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Chapter  1:  Ver ification Testing Responsibilities 
 
 
The New Jersey Corporation for Advanced Technology (NJCAT) is the provider of the test 
protocol used by vendors when pursuing Interim Certification by New Jersey Department of 
Environmental Protection (NJDEP). The purpose of the testing is to determine the “Bulk TSS” 
removal efficiency (as per NJDEP treatment calculation methodology) for laboratory simulated 
stormwater runoff with an average influent concentration of 200 mg/L and an average d50 
particle size of 75 µM. 
 
1.1 Testing Organization 
 
The testing organization (TO) is The Pennsylvania State University – Harrisburg (PSH) in 
Middletown, Pennsylvania. The Principal Investigator for this verification project is Dr. Shirley 
E. Clark P.E, Assistant Professor of Environmental Engineering. Dr. Clark has 10 years of 
experience in stormwater treatment research, including development and evaluation of filtration 
media as well as multi-unit operation treatment trains.   
 
PSH had primary responsibility for implementing the test plan, including the following: 
 

·  Coordinating testing with the vendor; 
·  Providing needed support, as well as establishing a communication network, and 

scheduling and coordinating the activities for the laboratory testing. PSH provided 
needed support to the vendor and any other sub-contractors. PSH coordinated with the 
vendor about the scheduling of installation and was responsible for all scheduling of 
sample collection, preparation and submittal to the laboratory, analysis of the samples 
and all data reconciliation. 

·  Conducting the testing in accordance with the test plan, including sample collection and 
analysis; 

·  Managing, evaluating, interpreting and reporting on data generated during the laboratory 
testing; and 

·  Preparation of this final laboratory test report. 
 
Key contact for PSH is: 
 
Shirley E. Clark, Ph.D., P.E. 
(717) 948-6127 e-mail: seclark@psu.edu  
 
 
 
1.2 Vendor 
 
The vendor is Terre Hill Silo Company, Inc. T/D/B/A Terre Hill Concrete Products (THCP). 
Vendor responsibilities include: 
 

·  Providing and installing, with the assistance of PSH personnel, the technology and 
ancillary equipment required for the verification testing; 
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·  Providing technical support during the installation and operation of the technology. This  
included the designation of a staff person or representative that was on-site during 
monitoring to ensure the technology was functioning as intended; 

·  Providing descriptive details about the capabilities and intended function of the 
technology; 

·  Review and approval of the test plan prior to the start of testing; 
·  Review and comment on the final verification report and verification statement. 

 
The key contact for THCP is: 
 
Dale Groff, Project Manager 
(717) 445-3100 e-mail: dgroff@terrehill.com  
 
Terre Hill Concrete Products 
485 Weaverland Valley Road 
Terre Hill, Pennsylvania  17581 
 
1.3 Analytical Laboratory 
 
PSH has conducted the laboratory analytical work on the samples collected from the sample 
locations. PSH has a fully-equipped laboratory for performing these analyses since it is housed at 
a research university. The research laboratories in the Environmental Engineering Program 
contain the following equipment:  
 

·  Two gas chromatographs (an Agilent 6890N gas chromatograph with an Agilent 5973 
mass selective detector and an HP 6890 with autosampler);  

·  One HP 8453 scanning UV/Vis spectrophotometer;  
·  Two total organic carbon analyzers (OI Analytical 1010 and Dorman DC-190);  
·  One Perkin-Elmer 5100 PC GFAA atomic adsorption spectrometer (flame and graphite 

furnace) with autosampler;  
·  One Microtox toxicity analyzer;  
·  One Coulter Multisizer 3 Particle Size Analyzer;  
·  Muffle furnaces.  
 

The equipment that was specifically required for this laboratory verification testing includes the 
analytical balances, the muffle furnaces, and a particle size analyzer. Additionally, PSH owns 
one ISCO and one American Sigma automatic samplers and grab samplers. A Coulter Multisizer 
3 is available; its purpose is to characterize the particle sizes in the water column and sediment. 
The Multisizer 3, as set up by PSH, has three apertures – a 20, a 100, and a 400 µm aperture. The 
apertures are capable of measuring particles in the water ranging from 0.6 to 240 µm. The 
Multisizer 3 results were combined with a wet-sieve analysis to determine if particles larger than 
250 µm were present.   
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Chapter  2:  Summary Repor t of Laboratory Testing of the Terre K leen™ 18 
to meet the New Jersey Requirements for  Inter im Cer tification 

 
 
2-1. Treatment System Descr iption 
 
The Terre Kleen™ device (patent #US 6,676,832 B2) combines a baffle, screen, internal by-pass 
duct and self cleaning inclined sedimentation cells to create a primary chamber, grit 
sedimentation chamber, and oil, litter and debris/sediment storage into a self-contained concrete 
structure. A schematic diagram of the Terre Kleen™ is shown in Figure 1. The inclined cells are 
stacked in the grit chamber and operate in parallel.  The overlap of the cells greatly reduces the 
required footprint of the system. The primary chamber collects coarse sediment, litter, and oil.  
In the current configuration, sorption socks float in the primary chamber to permanently remove 
the oil from the water. Other configurations/products for removing the accumulated oil from the 
primary chamber are under investigation.  The flow enters the grit sedimentation chamber at the 
bottom of the inclined plates. The small particles settle out in the inclined plate cells and fall into 
a separate storage hopper away from the flow path. The design of the self cleaning inclined plate 
cells and grit chamber below prevents re-suspension through successive storms. 
 
If the flow to the device exceeds the design flow, all of the water will still be screened to remove 
gross pollutants. The excess flow will bypass the inclined plate cells and be recombined at the 
outlet pipe. Bypass provisions are included to provide some treatment for all the water entering 
the device without creating a bottleneck in the system.  The cross-sectional area of the Terre 
Kleen™ inclined plate cells and the bypass duct exceeds the incoming pipe cross-sectional area. 
 
Terre Kleen™ units can be designed to provide specific removal efficiencies based on the size 
characteristics of the suspended solids and the flow rate to the device  The standard models of 
Terre Kleen™ are sold in multiples of nine sedimentation cells, i.e. TK9; TK18; TK27; TK36; 
TK45.  Larger Terre Kleen™ units are available. The device used for this testing was the TK18. 
Table 1 is the sizing chart for the TK18.  
 

Table 1. Terre-Kleen™ Sizing Chart specific for  this Laboratory Test. 

Per formance of a Terre K leen™ TK18 Approximate size (ft) 

Capacity 
(cfs) 

Loading 
rate in 

gpm/sqft 

Capacity 
(gpm) 

M inimum 
Par ticle Size 

Removal (µm) 

Gr it Chamber  
Settling Area (ft2) 

Sediment 
storage (ft3) 

Length Width 

0.6 2.4 276 10 115 107 6’ -6”  6’ -0”  
1.2 4.7 541 30 115 107 6’ -6”  6’ -0”  
1.92 7.5 863 50 115 107 6’ -6”  6’ -0”  
2.69 10.5 1208 70 115 107 6’ -6”  6’ -0”  
3.84 15 1725 100 115 107 6’ -6”  6’ -0”  
6.92 27 3105 150 115 107 6’ -6”  6’ -0”  
8.68 33.9 3899 200 115 107 6’ -6”  6’ -0”  
11.2 44 5060 250 115 107 6’ -6”  6’ -0”  
12.81 50 5750 300 115 107 6’ -6”  6’ -0”  
17.9 70 8050 400 115 107 6’ -6”  6’ -0”  
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2-2. Technical Per formance Claim 
 
Claim – Using the NJ-specified particle size distribution for solids in the simulated stormwater, 
Terre Hill Concrete Products (THCP) claimed that the Terre Kleen™ device that was installed in 
this laboratory test would remove 100% of the 25-µm particles and larger when the device was 
operating at the 283 gpm flow rate according to the test protocol of NJCAT.  
 
THCP predicted that particles smaller than 25 µm would also be removed at lower flows. Based 
on the evaluation of field data and empirical data collected from sediment behavior in flowing 
water, the Terre Kleen™ TK18 was expected to provide 80% “Bulk TSS” removal efficiency (as 
per NJDEP treatment calculation methodology) for laboratory simulated stormwater runoff with 
an average effluent concentration of 200 mg/L and a average d50 particle size of 75 mm. TSS 
removal testing was conducted with sediment pre-loaded in the lower chamber to 50% sediment 
capacity for the Terre Kleen™ TK18. 
 
 
2-3. Treatment System Performance 
 
The test site for this Terre Kleen™ TK18 is the Fontana, Plant #4 facility owned by Terre Hill 
Concrete Products located in Lebanon County, Pennsylvania. THCP supplied the Terre Kleen™ 
TK18, water storage tanks and feeder to add and mix the solids to the influent test water, as well 
as all required piping and pumps to create the required flows.  
 
The test facility was constructed as shown in Figures 1 and 2. Figure 1 shows the device as it was 
operated. The Terre Kleen™ has several configurations depending on the desired flow rate and 
particle capture.  For example, the standard Terre Kleen™ separators come in configurations of 
9; 18; 27; 36; and 45 inclined cells.  In full operation, it uses the inclined cells to enhance 
settling. For sites with smaller flow rates, the Terre Kleen™ TK9 (i.e. nine inclined cells) is the 
device sold.  In order to achieve the claimed removal rate during the laboratory testing, THCP 
chose the Terre Kleen™ TK 18. Figure 2 shows the setup for the complete testing. A tank with 
clear water (tap water) was used to conduct the required test sequences. Water was pumped from 
that tank at the desired flow rate (25, 50, 75, 100, and 125% of maximum 283 gpm design flow 
rate – actual flow rate used at design flow conditions = 271 to 290 gpm)). The flow was 
monitored in the influent pipe and the pump speed adjusted by a variable frequency drive 
controller, so as to deliver constant flow with changing water level. The variable frequency drive 
controller was also adjusted to change to the five different test flows.   
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Figure 1. Active Flow Paths for  Terre Kleen™ TK18 for  Laboratory Testing. 

 
A variable speed screw feeder was used to feed the prescribed sample amounts to match the 
solids concentrations at various flow rates.  The protocol’s particle size sample distribution of 
stormwater was considered and we decided that the entire sample had to be fed en-mass into the 
water flow by means of a screw feeder to avoid premature separation of the larger particles in a 
mixing tank.  At the beginning of the influent pipe, solids were injected into the water and well-
mixed in the 10”  PVC influent pipe by crossing two stationary circle segment mixing paddles 
that were suspended from the top of the pipe and adjusted to clear the bottom of the pipe by 
approximately 1/8”  to avoid base flow blockage.  Solids concentrations were adjusted by setting 
the variable speed control at the percentage setting that is applicable for each test condition. 
 
The feeder has a hopper with interchangeable screws augers.  The feeder manufacturer 
established Graph 1 for the 5/8”  auger and Graph 2 for the 7/8”  auger while feeding the NJDEP 
suggested sample distribution mix to a weigh scale.  Appendix A contains the specific reporting 
data of that test.  Through interpolation of the graphs, THCP established the targeted feed rate 
percentage settings of the feeder for of each test condition.  For example, to provide 200 mg/l at 
the 75% flow rate, cell B3 of the chart indicates the 32.82% setting and a 7/8”  auger.  This means 
the feeder feeds 21.6 lbs/hour into a flow of 216 gpm.  By regulating the feed rate and the flow 
rate independently, the intended test flow of 216 gpm at a concentration of 200 mg/L is assured. 
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Figure 2. Set up for  Laboratory Testing for  Terre Kleen™ TK18. 
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A B C
Feed rate in Pounds per Hour Pump flow rate

Flow  % 100 mg/liter 200 mg/liter 300 mg/liter gpm/sqft
1 25 3.60002 7.20005 10.80007 0.63 72.0 GPM
2 50 7.20005 14.40009 21.60014 1.25 144.0 GPM
3 75 10.80007 21.60014 32.40021 1.88 216.0 GPM
4 100 14.11209 28.22419 42.33628 2.45 282.2 GPM
5 125 17.64012 35.28023 52.92035 3.06 352.8 GPM

A B C
Feeder Percentage setting and auger size

Flow  % 100 mg/liter 200 mg/liter 300 mg/liter gpm/sqft
1 25 31.80%-5/8"Æ 62.23%-5/8"Æ 91.75%-5/8"Æ 0.63 72.0 GPM
2 50 62.23%-5/8"Æ 21.95%-7/8"Æ 32.82%-7/8"Æ 1.25 144.0 GPM
3 75 91.75%-5/8"Æ 32.82%-7/8"Æ 49.46%-7/8"Æ 1.88 216.0 GPM
4 100 21.51%-7/8"Æ 42.91%-7/8"Æ 64.83%-7/8"Æ 2.45 282.2 GPM
5 125 26.84%-7/8"Æ 53.97%-7/8"Æ 80.77%-7/8"Æ 3.06 352.8 GPM  

Feeder percentage setting and auger  size for  all solids concentrations of the test. 
 

 
Graph 1 – 5/8”  Auger 
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Graph 2 – 0.785”  Auger 
 
Both the influent and effluent were open-air discharges (influent into the primary chamber – 
similar to that which would be expected for a device fed by a storm drain influent; effluent – as 
would be expected with a free outfall). Influent samples were taken at the end of the influent 
pipe. The effluent samples were taken from the end of effluent pipe. 
 
Solids concentrations in the influent water ranged from 86 to 413 mg/L at operating rates from 
67 gpm to 346 gpm during the laboratory testing. The Terre Kleen™ is currently being tested in 
the field by independent researchers through the US EPA’s Environmental Technology 
Verification (ETV) Program. 
 
2-4 NJDEP Recommended TSS Laboratory Testing Procedure 
 
Terre Hill Concrete Products designed their laboratory testing to comply with NJDEP’s 
recommended TSS Laboratory Testing Procedure. The NJDEP testing procedure is presented 
herein.  
 
The NJDEP has prepared a Total Suspended Solids Laboratory Testing Procedure to help guide 
vendors as they prepare to test their stormwater treatment systems prior to applying for NJCAT 
verification. 
 
The Testing Procedure has three components: 
1. Particle size distribution 
2. Full scale laboratory testing requirements 
3. Measuring treatment efficiency 
 
 
The description of the testing procedure “steps”  is as follows: 
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1. Particle size distribution: 
 
The following particle size distribution was used to evaluate a manufactured treatment system 
(Table 2). A natural/commercial soil representing the USDA definition of a sandy loam material 
was used. This hypothetical distribution was selected as it represents the various particles that 
would be associated with typical stormwater runoff from a post construction site. Specifically, 
the following distribution can be utilized: 
 
Table 2. Par ticle Size Distr ibution (as prescr ibed by the State of New Jersey) 
 
Par ticle Size (microns)  Sandy loam (percent by mass) 
500-1000 (coarse sand) 5.0 
250-500 (medium sand)  5.0 
100-250 (fine sand)  30.0 
50-100 (very fine sand)  15.0 
2-50 (silt)  (8-50 um, 25%) (2-8 um, 15%)*  
1-2 (clay)  5.0 
Notes: 
1. Recommended density of particles � 2.65 g/cm3 
*The 8 um diameter is the boundary between very fine silt and fine silt according to the definition of American 
Geophysical Union. The reference for this division/classification is: Lane, E. W., et al. (1947), "Report of the 
Subcommittee on Sediment Terminology," Transactions of the American Geophysical Union, Vol. 28, No. 6, pp. 
936-938. 
 
 
2. Full scale lab test requirements 
 
A. At a minimum, complete a total of 15 test runs including three (3) tests each at a constant 
flow rate of 25, 50, 75, 100, and 125 percent of the treatment flow rate. These tests should be 
operated with initial sediment loading of 50% of the unit’s capture capacity. 
 
B. The three tests for each treatment flow rate will be conducted for influent concentrations of 
100, 200, and 300 mg/L. 
 
C. For an online system, complete two tests at the maximum hydraulic operating rate. Utilizing 
clean water, the tests will be operated with initial sediment loading at 50% and 100% of the 
unit’s capture capacity. These tests will be utilized to check the potential for TSS resuspension 
and washout. 
 
D. The test runs should be conducted at a temperature between 73-79 degrees Fahrenheit or 
colder. 
 
3. Measuring treatment efficiency 
 
A. Calculate the individual removal efficiency for the 15 test runs. 
 
B. Average the three test runs for each operating rate. 
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C. The average percent removal efficiency will then be multiplied by a specified weight factor 
(see Table 3) for that particular operating rate. 
 
D. The results of the five numbers will then be summed to obtain the theoretical annual TSS load 
removal efficiency of the system. 
 
Table 3. Treatment Operating Rates and Weight Factors  

Treatment operating rate Weight factor  
25% 0.25 
50% 0.30 
75% 0.20 
100% 0.15 
125% 0.10 

Notes: 
Weight factors were based upon the average annual distribution of runoff volumes in New Jersey and the assumed 
similarity with the distribution of runoff peaks. This runoff volume distribution was based upon accepted 
computation methods for small storm hydrology and a statistical analysis of 52 years of daily rainfall data at 92 
rainfall gages. 
 
 
2-5 Laboratory Studies 
 
From late January through mid-March 2006, Terre Hill Concrete Products (THCP), conducted 
laboratory testing on the TK18 in accordance with the New Jersey Department of Environmental 
Protection’s (NJDEP) Total Suspended Solids Laboratory Test Procedure. All testing was 
conducted at the THCP facility (Fontana, Plant #4 facility) located in Lebanon County, 
Pennsylvania. The ultimate objective of the testing program was to provide a sufficient body of 
performance data to warrant an interim certification from the NJDEP. In order to comply with 
the requirements of the NJDEP testing protocol and to provide a data set that is comparable to 
the data sets of other stormwater treatment technologies that have completed the laboratory 
interim certification program, THCP and Penn State Harrisburg modeled the Terre Kleen™ 18 

test plan to be consistent with the test plans for other technologies that have participated in this 
program. 
 
All testing was conducted using the mixture of 60% Sil-Co-Sil and 40% Plant #4 sand classified 
to 1000 mM minus (as outlined previously). Sil-Co-Sil 250 was purchased from U.S. Silica, Inc. 
Solids were fed to the influent water from a hopper through an auger that had been calibrated. 
Samples were collected from the hopper with each run to confirm that the hopper was dispensing 
the design/required mass of solids. The sediment and water were flash mixed in the pipe leading 
to the TK18.  
 
Influent samples were collected at the end of the influent pipe in the middle of the flow path. A 
dry run had been conducted in early January 2006 to evaluate the sensitivity of the solids 
delivery measurements (as influent concentration) based on the sampling location. Limited, but 
measurable sensitivity of the sampling location was seen with the optimal sampling location (to 
match the programmed influent feed concentration) was approximately in the middle or just-
below-middle of the influent stream. Effluent samples were collected in the sample location in 
the flow path on the effluent side of the TK18. All samples were collected in 500 ml HDPE 
sample bottles.  The system was stabilized at the desired flow rate and targeted solids 
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concentration by running the corresponding water flow and feeder auger simultaneously to the 
TK18.  A dye test had revealed that the inflowing water would reach the effluent pipe in one 
minute and 16 seconds at 70 gpm. This system was allowed several minutes to reach equilibrium 
prior to the onset of sampling at any given combination of flow rate and influent solids 
concentration. Three influent and three effluent samples were collected (paired by the detention 
time in the device. Sediment was not removed from the test system after each test effectively 
allowing additional sediment to accumulate within the treatment chamber sump. No water was 
recirculated in the system in order to avoid contaminating the influent water supply.  
 
2-6 Per formance Testing Procedure 
 
1. Prior to the start of testing, the Terre Kleen™ 18 was filled to 50% of its sediment capture 

depth (1.25 ft) with the mixture of <1000-mm Plant #4 sand and Sil-Co-Sil 250. 
2. The feeder hopper was filled with the solids mixture. 
3. The inlet water pump was activated.  
4. The drive for the metering screw under the hopper was started at the target rpm rate (rate 

required to produce target solids influent concentration).  
5. System was stabilized at the target flow rate. The system was considered stable when the 

flow rate remained stable for approximately one minute. 
6. Once the system was stabilized, the first influent sample was collected. Influent samples 

were collected at one minute intervals until three samples were taken. 
7. After the first influent sample was collected, the first effluent sample was collected. 
8. Effluent samples were collected at one minute intervals until three samples were taken. 
9. After the influent and effluent samples were collected, the metering pump and inlet water 

pump were stopped.  
10. Either the set up conditions were changed (by changing the influent water pump 

speed/delivery and the hopper metering pump) or the system was shut down.  
 
2-7 Washout Testing Procedure 
 
Upon completion of the required performance testing, two washout trials were conducted to 
determine the potential for material to be scoured from the Terre Kleen™ 18 device. The first 
trial was conducted with the TK18 filled to 50% (37 ft3) of its sediment capture volume with 
sand/Sil-Co-Sil mixtures. The second trial was conducted with the device filled to 100% (74 ft3) 
of its sediment capture volume. Both of these trials were conducted at the five flow rates 
required in the earlier part of the TK18 laboratory-based testing. Both trials were conducted with 
clean water. No sediment was injected into the influent stream.  
 
To confirm that the influent water was clean, three samples were collected of the influent water 
during each of the two scour tests. Effluent sampling was started as soon as effluent flow was 
seen. Three effluent samples at each of the flow rates described above were collected.  
 
2-8 Sample Analysis 
 
Sample analysis was conducted at the Penn State Harrisburg’s Environmental Engineering 
laboratory by trained laboratory technicians. The test methods are shown in Table 3. 
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Table 3. Testing Method, Detection L imit and Holding Time. 

Constituent Method No. 

Method 
Detection 

L imit 
Lab Reporting 

L imits 
Container  

Type 

Max. 
Holding 

Time 

SSC ASTM D-
3977 

5 mg/L 5 mg/L 500-mL 
Polyethylene 

7 days 

TSS EPA 160.2 5 mg/L 5 mg/L 500-mL 
Polyethylene 

7 days 

PSD SM 2560 N/A 1,000 
particles/mL 

Polyethylene 28 days 

 
 
2-9 Descr iption of Laboratory Testing Facility 
 
All Terre Kleen™ 18 performance testing was conducted at the Plant #4 facility in Lebanon 
County, Pennsylvania. The layout of the test facility is shown in Figure 2. Figure 3 is the layout 
of the system.  
 

 
Figure 3. Layout of the system Terre Kleen™ TK18. 

 
2-10 Laboratory Testing Results 
 
Results of the 15 individual tests conducted in accordance with the NJDEP laboratory testing 
protocol are summarized in Table 4. The target flow rate for each test was determined assuming 
the target treatment flow rate was 283 gpm. The target treatment flow rate was identified from 
the design diagram as the flow rate required to remove particles 25-mm and greater. The actual 
flow rate as reported in Table 4 represents the mean flow rate measured during each test. The 
sample concentrations reported for each test condition are averages of both the TSS and the SSC 
measurements for each flow and concentration combination. The removal efficiency reported for 

Solids 
Hopper 

TK18 
Effluent 

Influent 
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each test represents the mean suspended solids load reduction for that test and is calculated using 
the following equation: 
 

�
�

�
�
�

� -
=

Conc.Influent 
Conc.Effluent Conc.Influent 

001Efficiency Removal  

 
Table 4. Summary of Terre Kleen™ 18 full-scale laboratory testing. 
 

Test 
Number 

Percent of 
Treatment 
Flow (%) 

Target 
Flow 
Rate 

(gpm) 

Target 
Inf. Conc. 

(mg/L) 

Actual 
Flow 
Rate 

(gpm) 

Influent 
Conc. 
(mg/L) 

Effluent 
Conc. 
(mg/L) 

Removal 
Efficiency 

(%) 

1 25 71 100 72 86 26 70 
2 25 71 200 72 210 7 97 
3 25 71 300 72 266 30 89 
4 50 142 100 144 104 18 83 
5 50 142 200 144 150 47 69 
6 50 142 300 144 323 45 86 
7 75 213 100 216 87 34 61 
8 75 213 200 216 237 46 81 
9 75 213 300 216 181 30 83 
10 100 283 100 288 178 9 95 
11 100 283 200 288 175 27 85 
12 100 283 300 288 230 102 56 
13 125 354 100 360 120 37 69 
14 125 354 200 360 241 36 85 
15 125 354 300 360 413 38 91 

 
2-11 Washout Testing Results 
 
As required by the NJDEP laboratory testing protocol, a washout analysis was conducted at both 
50 and 100 percent of the Terre Kleen™ 18 sediment storage capacity. The protocol required 
each trial to be conducted at the maximum hydraulic operating rate of the unit. However, in order 
to confirm that washout is not occurring throughout the testing flow rate range, it was decided to 
collect samples after the system had stabilized at flow rates ranging from 25% to 125% of the 
design flow rate. Results for both tests are shown in Table 5. During both tests the sediment 
concentration in the source water was monitored and subtracted from the effluent concentration. 
With the storage areas of the Terre Kleen™ device filled to 50 percent of its capacity (37 ft3), no 
statistically-significant washout was observed (the average effluent concentration is below the 
detection limit of the analytical methodology, as were the concentrations in the 70% of the 
effluent samples). With the sump filled to 100 percent of the TK18 sediment storage capacity (74 
ft3), minimal washout was observed. The mean effluent concentration for suspended solids was 
slightly higher then the mean background concentration indicating a small amount of material 
was exported from the system. The mean effluent solids concentration was 5 mg/l, which is quite 
low. This is likely due to the washout of fine particles in the Sil-Co-Sil 250 test solids.  Most of 
the sediment was manually loaded into the TK18 for this testing as opposed to being captured by 
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the unit, so it is likely that residual fine material that would not typically be present in the sump 
was subsequently lost from the unit. 
 
Table 5. Results of Washout (Scour) Testing at 50% and 100% of the Terre Kleen™ 18 
Sediment Storage Capacity.  
 
% Storage 
Capacity 

Average 
Influent 
(Bkgd) 
Conc. 
(mg/L) 

Avg. Eff. 
Conc. 
25% 

(mg/L) 

Avg. Eff. 
Conc. 
50% 

(mg/L) 

Avg. Eff. 
Conc. 
75% 

(mg/L) 

Avg. Eff. 
Conc. 
100% 
(mg/L) 

Avg. Eff. 
Conc. 
125% 
(mg/L) 

Avg. Eff. 
Conc. 
(mg/L) 

Mean 
Adjusted 
Eff. Conc. 

(mg/L) 

50 (37 ft3) -1 -2 0.5 2 2 1.5 0.8 0.8 
100 (74 ft3) -1 1.5 8 6 7.5 7 5.0 5.0 
 
 
 
2-12 Ver ification Procedures 
 
The NJDEP weighting factors were used with the laboratory data that were presented in Table 4. 
The resulting overall removal efficiency based upon the NJDEP methodology is presented below 
in Table 6. Based upon the data presented in Table 6, the removal efficiency of the system is 
80%, thereby verifying the Terre Hill Concrete Products claim of 80% removal of sediment. 
 
Based upon the wash out laboratory data, there is virtually no potential of re-suspension and 
wash out of sediment contained in the Terre Kleen™ stormwater treatment device. 
 
Table 6. Weighted Removal Efficiency for  the Terre Kleen™ 18 System 
 

Percent of 
Treatment Flow 

Rate (%) 

Target TK18 
Flow Rate 

(gpm) 

Removal 
Efficiency 

Weight Factor  Weighted 
Removal 

Efficiency (%) 
25 72 85 0.25 21 
50 144 79 0.30 24 
75 216 75 0.20 15 
100 288 78 0.15 12 
125 360 82 0.10 8 

Weighted Removal Efficiency = 80 
 
 
2-13 Ver ified Treatment Flow and Device Per formance 
 
To demonstrate the performance of additional sizes of the Terre Kleen™ device, a limited testing 
of two additional Terre Kleen™ devices, the TK9 and TK3, were performed. The results of this 
testing are shown in Tables 7 and 8.  The reduction in the plate cells was accomplished by 
blocking off 9 and 15 cells of the TK18, thus inducing higher flow rates over the remaining cells. 
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Table 7. Summary of Terre Kleen™ 3 full-scale laboratory testing. 
 

Test 
Number 

Target Inf. 
Conc. (mg/L) 

Actual Flow 
Rate (gpm) 

Influent Conc. 
(mg/L) 

Effluent 
Conc. (mg/L) 

Removal 
Efficiency (%) 

1 300 144 228 69 70 
2 300 223 417 85 80 
3 300 290 207 103 50 
4 300 359 201 88 56 
5 300 443 223 69 69 
6 300 493 256 45 82 

 
Table 8. Summary of Terre Kleen™ 9 full-scale laboratory testing. 
 

Test 
Number 

Target Inf. 
Conc. (mg/L) 

Actual Flow 
Rate (gpm) 

Influent Conc. 
(mg/L) 

Effluent 
Conc. (mg/L) 

Removal 
Efficiency (%) 

1 300 223 276 10 96 
2 300 290 205 14 93 
3 300 359 363 61 83 
4 300 443 334 53 84 

 
Table 9 summarizes the average percent removal of the influent solids by surface loading rate to 
the device. 
 
Table 9. Loading Rate vs. Percent Removal in the Three Tested Terre Kleen™ devices. 
 
Loading Rate 

(gpm/ft2) Device Tested 
Influent Solids 

(mg/L) 
Effluent Solids 

(mg/L) Difference % Removal 
0.6 TK18 86 26 60 69.8 
0.6 TK18 210 7 203 96.7 
0.6 TK18 266 30 236 88.7 
1.2 TK18 104 18 86 82.7 
1.2 TK18 150 47 103 68.7 
1.2 TK18 323 45 278 86.1 
1.7 TK18 87 34 53 60.9 
1.7 TK18 237 46 191 80.6 
1.7 TK18 181 30 151 83.4 
2.3 TK18 178 10 168 94.4 
2.3 TK18 175 27 148 84.6 
2.3 TK18 230 102 128 55.7 
3 TK18 120 37 83 69.2 
3 TK18 241 36 205 85.1 
3 TK18 413 38 375 90.8 

3.9 TK9 276 10 266 96.4 
5 TK9 205 14 191 93.2 

6.2 TK9 363 61 302 83.2 
7.7 TK9 334 53 281 84.1 
7.5 TK3 228 69 159 69.7 
11.6 TK3 417 85 332 79.6 
15.1 TK3 207 103 104 50.2 
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Loading Rate 
(gpm/ft2) Device Tested 

Influent Solids 
(mg/L) 

Effluent Solids 
(mg/L) Difference % Removal 

18.7 TK3 201 88 113 56.2 
23 TK3 223 69 154 69.1 

25.6 TK3 256 45 211 82.4 
 
The amount of solids dispensed by the hopper was also verified by collecting bags of solids 
dispensed from the hopper in a pre-defined time period (typically 5 minutes)Note 1. This was used 
in conjunction with the verified flow rate to estimate the removal by the TK18. This data is 
shown in Table 10. 
 
Table 10. Loading Rate vs. Percent Removal in the Terre Kleen™ 18 device. 
 

Loading Rate 
(gpm/ft2) Device Tested 

Hopper 
Measured 

Influent Solids 
(mg/L) 

Effluent Solids 
(mg/L) Difference % Removal 

0.6 TK18 132 26 106 80.3 
0.6 TK18 256 7 249 97.3 
0.6 TK18 375 30 345 92.0 
1.2 TK18 137 18 119 86.9 
1.2 TK18 205 47 158 77.1 
1.2 TK18 313 45 268 85.6 
1.7 TK18 129 34 95 73.6 
1.7 TK18 190 46 144 75.8 
1.7 TK18 288 30 258 89.6 
2.3 TK18 97 10 87 89.7 
2.3 TK18 201 27 174 86.6 
2.3 TK18 301 102 199 66.1 
3 TK18 98 37 61 62.2 
3 TK18 203 36 167 82.3 
3 TK18 299 38 261 87.3 

 
Redoing the weighting calculations using the hopper feed data, the overall removal percentage 
for the TK 18 is 83%.  
 
In addition, each sample was separated by sieve analysis into a total fraction and a fraction that 
had been passed through a 250-mm sieve. This sieve analysis was performed to determine the 
fraction of the sample solids that were greater than 250 mm (calculated by subtracting the solids 
concentration in the sieved sample from the solids concentration in the unsieved sample). This 
data is reported in Table 11.  

                                                 
Note 1 For these tests, it is asserted that a measurement of the actual water flow rate and the solids feeder rate over a 
five-minute period is a more accurate representation of the influent concentration than the grab samples taken from 
the cross section of the influent flow.  This because the larger particles stratify near the bottom of the flow channel 
and the finer fraction manifests itself as colloidal. Testing performed during the shake-down period confirmed this 
observation and calibration was performed to determine the optimum sampling location in the influent water flow. 
This was especially crucial to obtaining representative samples at the lowest test flow rates, when the flow rate could 
potentially be insufficient to suspend all particles in the influent. 
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Table 11. Concentration of Influent and Effluent Solids Greater  than 250 mmmmm. 
 

Device 
Run 

Number 

Influent 
Concentration  

> 250 mm (mg/L) 
%Influent  
> 250 mm 

Effluent 
Concentration  

> 250 mm (mg/L) 
%Effluent  
> 250 mm 

TK18 1 4 4.65 -2 -7.69 
TK18 2 36 34.62 1 5.56 
TK18 3 26 29.89 1 2.94 
TK18 4 113 63.48 1 10.00 
TK18 5 73 60.83 8 21.62 
TK18 6 65 30.95 1 14.29 
TK18 7 47 31.33 2 4.26 
TK18 8 130 54.85 12 26.09 
TK18 9 65 37.14 5 18.52 
TK18 10 123 51.04 -3 -8.33 
TK18 11 66 24.81 0 0.00 
TK18 12 154 47.68 5 11.11 
TK18 13 50 27.62 -1 -3.33 
TK18 14 91 39.57 61 59.80 
TK18 15 249 60.29 2 5.26 
TK9 1 134 48.55 3 30.00 
TK9 2 79 38.54 -3 -21.43 
TK9 3 215 59.23 4 6.56 
TK9 4 179 53.59 -1 -1.89 
TK3 1 47 20.61 -1 -1.45 
TK3 2 224 53.72 3 3.53 
TK3 3 60 28.99 24 23.30 
TK3 4 72 35.82 3 3.41 
TK3 5 92 41.26 -3 -4.35 
TK3 6 111 43.36 -41 -91.11 

 
 
As can be seen in Table 11, approximately 40%, measured as the median % above 250 mm, of 
the solids mass in the influent samples (median concentration difference between sieved and 
unsieved samples = 79 mg/L, range: 4 and 250 mg/L) came from particles greater than 250 mm. 
In the effluent, however, little of the mass came from particles greater than 250 mm (median 
concentration difference = 1 mg/L, range: 0 and 61 mg/L). Therefore, this data demonstrates that 
the Terre Kleen™ treatment devices are capable of removing virtually all of the >250 mm 
particles. 
 
The solids in the 1 – 250 mm range in the influent and effluent samples were also characterized 
using a Beckman Coulter Multisizer 3 (hereafter referred to as the Coulter Counter). Aliquots of 
each sample are analyzed on three apertures – the 400, 100 and 30 mm. Each aperture is capable 
of counting particles by size in the range of 2% to 60% of the aperture opening. The result is that 
the 400-mm aperture can accurately size particles in the range of 8 to 240 mm, the 100-mm 
aperture in the range of 2 to 60 mm, and the 30-mm aperture in the range of 0.6 to 18 mm. These 
three apertures are selected for this analysis because there is a significant amount of overlap in 
the analytical ranges of these apertures, making it easy for the Coulter Counter software to 
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overlap the results into a single particle size distribution for each sample. The Coulter Counter 
analysis is effective up to 240 mm. The sieves used to separate the samples collect particles 
greater than 250 mm, allowing for a complete examination of the particle size range. It is not 
believed that a significant number of particles are missed in the quantification activities because 
the Coulter analysis demonstrates that, comparatively, there are very few particles in the larger 
size ranges. These larger particles however carry a substantial amount of mass. Table 12 shows 
the results after combining the Coulter Counter analysis with the sieve analysis.  
 
Table 11. Percent of Influent and Effluent Solids Less than 10 mmmmm and 100 mmmmm. 
 

Device 
Run 

Number 
Influent Percent 
Less than 10 mm 

Influent Percent 
Less than 100 mm 

Effluent Percent 
Less than 10 mm 

Effluent Percent 
Less than 100 mm 

TK18 1 92 95.6 95 100 
TK18 2 70.8 74.3 93.1 94.7 
TK18 3 72.3 77 96.5 97.1 
TK18 4 42.9 61.2 79 82.2 
TK18 5 61.9 62.2 83.3 87.5 
TK18 6 73.5 76.4 93.7 95.9 
TK18 7 74.2 76.1 76.3 79.3 
TK18 8 63.6 64.6 82.9 84.4 
TK18 9 71.6 72.9 96.6 100 
TK18 10 60.9 66.2 91.1 100 
TK18 11 75 80.1 89.5 90 
TK18 12 67.3 67.7 99.1 100 
TK18 13 74.8 78.4 59.6 62.6 
TK18 14 67.3 71.6 75.1 76.9 
TK18 15 59.2 62.4 97.6 100 
TK9 1 65.8 67.3 98.4 100 
TK9 2 69.8 72.2 92.0 93.8 
TK9 3 60.5 62.8 97.1 100 
TK9 4 63.1 65.1 97.7 100 
TK3 1 81.8 82.9 99.0 100 
TK3 2 62.9 65.1 94.4 96.6 
TK3 3 75.2 77.5 79.6 81.1 
TK3 4 69.1 73.6 92.1 96.7 
TK3 5 69.7 70.8 98.6 100 
TK3 6 68.9 69.8 96.3 100 

 
As can be seen in Table 12, the particle size distribution between the influent and effluent has 
shifted to a particle size distribution where a greater number of the particles are less than 100 
mm. This shift in the particle size range is reflective of the removal of the larger particles in the 
influent. A review of the raw Coulter Counter data (data not shown) also shows a slight 
reduction in most instances in the d50 and d90 of the range analyzed by the Multisizer 3. This 
slight shift indicates that the Terre Kleen (repeatable in all the three configurations tested) was 
removing particles across all size ranges, although its best removal ability was in the larger 
particle size ranges.  

FULL-SCALE LABORATORY TEST REPORT 
FOR 

TERRE KLEEN™ 
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Chapter  2:  Ver ification Testing Responsibilities 
 
 
The New Jersey Corporation for Advanced Technology (NJCAT) is the provider of the test 
protocol used by vendors when pursuing Interim Certification by New Jersey Department of 
Environmental Protection (NJDEP). The purpose of the testing is to determine the “Bulk TSS” 
removal efficiency (as per NJDEP treatment calculation methodology) for laboratory simulated 
stormwater runoff with an average influent concentration of 200 mg/L and an average d50 
particle size of 75 µM. 
 
2.1 Testing Organization 
 
The testing organization (TO) is The Pennsylvania State University – Harrisburg (PSH) in 
Middletown, Pennsylvania. The Principal Investigator for this verification project is Dr. Shirley 
E. Clark P.E, Assistant Professor of Environmental Engineering. Dr. Clark has 10 years of 
experience in stormwater treatment research, including development and evaluation of filtration 
media as well as multi-unit operation treatment trains.   
 
PSH had primary responsibility for implementing the test plan, including the following: 
 

·  Coordinating testing with the vendor; 
·  Providing needed support, as well as establishing a communication network, and 

scheduling and coordinating the activities for the laboratory testing. PSH provided 
needed support to the vendor and any other sub-contractors. PSH coordinated with the 
vendor about the scheduling of installation and was responsible for all scheduling of 
sample collection, preparation and submittal to the laboratory, analysis of the samples 
and all data reconciliation. 

·  Conducting the testing in accordance with the test plan, including sample collection and 
analysis; 

·  Managing, evaluating, interpreting and reporting on data generated during the laboratory 
testing; and 

·  Preparation of this final laboratory test report. 
 
Key contact for PSH is: 
 
Shirley E. Clark, Ph.D., P.E. 
(717) 948-6127 e-mail: seclark@psu.edu  
 
 
 
2.2 Vendor 
 
The vendor is Terre Hill Silo Company, Inc. T/D/B/A Terre Hill Concrete Products (THCP). 
Vendor responsibilities include: 
 

·  Providing and installing, with the assistance of PSH personnel, the technology and 
ancillary equipment required for the verification testing; 
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·  Providing technical support during the installation and operation of the technology. This  
included the designation of a staff person or representative that was on-site during 
monitoring to ensure the technology was functioning as intended; 

·  Providing descriptive details about the capabilities and intended function of the 
technology; 

·  Review and approval of the test plan prior to the start of testing; 
·  Review and comment on the final verification report and verification statement. 

 
The key contact for THCP is: 
 
Dale Groff, Project Manager 
(717) 445-3100 e-mail: dgroff@terrehill.com  
 
Terre Hill Concrete Products 
485 Weaverland Valley Road 
Terre Hill, Pennsylvania  17581 
 
2.3 Analytical Laboratory 
 
PSH has conducted the laboratory analytical work on the samples collected from the sample 
locations. PSH has a fully-equipped laboratory for performing these analyses since it is housed at 
a research university. The research laboratories in the Environmental Engineering Program 
contain the following equipment:  
 

·  Two gas chromatographs (an Agilent 6890N gas chromatograph with an Agilent 5973 
mass selective detector and an HP 6890 with autosampler);  

·  One HP 8453 scanning UV/Vis spectrophotometer;  
·  Two total organic carbon analyzers (OI Analytical 1010 and Dorman DC-190);  
·  One Perkin-Elmer 5100 PC GFAA atomic adsorption spectrometer (flame and graphite 

furnace) with autosampler;  
·  One Microtox toxicity analyzer;  
·  One Coulter Multisizer 3 Particle Size Analyzer;  
·  Muffle furnaces.  
 

The equipment that was specifically required for this laboratory verification testing includes the 
analytical balances, the muffle furnaces, and a particle size analyzer. Additionally, PSH owns 
one ISCO and one American Sigma automatic samplers and grab samplers. A Coulter Multisizer 
3 is available; its purpose is to characterize the particle sizes in the water column and sediment. 
The Multisizer 3, as set up by PSH, has three apertures – a 20, a 100, and a 400 µm aperture. The 
apertures are capable of measuring particles in the water ranging from 0.6 to 240 µm. The 
Multisizer 3 results were combined with a wet-sieve analysis to determine if particles larger than 
250 µm were present.   
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Chapter  2:  Summary Repor t of Laboratory Testing of the Terre K leen™ 18 
to meet the New Jersey Requirements for  Inter im Cer tification 

 
 
2-1. Treatment System Descr iption 
 
The Terre Kleen™ device (patent #US 6,676,832 B2) combines a baffle, screen, internal by-pass 
duct and self cleaning inclined sedimentation cells to create a primary chamber, grit 
sedimentation chamber, and oil, litter and debris/sediment storage into a self-contained concrete 
structure. A schematic diagram of the Terre Kleen™ is shown in Figure 1. The inclined cells are 
stacked in the grit chamber and operate in parallel.  The overlap of the cells greatly reduces the 
required footprint of the system. The primary chamber collects coarse sediment, litter, and oil.  
In the current configuration, sorption socks float in the primary chamber to permanently remove 
the oil from the water. Other configurations/products for removing the accumulated oil from the 
primary chamber are under investigation.  The flow enters the grit sedimentation chamber at the 
bottom of the inclined plates. The small particles settle out in the inclined plate cells and fall into 
a separate storage hopper away from the flow path. The design of the self cleaning inclined plate 
cells and grit chamber below prevents re-suspension through successive storms. 
 
If the flow to the device exceeds the design flow, all of the water will still be screened to remove 
gross pollutants. The excess flow will bypass the inclined plate cells and be recombined at the 
outlet pipe. Bypass provisions are included to provide some treatment for all the water entering 
the device without creating a bottleneck in the system.  The cross-sectional area of the Terre 
Kleen™ inclined plate cells and the bypass duct exceeds the incoming pipe cross-sectional area. 
 
Terre Kleen™ units can be designed to provide specific removal efficiencies based on the size 
characteristics of the suspended solids and the flow rate to the device  The standard models of 
Terre Kleen™ are sold in multiples of nine sedimentation cells, i.e. TK9; TK18; TK27; TK36; 
TK45.  Larger Terre Kleen™ units are available. The device used for this testing was the TK18. 
Table 1 is the sizing chart for the TK18.  
 

Table 1. Terre-Kleen™ Sizing Chart specific for  this Laboratory Test. 

Per formance of a Terre K leen™ TK18 Approximate size (ft) 

Capacity 
(cfs) 

Loading 
rate in 

gpm/sqft 

Capacity 
(gpm) 

M inimum 
Par ticle Size 

Removal (µm) 

Gr it Chamber  
Settling Area (ft2) 

Sediment 
storage (ft3) 

Length Width 

0.6 2.4 276 10 115 107 6’ -6”  6’ -0”  
1.2 4.7 541 30 115 107 6’ -6”  6’ -0”  
1.92 7.5 863 50 115 107 6’ -6”  6’ -0”  
2.69 10.5 1208 70 115 107 6’ -6”  6’ -0”  
3.84 15 1725 100 115 107 6’ -6”  6’ -0”  
6.92 27 3105 150 115 107 6’ -6”  6’ -0”  
8.68 33.9 3899 200 115 107 6’ -6”  6’ -0”  
11.2 44 5060 250 115 107 6’ -6”  6’ -0”  
12.81 50 5750 300 115 107 6’ -6”  6’ -0”  
17.9 70 8050 400 115 107 6’ -6”  6’ -0”  
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2-2. Technical Per formance Claim 
 
Claim – Using the NJ-specified particle size distribution for solids in the simulated stormwater, 
Terre Hill Concrete Products (THCP) claimed that the Terre Kleen™ device that was installed in 
this laboratory test would remove 100% of the 25-µm particles and larger when the device was 
operating at the 283 gpm flow rate according to the test protocol of NJCAT.  
 
THCP predicted that particles smaller than 25 µm would also be removed at lower flows. Based 
on the evaluation of field data and empirical data collected from sediment behavior in flowing 
water, the Terre Kleen™ TK18 was expected to provide 80% “Bulk TSS” removal efficiency (as 
per NJDEP treatment calculation methodology) for laboratory simulated stormwater runoff with 
an average effluent concentration of 200 mg/L and a average d50 particle size of 75 mm. TSS 
removal testing was conducted with sediment pre-loaded in the lower chamber to 50% sediment 
capacity for the Terre Kleen™ TK18. 
 
 
2-3. Treatment System Performance 
 
The test site for this Terre Kleen™ TK18 is the Fontana, Plant #4 facility owned by Terre Hill 
Concrete Products located in Lebanon County, Pennsylvania. THCP supplied the Terre Kleen™ 
TK18, water storage tanks and feeder to add and mix the solids to the influent test water, as well 
as all required piping and pumps to create the required flows.  
 
The test facility was constructed as shown in Figures 1 and 2. Figure 1 shows the device as it was 
operated. The Terre Kleen™ has several configurations depending on the desired flow rate and 
particle capture.  For example, the standard Terre Kleen™ separators come in configurations of 
9; 18; 27; 36; and 45 inclined cells.  In full operation, it uses the inclined cells to enhance 
settling. For sites with smaller flow rates, the Terre Kleen™ TK9 (i.e. nine inclined cells) is the 
device sold.  In order to achieve the claimed removal rate during the laboratory testing, THCP 
chose the Terre Kleen™ TK 18. Figure 2 shows the setup for the complete testing. A tank with 
clear water (tap water) was used to conduct the required test sequences. Water was pumped from 
that tank at the desired flow rate (25, 50, 75, 100, and 125% of maximum 283 gpm design flow 
rate – actual flow rate used at design flow conditions = 271 to 290 gpm)). The flow was 
monitored in the influent pipe and the pump speed adjusted by a variable frequency drive 
controller, so as to deliver constant flow with changing water level. The variable frequency drive 
controller was also adjusted to change to the five different test flows.   
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Figure 1. Active Flow Paths for  Terre Kleen™ TK18 for  Laboratory Testing. 

 
A variable speed screw feeder was used to feed the prescribed sample amounts to match the 
solids concentrations at various flow rates.  The protocol’s particle size sample distribution of 
stormwater was considered and we decided that the entire sample had to be fed en-mass into the 
water flow by means of a screw feeder to avoid premature separation of the larger particles in a 
mixing tank.  At the beginning of the influent pipe, solids were injected into the water and well-
mixed in the 10”  PVC influent pipe by crossing two stationary circle segment mixing paddles 
that were suspended from the top of the pipe and adjusted to clear the bottom of the pipe by 
approximately 1/8”  to avoid base flow blockage.  Solids concentrations were adjusted by setting 
the variable speed control at the percentage setting that is applicable for each test condition. 
 
The feeder has a hopper with interchangeable screws augers.  The feeder manufacturer 
established Graph 1 for the 5/8”  auger and Graph 2 for the 7/8”  auger while feeding the NJDEP 
suggested sample distribution mix to a weigh scale.  Appendix A contains the specific reporting 
data of that test.  Through interpolation of the graphs, THCP established the targeted feed rate 
percentage settings of the feeder for of each test condition.  For example, to provide 200 mg/l at 
the 75% flow rate, cell B3 of the chart indicates the 32.82% setting and a 7/8”  auger.  This means 
the feeder feeds 21.6 lbs/hour into a flow of 216 gpm.  By regulating the feed rate and the flow 
rate independently, the intended test flow of 216 gpm at a concentration of 200 mg/L is assured. 
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Figure 2. Set up for  Laboratory Testing for  Terre Kleen™ TK18. 
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A B C
Feed rate in Pounds per Hour Pump flow rate

Flow  % 100 mg/liter 200 mg/liter 300 mg/liter gpm/sqft
1 25 3.60002 7.20005 10.80007 0.63 72.0 GPM
2 50 7.20005 14.40009 21.60014 1.25 144.0 GPM
3 75 10.80007 21.60014 32.40021 1.88 216.0 GPM
4 100 14.11209 28.22419 42.33628 2.45 282.2 GPM
5 125 17.64012 35.28023 52.92035 3.06 352.8 GPM

A B C
Feeder Percentage setting and auger size

Flow  % 100 mg/liter 200 mg/liter 300 mg/liter gpm/sqft
1 25 31.80%-5/8"Æ 62.23%-5/8"Æ 91.75%-5/8"Æ 0.63 72.0 GPM
2 50 62.23%-5/8"Æ 21.95%-7/8"Æ 32.82%-7/8"Æ 1.25 144.0 GPM
3 75 91.75%-5/8"Æ 32.82%-7/8"Æ 49.46%-7/8"Æ 1.88 216.0 GPM
4 100 21.51%-7/8"Æ 42.91%-7/8"Æ 64.83%-7/8"Æ 2.45 282.2 GPM
5 125 26.84%-7/8"Æ 53.97%-7/8"Æ 80.77%-7/8"Æ 3.06 352.8 GPM  

Feeder percentage setting and auger  size for  all solids concentrations of the test. 
 

 
Graph 1 – 5/8”  Auger 
 



 Page 28 of 28 

 
Graph 2 – 0.785”  Auger 
 
Both the influent and effluent were open-air discharges (influent into the primary chamber – 
similar to that which would be expected for a device fed by a storm drain influent; effluent – as 
would be expected with a free outfall). Influent samples were taken at the end of the influent 
pipe. The effluent samples were taken from the end of effluent pipe. 
 
Solids concentrations in the influent water ranged from 86 to 413 mg/L at operating rates from 
67 gpm to 346 gpm during the laboratory testing. The Terre Kleen™ is currently being tested in 
the field by independent researchers through the US EPA’s Environmental Technology 
Verification (ETV) Program. 
 
2-4 NJDEP Recommended TSS Laboratory Testing Procedure 
 
Terre Hill Concrete Products designed their laboratory testing to comply with NJDEP’s 
recommended TSS Laboratory Testing Procedure. The NJDEP testing procedure is presented 
herein.  
 
The NJDEP has prepared a Total Suspended Solids Laboratory Testing Procedure to help guide 
vendors as they prepare to test their stormwater treatment systems prior to applying for NJCAT 
verification. 
 
The Testing Procedure has three components: 
1. Particle size distribution 
2. Full scale laboratory testing requirements 
3. Measuring treatment efficiency 
 
 
The description of the testing procedure “steps”  is as follows: 
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1. Particle size distribution: 
 
The following particle size distribution was used to evaluate a manufactured treatment system 
(Table 2). A natural/commercial soil representing the USDA definition of a sandy loam material 
was used. This hypothetical distribution was selected as it represents the various particles that 
would be associated with typical stormwater runoff from a post construction site. Specifically, 
the following distribution can be utilized: 
 
Table 2. Par ticle Size Distr ibution (as prescr ibed by the State of New Jersey) 
 
Par ticle Size (microns)  Sandy loam (percent by mass) 
500-1000 (coarse sand) 5.0 
250-500 (medium sand)  5.0 
100-250 (fine sand)  30.0 
50-100 (very fine sand)  15.0 
2-50 (silt)  (8-50 um, 25%) (2-8 um, 15%)*  
1-2 (clay)  5.0 
Notes: 
1. Recommended density of particles � 2.65 g/cm3 
*The 8 um diameter is the boundary between very fine silt and fine silt according to the definition of American 
Geophysical Union. The reference for this division/classification is: Lane, E. W., et al. (1947), "Report of the 
Subcommittee on Sediment Terminology," Transactions of the American Geophysical Union, Vol. 28, No. 6, pp. 
936-938. 
 
 
2. Full scale lab test requirements 
 
A. At a minimum, complete a total of 15 test runs including three (3) tests each at a constant 
flow rate of 25, 50, 75, 100, and 125 percent of the treatment flow rate. These tests should be 
operated with initial sediment loading of 50% of the unit’s capture capacity. 
 
B. The three tests for each treatment flow rate will be conducted for influent concentrations of 
100, 200, and 300 mg/L. 
 
C. For an online system, complete two tests at the maximum hydraulic operating rate. Utilizing 
clean water, the tests will be operated with initial sediment loading at 50% and 100% of the 
unit’s capture capacity. These tests will be utilized to check the potential for TSS resuspension 
and washout. 
 
D. The test runs should be conducted at a temperature between 73-79 degrees Fahrenheit or 
colder. 
 
3. Measuring treatment efficiency 
 
A. Calculate the individual removal efficiency for the 15 test runs. 
 
B. Average the three test runs for each operating rate. 
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C. The average percent removal efficiency will then be multiplied by a specified weight factor 
(see Table 3) for that particular operating rate. 
 
D. The results of the five numbers will then be summed to obtain the theoretical annual TSS load 
removal efficiency of the system. 
 
Table 3. Treatment Operating Rates and Weight Factors  

Treatment operating rate Weight factor  
25% 0.25 
50% 0.30 
75% 0.20 
100% 0.15 
125% 0.10 

Notes: 
Weight factors were based upon the average annual distribution of runoff volumes in New Jersey and the assumed 
similarity with the distribution of runoff peaks. This runoff volume distribution was based upon accepted 
computation methods for small storm hydrology and a statistical analysis of 52 years of daily rainfall data at 92 
rainfall gages. 
 
 
2-5 Laboratory Studies 
 
From late January through mid-March 2006, Terre Hill Concrete Products (THCP), conducted 
laboratory testing on the TK18 in accordance with the New Jersey Department of Environmental 
Protection’s (NJDEP) Total Suspended Solids Laboratory Test Procedure. All testing was 
conducted at the THCP facility (Fontana, Plant #4 facility) located in Lebanon County, 
Pennsylvania. The ultimate objective of the testing program was to provide a sufficient body of 
performance data to warrant an interim certification from the NJDEP. In order to comply with 
the requirements of the NJDEP testing protocol and to provide a data set that is comparable to 
the data sets of other stormwater treatment technologies that have completed the laboratory 
interim certification program, THCP and Penn State Harrisburg modeled the Terre Kleen™ 18 

test plan to be consistent with the test plans for other technologies that have participated in this 
program. 
 
All testing was conducted using the mixture of 60% Sil-Co-Sil and 40% Plant #4 sand classified 
to 1000 mM minus (as outlined previously). Sil-Co-Sil 250 was purchased from U.S. Silica, Inc. 
Solids were fed to the influent water from a hopper through an auger that had been calibrated. 
Samples were collected from the hopper with each run to confirm that the hopper was dispensing 
the design/required mass of solids. The sediment and water were flash mixed in the pipe leading 
to the TK18.  
 
Influent samples were collected at the end of the influent pipe in the middle of the flow path. A 
dry run had been conducted in early January 2006 to evaluate the sensitivity of the solids 
delivery measurements (as influent concentration) based on the sampling location. Limited, but 
measurable sensitivity of the sampling location was seen with the optimal sampling location (to 
match the programmed influent feed concentration) was approximately in the middle or just-
below-middle of the influent stream. Effluent samples were collected in the sample location in 
the flow path on the effluent side of the TK18. All samples were collected in 500 ml HDPE 
sample bottles.  The system was stabilized at the desired flow rate and targeted solids 
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concentration by running the corresponding water flow and feeder auger simultaneously to the 
TK18.  A dye test had revealed that the inflowing water would reach the effluent pipe in one 
minute and 16 seconds at 70 gpm. This system was allowed several minutes to reach equilibrium 
prior to the onset of sampling at any given combination of flow rate and influent solids 
concentration. Three influent and three effluent samples were collected (paired by the detention 
time in the device. Sediment was not removed from the test system after each test effectively 
allowing additional sediment to accumulate within the treatment chamber sump. No water was 
recirculated in the system in order to avoid contaminating the influent water supply.  
 
2-6 Per formance Testing Procedure 
 
11. Prior to the start of testing, the Terre Kleen™ 18 was filled to 50% of its sediment capture 

depth (1.25 ft) with the mixture of <1000-mm Plant #4 sand and Sil-Co-Sil 250. 
12. The feeder hopper was filled with the solids mixture. 
13. The inlet water pump was activated.  
14. The drive for the metering screw under the hopper was started at the target rpm rate (rate 

required to produce target solids influent concentration).  
15. System was stabilized at the target flow rate. The system was considered stable when the 

flow rate remained stable for approximately one minute. 
16. Once the system was stabilized, the first influent sample was collected. Influent samples 

were collected at one minute intervals until three samples were taken. 
17. After the first influent sample was collected, the first effluent sample was collected. 
18. Effluent samples were collected at one minute intervals until three samples were taken. 
19. After the influent and effluent samples were collected, the metering pump and inlet water 

pump were stopped.  
20. Either the set up conditions were changed (by changing the influent water pump 

speed/delivery and the hopper metering pump) or the system was shut down.  
 
2-7 Washout Testing Procedure 
 
Upon completion of the required performance testing, two washout trials were conducted to 
determine the potential for material to be scoured from the Terre Kleen™ 18 device. The first 
trial was conducted with the TK18 filled to 50% (37 ft3) of its sediment capture volume with 
sand/Sil-Co-Sil mixtures. The second trial was conducted with the device filled to 100% (74 ft3) 
of its sediment capture volume. Both of these trials were conducted at the five flow rates 
required in the earlier part of the TK18 laboratory-based testing. Both trials were conducted with 
clean water. No sediment was injected into the influent stream.  
 
To confirm that the influent water was clean, three samples were collected of the influent water 
during each of the two scour tests. Effluent sampling was started as soon as effluent flow was 
seen. Three effluent samples at each of the flow rates described above were collected.  
 
2-8 Sample Analysis 
 
Sample analysis was conducted at the Penn State Harrisburg’s Environmental Engineering 
laboratory by trained laboratory technicians. The test methods are shown in Table 3. 
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Table 3. Testing Method, Detection L imit and Holding Time. 

Constituent Method No. 

Method 
Detection 

L imit 
Lab Reporting 

L imits 
Container  

Type 

Max. 
Holding 

Time 

SSC ASTM D-
3977 

5 mg/L 5 mg/L 500-mL 
Polyethylene 

7 days 

TSS EPA 160.2 5 mg/L 5 mg/L 500-mL 
Polyethylene 

7 days 

PSD SM 2560 N/A 1,000 
particles/mL 

Polyethylene 28 days 

 
 
2-9 Descr iption of Laboratory Testing Facility 
 
All Terre Kleen™ 18 performance testing was conducted at the Plant #4 facility in Lebanon 
County, Pennsylvania. The layout of the test facility is shown in Figure 2. Figure 3 is the layout 
of the system.  
 

 
Figure 3. Layout of the system Terre Kleen™ TK18. 

 
2-10 Laboratory Testing Results 
 
Results of the 15 individual tests conducted in accordance with the NJDEP laboratory testing 
protocol are summarized in Table 4. The target flow rate for each test was determined assuming 
the target treatment flow rate was 283 gpm. The target treatment flow rate was identified from 
the design diagram as the flow rate required to remove particles 25-mm and greater. The actual 
flow rate as reported in Table 4 represents the mean flow rate measured during each test. The 
sample concentrations reported for each test condition are averages of both the TSS and the SSC 
measurements for each flow and concentration combination. The removal efficiency reported for 

Solids 
Hopper 

TK18 
Effluent 

Influent 
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each test represents the mean suspended solids load reduction for that test and is calculated using 
the following equation: 
 

�
�

�
�
�

� -
=

Conc.Influent 
Conc.Effluent Conc.Influent 

001Efficiency Removal  

 
Table 4. Summary of Terre Kleen™ 18 full-scale laboratory testing. 
 

Test 
Number 

Percent of 
Treatment 
Flow (%) 

Target 
Flow 
Rate 

(gpm) 

Target 
Inf. Conc. 

(mg/L) 

Actual 
Flow 
Rate 

(gpm) 

Influent 
Conc. 
(mg/L) 

Effluent 
Conc. 
(mg/L) 

Removal 
Efficiency 

(%) 

1 25 71 100 72 86 26 70 
2 25 71 200 72 210 7 97 
3 25 71 300 72 266 30 89 
4 50 142 100 144 104 18 83 
5 50 142 200 144 150 47 69 
6 50 142 300 144 323 45 86 
7 75 213 100 216 87 34 61 
8 75 213 200 216 237 46 81 
9 75 213 300 216 181 30 83 
10 100 283 100 288 178 9 95 
11 100 283 200 288 175 27 85 
12 100 283 300 288 230 102 56 
13 125 354 100 360 120 37 69 
14 125 354 200 360 241 36 85 
15 125 354 300 360 413 38 91 

 
2-11 Washout Testing Results 
 
As required by the NJDEP laboratory testing protocol, a washout analysis was conducted at both 
50 and 100 percent of the Terre Kleen™ 18 sediment storage capacity. The protocol required 
each trial to be conducted at the maximum hydraulic operating rate of the unit. However, in order 
to confirm that washout is not occurring throughout the testing flow rate range, it was decided to 
collect samples after the system had stabilized at flow rates ranging from 25% to 125% of the 
design flow rate. Results for both tests are shown in Table 5. During both tests the sediment 
concentration in the source water was monitored and subtracted from the effluent concentration. 
With the storage areas of the Terre Kleen™ device filled to 50 percent of its capacity (37 ft3), no 
statistically-significant washout was observed (the average effluent concentration is below the 
detection limit of the analytical methodology, as were the concentrations in the 70% of the 
effluent samples). With the sump filled to 100 percent of the TK18 sediment storage capacity (74 
ft3), minimal washout was observed. The mean effluent concentration for suspended solids was 
slightly higher then the mean background concentration indicating a small amount of material 
was exported from the system. The mean effluent solids concentration was 5 mg/l, which is quite 
low. This is likely due to the washout of fine particles in the Sil-Co-Sil 250 test solids.  Most of 
the sediment was manually loaded into the TK18 for this testing as opposed to being captured by 
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the unit, so it is likely that residual fine material that would not typically be present in the sump 
was subsequently lost from the unit. 
 
Table 5. Results of Washout (Scour) Testing at 50% and 100% of the Terre Kleen™ 18 
Sediment Storage Capacity.  
 
% Storage 
Capacity 

Average 
Influent 
(Bkgd) 
Conc. 
(mg/L) 

Avg. Eff. 
Conc. 
25% 

(mg/L) 

Avg. Eff. 
Conc. 
50% 

(mg/L) 

Avg. Eff. 
Conc. 
75% 

(mg/L) 

Avg. Eff. 
Conc. 
100% 
(mg/L) 

Avg. Eff. 
Conc. 
125% 
(mg/L) 

Avg. Eff. 
Conc. 
(mg/L) 

Mean 
Adjusted 
Eff. Conc. 

(mg/L) 

50 (37 ft3) -1 -2 0.5 2 2 1.5 0.8 0.8 
100 (74 ft3) -1 1.5 8 6 7.5 7 5.0 5.0 
 
 
 
2-12 Ver ification Procedures 
 
The NJDEP weighting factors were used with the laboratory data that were presented in Table 4. 
The resulting overall removal efficiency based upon the NJDEP methodology is presented below 
in Table 6. Based upon the data presented in Table 6, the removal efficiency of the system is 
80%, thereby verifying the Terre Hill Concrete Products claim of 80% removal of sediment. 
 
Based upon the wash out laboratory data, there is virtually no potential of re-suspension and 
wash out of sediment contained in the Terre Kleen™ stormwater treatment device. 
 
Table 6. Weighted Removal Efficiency for  the Terre Kleen™ 18 System 
 

Percent of 
Treatment Flow 

Rate (%) 

Target TK18 
Flow Rate 

(gpm) 

Removal 
Efficiency 

Weight Factor  Weighted 
Removal 

Efficiency (%) 
25 72 85 0.25 21 
50 144 79 0.30 24 
75 216 75 0.20 15 
100 288 78 0.15 12 
125 360 82 0.10 8 

Weighted Removal Efficiency = 80 
 
 
2-13 Ver ified Treatment Flow and Device Per formance 
 
To demonstrate the performance of additional sizes of the Terre Kleen™ device, a limited testing 
of two additional Terre Kleen™ devices, the TK9 and TK3, were performed. The results of this 
testing are shown in Tables 7 and 8.  The reduction in the plate cells was accomplished by 
blocking off 9 and 15 cells of the TK18, thus inducing higher flow rates over the remaining cells. 
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Table 7. Summary of Terre Kleen™ 3 full-scale laboratory testing. 
 

Test 
Number 

Target Inf. 
Conc. (mg/L) 

Actual Flow 
Rate (gpm) 

Influent Conc. 
(mg/L) 

Effluent 
Conc. (mg/L) 

Removal 
Efficiency (%) 

1 300 144 228 69 70 
2 300 223 417 85 80 
3 300 290 207 103 50 
4 300 359 201 88 56 
5 300 443 223 69 69 
6 300 493 256 45 82 

 
Table 8. Summary of Terre Kleen™ 9 full-scale laboratory testing. 
 

Test 
Number 

Target Inf. 
Conc. (mg/L) 

Actual Flow 
Rate (gpm) 

Influent Conc. 
(mg/L) 

Effluent 
Conc. (mg/L) 

Removal 
Efficiency (%) 

1 300 223 276 10 96 
2 300 290 205 14 93 
3 300 359 363 61 83 
4 300 443 334 53 84 

 
Table 9 summarizes the average percent removal of the influent solids by surface loading rate to 
the device. 
 
Table 9. Loading Rate vs. Percent Removal in the Three Tested Terre Kleen™ devices. 
 
Loading Rate 

(gpm/ft2) Device Tested 
Influent Solids 

(mg/L) 
Effluent Solids 

(mg/L) Difference % Removal 
0.6 TK18 86 26 60 69.8 
0.6 TK18 210 7 203 96.7 
0.6 TK18 266 30 236 88.7 
1.2 TK18 104 18 86 82.7 
1.2 TK18 150 47 103 68.7 
1.2 TK18 323 45 278 86.1 
1.7 TK18 87 34 53 60.9 
1.7 TK18 237 46 191 80.6 
1.7 TK18 181 30 151 83.4 
2.3 TK18 178 10 168 94.4 
2.3 TK18 175 27 148 84.6 
2.3 TK18 230 102 128 55.7 
3 TK18 120 37 83 69.2 
3 TK18 241 36 205 85.1 
3 TK18 413 38 375 90.8 

3.9 TK9 276 10 266 96.4 
5 TK9 205 14 191 93.2 

6.2 TK9 363 61 302 83.2 
7.7 TK9 334 53 281 84.1 
7.5 TK3 228 69 159 69.7 
11.6 TK3 417 85 332 79.6 
15.1 TK3 207 103 104 50.2 
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Loading Rate 
(gpm/ft2) Device Tested 

Influent Solids 
(mg/L) 

Effluent Solids 
(mg/L) Difference % Removal 

18.7 TK3 201 88 113 56.2 
23 TK3 223 69 154 69.1 

25.6 TK3 256 45 211 82.4 
 
The amount of solids dispensed by the hopper was also verified by collecting bags of solids 
dispensed from the hopper in a pre-defined time period (typically 5 minutes)Note 1. This was used 
in conjunction with the verified flow rate to estimate the removal by the TK18. This data is 
shown in Table 10. 
 
Table 10. Loading Rate vs. Percent Removal in the Terre Kleen™ 18 device. 
 

Loading Rate 
(gpm/ft2) Device Tested 

Hopper 
Measured 

Influent Solids 
(mg/L) 

Effluent Solids 
(mg/L) Difference % Removal 

0.6 TK18 132 26 106 80.3 
0.6 TK18 256 7 249 97.3 
0.6 TK18 375 30 345 92.0 
1.2 TK18 137 18 119 86.9 
1.2 TK18 205 47 158 77.1 
1.2 TK18 313 45 268 85.6 
1.7 TK18 129 34 95 73.6 
1.7 TK18 190 46 144 75.8 
1.7 TK18 288 30 258 89.6 
2.3 TK18 97 10 87 89.7 
2.3 TK18 201 27 174 86.6 
2.3 TK18 301 102 199 66.1 
3 TK18 98 37 61 62.2 
3 TK18 203 36 167 82.3 
3 TK18 299 38 261 87.3 

 
Redoing the weighting calculations using the hopper feed data, the overall removal percentage 
for the TK 18 is 83%.  
 
In addition, each sample was separated by sieve analysis into a total fraction and a fraction that 
had been passed through a 250-mm sieve. This sieve analysis was performed to determine the 
fraction of the sample solids that were greater than 250 mm (calculated by subtracting the solids 
concentration in the sieved sample from the solids concentration in the unsieved sample). This 
data is reported in Table 11.  

                                                 
Note 1 For these tests, it is asserted that a measurement of the actual water flow rate and the solids feeder rate over a 
five-minute period is a more accurate representation of the influent concentration than the grab samples taken from 
the cross section of the influent flow.  This because the larger particles stratify near the bottom of the flow channel 
and the finer fraction manifests itself as colloidal. Testing performed during the shake-down period confirmed this 
observation and calibration was performed to determine the optimum sampling location in the influent water flow. 
This was especially crucial to obtaining representative samples at the lowest test flow rates, when the flow rate could 
potentially be insufficient to suspend all particles in the influent. 
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Table 11. Concentration of Influent and Effluent Solids Greater  than 250 mmmmm. 
 

Device 
Run 

Number 

Influent 
Concentration  

> 250 mm (mg/L) 
%Influent  
> 250 mm 

Effluent 
Concentration  

> 250 mm (mg/L) 
%Effluent  
> 250 mm 

TK18 1 4 4.65 -2 -7.69 
TK18 2 36 34.62 1 5.56 
TK18 3 26 29.89 1 2.94 
TK18 4 113 63.48 1 10.00 
TK18 5 73 60.83 8 21.62 
TK18 6 65 30.95 1 14.29 
TK18 7 47 31.33 2 4.26 
TK18 8 130 54.85 12 26.09 
TK18 9 65 37.14 5 18.52 
TK18 10 123 51.04 -3 -8.33 
TK18 11 66 24.81 0 0.00 
TK18 12 154 47.68 5 11.11 
TK18 13 50 27.62 -1 -3.33 
TK18 14 91 39.57 61 59.80 
TK18 15 249 60.29 2 5.26 
TK9 1 134 48.55 3 30.00 
TK9 2 79 38.54 -3 -21.43 
TK9 3 215 59.23 4 6.56 
TK9 4 179 53.59 -1 -1.89 
TK3 1 47 20.61 -1 -1.45 
TK3 2 224 53.72 3 3.53 
TK3 3 60 28.99 24 23.30 
TK3 4 72 35.82 3 3.41 
TK3 5 92 41.26 -3 -4.35 
TK3 6 111 43.36 -41 -91.11 

 
 
As can be seen in Table 11, approximately 40%, measured as the median % above 250 mm, of 
the solids mass in the influent samples (median concentration difference between sieved and 
unsieved samples = 79 mg/L, range: 4 and 250 mg/L) came from particles greater than 250 mm. 
In the effluent, however, little of the mass came from particles greater than 250 mm (median 
concentration difference = 1 mg/L, range: 0 and 61 mg/L). Therefore, this data demonstrates that 
the Terre Kleen™ treatment devices are capable of removing virtually all of the >250 mm 
particles. 
 
The solids in the 1 – 250 mm range in the influent and effluent samples were also characterized 
using a Beckman Coulter Multisizer 3 (hereafter referred to as the Coulter Counter). Aliquots of 
each sample are analyzed on three apertures – the 400, 100 and 30 mm. Each aperture is capable 
of counting particles by size in the range of 2% to 60% of the aperture opening. The result is that 
the 400-mm aperture can accurately size particles in the range of 8 to 240 mm, the 100-mm 
aperture in the range of 2 to 60 mm, and the 30-mm aperture in the range of 0.6 to 18 mm. These 
three apertures are selected for this analysis because there is a significant amount of overlap in 
the analytical ranges of these apertures, making it easy for the Coulter Counter software to 
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overlap the results into a single particle size distribution for each sample. The Coulter Counter 
analysis is effective up to 240 mm. The sieves used to separate the samples collect particles 
greater than 250 mm, allowing for a complete examination of the particle size range. It is not 
believed that a significant number of particles are missed in the quantification activities because 
the Coulter analysis demonstrates that, comparatively, there are very few particles in the larger 
size ranges. These larger particles however carry a substantial amount of mass. Table 12 shows 
the results after combining the Coulter Counter analysis with the sieve analysis.  
 
Table 11. Percent of Influent and Effluent Solids Less than 10 mmmmm and 100 mmmmm. 
 

Device 
Run 

Number 
Influent Percent 
Less than 10 mm 

Influent Percent 
Less than 100 mm 

Effluent Percent 
Less than 10 mm 

Effluent Percent 
Less than 100 mm 

TK18 1 92 95.6 95 100 
TK18 2 70.8 74.3 93.1 94.7 
TK18 3 72.3 77 96.5 97.1 
TK18 4 42.9 61.2 79 82.2 
TK18 5 61.9 62.2 83.3 87.5 
TK18 6 73.5 76.4 93.7 95.9 
TK18 7 74.2 76.1 76.3 79.3 
TK18 8 63.6 64.6 82.9 84.4 
TK18 9 71.6 72.9 96.6 100 
TK18 10 60.9 66.2 91.1 100 
TK18 11 75 80.1 89.5 90 
TK18 12 67.3 67.7 99.1 100 
TK18 13 74.8 78.4 59.6 62.6 
TK18 14 67.3 71.6 75.1 76.9 
TK18 15 59.2 62.4 97.6 100 
TK9 1 65.8 67.3 98.4 100 
TK9 2 69.8 72.2 92.0 93.8 
TK9 3 60.5 62.8 97.1 100 
TK9 4 63.1 65.1 97.7 100 
TK3 1 81.8 82.9 99.0 100 
TK3 2 62.9 65.1 94.4 96.6 
TK3 3 75.2 77.5 79.6 81.1 
TK3 4 69.1 73.6 92.1 96.7 
TK3 5 69.7 70.8 98.6 100 
TK3 6 68.9 69.8 96.3 100 

 
As can be seen in Table 12, the particle size distribution between the influent and effluent has 
shifted to a particle size distribution where a greater number of the particles are less than 100 
mm. This shift in the particle size range is reflective of the removal of the larger particles in the 
influent. A review of the raw Coulter Counter data (data not shown) also shows a slight 
reduction in most instances in the d50 and d90 of the range analyzed by the Multisizer 3. This 
slight shift indicates that the Terre Kleen (repeatable in all the three configurations tested) was 
removing particles across all size ranges, although its best removal ability was in the larger 
particle size ranges.  
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Chapter  3:  Ver ification Testing Responsibilities 
 
 
The New Jersey Corporation for Advanced Technology (NJCAT) is the provider of the test 
protocol used by vendors when pursuing Interim Certification by New Jersey Department of 
Environmental Protection (NJDEP). The purpose of the testing is to determine the “Bulk TSS” 
removal efficiency (as per NJDEP treatment calculation methodology) for laboratory simulated 
stormwater runoff with an average influent concentration of 200 mg/L and an average d50 
particle size of 75 µM. 
 
3.1 Testing Organization 
 
The testing organization (TO) is The Pennsylvania State University – Harrisburg (PSH) in 
Middletown, Pennsylvania. The Principal Investigator for this verification project is Dr. Shirley 
E. Clark P.E, Assistant Professor of Environmental Engineering. Dr. Clark has 10 years of 
experience in stormwater treatment research, including development and evaluation of filtration 
media as well as multi-unit operation treatment trains.   
 
PSH had primary responsibility for implementing the test plan, including the following: 
 

·  Coordinating testing with the vendor; 
·  Providing needed support, as well as establishing a communication network, and 

scheduling and coordinating the activities for the laboratory testing. PSH provided 
needed support to the vendor and any other sub-contractors. PSH coordinated with the 
vendor about the scheduling of installation and was responsible for all scheduling of 
sample collection, preparation and submittal to the laboratory, analysis of the samples 
and all data reconciliation. 

·  Conducting the testing in accordance with the test plan, including sample collection and 
analysis; 

·  Managing, evaluating, interpreting and reporting on data generated during the laboratory 
testing; and 

·  Preparation of this final laboratory test report. 
 
Key contact for PSH is: 
 
Shirley E. Clark, Ph.D., P.E. 
(717) 948-6127 e-mail: seclark@psu.edu  
 
 
 
3.2 Vendor 
 
The vendor is Terre Hill Silo Company, Inc. T/D/B/A Terre Hill Concrete Products (THCP). 
Vendor responsibilities include: 
 

·  Providing and installing, with the assistance of PSH personnel, the technology and 
ancillary equipment required for the verification testing; 
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·  Providing technical support during the installation and operation of the technology. This  
included the designation of a staff person or representative that was on-site during 
monitoring to ensure the technology was functioning as intended; 

·  Providing descriptive details about the capabilities and intended function of the 
technology; 

·  Review and approval of the test plan prior to the start of testing; 
·  Review and comment on the final verification report and verification statement. 

 
The key contact for THCP is: 
 
Dale Groff, Project Manager 
(717) 445-3100 e-mail: dgroff@terrehill.com  
 
Terre Hill Concrete Products 
485 Weaverland Valley Road 
Terre Hill, Pennsylvania  17581 
 
3.3 Analytical Laboratory 
 
PSH has conducted the laboratory analytical work on the samples collected from the sample 
locations. PSH has a fully-equipped laboratory for performing these analyses since it is housed at 
a research university. The research laboratories in the Environmental Engineering Program 
contain the following equipment:  
 

·  Two gas chromatographs (an Agilent 6890N gas chromatograph with an Agilent 5973 
mass selective detector and an HP 6890 with autosampler);  

·  One HP 8453 scanning UV/Vis spectrophotometer;  
·  Two total organic carbon analyzers (OI Analytical 1010 and Dorman DC-190);  
·  One Perkin-Elmer 5100 PC GFAA atomic adsorption spectrometer (flame and graphite 

furnace) with autosampler;  
·  One Microtox toxicity analyzer;  
·  One Coulter Multisizer 3 Particle Size Analyzer;  
·  Muffle furnaces.  
 

The equipment that was specifically required for this laboratory verification testing includes the 
analytical balances, the muffle furnaces, and a particle size analyzer. Additionally, PSH owns 
one ISCO and one American Sigma automatic samplers and grab samplers. A Coulter Multisizer 
3 is available; its purpose is to characterize the particle sizes in the water column and sediment. 
The Multisizer 3, as set up by PSH, has three apertures – a 20, a 100, and a 400 µm aperture. The 
apertures are capable of measuring particles in the water ranging from 0.6 to 240 µm. The 
Multisizer 3 results were combined with a wet-sieve analysis to determine if particles larger than 
250 µm were present.   
 
 
 
 
 



 Page 42 of 42 

Chapter  2:  Summary Repor t of Laboratory Testing of the Terre K leen™ 18 
to meet the New Jersey Requirements for  Inter im Cer tification 

 
 
2-1. Treatment System Descr iption 
 
The Terre Kleen™ device (patent #US 6,676,832 B2) combines a baffle, screen, internal by-pass 
duct and self cleaning inclined sedimentation cells to create a primary chamber, grit 
sedimentation chamber, and oil, litter and debris/sediment storage into a self-contained concrete 
structure. A schematic diagram of the Terre Kleen™ is shown in Figure 1. The inclined cells are 
stacked in the grit chamber and operate in parallel.  The overlap of the cells greatly reduces the 
required footprint of the system. The primary chamber collects coarse sediment, litter, and oil.  
In the current configuration, sorption socks float in the primary chamber to permanently remove 
the oil from the water. Other configurations/products for removing the accumulated oil from the 
primary chamber are under investigation.  The flow enters the grit sedimentation chamber at the 
bottom of the inclined plates. The small particles settle out in the inclined plate cells and fall into 
a separate storage hopper away from the flow path. The design of the self cleaning inclined plate 
cells and grit chamber below prevents re-suspension through successive storms. 
 
If the flow to the device exceeds the design flow, all of the water will still be screened to remove 
gross pollutants. The excess flow will bypass the inclined plate cells and be recombined at the 
outlet pipe. Bypass provisions are included to provide some treatment for all the water entering 
the device without creating a bottleneck in the system.  The cross-sectional area of the Terre 
Kleen™ inclined plate cells and the bypass duct exceeds the incoming pipe cross-sectional area. 
 
Terre Kleen™ units can be designed to provide specific removal efficiencies based on the size 
characteristics of the suspended solids and the flow rate to the device  The standard models of 
Terre Kleen™ are sold in multiples of nine sedimentation cells, i.e. TK9; TK18; TK27; TK36; 
TK45.  Larger Terre Kleen™ units are available. The device used for this testing was the TK18. 
Table 1 is the sizing chart for the TK18.  
 

Table 1. Terre-Kleen™ Sizing Chart specific for  this Laboratory Test. 

Per formance of a Terre K leen™ TK18 Approximate size (ft) 

Capacity 
(cfs) 

Loading 
rate in 

gpm/sqft 

Capacity 
(gpm) 

M inimum 
Par ticle Size 

Removal (µm) 

Gr it Chamber  
Settling Area (ft2) 

Sediment 
storage (ft3) 

Length Width 

0.6 2.4 276 10 115 107 6’ -6”  6’ -0”  
1.2 4.7 541 30 115 107 6’ -6”  6’ -0”  
1.92 7.5 863 50 115 107 6’ -6”  6’ -0”  
2.69 10.5 1208 70 115 107 6’ -6”  6’ -0”  
3.84 15 1725 100 115 107 6’ -6”  6’ -0”  
6.92 27 3105 150 115 107 6’ -6”  6’ -0”  
8.68 33.9 3899 200 115 107 6’ -6”  6’ -0”  
11.2 44 5060 250 115 107 6’ -6”  6’ -0”  
12.81 50 5750 300 115 107 6’ -6”  6’ -0”  
17.9 70 8050 400 115 107 6’ -6”  6’ -0”  
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2-2. Technical Per formance Claim 
 
Claim – Using the NJ-specified particle size distribution for solids in the simulated stormwater, 
Terre Hill Concrete Products (THCP) claimed that the Terre Kleen™ device that was installed in 
this laboratory test would remove 100% of the 25-µm particles and larger when the device was 
operating at the 283 gpm flow rate according to the test protocol of NJCAT.  
 
THCP predicted that particles smaller than 25 µm would also be removed at lower flows. Based 
on the evaluation of field data and empirical data collected from sediment behavior in flowing 
water, the Terre Kleen™ TK18 was expected to provide 80% “Bulk TSS” removal efficiency (as 
per NJDEP treatment calculation methodology) for laboratory simulated stormwater runoff with 
an average effluent concentration of 200 mg/L and a average d50 particle size of 75 mm. TSS 
removal testing was conducted with sediment pre-loaded in the lower chamber to 50% sediment 
capacity for the Terre Kleen™ TK18. 
 
 
2-3. Treatment System Performance 
 
The test site for this Terre Kleen™ TK18 is the Fontana, Plant #4 facility owned by Terre Hill 
Concrete Products located in Lebanon County, Pennsylvania. THCP supplied the Terre Kleen™ 
TK18, water storage tanks and feeder to add and mix the solids to the influent test water, as well 
as all required piping and pumps to create the required flows.  
 
The test facility was constructed as shown in Figures 1 and 2. Figure 1 shows the device as it was 
operated. The Terre Kleen™ has several configurations depending on the desired flow rate and 
particle capture.  For example, the standard Terre Kleen™ separators come in configurations of 
9; 18; 27; 36; and 45 inclined cells.  In full operation, it uses the inclined cells to enhance 
settling. For sites with smaller flow rates, the Terre Kleen™ TK9 (i.e. nine inclined cells) is the 
device sold.  In order to achieve the claimed removal rate during the laboratory testing, THCP 
chose the Terre Kleen™ TK 18. Figure 2 shows the setup for the complete testing. A tank with 
clear water (tap water) was used to conduct the required test sequences. Water was pumped from 
that tank at the desired flow rate (25, 50, 75, 100, and 125% of maximum 283 gpm design flow 
rate – actual flow rate used at design flow conditions = 271 to 290 gpm)). The flow was 
monitored in the influent pipe and the pump speed adjusted by a variable frequency drive 
controller, so as to deliver constant flow with changing water level. The variable frequency drive 
controller was also adjusted to change to the five different test flows.   
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Figure 1. Active Flow Paths for  Terre Kleen™ TK18 for  Laboratory Testing. 

 
A variable speed screw feeder was used to feed the prescribed sample amounts to match the 
solids concentrations at various flow rates.  The protocol’s particle size sample distribution of 
stormwater was considered and we decided that the entire sample had to be fed en-mass into the 
water flow by means of a screw feeder to avoid premature separation of the larger particles in a 
mixing tank.  At the beginning of the influent pipe, solids were injected into the water and well-
mixed in the 10”  PVC influent pipe by crossing two stationary circle segment mixing paddles 
that were suspended from the top of the pipe and adjusted to clear the bottom of the pipe by 
approximately 1/8”  to avoid base flow blockage.  Solids concentrations were adjusted by setting 
the variable speed control at the percentage setting that is applicable for each test condition. 
 
The feeder has a hopper with interchangeable screws augers.  The feeder manufacturer 
established Graph 1 for the 5/8”  auger and Graph 2 for the 7/8”  auger while feeding the NJDEP 
suggested sample distribution mix to a weigh scale.  Appendix A contains the specific reporting 
data of that test.  Through interpolation of the graphs, THCP established the targeted feed rate 
percentage settings of the feeder for of each test condition.  For example, to provide 200 mg/l at 
the 75% flow rate, cell B3 of the chart indicates the 32.82% setting and a 7/8”  auger.  This means 
the feeder feeds 21.6 lbs/hour into a flow of 216 gpm.  By regulating the feed rate and the flow 
rate independently, the intended test flow of 216 gpm at a concentration of 200 mg/L is assured. 
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Figure 2. Set up for  Laboratory Testing for  Terre Kleen™ TK18. 
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A B C
Feed rate in Pounds per Hour Pump flow rate

Flow  % 100 mg/liter 200 mg/liter 300 mg/liter gpm/sqft
1 25 3.60002 7.20005 10.80007 0.63 72.0 GPM
2 50 7.20005 14.40009 21.60014 1.25 144.0 GPM
3 75 10.80007 21.60014 32.40021 1.88 216.0 GPM
4 100 14.11209 28.22419 42.33628 2.45 282.2 GPM
5 125 17.64012 35.28023 52.92035 3.06 352.8 GPM

A B C
Feeder Percentage setting and auger size

Flow  % 100 mg/liter 200 mg/liter 300 mg/liter gpm/sqft
1 25 31.80%-5/8"Æ 62.23%-5/8"Æ 91.75%-5/8"Æ 0.63 72.0 GPM
2 50 62.23%-5/8"Æ 21.95%-7/8"Æ 32.82%-7/8"Æ 1.25 144.0 GPM
3 75 91.75%-5/8"Æ 32.82%-7/8"Æ 49.46%-7/8"Æ 1.88 216.0 GPM
4 100 21.51%-7/8"Æ 42.91%-7/8"Æ 64.83%-7/8"Æ 2.45 282.2 GPM
5 125 26.84%-7/8"Æ 53.97%-7/8"Æ 80.77%-7/8"Æ 3.06 352.8 GPM  

Feeder percentage setting and auger  size for  all solids concentrations of the test. 
 

 
Graph 1 – 5/8”  Auger 
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Graph 2 – 0.785”  Auger 
 
Both the influent and effluent were open-air discharges (influent into the primary chamber – 
similar to that which would be expected for a device fed by a storm drain influent; effluent – as 
would be expected with a free outfall). Influent samples were taken at the end of the influent 
pipe. The effluent samples were taken from the end of effluent pipe. 
 
Solids concentrations in the influent water ranged from 86 to 413 mg/L at operating rates from 
67 gpm to 346 gpm during the laboratory testing. The Terre Kleen™ is currently being tested in 
the field by independent researchers through the US EPA’s Environmental Technology 
Verification (ETV) Program. 
 
2-4 NJDEP Recommended TSS Laboratory Testing Procedure 
 
Terre Hill Concrete Products designed their laboratory testing to comply with NJDEP’s 
recommended TSS Laboratory Testing Procedure. The NJDEP testing procedure is presented 
herein.  
 
The NJDEP has prepared a Total Suspended Solids Laboratory Testing Procedure to help guide 
vendors as they prepare to test their stormwater treatment systems prior to applying for NJCAT 
verification. 
 
The Testing Procedure has three components: 
1. Particle size distribution 
2. Full scale laboratory testing requirements 
3. Measuring treatment efficiency 
 
 
The description of the testing procedure “steps”  is as follows: 
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1. Particle size distribution: 
 
The following particle size distribution was used to evaluate a manufactured treatment system 
(Table 2). A natural/commercial soil representing the USDA definition of a sandy loam material 
was used. This hypothetical distribution was selected as it represents the various particles that 
would be associated with typical stormwater runoff from a post construction site. Specifically, 
the following distribution can be utilized: 
 
Table 2. Par ticle Size Distr ibution (as prescr ibed by the State of New Jersey) 
 
Par ticle Size (microns)  Sandy loam (percent by mass) 
500-1000 (coarse sand) 5.0 
250-500 (medium sand)  5.0 
100-250 (fine sand)  30.0 
50-100 (very fine sand)  15.0 
2-50 (silt)  (8-50 um, 25%) (2-8 um, 15%)*  
1-2 (clay)  5.0 
Notes: 
1. Recommended density of particles � 2.65 g/cm3 
*The 8 um diameter is the boundary between very fine silt and fine silt according to the definition of American 
Geophysical Union. The reference for this division/classification is: Lane, E. W., et al. (1947), "Report of the 
Subcommittee on Sediment Terminology," Transactions of the American Geophysical Union, Vol. 28, No. 6, pp. 
936-938. 
 
 
2. Full scale lab test requirements 
 
A. At a minimum, complete a total of 15 test runs including three (3) tests each at a constant 
flow rate of 25, 50, 75, 100, and 125 percent of the treatment flow rate. These tests should be 
operated with initial sediment loading of 50% of the unit’s capture capacity. 
 
B. The three tests for each treatment flow rate will be conducted for influent concentrations of 
100, 200, and 300 mg/L. 
 
C. For an online system, complete two tests at the maximum hydraulic operating rate. Utilizing 
clean water, the tests will be operated with initial sediment loading at 50% and 100% of the 
unit’s capture capacity. These tests will be utilized to check the potential for TSS resuspension 
and washout. 
 
D. The test runs should be conducted at a temperature between 73-79 degrees Fahrenheit or 
colder. 
 
3. Measuring treatment efficiency 
 
A. Calculate the individual removal efficiency for the 15 test runs. 
 
B. Average the three test runs for each operating rate. 
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C. The average percent removal efficiency will then be multiplied by a specified weight factor 
(see Table 3) for that particular operating rate. 
 
D. The results of the five numbers will then be summed to obtain the theoretical annual TSS load 
removal efficiency of the system. 
 
Table 3. Treatment Operating Rates and Weight Factors  

Treatment operating rate Weight factor  
25% 0.25 
50% 0.30 
75% 0.20 
100% 0.15 
125% 0.10 

Notes: 
Weight factors were based upon the average annual distribution of runoff volumes in New Jersey and the assumed 
similarity with the distribution of runoff peaks. This runoff volume distribution was based upon accepted 
computation methods for small storm hydrology and a statistical analysis of 52 years of daily rainfall data at 92 
rainfall gages. 
 
 
2-5 Laboratory Studies 
 
From late January through mid-March 2006, Terre Hill Concrete Products (THCP), conducted 
laboratory testing on the TK18 in accordance with the New Jersey Department of Environmental 
Protection’s (NJDEP) Total Suspended Solids Laboratory Test Procedure. All testing was 
conducted at the THCP facility (Fontana, Plant #4 facility) located in Lebanon County, 
Pennsylvania. The ultimate objective of the testing program was to provide a sufficient body of 
performance data to warrant an interim certification from the NJDEP. In order to comply with 
the requirements of the NJDEP testing protocol and to provide a data set that is comparable to 
the data sets of other stormwater treatment technologies that have completed the laboratory 
interim certification program, THCP and Penn State Harrisburg modeled the Terre Kleen™ 18 

test plan to be consistent with the test plans for other technologies that have participated in this 
program. 
 
All testing was conducted using the mixture of 60% Sil-Co-Sil and 40% Plant #4 sand classified 
to 1000 mM minus (as outlined previously). Sil-Co-Sil 250 was purchased from U.S. Silica, Inc. 
Solids were fed to the influent water from a hopper through an auger that had been calibrated. 
Samples were collected from the hopper with each run to confirm that the hopper was dispensing 
the design/required mass of solids. The sediment and water were flash mixed in the pipe leading 
to the TK18.  
 
Influent samples were collected at the end of the influent pipe in the middle of the flow path. A 
dry run had been conducted in early January 2006 to evaluate the sensitivity of the solids 
delivery measurements (as influent concentration) based on the sampling location. Limited, but 
measurable sensitivity of the sampling location was seen with the optimal sampling location (to 
match the programmed influent feed concentration) was approximately in the middle or just-
below-middle of the influent stream. Effluent samples were collected in the sample location in 
the flow path on the effluent side of the TK18. All samples were collected in 500 ml HDPE 
sample bottles.  The system was stabilized at the desired flow rate and targeted solids 
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concentration by running the corresponding water flow and feeder auger simultaneously to the 
TK18.  A dye test had revealed that the inflowing water would reach the effluent pipe in one 
minute and 16 seconds at 70 gpm. This system was allowed several minutes to reach equilibrium 
prior to the onset of sampling at any given combination of flow rate and influent solids 
concentration. Three influent and three effluent samples were collected (paired by the detention 
time in the device. Sediment was not removed from the test system after each test effectively 
allowing additional sediment to accumulate within the treatment chamber sump. No water was 
recirculated in the system in order to avoid contaminating the influent water supply.  
 
2-6 Per formance Testing Procedure 
 
21. Prior to the start of testing, the Terre Kleen™ 18 was filled to 50% of its sediment capture 

depth (1.25 ft) with the mixture of <1000-mm Plant #4 sand and Sil-Co-Sil 250. 
22. The feeder hopper was filled with the solids mixture. 
23. The inlet water pump was activated.  
24. The drive for the metering screw under the hopper was started at the target rpm rate (rate 

required to produce target solids influent concentration).  
25. System was stabilized at the target flow rate. The system was considered stable when the 

flow rate remained stable for approximately one minute. 
26. Once the system was stabilized, the first influent sample was collected. Influent samples 

were collected at one minute intervals until three samples were taken. 
27. After the first influent sample was collected, the first effluent sample was collected. 
28. Effluent samples were collected at one minute intervals until three samples were taken. 
29. After the influent and effluent samples were collected, the metering pump and inlet water 

pump were stopped.  
30. Either the set up conditions were changed (by changing the influent water pump 

speed/delivery and the hopper metering pump) or the system was shut down.  
 
2-7 Washout Testing Procedure 
 
Upon completion of the required performance testing, two washout trials were conducted to 
determine the potential for material to be scoured from the Terre Kleen™ 18 device. The first 
trial was conducted with the TK18 filled to 50% (37 ft3) of its sediment capture volume with 
sand/Sil-Co-Sil mixtures. The second trial was conducted with the device filled to 100% (74 ft3) 
of its sediment capture volume. Both of these trials were conducted at the five flow rates 
required in the earlier part of the TK18 laboratory-based testing. Both trials were conducted with 
clean water. No sediment was injected into the influent stream.  
 
To confirm that the influent water was clean, three samples were collected of the influent water 
during each of the two scour tests. Effluent sampling was started as soon as effluent flow was 
seen. Three effluent samples at each of the flow rates described above were collected.  
 
2-8 Sample Analysis 
 
Sample analysis was conducted at the Penn State Harrisburg’s Environmental Engineering 
laboratory by trained laboratory technicians. The test methods are shown in Table 3. 
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Table 3. Testing Method, Detection L imit and Holding Time. 

Constituent Method No. 

Method 
Detection 

L imit 
Lab Reporting 

L imits 
Container  

Type 

Max. 
Holding 

Time 

SSC ASTM D-
3977 

5 mg/L 5 mg/L 500-mL 
Polyethylene 

7 days 

TSS EPA 160.2 5 mg/L 5 mg/L 500-mL 
Polyethylene 

7 days 

PSD SM 2560 N/A 1,000 
particles/mL 

Polyethylene 28 days 

 
 
2-9 Descr iption of Laboratory Testing Facility 
 
All Terre Kleen™ 18 performance testing was conducted at the Plant #4 facility in Lebanon 
County, Pennsylvania. The layout of the test facility is shown in Figure 2. Figure 3 is the layout 
of the system.  
 

 
Figure 3. Layout of the system Terre Kleen™ TK18. 

 
2-10 Laboratory Testing Results 
 
Results of the 15 individual tests conducted in accordance with the NJDEP laboratory testing 
protocol are summarized in Table 4. The target flow rate for each test was determined assuming 
the target treatment flow rate was 283 gpm. The target treatment flow rate was identified from 
the design diagram as the flow rate required to remove particles 25-mm and greater. The actual 
flow rate as reported in Table 4 represents the mean flow rate measured during each test. The 
sample concentrations reported for each test condition are averages of both the TSS and the SSC 
measurements for each flow and concentration combination. The removal efficiency reported for 

Solids 
Hopper 

TK18 
Effluent 

Influent 
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each test represents the mean suspended solids load reduction for that test and is calculated using 
the following equation: 
 

�
�

�
�
�

� -
=

Conc.Influent 
Conc.Effluent Conc.Influent 

001Efficiency Removal  

 
Table 4. Summary of Terre Kleen™ 18 full-scale laboratory testing. 
 

Test 
Number 

Percent of 
Treatment 
Flow (%) 

Target 
Flow 
Rate 

(gpm) 

Target 
Inf. Conc. 

(mg/L) 

Actual 
Flow 
Rate 

(gpm) 

Influent 
Conc. 
(mg/L) 

Effluent 
Conc. 
(mg/L) 

Removal 
Efficiency 

(%) 

1 25 71 100 72 86 26 70 
2 25 71 200 72 210 7 97 
3 25 71 300 72 266 30 89 
4 50 142 100 144 104 18 83 
5 50 142 200 144 150 47 69 
6 50 142 300 144 323 45 86 
7 75 213 100 216 87 34 61 
8 75 213 200 216 237 46 81 
9 75 213 300 216 181 30 83 
10 100 283 100 288 178 9 95 
11 100 283 200 288 175 27 85 
12 100 283 300 288 230 102 56 
13 125 354 100 360 120 37 69 
14 125 354 200 360 241 36 85 
15 125 354 300 360 413 38 91 

 
2-11 Washout Testing Results 
 
As required by the NJDEP laboratory testing protocol, a washout analysis was conducted at both 
50 and 100 percent of the Terre Kleen™ 18 sediment storage capacity. The protocol required 
each trial to be conducted at the maximum hydraulic operating rate of the unit. However, in order 
to confirm that washout is not occurring throughout the testing flow rate range, it was decided to 
collect samples after the system had stabilized at flow rates ranging from 25% to 125% of the 
design flow rate. Results for both tests are shown in Table 5. During both tests the sediment 
concentration in the source water was monitored and subtracted from the effluent concentration. 
With the storage areas of the Terre Kleen™ device filled to 50 percent of its capacity (37 ft3), no 
statistically-significant washout was observed (the average effluent concentration is below the 
detection limit of the analytical methodology, as were the concentrations in the 70% of the 
effluent samples). With the sump filled to 100 percent of the TK18 sediment storage capacity (74 
ft3), minimal washout was observed. The mean effluent concentration for suspended solids was 
slightly higher then the mean background concentration indicating a small amount of material 
was exported from the system. The mean effluent solids concentration was 5 mg/l, which is quite 
low. This is likely due to the washout of fine particles in the Sil-Co-Sil 250 test solids.  Most of 
the sediment was manually loaded into the TK18 for this testing as opposed to being captured by 
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the unit, so it is likely that residual fine material that would not typically be present in the sump 
was subsequently lost from the unit. 
 
Table 5. Results of Washout (Scour) Testing at 50% and 100% of the Terre Kleen™ 18 
Sediment Storage Capacity.  
 
% Storage 
Capacity 

Average 
Influent 
(Bkgd) 
Conc. 
(mg/L) 

Avg. Eff. 
Conc. 
25% 

(mg/L) 

Avg. Eff. 
Conc. 
50% 

(mg/L) 

Avg. Eff. 
Conc. 
75% 

(mg/L) 

Avg. Eff. 
Conc. 
100% 
(mg/L) 

Avg. Eff. 
Conc. 
125% 
(mg/L) 

Avg. Eff. 
Conc. 
(mg/L) 

Mean 
Adjusted 
Eff. Conc. 

(mg/L) 

50 (37 ft3) -1 -2 0.5 2 2 1.5 0.8 0.8 
100 (74 ft3) -1 1.5 8 6 7.5 7 5.0 5.0 
 
 
 
2-12 Ver ification Procedures 
 
The NJDEP weighting factors were used with the laboratory data that were presented in Table 4. 
The resulting overall removal efficiency based upon the NJDEP methodology is presented below 
in Table 6. Based upon the data presented in Table 6, the removal efficiency of the system is 
80%, thereby verifying the Terre Hill Concrete Products claim of 80% removal of sediment. 
 
Based upon the wash out laboratory data, there is virtually no potential of re-suspension and 
wash out of sediment contained in the Terre Kleen™ stormwater treatment device. 
 
Table 6. Weighted Removal Efficiency for  the Terre Kleen™ 18 System 
 

Percent of 
Treatment Flow 

Rate (%) 

Target TK18 
Flow Rate 

(gpm) 

Removal 
Efficiency 

Weight Factor  Weighted 
Removal 

Efficiency (%) 
25 72 85 0.25 21 
50 144 79 0.30 24 
75 216 75 0.20 15 
100 288 78 0.15 12 
125 360 82 0.10 8 

Weighted Removal Efficiency = 80 
 
 
2-13 Ver ified Treatment Flow and Device Per formance 
 
To demonstrate the performance of additional sizes of the Terre Kleen™ device, a limited testing 
of two additional Terre Kleen™ devices, the TK9 and TK3, were performed. The results of this 
testing are shown in Tables 7 and 8.  The reduction in the plate cells was accomplished by 
blocking off 9 and 15 cells of the TK18, thus inducing higher flow rates over the remaining cells. 
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Table 7. Summary of Terre Kleen™ 3 full-scale laboratory testing. 
 

Test 
Number 

Target Inf. 
Conc. (mg/L) 

Actual Flow 
Rate (gpm) 

Influent Conc. 
(mg/L) 

Effluent 
Conc. (mg/L) 

Removal 
Efficiency (%) 

1 300 144 228 69 70 
2 300 223 417 85 80 
3 300 290 207 103 50 
4 300 359 201 88 56 
5 300 443 223 69 69 
6 300 493 256 45 82 

 
Table 8. Summary of Terre Kleen™ 9 full-scale laboratory testing. 
 

Test 
Number 

Target Inf. 
Conc. (mg/L) 

Actual Flow 
Rate (gpm) 

Influent Conc. 
(mg/L) 

Effluent 
Conc. (mg/L) 

Removal 
Efficiency (%) 

1 300 223 276 10 96 
2 300 290 205 14 93 
3 300 359 363 61 83 
4 300 443 334 53 84 

 
Table 9 summarizes the average percent removal of the influent solids by surface loading rate to 
the device. 
 
Table 9. Loading Rate vs. Percent Removal in the Three Tested Terre Kleen™ devices. 
 
Loading Rate 

(gpm/ft2) Device Tested 
Influent Solids 

(mg/L) 
Effluent Solids 

(mg/L) Difference % Removal 
0.6 TK18 86 26 60 69.8 
0.6 TK18 210 7 203 96.7 
0.6 TK18 266 30 236 88.7 
1.2 TK18 104 18 86 82.7 
1.2 TK18 150 47 103 68.7 
1.2 TK18 323 45 278 86.1 
1.7 TK18 87 34 53 60.9 
1.7 TK18 237 46 191 80.6 
1.7 TK18 181 30 151 83.4 
2.3 TK18 178 10 168 94.4 
2.3 TK18 175 27 148 84.6 
2.3 TK18 230 102 128 55.7 
3 TK18 120 37 83 69.2 
3 TK18 241 36 205 85.1 
3 TK18 413 38 375 90.8 

3.9 TK9 276 10 266 96.4 
5 TK9 205 14 191 93.2 

6.2 TK9 363 61 302 83.2 
7.7 TK9 334 53 281 84.1 
7.5 TK3 228 69 159 69.7 
11.6 TK3 417 85 332 79.6 
15.1 TK3 207 103 104 50.2 
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Loading Rate 
(gpm/ft2) Device Tested 

Influent Solids 
(mg/L) 

Effluent Solids 
(mg/L) Difference % Removal 

18.7 TK3 201 88 113 56.2 
23 TK3 223 69 154 69.1 

25.6 TK3 256 45 211 82.4 
 
The amount of solids dispensed by the hopper was also verified by collecting bags of solids 
dispensed from the hopper in a pre-defined time period (typically 5 minutes)Note 1. This was used 
in conjunction with the verified flow rate to estimate the removal by the TK18. This data is 
shown in Table 10. 
 
Table 10. Loading Rate vs. Percent Removal in the Terre Kleen™ 18 device. 
 

Loading Rate 
(gpm/ft2) Device Tested 

Hopper 
Measured 

Influent Solids 
(mg/L) 

Effluent Solids 
(mg/L) Difference % Removal 

0.6 TK18 132 26 106 80.3 
0.6 TK18 256 7 249 97.3 
0.6 TK18 375 30 345 92.0 
1.2 TK18 137 18 119 86.9 
1.2 TK18 205 47 158 77.1 
1.2 TK18 313 45 268 85.6 
1.7 TK18 129 34 95 73.6 
1.7 TK18 190 46 144 75.8 
1.7 TK18 288 30 258 89.6 
2.3 TK18 97 10 87 89.7 
2.3 TK18 201 27 174 86.6 
2.3 TK18 301 102 199 66.1 
3 TK18 98 37 61 62.2 
3 TK18 203 36 167 82.3 
3 TK18 299 38 261 87.3 

 
Redoing the weighting calculations using the hopper feed data, the overall removal percentage 
for the TK 18 is 83%.  
 
In addition, each sample was separated by sieve analysis into a total fraction and a fraction that 
had been passed through a 250-mm sieve. This sieve analysis was performed to determine the 
fraction of the sample solids that were greater than 250 mm (calculated by subtracting the solids 
concentration in the sieved sample from the solids concentration in the unsieved sample). This 
data is reported in Table 11.  

                                                 
Note 1 For these tests, it is asserted that a measurement of the actual water flow rate and the solids feeder rate over a 
five-minute period is a more accurate representation of the influent concentration than the grab samples taken from 
the cross section of the influent flow.  This because the larger particles stratify near the bottom of the flow channel 
and the finer fraction manifests itself as colloidal. Testing performed during the shake-down period confirmed this 
observation and calibration was performed to determine the optimum sampling location in the influent water flow. 
This was especially crucial to obtaining representative samples at the lowest test flow rates, when the flow rate could 
potentially be insufficient to suspend all particles in the influent. 
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Table 11. Concentration of Influent and Effluent Solids Greater  than 250 mmmmm. 
 

Device 
Run 

Number 

Influent 
Concentration  

> 250 mm (mg/L) 
%Influent  
> 250 mm 

Effluent 
Concentration  

> 250 mm (mg/L) 
%Effluent  
> 250 mm 

TK18 1 4 4.65 -2 -7.69 
TK18 2 36 34.62 1 5.56 
TK18 3 26 29.89 1 2.94 
TK18 4 113 63.48 1 10.00 
TK18 5 73 60.83 8 21.62 
TK18 6 65 30.95 1 14.29 
TK18 7 47 31.33 2 4.26 
TK18 8 130 54.85 12 26.09 
TK18 9 65 37.14 5 18.52 
TK18 10 123 51.04 -3 -8.33 
TK18 11 66 24.81 0 0.00 
TK18 12 154 47.68 5 11.11 
TK18 13 50 27.62 -1 -3.33 
TK18 14 91 39.57 61 59.80 
TK18 15 249 60.29 2 5.26 
TK9 1 134 48.55 3 30.00 
TK9 2 79 38.54 -3 -21.43 
TK9 3 215 59.23 4 6.56 
TK9 4 179 53.59 -1 -1.89 
TK3 1 47 20.61 -1 -1.45 
TK3 2 224 53.72 3 3.53 
TK3 3 60 28.99 24 23.30 
TK3 4 72 35.82 3 3.41 
TK3 5 92 41.26 -3 -4.35 
TK3 6 111 43.36 -41 -91.11 

 
 
As can be seen in Table 11, approximately 40%, measured as the median % above 250 mm, of 
the solids mass in the influent samples (median concentration difference between sieved and 
unsieved samples = 79 mg/L, range: 4 and 250 mg/L) came from particles greater than 250 mm. 
In the effluent, however, little of the mass came from particles greater than 250 mm (median 
concentration difference = 1 mg/L, range: 0 and 61 mg/L). Therefore, this data demonstrates that 
the Terre Kleen™ treatment devices are capable of removing virtually all of the >250 mm 
particles. 
 
The solids in the 1 – 250 mm range in the influent and effluent samples were also characterized 
using a Beckman Coulter Multisizer 3 (hereafter referred to as the Coulter Counter). Aliquots of 
each sample are analyzed on three apertures – the 400, 100 and 30 mm. Each aperture is capable 
of counting particles by size in the range of 2% to 60% of the aperture opening. The result is that 
the 400-mm aperture can accurately size particles in the range of 8 to 240 mm, the 100-mm 
aperture in the range of 2 to 60 mm, and the 30-mm aperture in the range of 0.6 to 18 mm. These 
three apertures are selected for this analysis because there is a significant amount of overlap in 
the analytical ranges of these apertures, making it easy for the Coulter Counter software to 



 Page 57 of 57 

overlap the results into a single particle size distribution for each sample. The Coulter Counter 
analysis is effective up to 240 mm. The sieves used to separate the samples collect particles 
greater than 250 mm, allowing for a complete examination of the particle size range. It is not 
believed that a significant number of particles are missed in the quantification activities because 
the Coulter analysis demonstrates that, comparatively, there are very few particles in the larger 
size ranges. These larger particles however carry a substantial amount of mass. Table 12 shows 
the results after combining the Coulter Counter analysis with the sieve analysis.  
 
Table 11. Percent of Influent and Effluent Solids Less than 10 mmmmm and 100 mmmmm. 
 

Device 
Run 

Number 
Influent Percent 
Less than 10 mm 

Influent Percent 
Less than 100 mm 

Effluent Percent 
Less than 10 mm 

Effluent Percent 
Less than 100 mm 

TK18 1 92 95.6 95 100 
TK18 2 70.8 74.3 93.1 94.7 
TK18 3 72.3 77 96.5 97.1 
TK18 4 42.9 61.2 79 82.2 
TK18 5 61.9 62.2 83.3 87.5 
TK18 6 73.5 76.4 93.7 95.9 
TK18 7 74.2 76.1 76.3 79.3 
TK18 8 63.6 64.6 82.9 84.4 
TK18 9 71.6 72.9 96.6 100 
TK18 10 60.9 66.2 91.1 100 
TK18 11 75 80.1 89.5 90 
TK18 12 67.3 67.7 99.1 100 
TK18 13 74.8 78.4 59.6 62.6 
TK18 14 67.3 71.6 75.1 76.9 
TK18 15 59.2 62.4 97.6 100 
TK9 1 65.8 67.3 98.4 100 
TK9 2 69.8 72.2 92.0 93.8 
TK9 3 60.5 62.8 97.1 100 
TK9 4 63.1 65.1 97.7 100 
TK3 1 81.8 82.9 99.0 100 
TK3 2 62.9 65.1 94.4 96.6 
TK3 3 75.2 77.5 79.6 81.1 
TK3 4 69.1 73.6 92.1 96.7 
TK3 5 69.7 70.8 98.6 100 
TK3 6 68.9 69.8 96.3 100 

 
As can be seen in Table 12, the particle size distribution between the influent and effluent has 
shifted to a particle size distribution where a greater number of the particles are less than 100 
mm. This shift in the particle size range is reflective of the removal of the larger particles in the 
influent. A review of the raw Coulter Counter data (data not shown) also shows a slight 
reduction in most instances in the d50 and d90 of the range analyzed by the Multisizer 3. This 
slight shift indicates that the Terre Kleen (repeatable in all the three configurations tested) was 
removing particles across all size ranges, although its best removal ability was in the larger 
particle size ranges.  


