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1.0 Description of the Technology   152 

StormTrap TrashTrap® netting systems combine the natural energy of water flow with disposable 153 

mesh nets to capture and retain trash, floatables, and solids from stormwater and wastewater.  The 154 

systems can be adapted to a variety of applications.  TrashTraps can be connected in parallel or series 155 

to handle a wide range of pipe or channel sizes and flow rates.  TrashTraps have three different 156 

standard modules, and several net assembly sizes are available for each.  Modules are the same in all 157 

critical respects.  Only the outside structure is different, and independent of the system’s performance 158 

(Figure 1).  The three different modules are:  159 

• The In-Line TrashTrap modules are installed underground and upstream of the outfall.  160 

Components are installed in a high-strength precast concrete chamber, and servicing the unit 161 

is done at ground level. 162 

• The End-of-Pipe TrashTrap modules are utilized where the end of the collection system enters 163 

the water course.  Components can be installed into a new headwall or retrofitted to existing 164 

outfall structures. 165 

• The Floating TrashTrap modules perform in the same manner as End-of-Pipe systems, but 166 

they float on the water.  Components are installed in a pontoon structure that floats constantly 167 

at water level, and, if equipped, funnel and side curtains direct trash into mesh nets. 168 

Figure 1 – Standard TrashTrap Modules 169 

 170 

 171 

Figure 2 shows a TrashTrap in an in-line configuration.  A guiderail is used to secure the TrashTrap 172 

to the structure.  It contains a groove into which a net assembly can be inserted.  Each net assembly is 173 

comprised of a net that is attached to a frame at the opening that keeps the mouth of the net open and 174 

allows the net to be secured to the guiderail.  In some installations a LiftMaster is included in the 175 

design.  A LiftMaster is a component that encompasses the net assembly and aids in the lowering and 176 

raising of the net when performing maintenance activities.  For clarity, some of the LiftMaster has 177 

been removed from the figure. 178 

The TrashTrap is designed to bypass the very high flows that can occur during large storms.  179 

Captured debris is contained in the netting assembly and is unaffected by the water surface elevation 180 

within the system. The grate is an optional component that allows for some floatable capture at the 181 

netting assembly bypass flows.  Captured debris is retained upstream of the grating unless the water 182 

surface elevation exceeds the top of grating elevation.   If the water surface elevation does not surpass 183 

the grating, after the precipitation event subsides, and the water level recedes, captured debris will 184 

migrate into the net.   185 

 186 



 

 187 

Figure 2 – Schematic of TrashTrap 188 

 189 

 190 

2.0 Laboratory Testing 191 

Testing was conducted at a temporary laboratory facility located in Morris, Illinois in September and 192 

October of 2023.  The facility is described in more detail in Section 3.  The third-party observer was 193 

Jason Wiesbrock, P.E., Vice President of Space Co. Inc.  Mr. Wiesbrock is responsible for managing 194 

the Morris, Illinois office of SpaceCo.   195 

Mr. Wiesbrock has a BSc in Civil Engineering from the University of Illinois and he is a Professional 196 

Engineer in the state of Illinois.  He has nearly 30 years experience, including stormwater 197 

management projects and regulatory compliance work, and he has been called on as an expert witness 198 

on civil engineering projects.  His resume and statement of qualification is included in Appendix I.   199 

The net assembly variables affecting performance include frame aperture size, net length, and netting 200 

mesh opening size.  All commercial net assembly frames are larger than the 12”x12” aperture that 201 

was tested.  The smaller aperture was chosen to simplify scaling calculations and to limit the flow 202 

required.  TrashTraps are typically designed for a flow velocity of 5 ft/s so a 1’ x 1’ net is designed 203 

for 5 cfs, which was near the limit of our pumping capacity, so a larger aperture was not practical. 204 

Testing was conducted in accordance with ASTM 3332 “Standard Test Method for Determining 205 

Trash and/or Debris Capture Performance of Stormwater Control Measures”, except for Sections 9.4 206 

and 9.6.  Tests for Trash and Debris, and 5 mm beads were not conducted, and no claims will be 207 

made. 208 



 

It was assumed that performance will scale with net surface area so that the frame aperture (12”x12”) 209 

need not be varied.  This was confirmed during testing as explained later in this report.  Two net 210 

lengths and all three commercially available hole opening sizes (5mm, ½”, 1”) were tested. 211 

 212 

2.1 Test Setup 213 

The laboratory test set-up was a water flow loop, capable of moving water at a rate of up to 7 CFS.  214 

The test loop, illustrated in Figure 3, is comprised of water reservoirs, pumps, valves, test channel, 215 

receiving pit, flow meters, level sensors and a thermometer. 216 

The device tested was a commercially available net attached to a square wooden frame with a 1’ by 1’ 217 

cross sectional open area, which will be called the aperture throughout this report (Figure 4).  The 218 

total width and height of the net/frame assembly was 15”.  The frame was made from standard 2 x 4s, 219 

so the opening (aperture) size was 12” x 12” and the depth of the frame, in the flow direction, was 3.5 220 

inches.  The frame was fitted into a metal C channel that was secured at the end of a 15” wide by 221 

41.5” high channel such that when the frame was installed the exposed frame was 13” x 13”.  Since 222 

the aperture was 12” x 12”, this resulted in an open area equal to 92% of the cross section of the net 223 

and frame assembly, which is equal or less than the open area of commercial configurations. 224 

This means the test set up was conservative from a hydraulics perspective.  Commercial systems 225 

would have an equal or larger aperture compared to the frame assembly and thus would create less 226 

headloss. 227 

Figure 3 – Test Equipment Layout 228 

 229 



 

Figure 4 – Prototype Frame and Net 230 

 231 

 232 

In the test flow loop, potable water was pumped from the storage tanks by a pump from Rain for 233 

Rent.  The pump was Rain for Rent #610374 Engine: Perkins 2952/2200 serial #PJ38440.  Pump: 234 

PowerPrime DV200C serial #108197.  For the higher flow tests, a second pump was added just 235 

downstream of the first pump.  It was the Rain for Rent #619036 with a Perkins engine and a 236 

PowerPrime DV200C pump, serial #71068N.  The outlet pipe from the pump was dropped to the 237 

ground and then raised at the entrance to the test channel in order to ensure that the pipe was always 238 

full where the flow meter was located.  From the test channel, the water flowed into a receiving tank 239 

where it was pumped out and back into the storage tanks using another pump from Rain for Rent.  240 

This pump was Rain for Rent #611213 Engine: John Deere 6068HF485 serial #PE6068L141598 241 

Pump: PowerPrime DV200C serial #2020DV200C-112. 242 

Flow measurements were made using a Greyline Time of Transit Flow Meter (TTFM) 1.0 (serial 243 

#71418, calibrated 14 June 2023), configured to take readings every 30 seconds.  The TTFM was 244 

installed with at least 20’ of straight pipe upstream and downstream, to ensure the location complied 245 

with the manufacturer’s recommendations.  Elevation measurements were taken with 2 point-gage 246 

systems adjusted to a known reference, one 2” upstream and one 2” downstream of the guiderail.  Both 247 

elevation sensors were calibrated by the manufacturer and were verified daily with an engineer’s scale 248 

ruler.  All elevation data was logged on a MadgeTech Titan S8 serial #S49796, configured to record all 249 

channels simultaneously at a rate of once every 30 seconds.  The thermometer was a MadgeTech 250 

MicroTemp serial #Q47774, calibrated 14 June 2023.  Temperature was recorded once per minute.  251 

Time keeping was done with Traceable stopwatches model 1042, serial #94460-55, calibrated 15 March 252 

2023. 253 

 254 



 

The following are details of the test flow loop: 255 

• From the storage tanks, water flowed through 12” pipes, except at the pump which had a 12” 256 

inlet and 8” outlet.  The outlet was directly attached to an 8”x12” concentric flange to maintain 257 

the use of 12” pipe, to the 14” wide, 41.5” deep, 16’ long test channel. 258 

• At the end of the test channel an outlet channel flared out to 8’ wide and it was 8’ long.  The 259 

outlet channel terminated with a free-fall thru 0.125” screening material affixed directly above 260 

the receiving tank. 261 

• The water was pumped back into the storage tanks to complete the flow loop.  There was a 12” 262 

gate valve upstream of the return pump. 263 

• There were 12” gate valves upstream and downstream of the inlet pump. 264 

• The water storage tanks had a total capacity of approximately 140,000 gallons, 20,000 gallons 265 

each, with the option for freshwater make-up. 266 

Figure 5 is a view of the test channel looking downstream from on top of one of the water storage tanks.  267 

Figure 6 is a view looking upstream from the far side of the receiving pit.  The concrete blocks 268 

surrounding the channel were installed to provide structural support.  The backstop on the far 269 

(downstream) side of the receiving pit was intended to prevent any water from jetting over the pit.  The 270 

channel flares after the net opening in order to mimic a typical end of pipe installation.  The width of 271 

the channel was 8’, so a single sheet of plywood could be used for the flow.  The downstream sensor 272 

placement was chosen to minimize any possible wall effects, thus rendering the exact channel geometry 273 

irrelevant. 274 

Figure 7 shows the two upstream pumps used to deliver the flow.  The second pump was added for the 275 

scour test.  Figure 6 shows the downstream pump, which drew water from the receiving pit and returned 276 

it to the tanks.  Figure 7 shows the location of the two sensors.  Both sensors are float types with a hole 277 

in the floor of the channel that allows a plastic tube to fill and raise the float.  The upstream opening is 278 

in the centerline of the channel where the tube in the middle left of the figure is sticking out.  The 279 

downstream opening is visible in the lower left of the picture.  The tube for the downstream sensor is 280 

just out of the frame. 281 

 282 

 283 

 284 
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Figure 5 – Test Channel Looking Downstream 295 

 296 

 297 

Figure 6 – Looking Upstream from the Receiving Pit 298 

 299 

 300 

 301 
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Figure 7 – Upstream Pumps 304 

 305 
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Figure 8 – Downstream Pump 307 

 308 
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Figure 9 – Sensor Locations 314 

 315 
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 317 

 318 

3.0 Performance Claims 319 

The following are the performance claims made by StormTrap LLC.  They are based on the 320 

independently verified laboratory test results described in more detail in Section 4. 321 

Hydraulics 322 

Based on the analysis of 168 runs we were able to conclude that headloss is not a significant function 323 

of net length or hole opening size, so we claim the following relationship for headloss, in inches, as a 324 

function of flow velocity, in ft/s, across our product line (Equation 18): 325 

Δh = 0.91176*v + 0.07010   326 

 327 

% Restriction 328 

TrashTrap hydraulics are practically unaffected until a certain amount of netting mesh open area is 329 

reached.  At this point, bypass occurs.  This critical area does not change with net length so % 330 

restriction is a function of net length, as shown in Table 1 below. 331 



 

Table 1 – % Restriction at Bypass, 5 ft/s 332 

Net length (ft) Critical % Restriction 

2 75% 

4 88% 

6 92% 

8 94% 

 333 

Trash Removal 334 

Removal was 100% up to the point of bypass for all the nets tested.  Mass capacity was not found to 335 

be a function of hole opening size.  The average mass capture was 2.64 lbs/ft3 of net volume. 336 

Maintenance Capacity 337 

All nets should be emptied when they are ≤ 85% full. 338 

Scour 339 

TrashTrap nets do not scour any previously captured material at an average of 9.77 ft/s.  According to 340 

ASTM E332, this makes it suitable for off-line installation at flow velocities up to the StormTrap 341 

recommended limit of 5 ft/s and for on-line installation for velocities up to 4.89 ft/s. 342 

 343 

4.0 Testing Results 344 

Some aspects of E3332 are open to interpretation, and how they get interpreted impacts how results 345 

are obtained and subsequently interpreted.  This section describes how StormTrap decided to interpret 346 

aspects of E3332 and explains why the decisions were made. 347 

4.1 Test Apparatus 348 

The language in ASTM E3332 clearly assumes that there will be pipes immediately upstream and 349 

downstream of the test unit, as is typical when testing an HDS or filter.  However, piping is not 350 

prescribed and since TrashTraps are not typically installed in pipes the decision was made to use a 351 

channel upstream and downstream of the device, as shown in Figure 6, Figure 7 and, Figure 9. 352 

Inlet pipe size is not specified beyond the requirement “that at all test flow rates the pipe is in open 353 

channel flow”.  StormTrap chose to make the upstream channel equal to the net opening area plus the 354 

width of a standard frame since this is the most representative configuration.   The only outlet pipe 355 

size specification is that it “must be able to accommodate a net or screen at the end of the outlet pipe, 356 

or at the tank outlet, to allow for capture of any trash in the effluent flow. The net or screen shall not 357 

cause water back up into the outlet pipe”.  StormTrap chose to make the outlet channel flare out 358 

immediately after the frame to a width large enough that it did not impact the downstream flow. 359 



 

4.1.1 Downstream Sensor Location 360 

Section 6.5 of E3332 states that the location of the elevation sensors “shall be 1-2 pipe diameters 361 

upstream and downstream of the unit”.  It is assumed, though not stated, that the sensor will be along 362 

the centerline.  In addition, the standard requires that the location remain fixed for all tests. 363 

StormTrap interpreted this to mean 1-2 channel widths upstream and along the centerline for the 364 

upstream sensor.  For the downstream sensor a location along the centerline would not work because 365 

the net was greater than 2 channel widths long so it would cover the sensor (Figure 10).  As the net 366 

filled, this would block off any downstream readings.  In order to have a location that was logical and 367 

reproducible, and which would not be affected by the downstream channel geometry, a point in line 368 

with the frame 2 channel widths downstream was chosen (Figure 9). 369 

Figure 10 – Top View of Flow Through a Full Net370 

 371 

4.2 Statistical Analysis   372 

ASTM E3332 provides little guidance on how to analyze all the data that is generated.  As with the 373 

test apparatus, this required interpretation of the requirements to provide a reasonable analysis of the 374 

results. 375 

For example, Section 9.1.4 requires that, for the three runs that generate elevation versus flow data, 376 

the elevations at a given flow be within 10% of each other.  However, 6.4.1 allows the flow to vary 377 

±10% around the target.  The result is that, even if the system has identical elevation versus flow 378 

behaviour all three times, the elevation data could be out of spec due to in spec variation in flow.  The 379 



 

result would be a false negative, rejecting data that should be accepted.  This is particularly a problem 380 

at low flows, which are challenging to reproduce, and which yield small elevations that are difficult 381 

to measure accurately. 382 

In addition, a point-by-point comparison between runs ignores the fact that the points within a run 383 

should fall on a curve.  Rigorous analysis requires that the data be compared within runs as well as 384 

between runs.  There is a statistical method that can be used to determine if multiple curves, not just 385 

points, are the same.  This method, analysis of covariance (ANCOVA), accounts for the fact that flow 386 

is not always exactly on target and therefore provides a more realistic analysis.  ANCOVA does not 387 

provide a ±10% result but it is more rigour and useful, so it was chosen for this report. 388 

It is possible to perform ANCOVA with the Regression function in Excel, which is part of the Data 389 

Analysis Add-On.  This add-on is free.  Appendix II provides a brief summary of how ANCOVA is 390 

used. 391 

This report uses ANCOVA where comparison of curves is required, such as in headloss testing.  392 

Where multiple runs generate a single point each, such as the mass capacity testing, only a mean and 393 

percent difference is reported.  Three total data points is not sufficient data for a meaningful 95% 394 

confidence interval.  395 

4.3 Headloss Testing 396 

Hydraulic testing was conducted in accordance with section 9.1 of ASTM E3332.  Water surface 397 

elevations were recorded at 10, 25, 50, 75, 100, and 125 % of MTFR, then at 25 % increments up to 398 

200%.  The pumps maxed out at 175% MTFR so each curve has 8 points.  Since nets are 399 

commercially available with three mesh opening sizes, 5 mm, 0.5” and 1”, and with variable length, 400 

six different net configurations were tested, along with a control.  This resulted in 7 x 8 x 3 = 168 data 401 

points. 402 

The naming convention used for the different net configurations is “LENGTH MESH SIZE”.  For 403 

example, a 4’ net with 1” holes is 4FT 1IN and a 2” net with 5 mm holes is 2FT 5MM.  Any baseline 404 

runs with no net are labelled CONTROL and HI denotes 0.5”. 405 

Figures 10-12 show the upstream elevation for each of the three series of runs. Section 12.7.1 requires 406 

reporting velocity head vs. flow rate.  Velocity head is given by Equation 1. 407 

Equation 1   𝒉𝒗 =
𝒗

𝟐𝒈

𝟐
 408 

hv = head (ft) 409 

v2 = velocity (ft/s) 410 

g = gravitational constant (ft/s2) 411 

Given that the baseline elevation is set at 0, the total elevation is effectively velocity head so Figure 412 

11 through Figure 13 meet the requirement of 12.7.1. 413 

 414 

 415 

 416 

 417 



 

Figure 11 – Upstream Elevation for 1st Series of Runs 418 

 419 

  420 

Figure 12 – Upstream Elevations for 2nd Series of Runs 421 

 422 

 423 
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Figure 13 – Upstream Elevations for 3rd Series of Runs 424 

 425 

The data was then analyzed using ANCOVA to test three basic hypotheses: 426 

1. H0: There is no significant difference between the 3 runs for each configuration 427 

2. H0: There is no significant difference between the 2 net lengths 428 

3. H0: There is no significant difference between the 3 mesh opening sizes 429 

These hypotheses were chosen based on the overall physical hypothesis that the headloss coefficient, 430 

kL, only increases when the mesh open area of the net, i.e. the sum of the area of all the holes, is less 431 

than the aperture area, i.e. the mouth of the net.  The rationale for this is that if the opening area is 432 

greater than the aperture area then the net does not provide any extra restriction of the flow and thus 433 

should not increase headloss. 434 

Each analysis is discussed in separate sections below.  Given the large amount of raw data, it is not 435 

included here but can be found in Appendix III and Appendix IV.   436 

4.3.1 H0: There is no significant difference between the 3 runs for each 437 

configuration 438 

The TrashTrap is commercially available in multiple combinations of net length and opening size.  439 

For this report, 6 net configurations were tested, consisting of two different net lengths and three 440 

opening sizes.  A control run with no net was also completed, for a total of 7 configurations.  The 441 

ASTM standard requires each configuration to be tested at 7 flows on three separate occasions.  We 442 

chose to do 8 because we hate ourselves.  This resulted in 24 data points for each configuration, for a 443 

total of 168 data points. 444 
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The first null hypothesis to be tested is H0: each run for a given configuration is the same.  In other 445 

words, the test apparatus produces repeatable results.  This will allow the three separate datasets for 446 

each configuration to be collapsed into one dataset for further analysis. 447 

For this analysis the method looks at the dependent (y) variable = headloss, as a function of the 448 

dependent variable (x) = series of runs (1, 2 or 3) with flow rate (Q) as the covariate. Table 2 shows 449 

the results of ANCOVA for the three sets of data for each configuration shown in Appendix III. 450 

The p value in the table indicates the probability that the variable is significant.  If p < 0.05 the 451 

variable is significantly different than the reference and the null hypothesis, H0 is rejected.  If p > 0.05 452 

H0 is accepted and the variable is not significant.  In the following Table 2, the reference for Intercept 453 

and Flow is 0 while the reference for Series 1 & 2 is Series 3. 454 

Significant results are indicated in bold.  This means that the null hypothesis is rejected and any bold 455 

values for Intercept indicate a no-zero intercept, any bold values for Series 1 or 2 means that Series is 456 

not the same as Series 3 and any bold values for Flow means it is a significant factor in explaining the 457 

hydraulics curve.  Table 2 shows that the only factor significantly affecting headloss (Δh) was flow 458 

rate, independent of what series was analyzed.   459 

Table 2 – Hydraulics Test ANCOVA Results 460 

Configuration p for Intercept p for series 1 p for series 2 p for Q 

CONTROL 0.00 0.60 0.88 0.00 

2FT 5MM 0.58 0.41 0.53 0.00 

2FT HI 0.098 0.98 0.91 0.00 

2FT 1IN 0.43 0.72 0.40 0.00 

4FT 5MM 0.21 0.54 0.63 0.00 

4FT HI 0.0061 0.56 0.95 0.00 

4FT 1IN 0.091 0.70 0.95 0.00 

 461 

For every configuration H0 is accepted, the three hydraulics runs were statistically the same.  Two of 462 

the intercepts were not 0, the control and the 4FT HI, which is unexpected since headloss at zero flow 463 

should be zero inches.  The equations below will show that all the intercepts are close to zero.  The 464 

fact they are not exactly zero is an artifact of regression analysis.  They could be forced to zero and 465 

the R2 values would still be very good, where ≥ 0.9 is generally accepted as very good for pilot scale 466 

testing, but they were left as is in this report.  467 

This analysis meets the intent of ASTM E3332.  It also allows the data sets to be combined to form a 468 

single equation for headloss versus flow for each configuration, thus reducing 21 equations to 7 469 

equations.  These equations are: 470 

 471 

Equation 2  CONTROL:  Δh = 0.00155*Q + 0.684, R2 = 0.98 472 

Equation 3  2FT 5MM: Δh = 0.00222*Q – 0.175, R2 = 0.99 473 

Equation 4 2FT HI: Δh = 0.00173*Q + 0.266, R2 = 0.98 474 



 

Equation 5 2FT 1IN Δh = 0.00217*Q + 0.247, R2 = 0.97 475 

Equation 6 4FT 5MM: Δh = 0.00164*Q + 0.302, R2 = 0.91 476 

Equation 7 4FT HI: Δh = 0.00130*Q + 0.875, R2 = 0.88 477 

Equation 8 4FT 1IN Δh = 0.00150*Q + 0.631, R2 = 0.90 478 

 479 

In every case the fit is very good or good, with the fit for the control and the 2FT net being slightly 480 

better than for the 4FT net.   481 

It should be noted that linear equations are consistent with the physics of flow.  From Manning’s 482 

equation for open channel flow, v = f(Q1/2) and from Bernoulli h = f(v2) so h = f(Q) and a linear 483 

relationship is expected.  To be thorough, the data was also fit to a second order equation.  R2 did 484 

increase in some cases but since R2 was already > 0.9 the improvement was not significant.  As a 485 

rule, the lowest order polynomial with acceptable fit is preferred.  This is supported by the fact that 486 

some of the equations had Δh = f(-flow2), which does not make physical sense.  Headloss should not 487 

go down at higher flow.  For these reasons the second order equations were discarded in favour of 488 

first order equations. 489 

The conclusion to be drawn from this analysis is that each of the three runs for a given configuration 490 

gave the same result.  This will allow for the collapse of some data.  It also indicates that the test 491 

setup and instrumentation are reliable.  492 

4.3.2 H0: There is no significant difference between the 2 net lengths 493 

Having demonstrated in the previous section that each of the three runs for a given configuration is 494 

the same, it was possible to collapse the 21 datasets into seven datasets, one for each configuration, 495 

for further analysis.  The next most important effect is that of net length.  If the null hypothesis is 496 

accepted the seven equations from the previous section can be reduced to four (control plus each 497 

netting mesh size). 498 

The null hypothesis to be tested is H0: for a given net mesh size, headloss is not a function of net 499 

length 500 

For this analysis the method looks at the dependent (y) variable = headloss, as a function of the 501 

dependent variable (x) = net length with flow as the covariate.  There is reason to believe that opening 502 

size will be a factor so the different opening sizes will not be combined for this analysis.  As a result, 503 

there will be three ANCOVA results in this section.  These are shown in Table 3. 504 

As with Table 2, the p value in the table indicates the probability that the variable is significant.  If p 505 

< 0.05 the variable is significantly different from 0, otherwise it is not.  Note that significant results 506 

are, again, indicated in bold.  Table 3 shows that, as expected, flow is a factor in headloss for all three 507 

opening sizes.  The fact that length is a factor in two cases is surprising, particularly since it is a 508 

factor for the largest and smallest opening but not the intermediate ones.  Given the large total mesh 509 

open area of all the nets, compared to the aperture area, length would not be expected to be a factor.  510 

If there was a difference it would be expected to show up at one extreme of opening size, not in the 511 

middle. 512 

 513 

 514 

 515 



 

Table 3 – ANCOVA Results –  Δh vs. Opening Size 516 

Configuration p for Intercept p for length p for Flow 

5MM 0.18 0.00 0.00 

HI 0.01 0.14 0.00 

1IN 0.94 0.00 0.00 

 517 

In this case H0 is rejected 6 out of 9 times, which suggests an issue with the data.  Based on 518 

observations, it is likely that the issue was with the downstream sensor.  It was in a fixed location, but 519 

the flow pattern changed from the 2FT net to the 4FT net.  The end of the 2FT net is near the sensor 520 

location creating a wave that raises the elevation in that location.  This is discussed in more detail in 521 

Section 4.1. 522 

An ANCOVA test was conducted using just upstream elevation, to determine if the downstream 523 

elevation data is the problem or not.  Table 4 shows the ANCOVA results using upstream elevation 524 

instead of headloss. 525 

Table 4 – ANCOVA Results – h1 vs. Length 526 

Configuration p for Intercept p for length p for Flow 

5MM 0.00 0.11 0.00 

HI 0.00 0.83 0.00 

1IN 0.00 0.40 0.00 

 527 

This data matches expectations, flow rate is a significant factor in upstream elevation, but net length 528 

is not.  The fact that removing the downstream data eliminated the effect of length supports the 529 

hypothesis that the downstream sensor location is creating false significance and that hydraulics is in 530 

fact independent of length, despite the results in Table 3.   531 

This allows the length data to be combined to create 1 equation for each opening size that replaces the 532 

equations in section 3.2.2.1.   533 

 534 

The new headloss equations are: 535 

Equation 9  5MM: Δh = 0.00193*flow + 0.0637, R2 = 0.92 536 

Equation 10 HI: Δh = 0.00151*flow + 0.570, R2 = 0.92 537 

Equation 11 1IN: Δh = 0.00182*flow + 0.485, R2 = 0.87 538 

 539 

The R2 values are slightly lower than for the corresponding separate equations ( Equation 3 540 

&Equation 6, Equation 4 & Equation 7, Equation 5 & Equation 8) but they are still relatively good.  541 

Despite the fact that the downstream elevation was re-introduced, and it is known from Table 3 that 542 

this data contains significant sensor error, the goodness of fit suggests that Equation 9-Equation 11 543 



 

are usable.  It is desirable to have the equations in terms of headloss because it is a useful number in 544 

hydraulic system design. 545 

To double check the downstream sensor error hypothesis, regression was performed on the combined 546 

upstream elevation data, once again removing the effect of the downstream elevation error.  The 547 

resulting equations are: 548 

Equation 12  5MM: h1 = 0.00224*flow + 0.693, R2 = 0.99 549 

Equation 13 HI: h1 = 0.00208*flow + 0.890, R2 = 0.98 550 

Equation 14 1IN: h1 = 0.00201*flow + 1.02, R2 = 0.96 551 

It can be seen that the fit is better when looking at upstream elevations only, so the downstream data 552 

is introducing error, but the error is small.  One way to quantify the error in the downstream elevation 553 

data is to note that the difference in slope between the two sets of lines is less than 0.001 in/gpm and 554 

the intercepts, which should be 0, are within 0.75” of each other.  These differences will not have a 555 

practical impact in a real installation.  This further supports the decision to use Equation 9-Equation 556 

11 instead of Equation 12Equation 14. 557 

4.3.3 H0: There is no significant difference between the 3 mesh opening 558 

sizes 559 

For this analysis, the three different mesh sizes are compared at each length.  This results in a 3 factor 560 

ANCOVA, similar to the hydraulics analysis, and not a 2 factor ANCOVA, similar to net length.  In 561 

this three factor ANCOVA, the reference series is the 1 IN mesh data.  The expectation, based on 562 

physical reality, is that H0 will be accepted, the difference in mesh sizes is not great enough to have 563 

an effect.  The results of the analysis are shown in Table 5. 564 

Table 5 – ANCOVA Results Δh vs. Mesh Opening Size 565 

Configuration p for Intercept p for 5MM p for HI p for Flow 

2FT 0.00 0.016 0.00 0.00 

4FT 0.00 0.76 0.42 0.00 

 566 

In this case the results are, again, unexpected.  H0 is rejected 6 out of 8 times, The expectation was 567 

that mesh size would not be significant, based on the large total mesh open area for all sizes, and that 568 

this would be true for both lengths, based on the conclusion from the previous section that length is 569 

not a factor.  The analysis shows that mesh opening size is significant for the 2FT nets but not for the 570 

4FT nets.   571 

The analysis in the previous section provides one possible explanation: that the downstream data is 572 

inconsistent due to the static position of the sensor.  Once again, this effect was examined by looking 573 

at only the upstream elevation data. 574 

Table 6 – ANCOVA Results h1 vs. Mesh Opening Size 575 

Configuration p for Intercept p for 5MM p for HI p for Flow 

2FT 0.00 0.00 0.23 0.00 

4FT 0.00 0.13 0.55 0.00 



 

 576 

Eliminating the ‘noise’ from the downstream elevation data results in only 1 configuration being 577 

significant, the 2FT 5MM net.  This might be explained by the fact that, of all the configurations, the 578 

2FT 5MM net has the smallest total mesh opening area.  This hypothesis is examined in more detail 579 

in the following section. 580 

4.3.4 Net Area Calculations 581 

The physical explanation for the hypotheses in 4.3.2 and 4.3.3 is that, as long as the mesh open area, 582 

the sum of all the hole opening areas, is greater than the aperture area then it should not matter how 583 

much greater.   In other words, increasing net length above a certain minimum and increasing mesh 584 

open area above a certain minimum should not have an impact on headloss.  The following 585 

calculations provide the numbers needed to evaluate this explanation. 586 

Due to the method of attachment to the frame, the 2FT nets have an available open length of 20”, 587 

while the 4FT nets have an available open length of 44”.  For the purpose of calculating net area, the 588 

net is assumed to be a cylinder with the same cross section area as the frame opening, 1 ft2 = 144 in2.  589 

This results in a cylinder diameter of 13.54 in.  Since the net actually stretches and narrows this area 590 

is slightly overestimated.  The fibers comprising the netting are 1/16” thick.  This means that the open 591 

area is calculated as: 592 

Equation 15   % open area = 100*opening size2/(opening size + 0.125)2 593 

The standard equations for area of a cylinder, and equation 15 above, were used to calculate the 594 

values in Table 7. 595 

Table 7 – Net Open Area 596 

Configuration Surface Area 

(in2) 

% open Open area (in2) 

2FT 5MM 851 37 315 

2FT HI 851 64 545 

2FT 1IN 851 79 672 

4FT 5MM 1702 37 678 

4FT HI 1702 64 1173 

4FT 1IN 1702 79 1448 

 597 

Table 7 confirms that even the smallest open area, 315 in2, is more than double the aperture area, 144 598 

in2, so the hydraulics would be expected to be the same for every configuration.  Table 4 supports the 599 

conclusion that length is not a factor.  Table 5 suggests that hole opening size is a significant factor 600 

but when the downstream sensor issue is accounted for, only one configuration does not fully fit our 601 

physical explanation. 602 

It is noteworthy that the one significant result was for the shortest net with the smallest hole openings.  603 

If any configuration would be significant, our physical explanation would say it is that one.  That 604 

said, the mesh open area is more than double the aperture open, which should be enough that there is 605 



 

no difference, so the balance of probabilities suggests that the physical explanation is correct, and the 606 

significant result is an artifact of the data.  607 

 608 

4.3.5 Discussion of Hydraulic Results & Analysis 609 

Three curves depicting headloss versus flow rate were generated, each with 8 data points, for each of 610 

6 net configurations plus a frame only control.  Analysis of the 3 curves for each of the 7 611 

configurations showed that they were statistically the same so the apparatus generates reproducible 612 

results, and the data can be collapsed from 21 sets to 7. 613 

Based on the fact that all of the net open areas were greater than the aperture area, it was expected 614 

that net length and hole opening size would not be significant and the remaining 7 equations could be 615 

collapsed into 1.  There were some instances where curves were significantly different but there were 616 

no trends or indications that the expectation was unreasonable.  The significant results could be 617 

attributed to some anomalies in the downstream elevation data, that created anomalies in the headloss 618 

data.  These can be attributed to the downstream sensor placement as discussed in Section 3.1.1. 619 

After all the analysis, only 1 curve, for the 2FT 5 MM, net was found to be statistically significantly 620 

different.  Given that it is only 1 of 21 curves, and the frame aperture area should be enough, the 621 

decision was made to treat it as if it was not significant and analyze all the data together.  When this 622 

was done, Equation 9-Equation 11 could be further collapsed into a single equation, derived from all 623 

168 data points. 624 

 625 

Equation 16 Δh = 0.0017*Q + 0.4039 R2 = 0.90 626 

 627 

Where m = slope 628 

b = intercept 629 

Q = flow (gpm)  630 

Δh = headloss across the system (in) 631 

 632 

 633 

 634 

 635 

 636 
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 639 

 640 

 641 



 

 642 

 643 

Figure 14 – Headloss vs Flow, All Data 644 

 645 

Figure 14 shows the curve fit for the headloss data that was used to develop Equation 16.  Visual 646 

inspection indicates that the less reliable data at higher flow rates is decreasing the slope.  A more 647 

conservative approach would be to base the headloss equation on the data over the design range of the 648 

system, which is 0 – 5 cfs or 0 – 2244 gpm.  Dropping the data for flows above 3000 gpm, well in 649 

excess of the design flow, results in Equation 17: 650 

 651 

Equation 17    Δh = 0.00203*Q + 0.07010 R2 = 0.95 652 

Where Q = flow rate in gpm. 653 

The 95% confidence interval for the regression parameters are: 654 

m = 0.00195 – 0.00212  655 

b = – 0.0719 – 0.212 656 

This is a better fit and a slightly more conservative equation so it will be the one claimed.  The data 657 

for Equation 17 is displayed graphically in Figure 15. 658 

. 659 

 660 
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 664 

 665 

Figure 15 – Headloss vs Flow, Data to 3000 gpm 666 

 667 

 4.3.6 Scaling Hydraulics 668 

The result of sections 4.3.1 to 4.3.5 indicates that headloss is simply a function of flow rate, it is not 669 

significantly affected by the properties of the net.  From the headloss equation it is given that 670 

headloss is, in fact, a function of velocity so in order to scale, the flow equation must be converted to 671 

a velocity equation, shown graphically in Figure 16.  This is simplified by the fact that the opening 672 

area is 1 ft2 so the velocity, in ft/s, is simply equal to the value of the flow in cfs. 673 
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 685 

 686 

Figure 16 – Δh vs. Velocity, Data to 7 cfs (3000 gpm) 687 

 688 

 689 

Equation 18  Δh = 0.91176*v + 0.07010 R2 = 0.95 690 

Where v = flow velocity in ft/s 691 

The 95% confidence interval for the regression parameters are: 692 

m = 0.873 – 0.950  693 

b = – 0.0718 – 0.212 694 

Equation 18 is the one to be used for calculating headloss for different sized systems. 695 

4.3.7 Hydraulic Bypass 696 

The elevation of the top of the frame was 15.5” above the channel floor.  Above this level, flow 697 

would be unobstructed so the headloss equation would be expected to change to that of a vertical 698 

weir.  This effect was not confirmed since, due to pump capacity limitations, the elevations did not 699 

get high enough during the headloss testing. 700 

 701 

4.4 Percent Restriction Testing 702 

The overall physical hypothesis, introduced in Section 4.3.4, that the headloss coefficient, kL, only 703 

increases when the open area of the net is less than the aperture area leads to two expected 704 

phenomena during the percent restriction testing.  First, as the nets fill there should be a point at 705 
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which headloss increases dramatically and, second, the ‘bypass’ point should be at the same open 706 

area, regardless of net length.   707 

Percent restriction testing was conducted in accordance with section 9.2 of ASTM E3332, using a 708 

garbage bag filled with discs of Styrofoam to mimic the volume and buoyancy of the appropriate 709 

amount of trash corresponding to the required fill levels (10, 30, 50, 70 and 90%).  This allowed each 710 

‘plug’ to be re-used, increasing consistency and saving time.  Based on observations during trial runs 711 

this method conformed with the E3332 requirement for “mimicking expected blockage in actual 712 

conditions”. 713 

Preliminary testing showed that the headloss graph has a ‘hockey stick profile”, and this was 714 

confirmed during the official testing.  Headloss jumps sharply when the unrestricted open area of the 715 

net approaches the aperture area at the net entrance, which supports our first hypothesis.  Given that 716 

the aperture size is 1 ft2, depending on net length and hole opening size, the headloss jump is 717 

expected to be between ~60% restricted to ~90% restricted.  This is an important parameter for 718 

scaling, so we conducted some additional runs, for example 80% restricted, in order to narrow down 719 

the location of this jump. 720 

As discussed in Section 4.2, the downstream elevation data was not entirely reliable due to the 721 

downstream flow patterns changing with net length and hole opening size while the sensor location 722 

remained fixed.  This effect was exaggerated during the % restriction testing because now % 723 

restriction was a third variable factor.  This results in hundreds of possible combinations, which could 724 

not all be analyzed.  The problem was overcome by focusing on upstream elevation, which was a 725 

much more stable reading.  726 

4.4.1 Calculating Percent Restriction 727 

ASTM E3332 requires restricting a certain percentage of the open area for this test.  Using the 728 

assumption that the net forms a cylinder as it fills, the % restriction can be calculated in terms of 729 

length blocked.  For example, a 2’ long net has an open length of 20”, because the top 4” is used to 730 

secure it to the frame, so a 10% restriction would be 2”, 50% would be 10”, etc. 731 

In order to achieve the different levels of restriction in the different length nets, a large number of 732 

foam discs, 2” thick and 12” in diameter were cut.  These were then stacked into cylinders with the 733 

required height and then wrapped in plastic garbage bags to form plugs of different lengths, as shown 734 

in Figure 17.  The appropriate length of plug was then inserted into the net to get the required % 735 

restriction.  Figure 18 is an example of a 70% plugged 4FT 5 MM net during a run.  736 

 737 

 738 

 739 

 740 
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 742 

 743 



 

 744 

Figure 17 – Plugs Used for % Blockage Test 745 

 746 

Figure 18 – Top View of % Restriction Test Run 747 

 748 



 

4.4.2 Percent Restriction Test Results 749 

Tests were conducted on all 6 net length and mesh size combinations (2FT 5MM, 2FT HI, 2FT IN, 750 

4FT 5MM, 4FT HI, 4FT IN), at a minimum of 5 % restrictions: 10, 30, 50, 70 & 90%.  Raw data can 751 

be found in Appendix V. In most cases several other conditions were tested in order to find the % 752 

restriction at which the headloss increased sharply.  Each net configuration and % restriction was 753 

tested at 5 flows.  This exceeds the requirement of 3 flows in E3332 but was appropriate given the 754 

headloss behaviour we observed. 755 

Figure 19 – 2FT 5MM Net % Restriction Test 756 

 757 

 758 

 759 
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 767 

 768 



 

Figure 20 – 2FT HI Net % Restriction Test 769 

 770 

Although the lines in Figure 19 and Figure 20 all start flat then rise sharply up, they clearly illustrate 771 

the expected trends: 772 

1. Headloss is greater at higher flow rates 773 

2. Headloss is stable at low precent restriction then rises rapidly at an inflection point at a critical 774 

available open area. 775 

In Figure 21-25, the data also follows the expected trends, though at the higher flow rate, the headloss 776 

data is more erratic, going up and down instead of rising steadily.  Looking at the upstream data in 777 

Figure 25, which is Figure 21 with upstream elevation (h1) data instead of headloss (Δh) data, this 778 

anomaly disappears, and the data looks exactly as expected.  The same is true for all the other figures 779 

but they are omitted for brevity.  This is consistent with our observation that the downstream 780 

elevation data is problematic. 781 
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Figure 21 – 2FT 1IN Net % Restriction Test 790 

 791 

Figure 22 – 4FT 5MM Net % Restriction Test 792 
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Figure 23 – 4FT HI Net % Restriction Test 795 

 796 

Figure 24 – 4FT 1IN % Restriction Test 797 

 798 

 799 



 

Figure 25 – 2FT 1IN Net % Restriction Test h1 Data 800 

 801 

4.4.3 Discussion of Percent Restriction Results 802 

The second phenomenon hypothesized in Section 4.4 is that the inflection (bypass) point should be at 803 

the same mesh open area, regardless of net length.  Initially this hypothesis was tested looking at the 804 

% restriction data in Section 4.4.2, but it became clear that the nets were stretching a little.  In 805 

addition, the hypothesis that the open area would be constant meant that the critical percent restriction 806 

would be a function of net length, adding a confounding variable.  This makes the % restriction data a 807 

poor metric for nets.   808 

To overcome this limitation the unblocked length at bypass, which we will refer to as the Critical 809 

Unblocked Length (CUL), was chosen as the parameter for analysis and it was measured directly in 810 

each of the runs.  In other words, instead of measuring the blocked area from the bottom of the net, 811 

which is what % restrictions does, we measured the unblocked area from the top of the net.   The 812 

unblocked length for the different configurations at the design velocity of 5 ft/s is shown in Table 8. 813 

Given the large amount of raw data, unblocked length data is not included here but can be found in 814 

Appendix VI.   815 

Table 8 – Critical Unblocked Length at Bypass @ 5 ft/s 816 

 2FT 4FT 

5MM 2.5” 5.75” 

HI 4” 4.25” 

1IN 3.5” 3.75” 

 817 



 

Under the basic hypothesis that the inflection occurs when the unblocked area of the net is the same 818 

as the area of the aperture, then the 5MM net should have the greatest CUL since it has the smallest 819 

open are per square foot.  By the same reasoning the HI would have a shorter CUL and the 1IN net 820 

the shortest CUL.  Table 8 shows that this trend holds for the 4FT net and for the 2FT HI and 2FT 821 

1IN nets.  The 2FT 5MM data point does not fit the expected trend but it is most likely an outlier, 822 

given that it is very different from any of the other data, and it does not have a physical explanation.   823 

Statistical analysis confirms what looks obvious in Table, CUL is not a function of net length, except 824 

in the 5MM net data.  It is expected that this is due to the sensor placement issue described in Section 825 

3.1.  Since the values in Table 8 are a single point, they could not be compared using a simple t-test.  826 

Instead, the CUL vs flow curves were analyzed using ANCOVA.  The results of the ANCOVA are 827 

given in Table 9. 828 

Table 9 – ANCOVA of Critical Unblocked Length (CUL) vs. Flow Data 829 

Configuration p for Intercept p for Length p for Flow 

5MM 0.17 0.03 0.004 

HI 0.20 0.46 0.00003 

1IN 0.71 0.61 0.0014 

 830 

The values in bold indicate that the variable is significant, and we reject the null hypothesis that the 831 

variable is not a function of hole opening size.  This data suggests that critical unblocked length is a 832 

function of flow for all mesh opening sizes, but it is only a function of length for the 5 MM net.  The 833 

data for the 2FT 5MM is an outlier and based on the preponderance of evidence it can be discounted, 834 

leading to the conclusion that unblocked length is not a function of net length, which makes physical 835 

sense. 836 

To be conservative, the larger of the two CUL values in Table 7 will be used and the final data is 837 

shown in Table 10. 838 

Table 10 – Unblocked Length at Bypass, 5 ft/s (CUL) 839 

 L (in) 

5MM 5.75 

HI 4.25 

1IN 3.75 

 840 

To scale this data, and to be consistent with the reporting requirements of the standard, it is useful to 841 

convert CUL back into percent restriction at bypass.  This was done by dividing the CUL by the 842 

starting length of the net.  In order to simplify the claim with respect to % restriction, StormTrap 843 

decide to make the unblocked length at bypass the same for every mesh opening size and choose the 844 

largest value, 5.75” and rounded it to 6”.  This is conservative in that StormTrap is claiming a lower 845 

capacity than is supported by the data.  The results are shown in Table 11. 846 

 847 

 848 



 

Table 11 – % Restriction at Bypass, 5 ft/s Flow 849 

Net length (ft) Critical % Restriction 

2 75% 

4 88% 

6 92% 

8 94% 

 850 

 851 

4.4.4 Hydraulics Bypass 852 

As discussed in Section 4.3.5, the system would be expected to behave as a weir once it goes into 853 

bypass.  This was not confirmed because testing was stopped at the point of bypass. 854 

4.5 Mass Loading (Trash Removal) Testing 855 

Trash removal testing was conducted in accordance with section 9.3 of ASTM E3332.  Once again 856 

tests were done, in triplicate, with 6 net configurations. Testing was also expanded to look at the 857 

effect of an optional grate installed.  The grate was not included in prior tests since it sits above the 858 

top of the frame and does not impact the Headloss or % Restriction tests significantly. 859 

The artificial trash to be used was blended under the scrutiny of the third-party observer, according to 860 

the recipe in Table 1 of ASTM E3332-22, “Standard Test Method for Determining Trash and/or 861 

Debris Capture Performance of Stormwater Control Measures.”  The trash recipe is shown in Table 862 

12. 863 

Table 12 – Standard Trash Blend 864 

 865 
Component Description Dimensions  

±10 % 
% by Dry Mass 

Cigarette Filter regular cigarette filters (ex. OCB brand) 
~0.32 oz (9.15 g)/100 filters 

0.28 in. (7 mm) diameter by 
0.59 in. (15 mm) 

14 

Disposable wipes Standard baby wipes 7.5 in. by 2 in.  
(19 cm by 5 cm) 

17A 

Wood Popsicle sticks 4.3 in. by 0.37 in. by 0.08 in.  
(11 cm by 0.95 cm by 0.2 cm) 

11 

Plastic-Moldable PET/ PETE plastic, 0.01 in. –  0.02 in. (0.3 –  
0.5 mm) thick, cut in strips 

3.5 in. by 1.0 in.  
(9 cm by 2.5 cm) 

23 

Plastic-Film Plastic shopping bag split in half and cut in 
strips 

15.7 in x 3.1 in  
(40 cm x 8 cm) 

8 

Cardboard/Chipboard Cardboard box cut in strips 9 in. by 1 in.  
(23 cm by 2.5 cm) 

10 

Cloth Cotton linen fabric cut in strips 13.8 in. by 2 in.  
(35 cm by 5 cm) 

6 

Metal – Foil, Molded Rigid aluminum, 0.01 in. –  0.02 in. (0.3-
0.5 mm) thick, cut in strips 

4 in. by 1 in.  
(10 cm by 2.5 cm) 

7 



 

Styrofoam Standard “S”-shaped peanut packing 
material, non-disintegrating 

1.2 in. by 1.4 in. by 0.7 in.  
(3 cm by 3.5 cm by 1.5 cm) 

4 

A Disposable wipes can be weighed as they come from the package, drying is not necessary. 

 866 

The artificial trash was blended onsite and sealed upon completion of blending.  During testing, the 867 

seals were removed only by the observer and the trash was immediately manually transferred into 5-868 

gallon pails.  Upon completion of each test run, any unused trash was re-sealed by the observer.   869 

Once a pail was created and the dry weight confirmed by the observer, it was conditioned by adding 870 

water to the bucket and sealing the bucket using a lid for at least 10 minutes prior to addition to the 871 

test channel.  Trash addition was manual, the bucket was poured into the channel as slowly and 872 

steadily as practical. 873 

4.5.1 Artificial Trash QC 874 

Not all of the items in the trash recipe can be purchased directly. A few of them, specifically the 875 

plastics, the cardboard, the cloth and the metal need to be cut to size.  This introduces a source of 876 

variability that is not addressed in the standard.  For this testing the decision was made to test the 877 

incoming material based on the requirements of the Acceptance Quality Limit (AQL) Chart, which is 878 

made up of two tables. They are also often referred to as the ANSI/ASQ Z1.4 tables.  This is a 879 

standard procedure for quality control (QC) of incoming materials.  Copies of the charts appear in 880 

Appendix VII. 881 

Given that nature of the testing and materials, the inspection level chosen was AQL level: General 882 

Inspection Level I.  A defect was defined as a dimension falling outside the requirements listed in 883 

Table 1, 2 or 3 of ASTM E3332 and all defects were considered major for the sake of the AQL table.  884 

Minor or critical defects did not seem relevant in the context of this test. 885 

In addition to prescribing the Inspection Level, The AQL criteria requires an acceptance level and a 886 

batch size in order to determine how many incoming samples must be tested and how many defects 887 

are allowed.  This information is listed in Table 13.  Note that batch size was estimated based on the 888 

mass of some sample pieces and the expected mass required for a test. 889 

Table 13 – AQL Incoming Inspection QC Requirements 890 

 Est. Batch size Sample Size Defect limit (≤) 

Wipes 3201-10,000 80 5 

Plastic – moldable 3201-10,000 80 5 

Plastic – film 3201-10,000 80 5 

Cardboard 1201-3200 50 3 

Cloth 501-1200 32 2 

Metal strips 501-1200 32 2 

 891 

Inspection of incoming materials all conformed to requirements as outlined per the AQL incoming 892 

inspection QC requirements.  893 



 

4.5.2 Mass Load Testing Results 894 

Mass was added by emptying 5-gallon buckets of conditioned ‘trash’, in water, into the test channel.  895 

This was done by hand, and the rate was made to be as consistent as possible and the rate of mass 896 

addition was in the range of 2 pounds per minute.  All tests lasted 10 minutes, in order to simplify 897 

data collection and analysis, but trash addition was always completed in the first few minutes. 898 

As with prior tests, mass loading was conducted with both net lengths and all three hole opening 899 

sizes.  All three configurations were tested 3 times.  The entire set of runs was then repeated without a 900 

grate installed.  Table 14 reports the averages of the three runs, with a grate installed.  Table 15 901 

reports the averages without the grate.  Data for the individual runs can be found in Appendix VIII.  902 

All tests were run at the design flow rate, 2250 gpm, ± 10%. 903 

The purpose of the grate is to prevent large objects from getting past the TrashTrap during periods of 904 

high flows when the net is bypassed.  The impact of the grate was not specifically tested and no 905 

claims will be made about its performance. 906 

It was discovered during testing that some components air dried very slowly, specifically the cloth 907 

and cigarette butts.  In order to accelerate the drying process material was dried in a commercial dryer 908 

on low heat.  This did lead to some loss of mass.  The amount lost was < 5% in all cases, and it 909 

should be roughly the same for captured and bypassed amounts, so it was neglected when calculating 910 

precent removal. 911 

 912 

Table 14 – Average Mass Capture Results – Grate Installed 913 

 Starting 

Mass 

(lbs) 

Mass of 

Trash 

Captured 

in Net 

(lbs) 

Mass of 

Trash 

Captured 

by Grate 

(lbs) 

Mass of 

Trash 

Bypassed 

(lbs) 

Mass 

Lost on 

Drying 

(lb) 

% Trash 

Captured 

2FT 5MM 1.60 1.37 0.11 0.08 0.05 85 

2FT HI 2.40 1.87 0.12 0.29 0.11 78 

2FT 1IN 2.40 1.91 0.09 0.34 0.06 79 

4FT 5MM 4.00 3.61 0.15 0.07 0.17 90 

4FT HI 6.00 4.67 0.25 0.67 0.41 78 

4FT 1IN 6.00 4.74 0.13 0.77 0.36 79 

 914 

 915 

 916 

 917 

 918 

 919 

 920 



 

Table 15 – Average Mass Capture Results – No Grate 921 

 Starting 

Mass 

(lbs) 

Mass of 

Trash 

Captured 

in Net 

(lbs) 

Mass of 

Trash 

Bypassed 

(lbs) 

Mass Lost 

on Drying 

(lb) 

% Trash 

Captured 

2FT 5MM 1.60 1.38 0.19 0.03 86 

2FT HI 2.40 1.74 0.59 0.07 73 

2FT 1IN 2.40 1.89 0.43 0.08 79 

4FT 5MM 4.00 3.58 0.45 0.06 89 

4FT HI 6.00 4.76 1.37 0.14 80 

4FT 1IN 6.00 4.41 1.49 0.10 73 

 922 

4.5.3 Discussion of Mass Load Testing Results 923 

Implementing the protocol described in ASTM E3332 revealed a number of interesting outcomes that 924 

will need to be addressed in the next revision of the standard.  One discovery was that the test and 925 

reporting requirements are not always consistent with each other, leading to some necessary 926 

deviations.   927 

The biggest issue is that the protocol requires gathering mass data during a run, but this is not 928 

possible because the captured trash cannot be removed and dried in real time.  This requires some 929 

deviation from the reporting requirements in Section 9.3.7 of the protocol. These are outlined in 930 

Section 4.5.3.1 below. 931 

The issue with not being able to measure mass in real time is that it means that the end point of the 932 

test is not clearly defined.  In our case we continued to empty the last bucket once the system went 933 

into bypass.  This resulted in % removal numbers in the 70-90 range when, in fact, removal was 934 

100% up until the point of bypass.  The final number is just a function of how much trash was left in 935 

the bucket once bypass started. 936 

This number will not be constant and that explains the variation in percent capture in Table 14 and 937 

Table 15.  In retrospect, we should have stopped as soon as the first couple peanuts bypassed, then 938 

weighed the unused influent trash separately to do our calculations.  Given this issue, we will not 939 

make a % removal performance claim but will claim a mass captured instead. 940 

A second discovery was that the Styrofoam peanuts were always the first material to bypass.  This 941 

creates a challenge in interpreting results for the real world because peanuts weigh very little.  This 942 

means they have a minimal impact on the % captured data, which is mass based, but they have a large 943 

impact on perceived failure because they are visually obvious.  Finally, there is the issue of reporting 944 

the results in terms of dry mass.  The trash components are all relatively light when dry so, while the 945 

dry mass is a reproducible way to compare results, it is not very informative in terms of what users 946 

can expect in the field.  Section 4.5.3.2 addresses this by providing bulk density data for a wetted 947 

trash mixture. 948 



 

Figure 26 shows the beginning of bypass during a 2FT 5MM net test.  You can see the last of the 949 

second bucket of trash being added to the channel and peanuts flowing over the grate.  Closer 950 

inspection will reveal that the peanuts have clogged the grate at this point. 951 

Figure 26 – Bypass of 2FT 5MM Net 952 

 953 

 954 

4.5.3.1 Deviations from Mass Capture Test Procedure in ASTM E3332 955 

Section 9.3.7.5 requires recording the total mass added at the point of bypass.  This would require 956 

stopping the test to recover and dry the mass, then restarting the test to go to failure.  The best we can 957 

do is claim that the mass added at bypass equals the total mass in the net.  In other words, assume no 958 

mass was captured after bypass.  This is not true, some of the heavier components would still be 959 

captured, but it is conservative. 960 

Section 9.3.7.6 requires a graphical representation of mass load versus headloss.  As with Section 961 

9.3.7.3 and 9.3.7.5, this would require measuring the mass added in real time and this is not possible.  962 

A good approximation can be obtained by looking at the headloss from the % restriction testing and 963 

converting the % restriction to a mass based assuming the total mass captured equals 100% blocked. 964 

In other words, repeating Figures 19-24 with the % restriction on the x-axis changed so that 100% 965 

restriction = the appropriate mass in Table 12.   966 

4.5.3.2 Wetted Trash Mass Calculations 967 

In order to determine a conversion factor from dry trash to wet trash we filled three 5-gallon buckets 968 

with trash and then topped them up with water and let them sit for 90 minutes.  The bucket volumes 969 

were 0.68 ft3. The buckets were then drained and the wet trash weighed.  The results are shown in 970 

Table 16. 971 



 

Table 16 – Mass of Wet and Dry Trash 972 

 Bucket #1 Bucket #2 Bucket #3 Average 

Dry trash wt (lbs) 1.78 1.38 1.50 1.55 

Wet trash wt. (lbs) 5.64 4.58 4.94 5.05 

Ratio    3.26 

 973 

This ratio was used, along with the normalized mass data in Table 19 in the section on scaling, 974 

Section 5.1, to generate the performance claims for the TrashTrap. 975 

4.5.4 Hydraulic Bypass 976 

As discussed in Section 4.3.5, the system would be expected to behave as a weir once it goes into 977 

bypass.  This was not confirmed because testing was stopped at the point of bypass. 978 

4.6 Scour 979 

Scour testing was conducted in accordance with section 9.5 of ASTM E3332. Once the 50% capacity 980 

level was determined by mass capacity testing, nets were pre-loaded to 50% capacity with 981 

conditioned trash. The flow was ramped up to an average of 9.77 cfs, across all six tests, within 3 982 

minutes and then ran for a minimum of 5 minutes.  Residence time for the net is not really defined but 983 

it can be estimated by assuming the net is a cylinder 1 ft2 in diameter and either 2 or 4 ft long.  This 984 

gives a volume of 2 or 4 ft3 and, at 10 cfs, residence time of 0.2 or 0.4 seconds so 5 minutes is 985 

significantly longer than 5 residence times. 986 

The hypothesis was that a half full net would not scour, since the incoming water would be pushing 987 

any captured material back into the net.  No bypass was observed in any of the tests, supporting this 988 

hypothesis.  The flow rates for all the tests are shown in Figure 27.  Note that the hump at ~2 minutes 989 

in all the lines is an artifact of the way Excel draws line graphs.  It should be a flat line, there is no 990 

local maximum in the data.  There is one missing data point at minute 1 in the 2FT HI run.  The data 991 

point does not appear in the log file for the flow meter so it must have been a brief malfunction.  This 992 

“explains” why the curve from 2-3 minutes is flat for 2FT HI but is a maximum for all the other 993 

datasets. 994 

 995 

 996 

 997 

 998 

 999 

 1000 

 1001 

 1002 

 1003 



 

Figure 27 – Flow Rate During Scour Tests 1004 

 1005 

 1006 

5.0 Additional Considerations 1007 

The testing was conducted on a small-scale system in order to keep the flow requirement manageable.  1008 

In order for the data to have practical value it needs to be scaled.  Scaling in terms of hydraulics is 1009 

discussed in section 4.3.7.  Section 5.1 addresses scaling for performance.   1010 

5.1 Scaling performance 1011 

Assuming a constant bulk density, which is valid for the purpose of this testing, mass capacity should 1012 

scale with volume.  The test system had a constant cross section area of 1 ft2. The mass captured can 1013 

be divided by the length of the net to give a normalized mass/volume in lbs/ft3.  It is acknowledged 1014 

that the net will not form a perfect cylinder, so the volume is approximate. 1015 

Table 17 and Table 18 show the calculated mass capacity of the tested nets in lbs/ft, with and without 1016 

a grate. 1017 

Table 17 – Normalized Mass Capacity – Net + Grate 1018 

Opening Size 2 FT Net Mass Capacity (lb/ft3) 4 FT Net Mass Capacity (lb/ft3) 

5 MM 0.85 0.90 

HI 0.78 0.78 

1 IN 0.79 0.79 

 1019 



 

Table 18 – Normalized Mass Capacity – Net Only 1020 

Opening Size 2 FT Net Mass Capacity (lb/ft3) 4 FT Net Mass Capacity (lb/ft3) 

5 MM 0.86 0.89 

HI 0.73 0.80 

1 IN 0.79 0.73 

 1021 

There is not enough data for a robust ANCOVA but inspection of the data shows that the mass 1022 

capacity is not a significant function of the grate or the net length.  This allows the results to be 1023 

condensed as shown in Table 19.  These are the numbers to be used for scaling.   1024 

Table 19 – Normalized Mass Capacity – Combined Data 1025 

Opening Size Avg. Mass Capacity (lbs./ft3) 

5 MM 0.88 

HI 0.77 

1 IN 0.78 

 1026 

For example, an 8’ long net with a 30” x 30” opening and 5 MM holes would have a cross-section 1027 

area (assuming the net forms a cylinder) of 4.91 ft2 and a volume of 39.3 ft3.  This would result in a 1028 

mass capacity of 35 lbs. of dry trash of the same composition prescribed in E3332. 1029 

This number is useful for comparing different sizes and types of system, since dry mass is a 1030 

reproducible value, but it does not help with maintenance since dry mass is practically impossible to 1031 

measure in an installed system.  A practical method for determining the maintenance capacity is 1032 

described in section 5.1.1. 1033 

5.1.1 Scaling Maintenance Capacity 1034 

The mass capacity determined in section 5.1 is useful for comparing technologies that have been 1035 

tested according to ASTM E3332, but for determining the effective capacity in the field, volume 1036 

capacity is more useful.  This is because mass is highly variable and not easily measured in the field. 1037 

TrashTraps have different opening sizes and net lengths so in principle, scaling needs to consider 1038 

length, width and height, where length is measured the flow direction and height is perpendicular to 1039 

the ground.  However, it was shown in Section 4.3.4 that net length is not a factor in scaling.  As long 1040 

as there is a critical open area available, the length of the net beyond the critical length does not 1041 

matter.  Thus, TrashTrap scaling is based on the opening area, width x height, not the net volume. 1042 

TrashTraps are scaled geometrically in order to maintain a maximum design flow velocity of 5 ft/s.  1043 

This velocity limit ensures the physical integrity of the system at maximum load and flow.  Since all 1044 

TrashTraps have the same maximum velocity, they have the same unblocked length as shown in 1045 

Table 20, since this capacity was determined at the maximum velocity. 1046 

In order to use the unblocked length for scaling it needs to be normalized in terms of the opening 1047 

area.  The system tested had a 1” x 1” opening.  To convert this to a hydraulic radius, Rh, the equation 1048 

is: 1049 



 

Equation 19   𝑹𝒉 = 𝑨/𝑷 1050 

Where A = the area of the opening and P equals the perimeter. 1051 

A 1 ft x 1ft square has an area of 1 ft2 and a perimeter of 4 ft, giving it a hydraulic radius of 0.25 ft.  1052 

Assuming that, during flow, the net has the same hydraulic radius as the opening and the unblocked 1053 

length gives the critical unblocked area/square foot of opening shown in Table 20. 1054 

Table 20 – Unblocked Area/ft2 of Opening for Different Hole Sizes 1055 

 Unblocked length 

(ft) 

Unblocked area/sq ft of opening 

(dimensionless) 

5 MM 0.479 0.120 

HI 0.354 0.089 

1 IN 0.3125 0.078 

 1056 

The numbers in the second column of Table 20 can be used to determine the critical unblocked of all 1057 

net openings as a function of hole size.  These are shown in Table 21. 1058 

Table 21 – Critical Unblocked Area for Different Net Opening Sizes 1059 

Net Opening 

Size 

Opening 

area 

(ft2) 

Critical Unblocked 

Area 5 MM 

(ft2) 

Critical Unblocked 

Area HI 

(ft2) 

Critical Unblocked 

Area 1IN 

(ft2) 

24” x 24” 4.00 0.480 0.356 0.312 

30” x 30” 6.25 0.750 0.556 0.488 

36” x 36” 9.00 1.08 0.801 0.702 

 1060 

This can then be applied to each available net length in terms of a % volume capacity.  Due to the 1061 

large number of combinations, each of the hole sizes is a separate table. 1062 

Table 22 – Capacity of Nets with 5 MM holes 1063 

Net Opening 

Size 

Net Length 

(ft) 

Hydraulic 

Radius (ft) 

Net Area 

(ft2) 

Critical 

Unblocked 

Area (ft2) 

Net Capacity 

before 

Maintenance 

24” x 24” 2 0.500 6.28 0.48 92% 

24” x 24” 4 0.500 12.57 0.48 96% 

24” x 24” 6 0.500 18.85 0.48 97% 

24” x 24” 8 0.500 25.13 0.480 98% 

30” x 30” 2 0.625 7.85 0.750 90% 



 

Net Opening 

Size 

Net Length 

(ft) 

Hydraulic 

Radius (ft) 

Net Area 

(ft2) 

Critical 

Unblocked 

Area (ft2) 

Net Capacity 

before 

Maintenance 

30” x 30” 4 0.625 15.71 0.750 95% 

30” x 30” 6 0.625 23.56 0.750 97% 

30” x 30” 8 0.625 31.42 0.750 98% 

36” x 36” 2 0.750 9.42 1.08 89% 

36” x 36” 4 0.750 18.85 1.08 94% 

36” x 36” 6 0.750 28.27 1.08 96% 

36” x 36” 8 0.750 37.70 1.08 97% 

 1064 

Table 23 – Capacity of Nets with HI Holes 1065 

Net Opening 

Size 

Net Length 

(ft) 

Hydraulic 

Radius (ft) 

Net Area 

(ft2) 

Critical 

Unblocked 

Area (ft2) 

Net Capacity 

before 

Maintenance 

24” x 24” 2 0.500 6.28 0.356 94% 

24” x 24” 4 0.500 12.57 0.356 97% 

24” x 24” 6 0.500 18.85 0.356 98% 

24” x 24” 8 0.500 25.13 0.356 99% 

30” x 30” 2 0.625 7.85 0.556 93% 

30” x 30” 4 0.625 15.71 0.556 96% 

30” x 30” 6 0.625 23.56 0.556 98% 

30” x 30” 8 0.625 31.42 0.556 98% 

36” x 36” 2 0.750 9.42 0.801 92% 

36” x 36” 4 0.750 18.85 0.801 96% 

36” x 36” 6 0.750 28.27 0.801 97% 

36” x 36” 8 0.750 37.70 0.801 98% 

 1066 

 1067 

 1068 

 1069 

 1070 



 

Table 24 – Capacity of Nets with 1 IN Holes 1071 

Net Opening 

Size 

Net Length 

(ft) 

Hydraulic 

Radius (ft) 

Net Area 

(ft2) 

Critical 

Unblocked 

Area (ft2) 

Net Capacity 

before 

maintenance 

24” x 24” 2 0.500 6.28 0.312 95% 

24” x 24” 4 0.500 12.57 0.312 98% 

24” x 24” 6 0.500 18.85 0.312 98% 

24” x 24” 8 0.500 25.13 0.312 99% 

30” x 30” 2 0.625 7.85 0.488 94% 

30” x 30” 4 0.625 15.71 0.488 97% 

30” x 30” 6 0.625 23.56 0.488 98% 

30” x 30” 8 0.625 31.42 0.488 98% 

36” x 36” 2 0.750 9.42 0.702 93% 

36” x 36” 4 0.750 18.85 0.702 96% 

36” x 36” 6 0.750 28.27 0.702 98% 

36” x 36” 8 0.750 37.70 0.702 98% 

 1072 

For the purpose of making a simple, practical, claim StormTrap will choose a Net Capacity of 85% 1073 

by volume. 1074 

 1075 

6.0 Design Limitations 1076 

The StormTrap TrashTrap is an engineered system designed to meet site-specific 1077 

requirements.  Design should be completed in consultation with StormTrap.  Some general design 1078 

parameters and limitations are listed below.  1079 

Maximum Treatment Flow Rate  1080 

The maximum treatment flow rate (MTFR) for StormTrap TrashTrap is based on water velocity so it 1081 

varies with system dimensions. StormTrap recommends that systems should be sized for a flow 1082 

velocity of <5 ft/s at the net opening.  1083 

Maintenance Requirements   1084 

TrashTrap systems should be inspected and maintained following the recommendations and 1085 

guidelines included in the TrashTrap Manufacturer’s Instruction Manual available at: 1086 

https://stormtrap.com/products/trashtrap/.  1087 

 1088 

 1089 

https://stormtrap.com/products/trashtrap/


 

Installation Limitations   1090 

StormTrap provides contractors with detailed installation and assembly instructions prior to delivery.  1091 

Configurations   1092 

TrashTrap is available in 3 basic configurations: in-line, end-of-pipe and floating.  The primary 1093 

difference between them is how the net and frame are mounted in the flow.  All configurations use 1094 

the same nets and can be expected to behave as described in this report.  1095 
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Appendix I – 3rd Party Observer Resume and Statement of Qualification 1122 
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 1129 



 

Appendix II – ANCOVA Discussion 1130 

The basic method looks at the dependent (y) variable as a function of a series of multiple dependent 1131 

variables with a covariate.  In Section 3, the analysis is headloss versus flow with run number or net 1132 

type as the covariant.  The ANCOVA tests the null hypothesis, H0, that the datasets are the same.  It 1133 

is fundamentally a combination of regression and ANOVA that allows the identification of the source 1134 

of error.  If the error is mainly due to the model, then headloss is a function of flow, if not then the 1135 

error is either random and headloss is not a function of flow or headloss is a function of flow and one 1136 

or more covariant. 1137 

The test statistic for regression and ANOVA is “F”.  Excel outputs “Significance F” which is the 1138 

same as p value.  If p ≥ α then the covariate is not significant, the null hypothesis is accepted, and the 1139 

three data sets are statistically the same.  Unless otherwise noted, α = 0.05 for all tests. 1140 

(Note: If the ANCOVA shows that H0 must be rejected, further work is required to determine which 1141 

dataset is different, in other words which covariant is a factor.) 1142 

The easiest way to implement ANCOVA in Excel is necessary to use n-1 dummy variables.  In the 1143 

case of the Hydraulics runs there are three series of runs so N = 2 and 2 dummy variables are 1144 

required. In this report Series 1 was coded d1 = 1, d2 = 0, series 2 was coded d1 = 0 d2 = 1 and series 1145 

3 was coded d1 = 0, d2 = 0.  This makes Series 3 the reference curve, so the results are compared to 1146 

the Series 3 curve.  If neither Series 1 nor Series 2 is significantly different from Series 3 then all 1147 

three curves are, statistically, the same. 1148 


