background

samples were collected at the pump effluent andgssed as described above.

3.7 Test Sediment and Particle Size Distribution

In order to satisfy the particle size distribut{®8SD) set forth by NJCAT testing protocol, Alden
has developed a sediment mix composed of NJ#00N,10knd Min-U-Sil 40 silica sand,
available from US SilicaFigure 8 shows the theoretical PSD of each grade of sanwel as

the mix ratios and resulting percentages. Twoaandry samples were analyzed for PSD with
a resulting averagedg of approximately 70 microns which, as shownFogure 9, matches the

NJDEP estimated £3 of 67 microns.

In addition to testing with NJCAT protocol sedimeathird re-entrainment test was completed
with gradation F-60 sediment. The PSD informapoovided by U.S. Silica is presented on
Figure 10.

3.8 Mass Balance Analysis

For tests completed during Phase 3, a modified tassice method was used to determine
sediment removal efficiency. A true mass balaesedccounts for all the mass within a system,
including total influent, captured and effluent gtines. However, with flows ranging from 0.45
to 2.25 cfs, it is extremely difficult and conseqtlg, expensive to capture the fine effluent
sediment without compromising the integrity of teet. Therefore, modified mass balance tests,
in which the influent and captured sediment is aoted for, were performed on the HG6 unit.
The weight of injected sediment was determined bighing the loaded screw feeder, which
was mounted on a hydraulic table, before and &ftting. The scale used was a 0-500 Ib
Ohaus® Champ SQ digital scale, model CQ250-XL11§ujmped with a 0.05 resolution

CW11digital controller. This provided the total ssaof sediment introduced into the test unit.

After the completion of each test, water was desdiftom the test unit by means of a gravity

siphon. The captured sediment and any remainirigrwaere then collected from the test unit
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using a pre-cleaned wet vacuum. The collectedrsatiwas placed in pre-weighed trays and
dried in a Modern Laboratory Equipment® oven, mddsd-SS, for approximately 24 hours.
The dried sediment was then weighed with the Obaate and the captured weight was
calculated by subtracting the tray weight from ghess weight. The removal efficiency for each

flow condition was calculated using the followinguation:

40 TEST PROCEDURES

Test procedures for the HG6 unit were developeHymroworks in coordination with Alden

and with consultation from NJCAT. The NJCAT tegtprotocol for Stormwater Treatment
Devices was used as guidance (see Appendix A).tédtimg was conducted in three phases as
described below.

4.1 Phase 1 - Re-entrainment and Washout

Re-entrainment tests were performed at flows ranfiom 0.4 to 2.0 cfs, with sediment
loadings of 100% (9.3% and 50% (4.6 ) of the unit's capacity (as stated by Hydroworkk).
was estimated (by Hydroworks) that the inner chamétains approximately 80% of sediment
captured by the unit and the remaining 20% is methin the middle chamber. Therefore, an
80/20 split was used for the sediment loading. dtea of the inner chamber is 12 %4hd the
area of the middle chamber is 8.8 fFor the 100% tests, 7 inches of sediment wakelbin the
inner chamber and 2.5 inches in the middle chambBer.the 50% tests, 3.5 inches of sediment
was loaded in the inner chamber and 1.25 inch#dsimiddle chamber. Three re-entrainment
tests were performed: 100% and 50% loading withAND@ix (1 to 1,000 microns) and 100%
loading with F-60 sediment (75 to 600 microns).

The unit was slowly filled to the invert of the le#nt pipe. The shape of the sediment bed was
established by incrementally increasing the flowt & cfs, allowing the system to run until the

effluent was clear or for a maximum duration of two&r. The system remained idle for a
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minimum of 24 hours prior to testing to let the mgwastablished sediment bed settle. Testing
was conducted by incrementally increasing the fbdwlean water (no influent sediment) into
the unit under steady-state conditions, while ecardusly obtaining flow data. Effluent samples,
for SSC and PSD analyses, were obtained at theteardlows (0.4, 0.8, 1.2, 1.6 and 2.0 cfs.) A
series of four (4) samples were collected everyirtutas at each steady-state target flow, to

allow insight into trends and/or anomalies of sestimmovement.

4.2 Phase 2 - Hydraulic Capacity and Characterist

The unit was tested without sediment to deterntméydraulic characteristics. Flow and
pressure head measurements across the unit werdeddor 16 conditions. Each test flow was
set and allowed to reach steady state, at which @imminimum of 1 minute of flow and pressure
data were recorded and averaged for each presgutecation. Observations were documented
throughout the test, including conditions in thedn middle and outer chambers (internal
measurements) and water elevations in the inflaedteffluent pipes (system measurements).
Pressure head measurements were recorded atltheifgl 5 locations (seEigure 11):
approximately one pipe diameter upstream of thieuias (Tap A), along the wall in the inner
chamber (Tap B), along the wall in the middle cham@ap C), along the wall in the outer
chamber (Tap D), and one pipe diameter downstrdahedest unit (Tap E). The discharge and

loss coefficients (Cd and K) were calculated fothihe internal and system losses.

4.3 Phase 3 - Sediment Removal Efficiency Testing

The test unit was thoroughly cleaned prior to tiaet ©f each test. The test flow was set and
allowed to reach steady state. The test sedimastnyected into the influent line at a target
concentration of 200 mg/L for duration of time $cifnt to introduce approximately twenty (20)
pounds of sediment into the unit. The sedimemcinpn was stopped and 3 system volumes of
water were allowed to pass through the system pritite termination of the test. The unit was
drained and cleaned, and the removal efficiencgrdened utilizing the modified mass balance

methodology described in Section 3.8.

It was observed that each collection tray containa&th settled and suspended sediment particles
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when placed in the drying oven. After full dryinfthe sediment was complete, an encrusted
top layer was present in each tray, which wasélalt of the fine particles bonding together
during the drying process. This bonding of paesallid not affect the resulting removal
efficiencies. However, the reported PSD resultsisthat the particles still possessed some
cohesive qualities, as the smallest measured [gasizes do no correlate well with the resulting
efficiencies. Passing the dried sediment throug $creens and preparing the samples as wet

samples prior to shipping may have corrected troblpm.
5.0 RESULTS

Results of all tests are shownTiables 1through6, onFigures 12through27 and are discussed

in the following sub-sections.
5.1 Re-entrainment and Washout

Re-entrainment tests were performed at flows ranfsom 0.4 to 2.0 cfs, with initial sediment
loadings of 100% (9.3% and 50% (4.6 ) of the unit's capacity (as stated by Hydroworks).
The sediment beds were prepared with a varyingsiepo profile, as described in Section 4.1,
based on field observations supplied by Hydrowoikach test was conducted by incrementally
increasing the flow while collecting effluent sampl A series of four (4) effluent samples were
collected for SSC analysis and one for PSD analgsithe steady-state target flows of 0.4, 0.8,
1.2,1.6 and 2.0 cfs.

5.1.1 50% Loading — NJCAT Mix

Measured sediment concentrations were considevetbioall target flow conditions, with
average quantities ranging from 2.2 mg/L (0.4 ts36.1 mg/L (2.0 cfs). The four sequential
samples collected at each target flow showed stemdgases, with the exception of the outlier
seen at sample #2 during the 1.61 cfs fl@vaphs of the recorded flow data and corresponding
sediment concentration analyses are showhigmres 12 and 13 The concentration data is

shown inTable 1.



The effluent PSD data indicated that, at the maxinflow of 2.0 cfs, the unit was able to retain
particles over 25 microns ¢E). The corresponding g Dso and Dy sizes were 2.3, 8.2 and 21.5
microns, respectively. The PSD curves for therenést are shown drigure 14. Photographs
of the inner and middle chambers after re-entraitrtesting are shown dfigures 15 and 16

5.1.2 100% Loading — NJCAT Mix

Measured sediment concentrations were considelatvaety low for all flow conditions, with
average quantities ranging from 4.3 (0.4 cfs) td 4Mg/L (2.0 cfs). The four samples collected
at each target flow typically had the lowest conraions, with a spike in concentration at the
second sample. The 2.0 cfs condition had the Bigtencentration at the first sample, with
diminishing concentrations at each subsequent santptaphs of the recorded flow data and
corresponding sediment concentration analysesham@rsonFigures 17 and 18 The

concentration data is shownTiable 2

The effluent PSD data indicated that, at the maxrmflow of 2.0 cfs, the unit is able to retain
particles over 30 microns ¢E). The correspondingqg Dso and Dy sizes were 2.5, 10.1 and
25.4 microns, respectivelyThe PSD curves for the entire test are showhkigare 19.
Photographs of the inner and middle chambers edtentrainment testing are shownkigures
20 and 21

5.1.3 100% Loading — F-60 Sediment

Measured sediment concentrations were consideveébloall flow conditions, with average
guantities ranging from 2.1 (0.4 cfs) to 13.5 m{fZ10 cfs). The collected samples at each target
flow were all similar, with maximum deviations gh@roximately +/- 2 mg/L. Graphs of the
recorded flow data and corresponding sediment ctrateon analyses are shown eigures 22

and 23 The concentration data is showriTiable 3.

A PSD sample was not collected for this test caowalit



5.2 Hydraulic Capacity

Flow (gpm) and water level (inches) within the unére measured for 19 flows ranging from
0.4 to 7.9 cfs. The influent pipe was estimatetdadlowing full at approximately 3.3 cfs. The
entrance to the effluent pipe was submerged abappately 3.3 cfs, and the effluent pipe was
measured to be flowing full at the tap at approxetheb cfs. There was no rounding installed at
the entrance to the effluent pipe, resulting imfation of a vena contracta at full-pipe flow.

This resulted in erroneous low-pressure readin@gllgtipe. The loss coefficient (K) associated
with the sharp-cornered entrance is approximatéy The addition of a 1.5 to 2-inch radius at
the entrance would reduce the coefficient to arr@pmate value of 0.1 for a 14-inch pipe. The
flow did not overtop the baffle walls at maximurol. The Elevation Curves for each pressure
tap location are shown dagure 24. The effluent curve is flat at full pipe due tetreasons

discussed above.

The loss coefficient (Cd) was calculated througtibatrange of flows using the following
equation:
"% $%&(
Where,
Q =flow in cfs
A = area of the outlet baffle opening if ft

h = headloss across the unit in ft

As seen orfrigure 25, the calculated System Cd (influent to efflueat)ged from 0.015 to 0.08
for recorded flows of 181 to 1,789 gpm (0.40 to eff), and 0.103 to 0.137 for flows of 2016 to
3556 gpm (4.5 to 7.9 cfs). The calculated inte@a@linner chamber to outlet chamber) ranged
from 0.168 to 0.306 for recorded flows of 359 t&8gpm (0.8 to 7.9 cfs).

A system K value was established based on full-figae in the influent and effluent pipes using

the following equation:

L %e
) %

Where,
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H = head differential between the influent andwedftit pipes

V = velocity in the influent pipe

A K value of 1.09 was calculated at 2277 gpm (5s), evhich corresponds to full effluent pipe
flow. Additional values for producing an averagerg/not attainable due to the lack of effluent
pressure readings discussed earlier. A substaatiattion in the K value is anticipated with the

addition of an effluent rounding. The hydrauli¢ales shown inrable 4.

5.3  Sediment Removal Efficiency

Removal efficiency tests were conducted at fivefl®ys ranging from 0.45 to 2.25 cfs with a
target influent sediment concentration of 200 mg#the calculated removal efficiencies ranged
from 43.1% to 74.1% for the five tests conducté&tie testing data summary is showreble 5
and the efficiency curve is shown Bigure 26. One random sample was collected from the
captured sediment during each test for particle digtribution (PSD) analysis. Each sample was
analyzed using the Beckman Multisizer3 Coulter Geunlt needs to be noted that the smallest
measured particle size for all tests except thg 6f3 test (26 microns) do not correlate with the
measured removal efficiency results. This is nligsty due to the limitations of the PSD
analysis methodology to break down the coagulatetigtes (caused by the drying process, as
described in Section 4.3) to their smallest grae.sPSD curves for each test are shown on
Figure 27.

Data points corresponding to 50%, 75% and 100%¢d|dased on the upper and lower range,
were interpolated in order to calculate an NJCATgived efficiency of 60.3%. The weighted
efficiency data is shown ihable 6. Complete test results are discussed in thevilig sub-

sections.

5.3.1 Sediment Removal Efficiency — 2.25 cfs

The average flow recorded for the entire test Wt gpm (2.26 cfs), with a standard
deviation (SD) of 1.96. The recorded temperatardlfe test was 65.0 degrees F. The net

weight of sediment injected was 21.7 Ibs. Thewwdght captured was 9.35 Ibs. The resulting
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sediment removal efficiency was 43.1%. The baadkgdoconcentrations taken at the start and
end of the test were 5.31 and 11.55 mg/L.

The smallest captured particle measured was griéeter88 microns. This data correlates fairly
well with the measured removal efficiency of 43.Whjch has an estimated particle size of

approximately 100 microns.

5.3.2 Sediment Removal Efficiency — 1.88 cfs

The average flow recorded for the entire test wasBgpm (1.89 cfs), with a standard deviation
(SD) of 3.48. The recorded temperature for thewes 63.1 degrees F. The net weight of
sediment injected was 24.2 Ibs. The net weightuwad was 11.70 Ibs. The resulting sediment
removal efficiency was 48.3%. The background cotre¢ions taken at the start and end of the
test were 1.40 and 5.96 mg/L.

The smallest captured particle measured was grénter88 microns. This data shows a larger
particle size than anticipated for a removal edindy of 48.3%, which has an estimated particle

size of approximately 80 microns.

5.3.3 Sediment Removal Efficiency — 1.5 cfs

The average flow recorded for the entire test was@gpm (1.51 cfs), with a standard deviation
(SD) of 1.43. The recorded temperature for thewes 70.6 degrees F. The net weight of
sediment injected was 21.0 Ibs. The net weightuwad was 11.50 Ibs. The resulting sediment
removal efficiency was 54.8%. Background conceioinasamples were not taken during the
test; however, background levels were observee tminimal.

The smallest captured particle measured was gréter74 microns. This data shows a larger

particle size than anticipated for a removal eéindy of 54.8%, which has an estimated particle

size of approximately 60 microns.
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5.3.4 Sediment Removal Efficiency — 0.75 cfs

The average flow recorded for the entire test wes@gpm (0.75 cfs), with a standard deviation
(SD) of 1.04. The recorded temperature for thevies 63.5 degrees F. The net weight of
sediment injected was 26.4 Ibs. The net weighturad was 16.90 Ibs. The resulting sediment
removal efficiency was 64.0%. The background cotre¢ions taken at the start and end of the
test were 0.29 and 5.08 mg/L.

The smallest captured particle measured was griéeter26 microns. This data correlates fairly
well with the measured removal efficiency of 64.0#hjch has an estimated particle size of

approximately 25 microns.

5.3.5 Sediment Removal Efficiency — 0.45 cfs

The average flow recorded for the entire test & 2gpm (0.45 cfs), with a standard deviation
(SD) of 0.50. The recorded temperature for thewes 64.1 degrees F. The net weight of
sediment injected was 18.5 Ibs. The net weighturad was 13.70 Ibs. The resulting sediment
removal efficiency was 74.1%. The background cotregions taken at the start and end of the
test were 5.13 and 6.26 mg/L.

The smallest captured particle measured was grénter62 microns. This data shows a larger

particle size than anticipated for a removal edinady of 74.1%, which has an estimated particle
size of approximately 12 microns.
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6.0 SUMMARY & CONCLUSIONS

Under a contract from Hydroworks, LLC (Hydroworksggrification testing of a 6-foot diameter
Hydroguard HG6 Hydrodynamic Separator (HG6) waslooted at Alden Research Laboratory,
Inc. (Alden), Holden, Massachusetts. Testing idetlithe evaluation of re-entrainment of the
sediment bed, measured headlosses and establigtiredilic characteristic curves, and
determination of the sediment removal efficienciesg a modified mass balance method.
Sediment testing utilized the New Jersey Corpondioo Advanced Technology (NJCAT)

specified protocol sediment, with a PSD of 1 toA @ficrons and a specific gravity of 2.65.

Hydraulic testing was performed on the unit fomfforanging from 0.4 to 7.9 cfs. There was no
rounding installed at the entrance to the efflygpe, resulting in formation of a vena contracta
at full-pipe flow. This resulted in erroneous I@ressure readings at full pipe. The loss
coefficient (K) associated with the sharp-cornezattance is approximately 0.5. The addition
of a 1.5 to 2-inch radius at the entrance wouldicedhe coefficient to an approximate value of
0.1 for a 14-inch pipe. The flow did not overttye taffle walls at maximum flow. The
calculated System Cd (influent to effluent) rangedn 0.015 to 0.08 for recorded flows of 181
to 1,789 gpm (0.40 to 4.0 cfs), and 0.103 to 0fbB7lows of 2016 to 3556 gpm (4.5 to 7.9 cfs).
The calculated internal Cd (inner chamber to owtetmber) ranged from 0.168 to 0.306 for
recorded flows of 359 to 3556 gpm (0.8 to 7.9 c#&)system K value was established based on
full-pipe flow in the influent and effluent pipe#\ K value of 1.09 was calculated at 2277 gpm
(5.1 cfs), which corresponds to full effluent pip@v. A substantial reduction in the K value is

anticipated with the addition of an effluent intetinding.

Removal efficiency tests were conducted at fivefl®ys ranging from 0.45 to 2.25 cfs with a
target influent sediment concentration of 200 mglmass balance methodology was utilized
for all tests. One random sample was collectenh fitve captured sediment during each test for
particle size distribution (PSD) analysis. Thecaidted removal efficiencies ranged from 43.1%
(2.25 cfs) to 74.1% (0.45 cfs) for the five testmducted, with an NJCAT weighted efficiency of

60.3%. The smallest measured captured partiokeveds greater than 26 microns for all tests.
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Re-entrainment tests were performed at flows ranfyom 0.4 to 2.0 cfs, with initial sediment
loadings of 100% and 50% of the stated unit’s capasing the NJCAT sediment PSD. An
additional test was performed with an initial laagliof 100% using F60 sediment. The sediment
beds were prepared with a varying deposition prpbhsed on field observations supplied by
Hydroworks. Maximum average sediment concentratfonthe 50% and 100% loading
conditions were 36.1 mg/L and 44.1 mg/L, respettivgsing the NJCAT PSD mix. The

effluent PSD data indicated that, at the maximww fbf 2.0 cfs, the unit was able to retain
particles over 25 microns ¢g) for the 50% and 100% conditions. Correlatiothid data with

the removal efficiency PSD data results in no nggampact on the overall removal efficiency
performance for all flows tested below 0.45 cfacsithe largest re-entrained patrticle is smaller
than the smallest measured and estimated captargdg@approximately 75% of the re-
entrained particles were < 15 microns). Althoug .45 cfs test indicates that sufficiently-
small particles could be present in the chambeckvbould be re-entrained (12-25 microns), it is
anticipated that the effect on overall efficiencyl e minimum, since only particles at the
surface of the bed will be re-entrained and nottfigre volume. The effluent re-entrained
concentrations were negligible for flows up to 6f8 (approximately 5 mg/L) and minimal at the
flow rate of 1.21 cfs (< 18 mg/L). The F-60 tessulted in a maximum average effluent
concentration of 13.5 mg/L at 2.0 cfs and 100%Ilbad. No PSD samples were collected for

this test condition.

CONCLUSIONS:

The Hydroguard HG6 removed 74% to 43% of the NJP&ficle size distribution at
flow rates ranging from 2.25 cfs to 0.45 cfs respety. The NJDEP particle size
distribution represents a distribution of sedimehere 45% of the particles are less than
50 um and 20% of the particles are less than 8nusize.

The smallest measured particle captured by the dtycard HG6 for these flow
conditions was 26 um. This may be considered cuatee due to the cohesive

properties of the fine captured particles obseafégr drying.

Scour testing indicates prevention of scour fotipias larger than 25 um ).
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Hydraulic testing indicates a system K value oBla@full-pipe flow conditions for

headloss calculations.
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TABLES



Table 1
Re-entrainment, 50% Sediment Loading, NJCAT Mix
SSC Sample Analysis

Flow rate (cfs) 0.40 0.80 121 161 2.00
Background Sample (mg/L) B2 4.41 B3 2.96 B4 3.78 B5 12.64 B6 13.71
Effluent Sample (mg/L) 1 2.69 1 1.66 1 13.40 1 15.59 1 32.50
(adjusted for background) 2 1.93 2 2.40 2 14.78 2 44.16 2 34.00
3 1.81 3 3.18 3 15.38 3 27.12 3 38.20
4 2.35 4 2.43 4 24.35 4 28.02 4 39.76
Average Effluent (mg/L) 2.20 2.42 16.98 28.73 36.12
Table 2
Re-entrainment, 100% Sediment Loading, NJCAT Mix
SSC Sample Analysis
Flow rate (cfs) 0.40 0.80 1.21 1.61 2.00
Background Sample (mg/L) B2 1.65 B3 0 B4 2.25 B5 10.61 B6 18.87
Effluent Sample (mg/L) 1 4.27 1 3.72 1 12.65 1 26.39 1 53.71
(adjusted for background) 2 4.30 2 5.70 2 22.19 2 53.49 2 4554
3 4.12 3 6.38 3 19.98 3 43.88 3 33.54
4 4.40 4 5.83 4 16.76 4 52.78 4 33.08
Average Effluent (mg/L) 4.27 5.40 17.90 44.14 41.47




Table 3

Re-entrainment, 100% Sediment Loading, F-60
SSC Sample Analysis

Flow rate (cfs) 0.41 0.80 1.21 1.60 2.01
Background Sample (mg/L) B2 0 B3 0 B4 0 B5 0 B6 0
Effluent Sample (mg/L) 1 1.74 1 2.26 1 3.85 1 6.23 1 11.37
(adjusted for background) 2 2.51 2 0.68 2 541 2 10.33 2 13.89
3 1.27 3 5.00 3 5.95 3 15.06
4 4.35 4 8.59 4 13.57
Average Effluent (mg/L) 2.21 1.41 4.65 7.78 13.47
Table 4
Hydraulic Testing Data
A Elevation readings Discharge Coefficient Velocity
ow
Influent (A) Inner Chamber (B) iddle Chamber (C ) | Outer Chamber (D) | Effluent (E) Internal External (System) Inlet Outlet
K
Inches Inches Inches Inches
Inches Inches Inches Inches delta B-D delta A-E
gpm cfs from E lfrom from E from from E from from E from Inches (feet) Cd (feet) Cd Area (ft )| (ft/s) Area (ft ) (ft/s)
invert bottom bottom bottom
181.4 0.40 5.01 4.00 5.05 77.05 5.05 77.05 5.04 77.04 2.52 0.00 0.249 0.21 0.015 0.25 1.60 0.13 3.08
358.9 0.80 7.05 6.05 7.16 79.16 7.10 79.10 7.08 79.08 3.56 0.01 0.168 0.29 0.025 0.44 1.81 0.21 3.74
449.2 1.00 7.72 6.72 7.88 79.88 7.81 79.81 7.77 79.77 3.90 0.01 0.172 0.32 0.030 0.51 1.97 0.24 4.12
543.3 1.21 8.70 7.69 8.89 80.89 8.75 80.75 8.73 80.73 4.63 0.01 0.175 0.34 0.035 0.60 2.01 0.31 3.92
722.7 1.61 10.15 9.15 10.45 82.45 10.21 82.21 10.20 82.20 5.50 0.02 0.184 0.39 0.043 0.74 2.18 0.39 4.13
903.3 2.01 11.46 10.45 11.69 83.69 11.44 83.44 11.32 83.32 6.13 0.03 0.193 0.44 0.051 0.86 2.35 0.45 4.47
937.2 2.09 11.47 10.46 11.88 83.88 11.62 83.62 11.42 83.42 6.13 0.04 0.179 0.44 0.052 0.86 2.44 0.45 4.64
1078.9 2.40 12.73 11.73 13.06 85.06 12.85 84.85 12.61 84.61 6.93 0.04 0.205 0.48 0.058 0.96 2.51 0.53 4.55
1350.8 3.01 14.29 13.28 14.86 86.86 14.59 86.59 14.31 86.31 7.51 0.05 0.235 0.57 0.067 1.05 2.87 0.58 5.16
1363.5 3.04 14.29 13.28 14.72 86.72 14.58 86.58 14.25 86.25 7.56 0.04 0.258 0.56 0.068 1.05 2.90 0.59 5.16
1475.2 3.29 14.98 13.97 15.27 87.27 15.34 87.34 14.81 86.81 8.00 0.04 0.281 0.58 0.072 1.07 3.07 0.63 5.21
1629.8 3.63 16.09 15.08 16.91 88.91 16.63 88.63 16.01 88.01 8.47 0.08 0.221 0.64 0.076 1.07 3.40 0.68 5.37
1789.1 3.99 17.02 16.02 17.98 89.98 17.59 89.59 17.04 89.04 8.64 0.08 0.239 0.70 0.080 1.07 3.73 0.69 5.76
2022.8 4.51 18.90 17.90 20.41 92.41 19.58 91.58 19.10 91.10 9.41 0.11 0.228 0.79 0.085 1.07 4.22 0.76 5.90
2276.8 5.07 18.59 17.58 19.17 91.17 19.29 91.29 18.25 90.25 14.00 0.08 0.306 0.38 0.137 1.07 4.75 1.07 4.75 1.09
2683.2 5.98 21.54 20.53 22.75 94.75 22.38 94.38 21.09 93.09 14.00 0.14 0.269 0.63 0.126 1.07 5.59 1.07 5.59 1.29
2699.9 6.02 20.63 19.62 22.68 94.68 21.72 93.72 20.74 92.74 14.00 0.16 0.250 0.55 0.135 1.07 5.63 1.07 5.63 1.12
3189.3 7.11 26.67 25.66 28.55 100.55 28.16 100.16 25.88 97.88 14.00 0.22 0.252 1.06 0.116 1.07 6.65 1.07 6.65 1.54
3555.6 7.92 30.45 29.44 32.25 104.25 32.05 104.05 29.69 101.69 14.00 0.21 0.287 1.37 0.113 1.07 7.41 1.07 7.41 1.61




Table 5

Sediment Removal Efficiency Testing Summary
Modified Mass Balance Method
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Figure 1: Hydroworks HG6 Test Unit
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Figure 2: HG6 in Alden’s Test-Loop
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Figures 4 & 5: Test Loop Flow Meters and 50 HP Psim
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Range | Target Mesh Microns | NJ# 00N | OK-110 | Min-U-Sil 40 % % % Total
NJCAT 11% 46% 43%
20 850
500-1000 5% 30 600 45 5.0 5.0
40 425 52 5.7
250-500 5% 50 300 3 0.3 6.1
70 212
100 150 1 0.5
100-250 30% 120 125 15 6.9
140 106 48 22.1 29.4
170 88 24 11.0
50-100 15% 200 75 9.7 4.5
270 53 1.9 0.9 16.4
8-50 25% 60 25.8 25.8
2-8 15% 28 12.0 12.0
1-2 5% 12 5.2 5.2
Total 100 99.6 100 99.8

Figure 8: Test sediment mix using commerciallyilabde US Silica sand
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Figure 9: Test sediment mix PSD
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Figure 10: US Silica F60 Test Sediment PSD
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HG6 Re-entrainment Test
50% Sediment Loading (NJCAT Mix)
Test Flow Rates

"$$$
%%$$
4
(3% e
|
#$$
3% - T
B /”-J
o
g $$
- '$$ $E® /
&$$
E
$$
"$$ <
$ T T T
$.$8.$$ $m $. ('( $.&." $. #.&! "$$ L '$.(
Time
Figure 12: 50% Flow Trace Graph
HG6 Re-entrainment Test
50% Sediment Loading (NJCAT Mix)
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Figure 13: Re-entrainment Effluent Sample Conegiains at 50% Loading Capacity
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Figure 15: 50% Sediment Bed After Re-entrainmezstifig — Inner Chamber

Figure 16: 50% Sediment Bed After Re-entrainmegsting — Middle Chamber
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HG6 Re-entrainment Test
100% Sediment Loading (NJCAT Mix)
Test Flow Rates

"$$$
%S$$ f—-———»;
($$ EICE I
#$$ 4
€
(=X
S 3%
% w1
Y ogs G
| I |
&$$
<4
$$ -
"$$ 4
$ ‘ ‘ ; ‘ ‘
$.$$.5% s $. (.( $.8." $. #.&! S L '$.(
Time
Figure 17: 100% Flow Trace Graph
HG6 Re-entrainment Test
100% Sediment Loading (NJCAT Mix)
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Figure 18: Re-entrainment Effluent Sample Conediains at 100% Loading Capacity
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Figure 20: 100% Sediment Bed After Re-entrainniessting — Inner Chamber

Figure 21: 100% Sediment Bed After Re-entrainmessting — Middle Chamber
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HG6 Re-entrainment Test
100% Sediment Loading (F60)
Test Flow Rates
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Figure 22: F60 Re-entrainment Test Flow Trace Grap
HG6 Re-entrainment Test
100% Sediment Loading (F60)
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Figure 23: F60 Re-entrainment Test Effluent Sanguacentrations
at 100% Loading Capacity
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Figure 24: Elevation Curves
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Figure 25: Hydraulic Characteristic Curves
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Removal Efficiency Performance Curve
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Figure 26: Removal Efficiency Curve
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Figure 27: Captured Sediment PSD
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APPENDIX A
NJCAT LABORATORY TESTING PROTOCOL
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