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1. Introduction 
 

1.1   New Jersey Corporation for Advanced Technology (NJCAT) Program 
 
NJCAT is a not-for-profit corporation to promote in New Jersey the retention and growth of 
technology-based businesses in emerging fields such as environmental and energy technologies.  
NJCAT provides innovators with the regulatory, commercial, technological and financial 
assistance required to bring their ideas to market successfully.  Specifically, NJCAT functions to: 
 

• Advance policy strategies and regulatory mechanisms to promote technology 
commercialization; 

• Identify, evaluate, and recommend specific technologies for which the regulatory and 
commercialization process should be facilitated; 

• Facilitate funding and commercial relationships/alliances to bring new technologies 
to market and new business to the state; and 

• Assist in the identification of markets and applications for commercialized 
technologies. 

 
The technology verification program specifically encourages collaboration between vendors and 
users of technology.  Through this program, teams of academic and business professionals are 
formed to implement a comprehensive evaluation of vendor specific performance claims.  Thus, 
suppliers have the competitive edge of an independent third party confirmation of claims. 
 
Pursuant to N.J.S.A. 13:1D-134 et seq. (Energy and Environmental Technology Verification 
Program) the New Jersey Department of Environmental Protection (NJDEP) and NJCAT have 
established a Performance Partnership Agreement (PPA) whereby NJCAT performs the 
technology verification review and NJDEP certifies the net beneficial environmental effect of the 
technology.  In addition, NJDEP/NJCAT work in conjunction to develop expedited or more 
efficient timeframes for review and decision-making of permits or approvals associated with the 
verified/certified technology. 
 
The PPA also requires that: 
 
•  The NJDEP shall enter into reciprocal environmental technology agreements concerning the 

evaluation and verification protocols with the United States Environmental Protection 
Agency, other local required or national environmental agencies, entities or groups in other 
states and New Jersey for the purpose of encouraging and permitting the reciprocal 
acceptance of technology data and information concerning the evaluation and verification of 
energy and environmental technologies; and  

 
•  The NJDEP shall work closely with the State Treasurer to include in State bid specifications, 

as deemed appropriate by the State Treasurer, any technology verified under the Energy and 
Environment Technology Verification Program. 
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 1.2 Technology Verification Report 
 
On June 5, 2006, Suntree Technologies Inc. (798 Clearlake Road, Cocoa, FL 32922) submitted a 
formal request for participation in the NJCAT Technology Verification Program.  The 
technology proposed – The Nutrient Separating Baffle Box (NSBB) – is a stormwater treatment 
device designed to remove sediments, gross pollutants, suspended solids, trash, leaves, floatables 
and other debris from stormwater, as well as associated constituents, e.g. nitrogen, phosphorus. 
 
The request (after pre-screening by NJCAT staff personnel in accordance with the technology 
assessment guidelines) was accepted into the verification program.  This verification report 
covers the evaluation based upon the performance claim of the vendor, Suntree Technologies 
(see Section 4).  The verification report differs from typical NJCAT verification reports in that 
final verification of the Nutrient Separating Baffle Box (and subsequent NJDEP certification of 
the technology) awaits completed field testing that meets the full requirements of the Technology 
Acceptance and Reciprocity Partnership (TARP) – Stormwater Best Management Practice Tier 
II Protocol for Interstate Reciprocity for stormwater treatment technology.  This verification 
report is intended to evaluate the NSBB performance claim for the technology based on carefully 
conducted laboratory studies.  The performance claim is expected to be modified and expanded 
following completion of the TARP required field-testing.  
 
This verification project included the evaluation of assembled company literature and a 
laboratory test report to verify that the NSBB satisfies the performance claim made by Suntree 
Technologies Inc.  

 1.3   Technology Description 

1.3.1 Technology Status: general description including elements of 
innovation/uniqueness/ competitive advantage. 

In 1990, Congress established deadlines and priorities for EPA to require permits for discharges 
of stormwater that is not mixed or contaminated with household or industrial wastewater.  Phase 
I regulations established that a NPDES (National Pollutant Discharge Elimination System) 
permit is required for stormwater discharge from municipalities with a separate storm sewer 
system that serves a population greater than 100,000 and certain defined industrial activities. 
 
To receive a NPDES permit, the municipality or specific industry has to develop a stormwater 
management plan and identify Best Management Practices for stormwater treatment and 
discharge.  Best Management Practices (BMPs) are measures, systems, processes or controls that 
reduce pollutants at the source to prevent the pollution of stormwater runoff discharge from the 
site. Phase II stormwater discharges include discharges from classes of smaller municipalities 
than those specifically classified as Phase I discharge. 
 
The nature of pollutants emanating from differing land uses is very diverse.  Suntree 
Technologies has developed the Nutrient Separating Baffle Box with its patented screen system 
to capture and separate the organic matter and litter from the stormwater to significantly reduce 
nutrient loads and prevent bacterial discharge.  Between storm events the nutrient laden debris, 
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such as foliage, is stored in a dry state above the water and sediment in the lower chambers.  The 
purported effect is to reduce or eliminate the leaching that would occur if the captured material 
were submerged. (This effect is not assessed in this verification report.)  Since leaching of 
nutrient vegetation would release biochemical oxygen demand, nitrogen and phosphorus, 
removing foliage from the stormwater and holding the captured material out of the water column 
results in a reduction of nutrient loading to the receiving water body.  The screen system 
provides additional benefit to reduce turbulence within the structure which allows fine sediment 
to settle into the lower chambers without re-suspension. 
 
Prior to the development of the NSBB, similar BMPs retained standing water in the chambers 
where the sediment and debris were collected.  Organic constituents would leach out of the 
collected materials only to be carried to surface waters during the next storm event.  A 
significant source of nutrient input to water bodies is from grass clippings and leaves washed 
into drainage systems during storms.  The patented screen system unique to the Suntree 
Technologies NSBB addresses this problem by separating the organic material from the standing 
water. 
 
A primary advantage of baffle boxes is that they can be retrofitted into existing storm lines, 
allowing installation within existing rights-of-way.  This is especially important in areas where 
land is unavailable or too expensive for other stormwater BMPs. 
 
  1.3.2 Specific Applicability 
 
In general, the NSBB is an effective pollutant removal system, particularly suited to urban 
environments such as those with high percentages of impervious surfaces and thereby limited to 
subsurface treatment options.  Baffle boxes are simple, inexpensive stormwater BMPs that 
effectively remove sediment and suspended solids from stormwater.  While Suntree initially 
developed the Nutrient Separating Baffle box as a gross pollutant removal device prior to 
stormwater outfalls, NSBB application has since been expanded to a pretreatment option prior to 
underground detention, exfiltration fields, filtration systems, and injection wells, as well as its 
use as part of a treatment train.  Because of the minimal head loss associated with the treatment 
structure, the Nutrient Separating Baffle Box can be installed in both an inline or offline 
configuration, and makes for an easy retrofit to existing watersheds. 
 

1.3.3 Range of Contaminant Characteristics 
 
The NSBB is designed to capture sediment, grass, leaves, organic debris, litter, and hydrocarbons 
and any sediment and organic matter associated nitrogen and phosphorous as they enter the 
device, thereby preventing these pollutants from impacting downstream water bodies.  
 
  1.3.4 Range of Site Characteristics 
 
In general, stormwater treatment systems are best applied to impervious source areas where 
pollutant loads in stormwater are expected to be highest.  The Suntree NSBB is designed to 
accommodate a wide range of flows and volumes (Table 1).  The NSBB is primarily a 
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pretreatment device.  It can be used before detention systems, mitigating wetlands or other 
polishing systems. 
 
Table 1 Nutrient Separating Baffle Box Sizing 

Model  # Inside 
Width 

Inside 
Length 

Baffle 
Height 

Standard 
Height* 

Treatment 
Flowrate 

cfs 

Recommended 
Pipe Sizes 

NSBB-2-4-60 2’ 4’ 24” 5’ 0.44  4” to 12” 
NSBB-3-6-72 3’ 6’ 36” 6’ 1.0  8” to 18” 
NSBB-4-8-84 4’ 8’ 36” 7’ 1.8 12” to 24” 
NSBB-5-10-84 5’ 10’ 36” 7’ 2.8 12” to 30” 
NSBB-6-12-84 6’ 12’ 36” 7’ 4.0 18” to 36” 
NSBB-8-12-84 8’ 12’ 36” 7’ 5.3 30” to 48” 
NSBB-8-14-100 8’ 14’ 40” 8’4” 6.2 36” to 54” 
NSBB-10-14-100 10’ 14’ 40” 8’4” 7.8 42” to 60” 
NSBB-10-16-125 10’ 16’ 46” 10’5” 8.9 48” to 60” 
NSBB-12-20-132 12’ 20’ 48” 11’ 13.3 54” to 72” 
Custom sizes are available.     
*Height often varies so that the top of the vault is either at finish grade or close to finish grade for the purpose of 
access and servicing. 
 

  1.3.5 Material Overview, Handling and Safety 
 
Site preparation and NSBB installation are all general construction practice.  There is no 
handling of hazardous material.  Field personnel should use appropriate safety equipment, 
including hardhat and steel-toe boots.  Personnel who operate field equipment during the 
installation process should have appropriate training, supervision, and experience. 
 
The NSBB is considered a confined space such that confined space training is needed to enter the 
vaults.  Entry also requires the use of a gas detector for safety.  Standard OSHA confined space 
entry procedures should be followed (29 CFR 1910.146).  Only persons who are certified by 
OSHA to make confined space entries should enter an NSBB. 
 
During servicing, the filtration screen system hinges off to the side to give easy access to the 
sediment collected in the lower chambers.  Safe and legal disposal of pollutants is the 
responsibility of the maintenance contractor.  Solids recovered from the NSBB can typically be 
land-filled.  It is possible that there may be some specific land use activities that create hazardous 
solids, which will be captured in the system.  Such material would have to be handled and 
disposed of in accordance with hazardous waste management requirements. 
 
 1.4   Project Description 
 
This verification project included the evaluation of assembled company literature and a 
laboratory test report to verify that the NSBB satisfies the performance claim made by Suntree 
Technologies Inc.  
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1.5 Key Contacts 
 

Rhea Weinberg Brekke 
Executive Director 
New Jersey Corporation for Advanced Technology 
c/o New Jersey Eco Complex 
1200 Florence Columbus Road 
Bordentown, NJ   08505 
609-499-3600 ext. 227 
rwbrekke@njcat.org  
 
 

Richard S. Magee, Sc.D., P.E., BCEE 
Technical Director 
New Jersey Corporation for Advanced Technology 
15 Vultee Drive 
Florham Park, NJ 07932 
973-879-3056 
rsmagee@rcn.com   
 

Thomas H. Happel 
President 
Suntree Technologies Inc. 
798 Clearlake Road 
Suite 2 
Cocoa, FL 32926 
Phone: 321-637-7552 
Fax: 321-637-7554 
happel@suntreetech.com 
 

Sandy Blick 
Program Coordinator 
Stormwater Management Rule Implementation 
Division of Watershed Management  
NJ Department of Environmental Protection 
401 East State Street 
Trenton, NJ   08625-0409 
609-633-7045 
Sandra.Blick@dep.state.nj.us 
 

 
2.   Evaluation of the Applicant 
  

2.1 Corporate History 
 
The company was founded by Henry Happel in 1993 in response to local environmental 
concerns and the need to protect the Indian River Lagoon from stormwater pollutants.  Initially 
incorporated as Suntree Isles and currently doing business as Suntree Technologies Inc., the 
company has been designing and manufacturing stormwater pollution control devices since 
1993.  The Nutrient Separating Baffle Box technology (2nd Generation, or Type II) was 
developed in 1998 by incorporating screen capture devices into in-line sedimentation chambers 
in order to capture large stormwater materials and hold them out of the water column between 
storm events.  The first NSBB was installed in 1999, and NSBB design has since continued to 
evolve.  Suntree has also developed an extensive line of other products for the stormwater 
management industry, including the Grate and Curb Inlets and the Golf Filter.  Suntree provides 
both standardized BMP units and customized designs, and holds six patents in their NSBB 
product line.  
 

2.2 Organization and Management 
 
Suntree Technologies Inc. is a privately owned Florida corporation with corporate headquarters 
located at 798 Clearlake Road, Cocoa, FL (ph: 321-637-7552).  Suntree Technologies is 

mailto:rwbrekke@njcat.org
mailto:rsmagee@rcn.com
mailto:Sandra.Blick@dep.state.nj.us
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managed by Tom Happel as President, and John Happel as Vice President.  Suntree’s product 
market place has recently expanded beyond Florida to include all 50 states, with an extensive 
distributor network. 
 

2.3 Operating Experience with the Proposed Technology 
 
To date there are over 600 installations of the Suntree Nutrient Separating Baffle Box, which 
vary in size to treat storm pipes ranging in size from 6” to 72” in diameter.  In addition to 10 
different standard sizes, custom configurations are manufactured to accommodate various unique 
treatment and site specific requirements. 
 
The Nutrient Separating Baffle Box (NSBB) is also referred to as the 2nd Generation Baffle Box 
and is a significant design improvement over previous old style baffle boxes.  Key innovations 
have been the incorporation of a raised screen basket in line with the stormwater inlet pipe to 
keep organic material and debris separate from the static water between rain events, and the 
addition of turbulence deflectors to improve the settling of fine sediments while minimizing re-
suspension. 
 
 2.4 Patents 
 
The proprietary technology behind the Nutrient Separating Baffle Box is protected by patents 
issued by the U.S. Patent office with additional patents pending.  Below is a list of issued utility 
patents: 6,428,692; 6,979,148; 7,270,747; 6,270,663; 6,797,162; and 7,153,417. 
 
 2.5 Technical Resources, Staff and Capital Equipment 
 
Suntree Technologies employs 30 employees which includes 2 staff engineers.  In addition to in-
house design work, additional engineering is often outsourced to several different firms.  
Specialized product testing and evaluations are performed in house and by third party testing 
laboratories.  
 
Suntree Technologies representatives oversee the assembly and installation of every Nutrient 
Separating Baffle Box to ensure that installation is always correct, and that the treatment system 
is quality controlled to ensure optimum treatment of the water flow.  Suntree Technologies Inc. 
warranties all of its products to be free from manufacturer’s defects for a period of five (5) years 
from the date of purchase.  Suntree Technologies Inc. also warranties that the materials used to 
manufacture its products are able to withstand and remain durable to typical environmental 
conditions for a period of five (5) years from the date of purchase.  

 
The vault that makes up the Nutrient Separating Baffle Box is typically made of either concrete 
or fiberglass.  However, most of the structures produced are concrete.  Typically, the concrete is 
cast by an independent casting company that is located relatively local to the installation site.  
The interior components are manufactured in Cocoa, Florida and shipped to the casting company 
where the components are then installed.  If a project requires a fiberglass vault, the vault with 
all the interior components pre-installed is shipped from Cocoa, Florida.  In almost all cases, all 
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the unique interior components are installed prior to delivery of the vault.  This makes for a 
quick and easy install, in which the excavation, setting Nutrient Separating Baffle Box and 
restoration of the excavation often takes less than a day. 
 
The products of Suntree Technologies Inc. are available either directly from Suntree 
Technologies or through a national sales network of authorized distributors in Richmond, VA, 
Oceanside, CA, Hendersonville, TN, Wyoming, MI and Houston, TX. 
 
3. Treatment System Description 
 
Baffle boxes are concrete or fiberglass structures containing a series of sediment settling 
chambers separated by baffles.  The primary function of baffle boxes is to remove sediment, 
suspended particles, and associated pollutants from storm water.  Baffle boxes may also contain 
trash screens or skimmers to capture larger materials, trash, and floatables.  Baffle boxes are 
located either in-line or at the end of storm pipes.  
 
The original “Type I” baffle box has been used primarily for removal of sediment and suspended 
solids from stormwater.  The function of a “Type I” baffle box is primarily to decrease the 
stormwater flow velocity through the box, thereby allowing solids and associated pollutants to 
settle to the bottom of the box. Stormwater enters the box and begins to fill the first chamber.  As 
water encounters the baffles, flow velocity decreases, allowing particles with a settling velocity 
greater than the horizontal velocity to settle to the bottom of the box.  In addition to decreasing 
flow velocities, the baffles impede particle movement.  As suspended particles strike the baffles 
they begin to settle.  Larger particles usually settle out first and accumulate in the first chambers 
while smaller particles usually settle out in subsequent chambers. 
 
The NSBB manufactured by Suntree Technologies Inc. of Cocoa, Florida is a “Type II” design 
that incorporates a screen basket with a horizontal bottom at an elevation below the invert of the 
influent pipe but above the top of the baffles. (Figure 1)  The basket bottom and sidewalls are 
fabricated from stainless steel diamond pattern screen having opening lengths of 1.75 and 0.625 
inch on the long and short axes, respectively, bolted into a heavy duty aluminum framework.  In 
the “Type II” design, incoming flow passes through the screen basket, which captures leaves, 
trash, and other large materials.  In addition to capturing the large sized materials and preventing 
their passage into the baffle box effluent, the material captured in the screen basket is held above 
and out of the water column.  While some particles and suspended sediment may be associated 
with the leaves captured within the screen basket, suspended solids removal occurs primarily 
through sedimentation and settling of particles within the bottom chambers of the baffle box. 
 
In this design, incoming flow drops through the screen, trapping trash, yard waste, and other 
debris away from the accumulating water below.  Leaching is reduced because this debris is kept 
out of standing water.  Therefore, there is less chance of introducing nutrients into the outflow.  
Turbulence deflectors installed on the baffle’s downstream side prevent captured sediment from 
re-suspending; a flow spreader is placed at the center of the upstream wall of the first baffle in 
order to deflect inlet pipe water towards the sides of the baffle box so that more plan area of the 
first chamber is used for particle settling; and hydrocarbons are collected in front of a skimmer 
panel and are absorbed by a storm boom. 
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Figure 1 NSBB Schematic 
 

4. Technical Performance Claim 
 
Claim – The Suntree Nutrient Separating Baffle Box, Model NSBB-3-6-72, at a treatment flow 
rate of 1.0 cfs (448 gpm; 24.9 gpm/ft2), has been shown to have a 67.3% suspended solids 
concentration (SSC) removal efficiency (as per the NJDEP methodology for calculation of 
treatment efficiency) using NJDEP specified material with an average d50 particle size of 63 
microns, influent concentrations of 100-330 mg/L and 50% initial sediment loading in laboratory 
studies using simulated stormwater. 
 
5. Treatment System Performance 
 
Experiments were conducted at the Applied Environmental Technology (AET), 10809 Cedar 
Cove Drive, Thonotosassa, FL 33592-2250 testing facility in Thonotosassa (Smith 2008).  Test 
water consisted of groundwater that was pumped to a 14,000 gallon reservoir prior to testing.  
Groundwater had less than detectable levels of SSC.  The SSC levels in test water samples 
collected from the screen box (before sediment dosing) were below the method detection limit of 
5 mg/L. 
 

5.1 Laboratory Studies 
 
Overall, 15 experiments were conducted at the AET testing facility to assess the performance of 
the Nutrient Separating Baffle Box.  The feed material was a mixture of coarser (Okay 90) and 
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finer (Sil-Co-Sil 125) materials.  
 
Testing System Description 
 
A schematic of the experimental system is shown in Figure 2 and Appendix A.  The system 
consisted of a water reservoir, influent pump, flowmeter, screen box, sediment dosing systems, a 
full scale Nutrient Separating Baffle Box, and associated piping, valves, and sampling ports.  
Water was pumped by Pump P1 from the water reservoir to a screen box.  Flowrate was 
measured by a Portaflow SE flowmeter (Greyline Instruments, Massena, NY).  A gate valve 
located after the flowmeter was used to adjust flowrate.  Water entered a screen box and passed 
through a woven polypropylene geotextile fabric with 0.6 mm apparent size opening.  (The 
geotextile fabric served as an extra protection barrier for anything that fell into the water 
reservoir between the time it was filled and the test.)  Screen box discharge entered a 12 in. pipe 
and flowed by gravity to and through the NSBB.  Sediment was dosed directly into the 12 in. 
pipe at 2 to 3 ft. from the pipe entrance.  The distance from the sediment dosing point to the 
NSBB entrance was approximately 13 ft. 

 

Screen Basket

Effluent 

Influent 
Pump

Water 
Reservoir

Influent 

Screen

Nutrient Separating Baffle BoxScreen Box

SilCoSil 
Slurry 

Tank Tank
OKAY90 
Hopper
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Flow 
Meter

P1

Valve

 
Figure 2 Schematic of Experimental System 
 
Nutrient Separating Baffle Box 
 
The performance evaluation was conducted for a full scale NSBB Model No. 3-6-72 (Figure 3).  
Specifications for the NSBB-3-6-72 are shown in Table 2.  A drawing of the NSBB-3-6-72 is 
included in Appendix B.  A treatment flowrate of 1.0 cfs was established for the NSBB-3-6-72 
for NJCAT testing  The flowrates used in the NJCAT evaluation are listed in Table 3, along with 
the average residence time of water in the NSBB based on empty, still water chamber volume. 
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Figure 3 Nutrient Separating Baffle Box Model No. 3-6-72 
 
Table 2 Specifications of Full Scale NSBB-3-6-72 

Internal length, inch 70.3

Internal width, inch 35.5

Number of bottom chambers 3

Baffle height, inch 35.6

Water plan area, ft2 17.3

Vertical area, ft2 8.8

Total chamber volume, ft3 51.4

Sediment capture capacity, ft3 17.2

Screen box length, inch 51

Screen box width, inch 21
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Table 3 Test Flowrates for NSBB-3-6-72 

Flowrate,       
cfs

% of           
Treatment 
Flowrate

Hydraulic 
Residence 

Time

0.25 25 3 min 26 sec

0.50 50 1 min 43 sec

0.75 75 1 min 8 sec

1.00 100 51 sec

1.25 125 41 sec
 

 
Particle Size Distribution (PSD) 
 
NJDEP specifies that the particle size distribution of the test material must have a d50 of not 
greater than 67 microns, with the components of the sediment material having an intrinsic 
density typical of sands and silts (2.65 g/cc).  Sediment components were purchased from U.S 
Silica Company of Berkeley Springs, West Virginia (www.u-s-silica.com).  Influent suspended 
sediment consisted of a mixture of coarser (Okay 90) and finer (Sil-Co-Sil 125) materials.  The 
material properties and their percentages by mass are listed in Table 4.  The theoretical PSD of 
the two component mixture was obtained by mathematically combining the manufacturer-
supplied PSDs of the two individual components; this was used to calculate the blending ratio.  
A particle size analysis was conducted on a 52/48% blend of Sil-Co-Sil 125 and Okay 90 by 
BTL Laboratory, Tampa, Florida (Appendix C).  
 
The theoretical PSD of the blend and the BTL PSD results are shown in Figure 4, along with the 
NJDEP PSD.  The theoretical and measured PSD were in close agreement and approximated the 
NJDEP PSD.  The two component sediment blend had a d50 of 63 microns, conforming to the 
NJDEP criterion (67 um).   
Table 4 Component Sediment Materials (US Silica) 

Material Particle size 
range (microns)

d50                            

(microns)
% greater     

than 67 um % by Mass

SIL-CO-SIL 125 1 - 100 18 4 52.0

INTERIM OK 90 75 - 300 140 99.6 48.0

Total 1 - 300 67 50 100.0
 

http://www.u-s-silica.com/
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Flowrate 
 
A Portaflow SE ultrasonic flowmeter was used to measure flowrate (Greyline Instruments, 
Massena, NY).  The flow meter was deployed according to manufacturer instructions and was 
calibrated for the water temperature in the reservoir, which was measured using a temperature 
probe attached to a Model 40d multi-meter (Hach Inc., Denver, CO).  The manufacturer states 
that the flowmeter is accurate to within 2% across its entire range.  Checks of the flowmeter were 
made several times by measuring NSBB discharge over several second intervals.  Flowrates were 
confirmed to be near targeted levels. 
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Figure 4 Theoretical, Measured and NJDEP Particle Size Distribution 
 
Sediment Dosing 
 
Sediment dosing added a known mass of sediment per time to the flowing water stream.  
Separate dosing systems were employed for the coarser particles (Okay 90) and finer particles 
(Sil-Co-Sil).  Components of the two dosing systems are shown in Figure 5. 
 
Okay 90 dosing was conducted using a dry feed hopper with perforated aluminum plates.  Plates 
were inserted into a machined slot beneath the hopper to control mass flow of Okay 90.  Each 
plate had one to three round perforations, of equal or different diameters.  Plates were calibrated 
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to deliver the proper mass flowrate of Okay 90, which was calculated based on the water 
flowrate, target influent SSC, and the percentage of Okay 90 in the influent suspended solids.  
Plates were fabricated and calibrated for each of the fifteen combinations of flowrate and influent 
SSC.  Calibration was conducted with at least three separate measurements of the mass flowrate 
of Okay 90 for each plate.  Calibration was conducted in situ, using the actual Okay 90 hopper.  
For all calibrations and test runs, Okay 90 was dried at 300C for 2 hours, cooled and added to the 
hopper.  The Okay 90 hopper consisted of an upper square section (23.5 in. i.d.) with rounded 
corners having a lower section of inverted square pyramid geometry with a 42o angle from 
horizontal.  The height of the Okay 90 column over the dosing plates was maintained at 6 in. (+/- 
1 in.) throughout calibration and testing.  Mass flowrate of Okay 90 was calibrated to within 4% 
of target mass delivery rate for all plates. 
 

 
Figure 5 Sil-Co-Sil 125 Slurry Tank (left) and Okay 90 Hopper (over pipe) 
 
Sil-Co-Sil 125 dosing was conducted using a 140 gallon slurry tank (Figure 6) and dosing pump.  
The dosing pump was a Masterflex FF-77963-20 I/P Precision Brushless Pump System (FF-
77963-20) with High-performance pump head and 12.7 mm i.d. Tygon Tubing (FF-06429), 
manufactured by Cole Parmer, Vernon Hills, Illinois.  Measurements were conducted to verify 
that slurry mixing was sufficient to maintain Sil-Co-Sil in uniform suspension in the tank and 
that slurry dosing concentrations were the same as within the slurry tank. 
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Figure 6 Sil-Co-Sil Slurry Tank 
 
Slurry make-up consisted of pre-rinsing the slurry tank, adding approximately 100 gallons of 
water, starting the mixing motor, weighing out the target mass of Sil-Co-Sil on an analytical 
balance, adding the Sil-Co-Sil to the slurry tank, adding make-up water to the final volume, and 
mixing for a minimum of five minutes before initiation of testing.  The mass of Sil-Co-Sil added 
to the slurry tank was determined by the target Sil-Co-Sil concentration and the final slurry 
make-up volume.  The target Sil-Co-Sil concentration was determined by the required mass flow 
of Sil-Co-Sil, which was different for each of the fifteen combinations of flowrate and influent 
SSC.  To simplify operations, the dosing pump was calibrated and deployed at three discreet 
flowrates of 1.0, 2.0 and 3.0 gallon per minute.  For the same influent flowrate, the three 
flowrates could be used for the 100, 200 and 300 mg/L influent SSC levels.  The required 
number of Sil-Co-Sil slurry concentrations was thus reduced to five (one for each flowrate).  The 
main pump flowrates were reduced by the flow from the Sil-Co-Sil dosing pump.  Flows of 
dosed water towards the NSBB, at the NSBB entrance and in the NSBB discharge are shown in 
Figures 7 through 9, respectively.  
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Figure 7 Dosed Water Flow to NSBB 
 

 
Figure 8 Dosed Water Flow at NSBB Entrance 
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Figure 9 Dosed Water Flow at NSBB Discharge 
 
Sampling and Analysis 
 
Influent and effluent samples were collected using round, 1.89 liter polyethylene sample 
containers with round 4 in. openings (Figure 10).  Samples were collected by passing the sample 
container in a vertical upward direction across the centerline of the free surface overflow, while 
taking care to maintain a constant rate of movement and a perpendicular orientation of the 
container opening to the flow of the fluid stream.  For influent sample collection, a special port 
was installed at the bottom of the pipe just before the NSBB entrance that provided a free surface 
overflow and that could be quickly opened prior to sampling and quickly resealed after sampling.  
Opening of the influent port was accompanied by simultaneous insertion manually of a baffle at 
the NSBB entrance to prevent backflow from the NSBB and simultaneous placement of a baffle 
manually at the NSBB exit to prevent egress of water.  Influent sample collection was initiated 
four seconds after the influent port was opened; the bottom port was sealed immediately after 
influent sample collection.  Simultaneously with closure of the influent sample, the baffles on the 
NSBB influent and effluent were also removed.  Effluent sampling was conducted after a time 
delay of one hydraulic residence time after the last influent sample was collected.  The next 
influent sample collection event was then initiated and the process repeated until all samples 
were collected. 
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Figure 10 SSC Sample Collection Container at Influent 
 
The tops were immediately screwed on the sample containers which were then placed in coolers 
for transport to the analytical laboratory.  Suspended sediment concentration (SSC) analyses 
were conducted using ASTM D3977-97D by ELAB Inc., 1211 Tech Blvd., Tampa, FL 33619.  
The procedure for collection of influent and effluent samples was such that individual samples of 
influent or effluent contained different volumes.  While care was taken so that sample containers 
did not overflow during sampling, the method did not permit collection of a selected sample 
volume.  A protocol was established with the laboratory in which the entire volume of sample in 
the container was always used for the SSC analyses, regardless of the volume within the 
container upon delivery.  For each individual sample, the water level in the sample container was 
marked on the container before filtration and rinsing of the container.  After filtration, the 
volume of the original water sample was determined by back filling the sample container to the 
water mark and determining the volume of backfilled water.  The procedure insured that the 
entire volume of delivered sample was employed in SSC analysis, with no sub-sampling in the 
laboratory.  In the entire water movement sequence, from sediment dosing to NSBB effluent, the 
only “sub-sampling” that occurred was the actual collection of influent and effluent samples 
using the 4 in. round opening containers. 
 

5.2 Test Procedures 
 
Sediment Removal  
 
The individual test protocol consisted of preparation steps, initiation of flow and dosing, and 
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sample collection.  Preparation steps included filling the water reservoir, drying and cooling of 
Okay 90, cleaning of the test system, make up of Sil-Co-Sil 125 slurry, test checks on Okay 90 
dosing rate, preparation and positioning of sample containers, and establishing experimental 
times and sequences.  When all preparations were completed, the influent pump was started.  
Dosing of Okay 90 and Sil-Co-Sil 125 were initiated shortly thereafter.  The influent pump was 
then adjusted to the target flowrate using the gate valve on the influent line.  When flow 
adjustment was completed, the system was operated without sampling for three hydraulic 
residence times or five minutes, whichever was greater.  At this point, sampling was initiated.  
 
Sampling was conducted for three cycles of a sequence of: one to three influent samples 
followed by one effluent sample.  At the conclusion of sampling, the system was either shut 
down, or if another test was to be conducted at the same flowrate, the Okay 90 plate was 
switched out and the Sil-Co-Sil 125 slurry dosing pump speed was modified.  Higher flowrates 
with shorter hydraulic residence times consumed more water volume but were completed in 
shorter overall times. 
 
Scouring and Resuspension  
 
Before any testing was conducted, the NSBB was charged with a volume of sediment equal to 
50% of the manufacturers recommended capture capacity, or 1/6 of the empty volume of the 
bottom chambers volume before the testing was initiated.  The composition of the sediment 
added to the chambers was 52% Sil-Co-Sil 125 and 48% Okay 90.  A re-suspension test was 
conducted at 1.25 cfs, with no dosing of either Okay 90 or Sil-Co-Sil 125.  At the conclusion of 
all other tests, more sediment (52% Sil-Co-Sil 125/ 48% Okay 90) was added to the bottom 
chambers to increase the total sediment volume to 100% of the capture capacity.  A second re-
suspension test was conducted at 1.25 cfs, with no dosing of either Okay 90 or Sil-Co-Sil 125. 
 

5.3 Verification Procedures 
 
All the data provided to NJCAT were reviewed to fully understand the capabilities of the 
Nutrient Separating Baffle Box.  To verify Suntree’s claim, the NBSS laboratory procedures and 
data were reviewed and compared to the NJDEP TSS laboratory testing procedure. 
 
Laboratory Testing Results 
 
Influent and effluent SSC for the fifteen combinations of flowrate and influent SSC are 
summarized in Table 5.  Full tabular presentations of results are included in Appendix D.  The 
summary of test results (Table 5) show that “influent recovery”, that is, the analytical SSC 
measurement as a percent of theoretical dosed SSC, varied from 90.6 to 115%.  Perfect influent 
recovery would be 100%, that is, each influent analytical SSC would equal exactly the target 
influent SSC.  The results in Table 5 reflect all sources of inaccuracy within the test operation, 
including influent pump flowrate, dosing of Okay 90 and Sil-Co-Sil 125, the influent sampling 
procedures, and the laboratory SSC analytical method; the recovery values listed in Table 5 
appear quite acceptable.  Hence it is concluded that the overall methods and procedures were 
successful in providing a valid testing platform. 
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It is noted that some SSC values, particularly at higher flowrates, were judged to be 
unreasonably high and were not included in the data set that was used to compute removal 
efficiencies.  In all cases where individual SSC data points were removed from the data set, they 
were significantly greater than other corresponding influent SSC values that were consecutively 
sampled and therefore would be expected to produce essentially the same result.  In the cases 
where individual SSC data points were not included in the data set, the result was that the 
calculated removal efficiency was reduced.  All measured effluent SSC values were included in 
the data set.  Possible explanations for unreasonably high influent SSC values are discussed in 
the following paragraph. 
 
Several factors have likely influences on the higher variability of influent SSC.  One is the 
pulsed, non-steady slurry delivery of the peristaltic dosing pump.  The potential for the measured 
impact of this effect would progressively increase as flowrate increased and as influent SSC 
decreased.  For example, at 1.0 cfs flowrate and 100 mg/L influent SSC, approximately 3 liters 
of water would pass the dosing point between each delivery packet from the slurry dosing pump.  
Since the sampler volume is on the order of 1 liter, an effect on influent SSC variability could be 
expected.  The sample method may also have had some effect on results.  The open mouth 
sample container was employed using a vertical sweep through the centerline of the water 
stream.  The bottle opening was not wide enough to sample across the entire width of flow.  It 
can be surmised that heavier particles could concentrate at the lower depths of flow along the 
pipe centerline; the sampling methodology would then produce a higher SSC result than the flow 
weighted average.  In the extensive pre-testing that was conducted for this project, the hypothesis 
that heavier particles would be more concentrated along the lower section of the influent pipe 
was verified by careful sampling of influent SSC from the lower one fourth inch along the pipe 
centerline, producing very high SSC results. 
 



 24 

Table 5 Summary of Test Results 

Mean Standard 
Deviation

Number of 
Samples

Average 
Percent 

Recovery
Mean1 Standard 

Deviation
Sample 

Pairings2
Theoretical 

Influent SSC3

100 115.6 10.1 9 115.5 25.3 3.5 77.8 74.7

200 204.4 30.9 9 102.2 37.0 3.6 81.9 81.5

300 271.7 21.4 6 90.6 53.0 3.0 80.4 82.3

100 100.0 6.3 9 100.0 49.3 1.2 50.6 50.7

200 191.1 19.6 9 95.6 77.0 3.6 59.5 61.5

300 287.8 37.3 9 95.9 102.3 6.7 64.4 65.9

100 102.3 13.0 8 102.3 37.3 2.9 62.6 62.7

200 196.3 16.0 8 98.1 74.7 5.5 62.0 62.7

300 302.2 33.1 9 100.7 110.0 0.0 63.6 63.3

100 112.7 15.0 7 112.7 34.7 4.0 69.5 65.3

200 200.0 38.4 9 100.0 70.7 7.1 64.3 64.7

300 303.3 50.1 6 101.1 87.7 4.0 71.8 70.8

100 106.3 17.2 7 106.3 36.7 3.8 65.7 63.3

200 222.0 61.8 5 111.0 64.7 6.8 70.7 67.7

300 330.0 17.3 3 110.0 90.3 9.1 72.6 69.9
     1n=3
     2Average of Three Pairings of Influent and Effluent Samples
     3Based on Theoretical Influent SSC and Mean of Three Effluent SSC

1.25

Measured Influent SSC, mg/L
Flowrate,      

cfs

Theoretical 
Influent     

SSC, mg/L

0.25

0.50

SSC Reduction                 
Efficiency, %

Measured Effluent             
SSC, mg/L

0.75

1.00
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Overall Removal Efficiency 
 
The NJDEP procedure requires that the average removal efficiency be calculated for each 
flowrate, and that the overall efficiency be calculated from the weighted individual flowrate 
removal efficiencies.  The individual removal efficiencies measured are counterintuitive.  One 
would expect lower efficiencies at higher flow rates.  Calculation results are shown in Table 6.  
The SSC removal efficiency of the NSBB-3-6-72 was 67.3% at a treatment flowrate of 1.0 cfs. 
 
Table 6 Overall Removal Efficiency 

Treatment flowrate, cfs 1.00

100 200 300

25 0.25 77.8 81.9 80.4 80.0 0.25 20.01

50 0.50 50.6 59.5 64.4 58.2 0.30 17.45

75 0.75 62.6 62.0 63.6 62.7 0.20 12.55

100 1.00 69.5 64.3 71.8 68.5 0.15 10.28

125 1.25 65.7 70.7 72.6 69.7 0.10 6.97

Overall 
removal 

efficiency
67.3

WF x                       
%                      

Removal

% 
Treatment 
Flowrate

Flowrate,    
cfs Target Influent SSC, mg/L

Average

% Removal
Weight 
Factor       
(WF)

 
 
Resuspension 
 
Three NSBB effluent samples were collected during operation at a flowrate of 1.25 cfs at 50% 
sediment capture capacity.  SSC was below the method detection limit of 5 mg/L for all three 
samples.  Therefore, the SSC for the resuspension test at 50% capture capacity was less than 5 
mg/L.  Six NSBB effluent samples were collected during operation at a flowrate of 1.25 cfs at 
100% sediment capture capacity.  SSC was 5 mg/L for one sample and below the method 
detection limit of 5 mg/l for five samples.  Likewise, the SSC for the resuspension test at 100% 
capture capacity was less than 5 mg/L. 
 

5.4 Maintenance 
 
Maintenance activities include inspection, vegetation and debris removal, oil removal, and water 
and sediment removal.  Maintenance can be performed from outside the NSBB through access 
hatches installed in the vault surface above each chamber.  During maintenance, the screen 
system hinges off to the side to give easy access to the sediment collected in the settling 
chambers.  A vactor truck is required for removal of oils, water and sediment. 
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Maintenance intervals are determined from monitoring the NSBB during its first year of 
operation.  After completion of the first year of operation, the established inspection and 
maintenance intervals will keep pollutant loadings within their respective limits.  Establishing 
and adhering to a regular maintenance schedule ensures optimal performance of the system.  
Depending on the site, some maintenance activities may have to be performed on a more 
frequent basis than others.  All inspection and maintenance activities should be recorded in an 
Inspection and Maintenance Log. 
 
Sediment, vegetation, and gross debris can generally be disposed of at the local landfill in 
accordance with local regulations.  The toxicity of the residues produced will depend on the 
activities in the contributing drainage area, and testing of the residues may be required if they are 
considered potentially hazardous.  Settling chamber water can generally be disposed of at a 
licensed water treatment facility but the local sewer authority should be contacted for permission 
prior to discharging the liquid.  Significant accumulations of oil removed separately from the 
NSBB should be transported to a licensed hazardous waste treatment facility for treatment or 
disposal.  In all cases, local regulators should be contacted about disposal requirements. 
 
6. Technical Evaluation Analysis 
 
 6.1 Verification of Performance Claims 
 
Based on the evaluation of the results from laboratory studies, sufficient data is available to 
support Suntree’s claim. 
 
Claim – The Suntree Nutrient Separating Baffle Box, Model NSBB-3-6-72, at a treatment flow 
rate of 1.0 cfs (448 gpm; 24.9 gpm/ft2), has been shown to have a 67.3% suspended solids 
concentration (SSC) removal efficiency (as per the NJDEP methodology for calculation of 
treatment efficiency) using NJDEP specified material with an average d50 particle size of 63 
microns, influent concentrations of 100-330 mg/L and 50% initial sediment loading in laboratory 
studies using simulated stormwater. 
 

6.2 Limitations 
 
As with any stormwater quality treatment practice, lack of inspections and maintenance will lead 
to reduced performance. 

  6.2.1 Factors Causing Under-Performance 

If the NSBB is designed and installed correctly, there is minimal possibility of failure.  The 
system will be designed to convey stormwater up to the maximum flow rate of the storm sewer 
system.  There are no moving parts to bind or break, nor are there parts that are particularly 
susceptible to wear or corrosion.  Lack of maintenance may cause the system to operate at a 
reduced efficiency, and it is possible that eventually the system will become filled with sediment 
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in the first chamber or that the aluminum screen basket will become filled with vegetation and 
debris and overflow the basket and or hinder the flow, if the system is improperly maintained.  
 
When the NSBB is newly installed, frequent inspection is highly recommended.  The design of 
the NSBB unit permits easy inspection. It is recommended that during the first two years after 
installation, inspection be performed at least quarterly for the purpose of noting the rate of 
sediment, vegetation and litter accumulation.   
 

  6.2.2 Pollutant Transformation and Release 

Suntree Technologies has developed the Nutrient Separating Baffle Box with its patented screen 
system to capture and separate the organic matter and litter from the stormwater to prevent 
bacterial discharge and significantly reduce nutrient loads.  Between storm events the nutrient 
laden debris, such as foliage, is stored in a dry state above the water while sediment is stored in 
the lower chambers.  The purported effect is to reduce or eliminate the leaching that would occur 
if the captured material were submerged.  Since leaching of nutrient vegetation would release 
biochemical oxygen demand, nitrogen and phosphorus, removing foliage from the stormwater 
and holding the captured material out of the water column results in a reduction of nutrient 
loading to the receiving water body. 

  6.2.3 Sensitivity to Heavy Sediment Loading 

Sediment accumulation in a NSBB varies greatly depending on site characteristics, the season 
and the amount and intensity of rainfall events.  Heavy loads of sediment will increase the 
needed maintenance frequency. 

6.2.4 Mosquitoes 

Similar to conventional catch basins and manholes, the NSBB incorporates settling chambers 
which retain water between storms.  These sediment settling chambers can be a breeding ground 
for mosquitoes.  However, the water surface in a NSBB will often be covered with an oily film.  
The oily film inhibits the development of mosquito larvae from eggs. 
 
7. Net Environmental Benefit (NEB) 
 
Once the NSBB has been granted interim certification by the NJDEP, Suntree Technologies Inc. 
will proceed to install and monitor a system in the field for the purpose of achieving goals set by 
the Tier II Protocol and final certification.  At that time a net environmental benefit evaluation 
will be completed.  However, it should be noted that the NSBB has no moving parts, and 
therefore, uses no water or energy. 
 
8. References 
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APPENDIX A 
 

Schematic of Experimental Test System 
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APPENDIX B 
 

Nutrient Separating Baffle Box Model No. 3-6-72 
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APPENDIX C 
 

BTL Laboratory Report 
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APPENDIX D 
 

Tabular Compilation of Results 
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  Influent SSC, mg/L 100

Paired Sampling Theoretival Influent SSC

120
120
140
110
110
110
110
110
110

  Influent SSC, mg/L 200

Paired Sampling Theoretival Influent SSC

160
270
210
190
180
220
190
210
210

  Influent SSC, mg/L 300

Paired Sampling Theoretival Influent SSC

290
300
270
260
240
270

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Average 
Effluent 

SSC, mg/L

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

77.3

73.6

77.8 74.7

Average Removal Efficiency, %Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

1

2

3

126.7

115.6 115.6 25.3110.0

110.0

22

25

29

82.6

82.3

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

1

271.7 90.6 53.0

81.581.736

3 203.3

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

83.3

204.4 102.2 37.0 81.92 196.7

34

1 213.3 41 80.8

295.0 50 83.1

80.42 265.0 56 78.9

3 255.0 53 79.2  
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Flowrate   0.50 cfs

  Influent SSC, mg/L 100

Paired Sampling Theoretival Influent SSC

95
100
92
95

110
100
100
110
98

  Influent SSC, mg/L 200

Paired Sampling Theoretival Influent SSC

180
230
180
160
190
180
200
200
200

  Influent SSC, mg/L 300

Paired Sampling Theoretival Influent SSC

280
290
230
250
320
330
250
320
320

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC, 

mg/L

266.7 99

59.5 61.52 176.7 80 54.7

3 200.0 73

1 196.7 78 60.3

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

50.6 50.750.8

53.2

1 95.7 50 47.7

49.3

77.0

2 101.7 50

62.91

191.1 95.6

63.5

100.0 100.0

95.9 102.3 64.4

3 102.7 48

65.92 300.0 110 63.3

3 296.7 98 67.0

287.8

Average Removal Efficiency, %
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Flowrate   0.75 cfs

  Influent SSC, mg/L 100

Paired Sampling Theoretival Influent SSC

120
100
93
85
95

120
110
95

  Influent SSC, mg/L 200

Paired Sampling Theoretival Influent SSC

200
200
180
230
190
180
200
190

  Influent SSC, mg/L 300

Paired Sampling Theoretival Influent SSC

350
260
330
300
270
300
260
330
320

63.6

3 190.0 72 62.1

2 200.0 71 64.5 62.7

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

196.3 98.1 74.7 62.0

62.7

108.3 34

39 62.6

102.3 102.3 37.3 62.6

68.6

90.0 39 56.7

104.31

3

3

200.0 81 59.51

2

302.2 100.7290.0 110 62.1

303.3 110 63.7

2 110.0

1 313.3 110 64.9

63.3

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %
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Flowrate   1.00 cfs

  Influent SSC, mg/L 100

Paired Sampling Theoretival Influent SSC

120
110
130
98
91
130
110

  Influent SSC, mg/L 200

Paired Sampling Theoretival Influent SSC

200
210
220
150
210
270
190
210
140

  Influent SSC, mg/L 300

Paired Sampling Theoretival Influent SSC

1 390 390.0 92 76.4
260
260
300
280
330

180.0 77 57.2

70.8
260.0 87 66.5

303.3 101.1

72 65.7

200.0 100.063 70.0

65.32 106.3 31 70.8

39

34

66.1

64.7

Paired Data 
Removal 

Efficiency, %

71.7

112.7

70.7

Average Removal Efficiency, %

69.5112.7 34.7

64.3

87.7 71.8

3 303.3 84 72.3

2

1

3

115.0

120.0

1 210.0

2 210.0

3

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Average Removal Efficiency, %

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L
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Flowrate   1.25 cfs

  Influent SSC, mg/L 100

Paired Sampling Theoretival Influent SSC

100
120
130
85
89
120
100

  Influent SSC, mg/L 200

Paired Sampling Theoretival Influent SSC

180
220

2 230 230.0 67 70.9
160
320

  Influent SSC, mg/L 300

Paired Sampling Theoretival Influent SSC

1 350 350.0 94 73.1
2 320 320.0 80 75.0
3 320 320.0 97 69.7

69.9330.0 110.0 90.3 72.6

67.7222.0 111.0 64.7 70.7

70 65.0

57 76.3

103.0 35 66.0

41

34

62.7

68.4 106.3 63.3

Average Removal Efficiency, %

106.3 36.7 65.7

1

3

200.0

240.0

1

2

3

110.0

107.5

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
Removal 

Efficiency, %

Average 
Influent SSC, 

mg/L

Average 
Influent SSC 
Recovery, %

Average 
Effluent 

SSC, mg/L

Sampling 
Number

Influent SSC, 
mg/L

Average 
Influent SSC, 

mg/L

Effluent 
SSC, mg/L

Paired Data 
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1. Introduction 
 
In November 2008, NJCAT published a Technology Verification Report on the Nutrient 
Separating Baffle Box® (NSBB), a manufactured treatment device (MTD) supplied by Suntree 
Technologies Inc.® (798 Clearlake Road, Cocoa, FL 32922) for removing solids from 
stormwater. At that time, all MTDs had to be installed off-line.  In 2009, Section F of the 
Protocol for Manufactured Hydrodynamic Sedimentation Devices for Total Suspended Solids 
Based on Laboratory Analysis, Dated August 5, 2009, published by the New Jersey Department 
of Environmental Protection, later revised December 15, 2009, detailed the specific requirements 
for online installation.  
 
Suntree Technologies (Suntree) in 2012 contracted with Applied Environmental Technology 
(AET), 10809 Cedar Cove Drive, Thonotosassa, FL 33592-2250 for additional testing on the 
NSBB to meet the requirements of the soon to be issued New Jersey Department of 
Environmental Protection revised protocol for the laboratory evaluation of hydrodynamic 
separation devices. The new protocol, titled New Jersey Department of Environmental 
Protection Laboratory Protocol to Assess Total Suspended Solids Removal by a Hydrodynamic 
Sedimentation Manufactured Treatment Device is dated January 25, 2013 (NJDEP 2013), 
measures suspended sediment removal efficiency and sediment resuspension. 
 
The NSBB testing conducted by Applied Environmental Technology followed the recently 
issued NJDEP protocol with one significant exception.  The NSBB suspended sediment removal 
efficiency evaluation experiments were conducted using 100 µm size sediment with a relatively 
narrow particle size distribution (PSD) of 60 to 126 µm.  The 100 µm centered PSD contrasts 
with the broader PSD (2 to 1,000 µm) specified in the new NJDEP protocol and in the previous 
NJDEP protocols. Suntree selected the 100 µm particle size for those stakeholders seeking MTD 
performance data based on sediment with a 100 µm particle size. The same 100 µm sediment 
PSD was also used for evaluation of sediment resuspension (scour). The NSBB scour test 
sediment had a relatively narrow PSD centered on 100 µm and was finer than the NJDEP 2009 
protocol scour test sediment (i.e. d50 of 98 versus 216 µm). Suntree has submitted these scour 
data in support of meeting the NJDEP 2009 requirements for online installation. 
 
2. Technical Performance Claim 
 
Claim – The NSBB 3-6-72 tested at 270% of the Maximum Treatment Flow Rate (MTFR), and 
with the sump loaded with the NJDEP scour testing particle size distribution sediment to 50% (6 
in) of the maximum recommended maintenance sediment depth, had effluent TSS concentrations 
and influent TSS concentrations that were statistically the same, thus meeting the requirement for 
online installation (effluent concentration – background concentration <10 mg/l).  
  
3. Technical System Performance 
 
Experiments were conducted at the Applied Environmental Technology (AET), 10809 Cedar 
Cove Drive, Thonotosassa, FL 33592-2250 testing facility in Thonotosassa. AET submitted a 
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performance test report to NJCAT on the completion of their NSBB Performance Evaluation 
(AET 2013). 
 

3.1 Experimental System 
 
A schematic of the experimental system for conducting the evaluation of both sediment removal 
efficiency and sediment resuspension of the NSBB 3-6-72 is shown in Figure 1.  The system 
consists of a Screening Chamber, a Dosing Hopper System, the NSBB 3-6-72, a Water Recycle 
Reservoir, influent pump, influent flow control valve, influent flow meter, and associated piping 
and appurtenances. Sampling access locations were provided for background influent and 
effluent concentrations. The Influent Pump was the only power requiring component of the 
experimental system; all other flow was by gravity. Sediment was dosed from an open hopper 
directly into the conveyance pipe through a slot in the crown of the pipe. Test water was AET-
Test Facility groundwater supplied by pump to the Water Recycle Reservoir. The groundwater 
supply was of circumneutral pH, was virtually free of suspended sediment, and had limited 
dissolved oxygen levels.  Water pumped to the Water Supply Reservoir was aerated and filtered 
several days prior to performance testing. All experiments were conducted at water temperatures 
of less than 80F. The focus of this addendum is on the scour testing only. However, for 
completeness, the entire experimental system is described below. 
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Influent 

Nutrient Separating Baffle Box 
NSBB 3-6-72

Flow 
Meter

Chamber 3Chamber 2Chamber 1

Screen Basket

Flow 
Control
Valve

Background 
Influent
Sample 
Point

100 µm 
Sediment 

Water 
Recycle 

Reservoir

Screening 
Chamber

Dosing Hopper

Effluent
Sample 
Point

 
Figure 1 Schematic of Experimental System 

 
Pump Flow to the experimental system was provided by a John Deere diesel powered vacuum 
well point pump (Model 6VW-DJDST-45D-M, Thompson Pump Co., Sarasota, FL). The pump 
was connected by 6 inch tubing to a PVC withdrawal pipe in the Water Recycle Reservoir that 
extended eight inches below the water surface. The pump had variable speed control to adjust the 
flow rate and was capable of maximum flow rates exceeding 3 cubic feet per second.  
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Flow Rate Control Valve A 6 inch knife gate valve (Thompson Pump Co., Sarasota, FL) was 
used for fine flow rate adjustment at test initiation and throughout the experiments as needed. 
Flow Meter Flow rate was measured with a PT-500 Ultrasonic Flow Meter, Serial Number 7629 
(Greyline Instruments Inc., Massena, New York). The PT-500 is a Transit Time ultrasonic flow 
meter that employs two sensors mounted on the outside of the pipe wall and has a manufacturer 
stated accuracy of ±2% (http://www.greyline.com/pt500.htm). The instrument was calibrated by 
Micronics Ltd. The flowmeter was positioned in close proximity to the flow valve to enable 
expeditious adjustment of the flow rate by a single operator. 

Screening Chamber The screening chamber (3 ft. by 6 ft.) contained a coarse screen to remove 
any larger suspended material which inadvertently entered the experimental system. Water was 
pumped from the Water Supply Reservoir to the upstream end of the Screening Chamber, and all 
flow passed through the screen on its way to the 14 in. pipe that connected the Screening 
Chamber to the baffle box. An access cover was placed in the top of the Screening Chamber at 
the location of the outlet to enable samples to be taken for background influent Suspended Solids 
Concentrations. 

Sediment Dosing System (Removal Efficiency Testing) Sediment was dosed using a dry feed 
placed directly over the crown of the 18 inch pipe that connected the Screening Chamber to the 
NSBB. The location of sediment dosing was 6 ft. (72 in.) from the entrance to the NSBB. 
Sediment dosed from the hopper passed through a slot in the crown in the pipe. The hopper had a 
square geometry of 23.5 i.d. in. diameter, with rounded corners and an inverted square pyramid 
geometry with a 42o angle from horizontal. Sediment mass flow was controlled by aluminum 
plates placed at the bottom of the hopper. The aluminum plates contained one or two circular 
orifices which were calibrated to deliver target mass flow rates. Seven plates were fabricated, 
one for each of the seven removal efficiency experiments. Plate calibration was conducted in situ 
by measuring the mass of sediment collected for 60 seconds using dried and prepared test sand. 

NSBB 3-6-72 The NSBB 3-6-72 was placed on-line for all testing and treated 100% of the 
applied flow. For removal efficiency testing, false bottoms were placed across the entire bottom 
of each chamber at 6 in. depth, i.e. at the 50% MSSV sediment depth.  For the scour test 
experiment, test sediment was placed to a uniform depth of 6 in. in each chamber; false 
bottoms were not used. The NSBB was connected to the Water Recycle Reservoir by 18 inch 
piping.  Piping proceeded horizontally from the NSBB to a location just inside the wall of the 
Water Recycle Reservoir, where a right angle in the piping directed flow in a vertically 
downward direction to the bottom of the Water Recycle Reservoir.  

Water Recycle Reservoir Test water consisted of groundwater that was pumped to a recycle 
reservoir prior to testing.  The Water Recycle Reservoir had a circular plan area of 22 ft. and 
mean working depth of ca. 46 in., with water capacity of ca. 10,800 gallons. Flow from the 
NSBB entered the reservoir at the bottom; it was directed parallel to the reservoir wall to create a 
circumferential flow field. Water withdrawal occurred from a location ca. 8 in. below the water 
surface, ca. 40 in. from the inflow pipe, but in the opposite direction from which influent flow 
was directed. The inflow and withdrawal locations and their orientations created a 
circumferential water flow path in the Water Recycle Reservoir. 
 
 

http://www.greyline.com/pt500.htm
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3.2 Particle Size Distribution (PSD) 

The NSBB scour test sediment had a relatively narrow PSD centered  on 100 µm and was finer 
than the NJDEP protocol scour test sediment.  The PSDs of the NSBB scour test sediment and 
the NJDEP specified scour test sediment are compared in Figure 2.  The NSBB scour test 
sediment provided a more rigourous scour evaluation than if the NJDEP protocol specified test 
sediment had been used.  
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Figure 2 Comparison of PSD used in Scour (Resuspension) Test with NJDEP PSD 
 

3.3 Scour Test Procedures 
 
The NSBB 3-6-72 was tested in accordance with Section 4A of the NJDEP Laboratory Protocol 
to Assess Total Suspended Solids Removal by a Hydrodynamic Sedimentation Manufactured 
Treatment Device (NJDEP 2013). The protocol requires that the average TSS concentration of all 
scoured effluent samples be no more than 20 mg/L higher than the background TSS 
concentration of the clear water influent for approval for MTD online installation.  In accordance 
with the protocol, these tests were conducted with initial sediment loading corresponding to 50% 
of the unit’s capture capacity. Test sediment was preloaded into each chamber to a uniform six 
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inch depth. Water was pumped slowly to fill the NSBB to the top of the baffles. Water 
temperature was measured using a NIST traceable thermometer. 
 
The pump and flow control valve were pre-set to achieve the target scour flow rate of 2.70 cfs 
(270% of MTFR). Background influent samples were collected at intervals spaced throughout 
the 30+ minute scour test time. The sample location was in the sediment screening chamber, just 
in front of the entrance to the screening chamber discharge pipe. Effluent samples were collected 
at equal intervals spaced throughout the scour test time. Samples were collected through a slot in 
the top of the pipe connecting the NSBB to the Water Supply Reservoir at ca. 4 ft. downstream 
of the NSBB exit. 
 

3.4 Scour Test Results 
 
The water temperature just prior to the start of the scour testing was less than 80F and remained 
less than 80F throughout the testing. The target flow rate was reached within four (4) minutes of 
pump startup and maintained at the target flow rate for the remaining 30+ minutes of the test. 
Measured and target flow rates are plotted in Figure 3. Mean flow rate was within 1% of the 
target flow rate, which was well within the ±10% NJDEP permitted tolerance, with a coefficient 
of variation of 0.006. 
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Figure 3 Flow Rate during Scour Testing  
 

The background and effluent suspended sediment concentrations during scour testing are plotted 
in Figure 4. 
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Figure 4 Suspended Sediment Concentrations during Scour Testing 
 

Mean SSC in the NSBB effluent was 4.79 mg/L and ranged from 3.2 to 6.6 mg/L.  Mean 
background SSC in the NSBB influent was 4.44 mg/L and ranged from 2.6 to 6.6 mg/L.  
Statistical analysis indicated that the effluent SSC data set (n = 20) and the influent SSC data set 
(n = 11) were both normally distributed (Shapiro-Wilk test) and passed an equal variance test 
(Figure 5).  A t-test (95% confidence level for difference of means) indicated that the difference 
in the mean values of influent and effluent data was not great enough to reject the possibility that 
the difference was due to random sampling variability. There was not a statistically significant 
difference between the influent and effluent SSC data sets.  All SSC values in the NSBB effluent 
were well below 20 mg/L. The NSBB 3-6-72 fully met the NJDEP scour criteria for on-line 
installation at 1.0 cfs Maximum Treatment Flow Rate. The sediment used in the NSBB 
resuspension tests was much finer than that specified in the NJDEP resuspension protocol (i.e. 
d50 of 98 versus 216 µm) and provided a more rigorous scour test than the NJDEP protocol.  
Therefore, the results of the NSBB scour test confirm that the NSBB meets the NJDEP protocol 
criteria for online installation.   
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Figure 5 Scour Test SSC Normal Probability Plots 
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