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Executive Summary 
The TreePod® Filter was tested for its hydraulic and treatment capabilities. 

The hydraulics were tested by falling head and infiltrometer tests.  Two media were 
tested.  One was an 80/20 percent by volume blend of concrete sand and compost 
respectively.  The other media was an 80/20 percent by volume blend of expanded slate 
and compost.  For a particular media, the hydraulic performance of the TreePod® Filter 
varies depending on wetting and drying cycles.  The maximum observed hydraulic 
capacity for both media was 450 in/hr, the minimum was 17 in/hr, and a typical capacity 
estimated throughout a 150-minute test is 40-60 in/hr, based on professional judgment.  

Treatment was tested based on a protocol similar to the State of Washington’s Guidance 
for Evaluating Emerging Stormwater Treatment Technologies: Technology Assessment 
Protocol – Ecology (TAPE). Changes were made to TAPE for testing the TreePod® 
Filter.  Street dust particles, fine street sweeping particles less than 75 microns, were used 
in place of ground silica to better represent the composition and shape of actual 
stormwater particles.  And though TAPE does not specify the duration of each test run or 
total hydraulic loading for all the runs, each TreePod® Filter test was 150 minutes long 
and the total hydraulic loading was equivalent to approximately 5 inches of runoff from a 
drainage area of about a third of an acre. 

Treatment capabilities of the expanded slate and compost media were evaluated based on 
the reduction of total suspended solids (TSS), suspended solids concentration (SSC), 
turbidity, total phosphorus (TP), total copper (TCu), total lead (TPb), and total zinc (TZn) 
concentrations.  Influent concentrations were representative of typical stormwater runoff.   

Maximum percent removal, which occurred when there was no bypass, was highly 
dependent on influent concentrations relative to background concentration. Average 
influent concentrations for solids were 105 mg/L TSS, 103 mg/L SSC, and 28 
Nephelometric Turbidity Units (NTU). Average influent for TP was 0.073 mg/L. The 
average influent concentrations for metals were 9.4 μg/L for TCu, 2.5 μg/L for TPb, and 
16.9 μg/L for TZn.  Initial background concentrations of constituents from a clean water 
flush prior to the treatment tests were 0.67 mg/L TSS, 0.53 mg/L SSC, 3.55 NTU, 0.94 
mg/L TP, 4.3 μg/L TCu, 0.13 μg/L TPb, and 3.6 μg/L TZn.   

Sediment was removed best, followed by metals; phosphorus increased due to low 
influent concentrations.  The measured removals ranged from 65% to 99% for TSS,           
-1386% to -170% for TP, 42% to 77% for TCu, 52% to 95% for TPb, and 49% to 87% 
for TZn over flows that ranged from 6 to 30 gpm.  Flow rate through the media had little 
impact on performance.  When influent flow exceeded flow capacity, bypass caused the 
lower removal efficiencies.  The decrease in performance was directly proportional to the 
amount of water bypassed.   

Site-specific hydraulic performance will depend on local precipitation patterns, climate, 
dry-weather flows, and catchment characteristics.  Percent reduction of constituent 
concentration will depend on influent concentrations.   
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1 Introduction 
Kristar’s TreePod® Filter is a media filter intended to remove a wide array of pollutants 
of concern from stormwater runoff.  This filter was tested by the Office of Water 
Programs (OWP) under contract 518251.   

1.1 Background and Purpose 

The TreePod® Filter consists of a tree box filled with engineered filter media and a pre-
filtration inlet box with a litter screen.  The TreePod® Filter tested has a manufacturer’s 
design loading rate of 1 gpm/ft2.  OWP tested the hydraulic capacity of the filter, and also 
tested for treatment of total suspended solids (TSS), suspended solids concentration 
(SSC), turbidity, total phosphorus, total copper, total lead, and total zinc.  The tests were 
performed to obtain results that would mimic the field performance of the TreePod® as 
closely as possible.  This information is presented for consideration by BMP approval 
authorities across the country, though the protocol used here evolved from those specified 
by the State of Washington’s Guidance for Evaluating Emerging Stormwater Treatment 
Technologies, Technology Assessment Protocol – Ecology (TAPE) (ECY 2002/2008, 4-
5). However, the specifications and procedures were refined as discussed in Section 4 to 
better mimic field performance.   

1.2 TreePod® Filter Description 

The TreePod® Filter tested had an outside footprint of 5ft x 9ft and the internal 
dimensions of the media bed was 4ft x 6ft  The filter was originally constructed without a 
bottom so the filter can infiltrate water below the vault.  However, for testing purposes, 
the filter was constructed with a sealed 6-inch concrete bottom to prevent infiltration 
losses.  The TreePod® has two weirs set into the sides of the inlet to allow for bypass if 
the flow exceeds the filter capacity.  The TreePod® is designed to support vegetation, but 
the unit tested did not have vegetation.  The media composition in the TreePod® was 
similar to the tree box filter tested by the University of New Hampshire (UNH 2007).   
Figure 1 is a schematic of the filter.   
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Figure 1 TreePod® Filter Schematic 

1.3 Media Descriptions 

Two media blends were tested: a blend of sand and compost (SC), and a blend of 
expanded slate and compost (ESC).  The composition and physical characteristics of the 
media were not performed by OWP; they are reported as provided by Kristar.  Hydraulic 
capacity tests were performed on SC and ESC.  Treatment tests were only performed on 
ESC.  The compost used in both blends met the specifications established by the US 
Compost Council.   

1.3.1 Sand and Compost (SC) Blend 

The SC blend (see sample KE 15b in Appendix A) was chosen by Kristar because it is 
similar to the blend used in a tree box filter tested by University of New Hampshire 
(UNH).  The SC blend is composed of 80 percent sand and 20 percent compost.  Previous 
laboratory results of the SC (see Appendix A) report the hydraulic conductivity of SC to 
be approximately 50 in/hr (0.035 cm/s) at the end of a 10-minute test (ASTM D2434).  
Two feet of SC were installed in the TreePod® Filter and tested for hydraulic 
performance.  

1.3.2 Expanded Slate and Compost (ESC) Blend 

The ESC blend (see sample KE 13b in Appendix A) is composed of 80 percent expanded 
slate and 20 percent compost.  For treatment tests, the SC blend was removed and 
replaced with the ESC blend.  The ESC blend was expected to have a higher hydraulic 
conductivity based on prior analysis.  Previous laboratory results of the ESC (see 
Appendix A) report the hydraulic conductivity of ESC to be approximately 43 in/hr (0.03 
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cm/s) at the end of a 10-minute test (ASTM D2434).  This blend was well mixed 
compared to the SC blend, which contained clumps of compost.  1.5 feet of the ESC 
blend were installed.  

2 Setup 
Hydraulic and treatment tests were performed at the Stormwater and Erosion Research 
Facility (SERF) at California State University, Sacramento.  The setup for the hydraulic 
and treatment tests and a discussion of the sediment source used for the treatment tests, 
are discussed in this section.   

2.1 Influent 

The influent setup for both hydraulic and treatment tests is essentially the same, except 
that when performing the treatment tests a sediment slurry, discussed in Section 2.1.2, is 
injected into the main water supply.  A schematic of the water flow path is shown in 
Figure 2.   

.
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rear of TreePod®

Commingled flow 
(if bypassing) 

through a 6” port 
leaving junction 

box

TreePod® 
media

Bypass flow 
over weir to 
junction box

Filtrate flow 
through 3” 

underdrain pipe to 
junction box
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Figure 2 Process Diagram of Water Flow Path 
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2.1.1 Hydraulic Tests 

To perform hydraulic tests, water from the campus irrigation lines was fed through a 1.5-
in pipe, which avoided complications due to recirculation of the water after it passed 
through the filter.  The flow was throttled by a gate valve and monitored by a flow meter.  
The water then flowed out of the pipe and into the TreePod® Filter from the top of the 
manhole instead of through the curb inlet (Figure 3). 

 
Figure 3 Influent to TreePod® Filter via the Manhole Access 

2.1.2 Treatment Tests 

To introduce sediment into the influent flow, the setup for treatment tests used a sediment 
dosing system that consisted of a propeller mixer, slurry tank, recirculation pump, and a 
peristaltic pump (Figure 4).  

The mixer and recirculation pump were needed to keep the extremely high concentrations 
of sediment suspended within the slurry tank.  The peristaltic pump dosed the influent 
water by taking the slurry from the return line of the recirculation pump.  

After injection of slurry, the influent water passed through an inline static mixer that 
mixed the slurry with the supply water and dampened the pulsation of sediment caused 
by the peristaltic pump.   
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Figure 4  Slurry Injection Setup at the SERF  

Sediment Source and Slurry Preparation 

Treatment tests were performed with a slurry mix consisting of street dust as the sediment 
source and irrigation water.  

Street Dust 

The street dust consisted of particles collected from street sweepings that passed a #200 
US sieve (< 0.075 mm).  This resulted in sediment that contains the smaller and less-
dense particles that are found in stormwater.  Street dust already has adequate levels of 
many other constituents because street dust particles are likely to be the very particles 
that become entrained in stormwater runoff from paved surfaces.  

The target phosphorus content in the street dust was 0.0017 g/g based on monitoring from 
a watershed in the Pacific Northwest where the TreePod® Filter might be used.  This 
ratio was calculated from runoff concentrations of 0.2 mg/L total phosphorus at 120 mg/L 
TSS.  Street sweepings collected in late June from the City of South Lake Tahoe had 
phosphorus levels averaging around 0.0007 g/g.   

Volatile solids tests were performed to confirm the presence of vegetation-based particles 
in the street dust.  Street dust was 13 percent volatile, which indicates the presence of 
organic material. 

Slurry Preparation 

For each test run, the amount of sediment required to produce the specified target influent 
concentration of 100 mg/L was calculated based on the design flow, the injection flow, 

Recirculation Pump 

 

Peristaltic Pump 

 

Slurry Tank 

 

Mixer 

 

Water Main Valve 

 
Static Mixer 

 



 

October 15, 2010 8  Final Report 

and a TSS recovery rate of about 80 percent of the theoretical dose.  The sediment was 
then weighed out and mixed with 13 gallons of water in a 20-gallon cylindrical tank with 
a conical bottom using a mixer and a circulation pump. 

The peristaltic pump was calibrated to 0.067 gpm to inject the correct amount of slurry 
into the main water supply to achieve the desired influent concentration entering the 
TreePod® Filter.  

2.2 Effluent 

Several effluent configurations were employed.  Effluent plumbing was changed during 
both the hydraulic and the treatment tests.  Changes were made to observe unimpeded 
flow, to develop static saturated conditions, and to measure effluent flow rate.  Plumbing 
changes were made to switch between sampling of media effluent that was isolated from 
bypass water, and to sample water filtrate that was commingled with bypass water.  The 
effluent plumbing configurations are shown below in Figure 5. 

 

 

 
a) 6-inch outlet port from the junction 

box underneath the inlet 
 
  

 
b) 3-inch outlet with 3-inch port ball valve 
for switching between unrestricted flow in 
the 3-inch pipe (background) and the 1.5-

inch flow meter (foreground) 

Figure 5 Variations in Effluent Plumbing from the Junction Box (a) and from the 
Back of the TreePod® (b). 

Initially, to perform a constant-flow hydraulic test, all outlets were capped except for one 
6-in outlet port and the 3-in underdrain to the junction box, as seen in Table 1, 
configuration 1.  Then, this 6-inch outlet was capped, the end of the 3-inch drain pipe on 
the inside of the junction box was plugged, and a 3-inch threaded, external three-way 
valve was attached on the other end.  The three-way valve, or backside tap, allowed the 
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pressure head of the TreePod® to be determined through a ½-inch stand pipe and allowed 
the TreePod® to be flooded to perform falling head tests.  This configuration can be seen 
in Table 1, configuration 2.  After hydraulic testing, the effluent plumbing remained the 
same to test for constituent removal by the media only.  Limited bypass samples were 
collected separately.  Finally, to reduce the cost of separate analyses of filtrate and bypass 
water, the effluent plumbing was reverted back to the initial setup to test overall 
treatment as determined by the water quality of commingled filtrate and bypass water 
(Table 1, configuration 4).   
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Table 1 Effluent Testing Configurations 
Type of Test 

 
Effluent 

Plumbing 
Configuration 

Pipes from the 3-in 
drain in the back of 
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Hydraulics: 
Constant Head 
Tests 

1.  Discharge 
through 
orifice in cap 
on 3-in drain 

Closed Closed Capped, 
with 
restrictor 
cap 

One 
open, 
two 
sealed 

 
Hydraulics: 
Saturated 
Falling Head 
Tests 

2. Discharge 
through 3-in 
pipe 

Open Closed Sealed All 
sealed 

 
Hydraulics: 
Saturated 
Falling Head 
with Flow 
Meter Test 

3. Discharge 
through 1.5-in 
pipe 

Closed  Open Sealed All 
sealed 

 
Hydraulics: 
Infiltrometer 
Tests 

4.  Discharge 
through 3-in 
drain into the 
junction box 

Closed Closed Free-
flowing 

One 
open, 
two 
sealed 

 
Treatment: 
Media Removal 
Performance 
Tests (filtrate) 

2. Discharge 
through 3-in 
pipe 

Open Closed Sealed All 
sealed 

 
Treatment: Full 
Device 
Performance 
Tests 
(commingled) 

4.  Discharge 
through 3-in 
drain into the 
junction box 

Closed Closed Free-
flowing 

One 
open, 
two 
sealed 
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3 Hydraulics 

3.1 Definitions 

The following definitions are assumed in this report: 

Hydraulic capacity: Infiltration rate at maximum hydraulic gradient for a given 
conductivity (in/hr) 

Hydraulic conductivity:  Conductivity resulting from partial saturation (in/hr) 

Hydraulic gradient: Height of water above the drain pipe divided by the height of media 
(unit less) 

Infiltration rate: Rate of water flux across the surface of the media (in/hr) 

Negative pore pressure:  Vacuum pressure 

Saturated hydraulic conductivity: Conductivity at the level of saturation achieved after 
being flooded and static for at least 20 minutes (in/hr) 

For one-dimensional Darcy’s law q = KI where q is the infiltration rate, K is the 
conductivity, and I is the hydraulic gradient.   

3.2 Hydraulic Test Methods 

In general, hydraulic conductivity and capacity is difficult to pinpoint in a system that 
varies drastically between fairly dry and fairly saturated conditions.  As the media 
saturates, more of the void space is available for flow and hydraulic conductivity 
increases, but negative pore pressure decreases so infiltration rate across the water-media 
interface decreases.  As flows pass through the media, fines can wash out causing an 
increase in void space (the area available to flow).  However, these fines can redistribute 
within the media and plug flow channels.  Wetting and drying cycles can trap air bubbles 
inside the media, decreasing the area available for water flow.  There may also be an 
issue of compost swelling due to long-duration wetting. 

Figure 6 shows a typical soil conductivity curve for various pore pressures.  When the 
soil is dry conductivity is low, but this is not to say that the infiltration rate is low.  When 
the soil is dry negative pore pressure increases the hydraulic gradient and air voids create 
space for water storage.  As the soil saturates it follows the wetting curve.  In an idealized 
situation the soil fully saturates and the conductivity becomes the saturated conductivity.  
This really only happens in a lab or highly controlled situation.  More typically, trapped 
air bubbles reduce the final conductivity.  (These air bubbles tend to persist in the small 
flow channels, not the larger flow channels.)  In addition, when the soil starts to dry it 
makes a gradual transition from the wetting curve to the drying curve, so at any time the 
true observable conductivity can be anywhere between the two curves or have air bubbles 



 

October 15, 2010 12  Final Report 

that reduce the conductivity.  So without controlling the wetting and knowing initial 
conditions, conductivity covers a large range.   
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Figure 6 Conductivity During Wetting and Drying Cycles 

Due to the many factors that affect hydraulic conductivity, several methods were used to 
test the media. For the SC blend, constant flow tests, falling head tests, and infiltrometer 
tests were performed.  For the ESC blend, falling head and infiltrometer tests were 
performed and water level above the media was recorded throughout the treatment tests.   

3.2.1 Constant Flow Tests 

Short-term constant flow tests were performed to establish a steady hydraulic infiltration 
rate at different water levels.  First, the influent flow rate was set and held constant.  The 
water level and effluent flow rate were observed.  If the effluent flow rate and water level 
were stable for 5 minutes then the infiltration rate was taken as the influent flow rate for 
that water level.  Then influent flow rate was changed to determine steady infiltration at a 
different water level.   Effluent flow rates were measured with a bucket and a stop watch, 
a practice that could produce large errors at high flow rates.   
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Longer flow tests were then performed to measure conductivity under more saturated and 
less variable conditions.  The flow rate was changed several times but the water was 
never turned off over the course of 3 days.   

The 3-inch drain pipe was capped inside the junction box.  This restricted the flow 
through a small hole in the cap and perforated pipe slots.  The effluent configuration can 
be seen in Table 1, configuration 1.  This cap was removed on June 14 after these tests.   

    
Figure 7  Restrictor Cap and Flow Through Orifice in Restrictor and Exposed Slots 
in the 3-in Underdrain Pipe 

3.2.2 Infiltrometer 

Double-ring infiltrometer tests were also conducted using a Turftech® Infiltrometer, 
which measures the infiltration rate with a hydraulic gradient close to one.   

3.2.3 Falling Head Tests 

Two types of falling head tests were used.  The first is a saturated falling head test where 
the media was flooded and allowed to sit static and then drain as quickly as possible.  
Flow was measured by the change in depth of water above the media.  A flow meter was 
also used for one test, but this proved to substantially restrict the flow.  The second test is 
a partially saturated falling head test which consisted of tracking how quickly the 
TreePod® drains after a test run.  All of the partially saturated tests measured flow based 
on the change in water depth above the media.  A summary of the tests that were run on 
each media are presented in Table 2.  

All the flows that were calculated must be adjusted for changes in the area of water above 
the media.  Immediately above the filter media, the effective area was less than 24 square 
feet, due to the mulch.  An estimation of mulch porosity was used to determine the 
effective area of the water infiltrating into the media.  The area also changed above the 
splash plate, due to inundation of the inlet area.  During the tests, the TreePod® was also 
inspected for leaks that bypass the media.  Leak quantities should be subtracted from the 
flow estimated via the change in water depth. 
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3.3 Hydraulic Test Performed for Each Media 

 

Table 2 Summary of Hydraulic Tests Performed for Each Media 
Test Method SC Media ESC Media Effluent 

Configuration 
From Table 1 

Constant Flow 3 short-duration tests 
1 long-duration test 

None 1 

Saturated Falling Head 1 test 2 tests with 3-in effluent  
1 test with a restriction 
from the flow meter and 
back pressure recorded 

2 and 3 

Turftech Infiltrometer 3 locations on the media 
surface, multiple tests 

1 location on the media 
surface, multiple tests 

2 and 4 

Falling Head Following 
Treatment Testing 

None 11 post-run tests 4 

   

3.4 SC Blend Hydraulic Test Results 

3.4.1 Constant Flow Tests 

The data from the constant flow tests are shown in Figure 8.  There are multiple values of 
hydraulic conductivity, ranging from 17 in/hr to 64 in/hr.  These were calculated during 
intervals of fairly steady flow.  During the second constant flow test (Figure 9), the flow 
was changed and tracked until it stabilized for five minutes.  As expected, the water level 
seems to asymptotically approach a constant water level during the 19.2 gallons per 
minute flow rate.  But when the flow was decreased to 17.7 gallons per minute, the water 
level suddenly decreased, but then gradually increased and eventually exceeded the water 
level observed for 19.2 gallons per minute.  This indicates a change in the media’s 
conductivity.  This could have been caused by swelling of compost, particle migration, or 
trapped air bubbles.  This shows that the conductivity in the TreePod® depends on the 
wetting conditions. 
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Figure 9 Second Attempt at Constant Flow Test for SC Blend 
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3.4.2 Saturated Falling Head Test 

Figure 10 tracks the water surface level during a saturated conductivity test on the SC 
blend.  The saturated conductivity of the media determined by this one falling head test 
was about 100 in/hr. 
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Figure 10 Saturated Falling Head Test of SC Blend 

3.4.3 TurfTech Infiltrometer 

Infiltrometer tests were conducted after the media had been drying for one day.  The 
infiltrometer tests show how quickly the hydraulic capacity of the media can change.  For 
each test the infiltrometer only allows 3-6 inches of water to infiltrate.  Performing 
consecutive tests, up to about 16 inches of infiltrated water, the infiltration rate went from 
about 250 in/hr to 50 in/hr, as shown in Figure 11.  This trend is consistent with what the 
Green-Ampt infiltration model would predict.  When steady infiltration capacity is 
observed over several consecutive tests, it is reasonable to assume the hydraulic gradient 
is about 1 so the conductivity of the media is equal to the infiltration rate.  For SC this 
was about 50 in/hr.  That is about the same as the average conductivity from the first 
constant flow test, seen in Figure 8. 



 

October 15, 2010 17  Final Report 

 

0

50

100

150

200

250

1 2 3 4 5 6

Infiltrometer Tests within the Media Bed

location 1

center

location 2

Number of Consecutive Tests

In
fil

tr
at

io
n 

ra
te

, i
n/

hr

 
Figure 11 Infiltrometer Test on SC Blend 

3.5 ESC Blend Hydraulic Test Results 

3.5.1 Saturated Falling Head Tests 

Three falling head tests were performed on the ECS blend shortly after installation.  The 
3-in pipe was plugged inside the junction box and the backside tap was used.  Two falling 
head tests were done with an unobstructed 3-in pipe (Figure 12). The two unrestricted 
falling head tests yield saturated conductivities of  254 and 256 in/hr.  One was run 
through the flow meter in an attempt to determine hydraulic conductivity (Figure 13).  
The conductivity was measured at 160 in/hr.  This is much lower than the unrestricted 
tests (without a flow meter) so this was not an accurate measure of saturated 
conductivity.  
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Figure 12 Saturated Falling Head Test on ESC Blend 
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Figure 13 Restricted Falling Head Test with Effluent Flow Meter on ESC Blend 

3.5.2 Falling Head Tests Following Individual Treatment Test Runs 

Hydraulic characterization of the ESC blend was similar to the SC blend, where 
conductivity varied depending mainly on wetting and drying.  Falling head tests seemed 
to give the most consistent results.  After every treatment test that ponded greater than 4 
inches by the end of the test run, a falling head test was conducted.  Once the influent 
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water was shut off, water height was recorded versus time.  Area changed depending on 
the depth of ponding.  At low depths the mulch decreased the effective area above the 
media and above the splash plate the ponding extended into the inlet area.  The height 
was adjusted for changes in area so that the height shown in Figure 14 is the height that 
would have occurred if the area of ponding was held constant at 24 square feet 
throughout all depths of ponding.  The instantaneous flow rate can be calculated along 
any point of any curve by multiplying the slope of the curve times the normalized water 
surface area (24 sq ft); however, the measurements of depth were discrete, rather than 
continuous.  Consequently, the resulting flow rates shown in Figure 15 were calculated 
between the discrete time intervals at which the water depths were recorded. 
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Figure 14  Area-Corrected Falling Head Immediately After Treatment Tests 

The falling head data were plotted in Figure 15 as flow rate against height above the 
bottom of the filter media.  Height was measured from bottom of the media to show that 
flow behaved according to the Darcy relationship between flow and height of water 
across the media.  The fitted line should pass through zero flow at zero height, because 
height above the drain is the driving head.   

An additional adjustment was required because of an increase in leaking when ponding 
occurs in the inlet box.  The leaks occurred around the junction box access panel and in 
open spaces between the weir and the splash plate.  The leaks bypass the media and are 
caught in the junction box below the inlet.  Because of the increase in leaks around the 
splash plate and because of the uncertainty of the porosity of the mulch, the most reliable 
data are found in the area from 23 inches to 29 inches above the bottom of the media.  
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This is shown as the un-shaded area in Figure 15, and the dashed purple line shows the 
regression line for this data.  The regression was forced to intersect the graph at zero flow 
and zero water height as assumed by Darcy’s equation.  To assess this assumption, the 
regression was compared to the regression of all the corrected flow data without forcing 
an intersect.  The two lines are remarkably similar. 
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The flow rates represented by red stars were first calculated based on the rate that the water level fell times the 
area of the water surface, using the area of the water surface as 34 square feet above 29 inches, and 24 square 
feet between 18 and 29 inches, which included the mulch. The jump in flow rate at depths above the height of 
the inlet splash plate (29 inches above the bottom of the media) was due to an increase in leaks. The increase in 
leaking was measured between 2 and 4 gallons per minute (gpm). 2.5 gpm was used to estimate leakage by 
subtracting from the calculated flow due to the fit of the corrected data above 29 inches to the regression line of 
data between the mulch and the inlet area. The data below 5 inches was also high due to the decrease in 
effective water surface area. Much of the data found for redwood bark mulch indicate that the ratio of void 
space to total volume (porosity) should be around 0.75., but the 3-in bed of mulch would float and become loose, 
occupying 5 inches instead of 3. This increases the void space to about 0.9, which was used in determining the 
effective water surface area. The corrected flow values are displayed as blue diamonds.

 
Figure 15 Falling Head Data with Corrections During Sediment Load Testing 
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3.5.3 Infiltrometer 

Infiltrometer tests performed right after a falling head test gave the same infiltration rates 
as the falling head tests.  From the infiltrometer tests, the conductivity can be estimated at 
about 45-60 in/hr.  Infiltration test results can be seen in Figure 16.  
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Figure 16 Infiltrometer Tests on ESC Blend 

3.6 Media Comparison 

The two media are compared using saturated hydraulic conductivities.  The two tests 
from the ESC blend and the one test from the SC blend are shown together in Figure 17.  
The tests for SC blend occurred after around 24,000 gallons of water had passed through 
the media, which may have caused compaction and migration of fines, both of which can 
decrease conductivities.  The ESC test 2 shown represents freshly placed ESC blend.  The 
freshly placed ESC blend had about twice the saturated conductivity as the SC blend. 
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Figure 17 Saturated Falling Head Comparison 

During many of the partially saturated tests, the conductivity of the SC blend was around 
53 in/hr and after prolonged wetting dropped to about 30 in/hr.  When attempting to trap 
air within the filter, conductivity dropped as low as 17 in/hr.  For the ESC blend, 
conductivity was nearly 60 in/hr during sediment load testing.   

Similar infiltration rates were also observed with the infiltrometer tests (Figure 18).  The 
SC tests were run on dry soil until consecutive tests yielded similar results.  One set of 
tests was run on the ESC blend after 15 minutes of wetting and one set was run directly 
after a falling head test.   

So despite the increased saturated conductivity in the ESC blend, the hydraulic capacities 
are actually very similar and are more dependent on wetting conditions than saturated 
conductivity.  The effect of wetting conditions was also observed in the treatment tests 
(see Section 4).  For example, the first test run of 30 gallons per minute was able to pass 
the 150-min test with no bypass while subsequent runs of lesser flows bypassed due to 
the decrease in hydraulic capacity caused by wetting.   
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Figure 18 Infiltrometer Comparison of ESC and SC Media 

4 Treatment Tests 
This section presents methods and results of the water quality treatment tests.  The 
methods used allowed an analysis of the full TreePod® performance, including the 
effects of bypass (Section 4.2) and the analysis of the isolated media bed performance 
(Section 4.3).  

4.1 Treatment Test Procedures 

OWP performed treatment tests based on Washington State’s Guidance for Evaluating 
Emerging Stormwater Treatment Technologies: Technology Assessment Protocol – 
Ecology (TAPE).  TAPE’s full-scale laboratory test protocol specifies tests be conducted 
at constant flow rates of 50, 75, 100, and 150 percent of the design flow, with U.S. Silica 
Sil-Co-Sil 106 as the typical PSD runoff sediment at an influent concentration of 100 
mg/L.  OWP expanded on the TAPE by adding long-term test runs.  OWP also used a 
finer and less dense sediment source and tested at 25 percent of the design flow.  TAPE 
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requires full device treatment testing, which does not isolate any particular components.  
This was accomplished by mass-balance calculation for six of the runs and by direct 
measurement for the remaining runs (Section 4.2).  However, TAPE does not require a 
minimum test duration, so the test results that isolate the filtrate through the media will be 
more comparable to short-duration tests run by other laboratories (Section 4.3). 

Treatment tests for the TreePod® Filter were performed using a sediment source that best 
represents field conditions and treatment performance.  Instead of using Sil-Co-Sil 106, 
which is ground silica particles that are less than approximately 100 microns, OWP used 
street dust, which is a superior alternative because it is composed of the very particles 
that are mobilized by storms and entrained into runoff.  Street dust is street sweepings 
that have passed the #200 sieve (75 microns), so removal is not biased by large particles.  
Street dust particles also represent a more realistic particle composition.  The street dust 
used is about 13 percent volatile, which indicates organic particles, which are much 
lighter than the silica particles. 

OWP also performed long-duration tests, which are not required in most laboratory 
evaluation procedures throughout the U.S.  (Typical tests are much less than an hour in 
duration.)  Each OWP test run for the TreePod® was 150 minutes long and sampling 
occurred throughout each test run.  To compare to the shorter-duration tests performed by 
others, Section 4.2 presents overall system performance, including the effect of whatever 
bypass occurred and commingled with the filtrate throughout each 150-minute run.  
Section 4.3 presents concentration reductions that occur before flow bypass develops. 

4.1.1 Monitoring Method 

To compare the results of this study to short-term laboratory evaluations of other 
stormwater treatment products, it is helpful to factor bypass based on hydraulic analysis 
to estimate the overall performance of the TreePod® system (Section 4.2) and to quantify 
reduction through media (Section 4.3).  To accomplish both objectives, head was 
monitored during the 150-minute treatment tests, which included monitoring when the 
flow bypassed, as discussed in Section 4.3.  

Some of the test runs only sampled media filtrate.  To calculate the overall constituent 
reduction during the test run, the concentrations in the overtopping bypass and leaking 
bypass must be estimated (Section 4.2.1).  To sample the bypass water a siphon was 
placed inside the weir to capture the water just before it passed over the weir.  Elevation 
change in the siphon was minimized to maximize efficient transport of sediment through 
the siphon.  Bypass monitoring was performed once for metals and phosphorus and 3 
times for solids and turbidity.   

4.1.2 Analysis 

Various analyses were performed on the influent and effluent of each test.  Some 
analyses were performed by OWP and other analyses were performed by Caltest, an 
analytical laboratory in Napa, CA.  Table 3 is a summary of analyses performed. 
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Table 3 Summary of Water Quality Analyses Performed 
Analysis   Performed By 
Total Suspended Solids (TSS)   OWP 
Suspended Solids Concentration (SSC)   OWP 
Turbidity   OWP 
Total Phosphorus   Caltest 
Total Copper   Caltest 
Total Lead   Caltest 
Total Zinc   Caltest 

 
4.1.3 Sampling 

Influent and effluent samples were collected from the corresponding outlets in 500-ml 
plastic bottles.  Plastic bottles were marked with 50-ml gradations.  Aliquots were taken 
every 15 minutes for 150 minutes, creating a composite of ten aliquots per sample of both 
the influent and the effluent.  Since flow was consistent (+/- 10 percent of target flow), 
these time-weighted composites are also flow-weighted composites.  Multiple sample 
bottles were used, depending on the analysis performed.  SSC samples were always 
collected in separate bottles because the analysis procedure requires a filtration of the 
total volume.  Splitting a sample could result in unequal distribution of particles.  This is 
especially true at lower concentrations, where just a few particles contribute substantially 
to the measurement.  TSS and turbidity samples were collected in the same bottle.  Total 
phosphorus was collected in a bottle preserved with sulfuric acid prior to sample 
collection.  Total metals were collected in a bottle preserved with nitric acid.  When more 
than one bottle was needed, the sample collector would cycle through the bottles every 15 
minutes.  Filling all four bottles with a single aliquot would take about 5 minutes.   

4.1.4 Test Schedule, Flows, and Cumulative Filter Loading 

Constituent reduction in media filtrate was monitored during the first six tests with the 
effluent configuration shown in Table 1, configuration 2: two at flow rates of 125 percent 
of design flow and one test at 100, 75, 50, and 25 percent.  These tests were performed 
within one week, and the time between tests ranged from 24 to 48 hours.  For subsequent 
treatment tests, the effluent configuration shown in Table 1, configuration 4 allowed 
capture of commingled effluent.  A schedule of the tests performed is shown in Table 4, 
which shows percent of design flow and the corresponding flow value that was used for 
the test run for that particular day.   
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Table 4 Testing Schedule and Effluent Configuration for Sampling 
Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

 
No Testing 

7/15 
125% 

30 gpm 

7/16 
100% 

24 gpm 

7/17 
No 

Testing 
7/18 
75% 

18 gpm 

7/19 
50% 

12 gpm 

7/20 
25% 

6 gpm 

7/21 
125% 

30 gpm 

7/22 
75% 

18 gpm 

7/23 
100% 

24 gpm 

7/24 
No 

Testing 
7/25 
50% 

12 gpm 

7/26 
25% 

6 gpm 

7/27 
125% 

30 gpm 

7/28 
100% 

24 gpm 

7/29 
75% 

18 gpm 

7/30 
50% 

12 gpm 

7/31 
No 

Testing 
8/1 

25% 
6 gpm 

Testing Complete 
 

As shown in Table 5, effluent filtrate flow was isolated from bypass flows for the first 6 
runs.  Samples were taken from the back side of the TreePod® through an extension of 
the 3-inch underdrain pipe, as seen in Table 1, configuration 2 and Figure 5b.  For the 
remainder of the runs, samples were then taken from the 6-inch pipe as seen in Table 1, 
configuration 4 and Figure 5a.  

The treatment tests used a total of 40,500 gallons of synthetic stormwater.  If a storm 
intensity of 0.16 in/hr is assumed, the catchment size is 0.331 acres for a TreePod® rated 
at 24 gpm.  Using an average rainfall of 18 in/year for the Sacramento region and a runoff 
coefficient of one, the volume of runoff generated is 161,555 gallons per year.  So the 
device received about 25 percent of annual runoff.  Due to bypass of roughly 20 percent 
of the influent load, the filter media was loaded with about 20 percent of the annual 
runoff.  Since the loading represents less than a full year of operation, the results 
presented in this report may not represent long-term treatment.   
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Table 5 Treatment Test Run Summary of Sampling Locations, Occurrence of 
Bypass, and Sampling of Isolated Filtrate 
Date Effluent Configuration  Flow Rate,  

gallons per minute 
Time to Bypass, 
minutes 

Isolated 
Filtrate 
Data? 

7/15 

 

30 No Bypass Yes 
7/16 24 75 Yes 
7/18 18 120 Yes 
7/19 12 No Bypass Yes 
7/20 6 No Bypass Yes 
7/21 30 10 Yes 
7/22 

 

18 75 No 
7/23 24 30 No 
7/25 12 No Bypass Yes 
7/26 6 No Bypass Yes 
7/27 30 16 No 
7/28 24 30 No 
7/29 18 120 No 
7/30 12 No Bypass Yes 
8/1 6 No Bypass Yes 

4.1.5 Background Concentration 

Concentrations in the filtrate were measured during the initial hydraulic tests, which ran 
clean water through the media bed.  Prior to performing treatment tests, samples were 
analyzed for the following constituents: TSS, SSC, turbidity, phosphorus, copper, lead, 
and zinc.  Table 6 shows values of the background concentrations. Analysis showed that 
these constituents leached out of the filter at fairly low levels, with the exception of total 
phosphorus.  Total phosphorus was not drastically high, but may be at a level that could 
cause concern for some phosphorus-sensitive watersheds. 

Table 6  Average Background Concentration of Grab Samples Prior to Treatment 
Tests and After about 2,000 Gallons of Flushing Resulting from Hydraulic Tests 

Constituent Units Average Background 
Concentration 

TSS mg/L 0.67* 
SSC mg/L 0.53* 
Turbidity NTU 3.55* 
Copper ug/L 4.30** 
Lead ug/L 0.13** 
Zinc ug/L 3.60** 
Phosphorus mg/L 0.94** 
* Value from single grab sample 
** Average from 3 grab samples 
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4.2 Treatment Performance throughout the 150-Minute Test Runs (including 
bypass) 

This section presents the sample methods, calculation methods, and results of the full-
device performance throughout each 150-minute test run.  For some runs, the filtrate was 
sampled instead of the commingled filtrate and bypass flow.  For these runs, the isolated 
media bed effluent data required a mass balance calculation to add in the effects of 
bypass and express the results as full-device treatment.  The calculation method is 
presented in the following section.  The full-device treatment results from both calculated 
effluent load and direct analysis performance results of commingled effluent samples are 
presented in Section 4.2.2.  Since percent reduction is greatly influenced by influent 
concentrations, Table 7 shows the average influent concentrations for all 15 runs.  There 
was no relationship between influent concentration and flow, so the influent 
concentrations were fairly consistent among the test runs.   

 

Table 7  Influent Concentration Summary Statistics 

Constituent Units Samples* Average 
Concentration 

Standard 
Deviation 

TSS mg/L 15 105 3.4 
SSC mg/L 15 104 1.8 
Turbidity NTU 15 28 1 
Copper ug/L 15 9.4 .32 
Lead ug/L 15 2.5 0.08 
Zinc ug/L 15 16.9 0.47 
Phosphorus mg/L 14** 0.08 0.004 
*Runs with duplicate samples are only counted once.  The average of the duplicate values are used. 
** Influent phosphorus was not analyzed for run 14 due to violation of the maximum hold time. 

 

4.2.1 Calculation Method 

The performance throughout each 150-minute test run was calculated by dividing the 
mass of constituents retained in the TreePod® by the mass of constituents in the influent.  
The mass of constituents retained was determined by subtracting the mass of constituents 
leaving the unit by the mass that was introduced in the influent.  In some cases bypass of 
the media had occurred.  When the commingled water was sampled, the measured 
concentration could be used directly in the mass balance calculation.  In the cases where 
filtrate was sampled, the measured value was combined with an estimation of the mass in 
the bypass water to represent the net mass leaving the TreePod®.  Nephelometric 
Turbidity Units (NTU), though a measure of light scatter, were treated in the same way as 
the other constituents that are expressed as mass.  This assumes that NTUs are 
conservative and respond linearly to dilution.   



 

October 15, 2010 29  Final Report 

The effluent mass was calculated for various time periods according to Equation 1.  For 
periods without bypass, the cumulative volume before bypass was multiplied times the 
filtrate concentration, resulting in the effluent mass before bypass.  After bypass it was 
assumed that 14 gallons per minute would pass through the filter (based on post-run, 
falling head tests as presented in Section 3.5.2), so 14 gallons per minute was multiplied 
by the duration of bypass and the filtrate concentration, resulting in the mass leaving the 
filter bed during the period that bypass occurred.  The remaining flow (total flow minus 
14 gpm) was multiplied by the duration of bypass, the influent concentration, and the 
overtopping coefficient.  The overtopping coefficient is one minus the loss coefficient for 
the inlet, since some settling occurred before water bypassed over the weir.  This gave the 
mass bypassing the filter.  The sum of these three masses is the total effluent mass 
leaving the TreePod® device.  The total effluent mass divided by the volume of water 
used during the test gives the calculated effluent concentration.  The calculation tables for 
each constituent are presented in Appendix B. 

      Equation 1  

Where: 

 

 

 

 

 

 

 

 

4.2.2 Results for Performance Throughout 150-Minute Test Runs 

The TreePod® unit tested achieved a high level of treatment for all runs up to the design 
flow of 24 gpm.  Average solids removal exceeded 80 percent and average copper, zinc, 
and lead removals were all above 50 percent.     

For all constituents except total phosphorus, there appears to be a decrease in constituent 
reduction with flow rate, but this is not due to a decrease in the effectiveness of the filter 
as flow through the filter increases.  Rather, this is due to the bypass of influent water that 
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has undergone very little treatment while in the inlet portion of the TreePod®.  This is 
demonstrated by one test run at 30 gpm that did not bypass: reduction for this run was 
similar to non-bypass runs at lower flows, as seen in Figures 19 through 24.     

There are noticeable differences in load reduction among the three metals.  This is 
expected due to the difference between the background concentration of the media 
effluent and the influent concentration.  Lead was dosed approximately 20 times higher 
than the background concentration; zinc was about 3 times higher, and copper was only 
about double.  Since the effluent concentrations were similar to the background levels 
and removal is a function of the influent concentration, higher load reduction is expected 
for lead, followed by zinc and then copper.  This is shown in Figure 22 through Figure 
24.   

For similar reasons, phosphorus reductions are negative.  The influent concentrations 
were several times lower than the background concentrations.  This is further discussed 
under the “Phosphorus” subheading. 

The calculation tables are in Appendix B. 

Solids 

Solids reduction was above 80 percent for all flows at the design flow rate of 24 gpm and 
below.  There was no evidence of scour or sediment loss at higher flows.  The decrease in 
reduction was due to water that bypassed the media.  The result at 98 percent reduction 
and 30 gpm occurred because of a lack of bypass.  Of the other two results at 30 gpm, 
one sampled commingled effluent and the other was a calculated value based on filtrate 
and bypass samples.  If bypass was not considered in the latter result, the reduction of 
concentration is above 95 percent (see Section 4.3).  Figure 19 presents SSC data and 
Figure 20 presents TSS data.  SSC and TSS were consistent in this analysis.  This may be 
due to screening of influent particles to eliminate particles greater than 75 microns.   
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Figure 19 Device Removal of SSC 
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Figure 20 Device Removal of TSS 
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Turbidity 

Turbidity is a measure of light scatter, but the reductions followed the pattern of solids 
removal.  This is expected since particles cause diffraction of light.  The agreement 
between the calculated commingled turbidity and the turbidity that was directly measured 
for commingled samples also shows that dilution affects turbidity in the same way as it 
affects mass-based measurements for other constituents.   
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Figure 21 Device Removal of Turbidity 
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Copper 

Reduction of total copper followed the pattern of solids reduction.  The magnitude of 
reduction was less than for both total lead and total zinc.  This can be attributed to the 
difference between influent concentrations and background levels for these three metals. 
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Figure 22 Device Removal of Copper 
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Lead 

Reduction of total lead followed the pattern of solids reduction.  The magnitude of 
reduction was greater than for both total copper and total zinc.  This can be attributed to 
the difference between influent concentrations and background levels for these three 
metals. 
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Figure 23 Device Removal of Lead 
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Zinc 

Reduction of total zinc followed the pattern of solids reduction.  The magnitude of 
reduction was less than total lead, but higher than total copper.  This can be attributed to 
the difference between influent concentrations and background levels for these three 
metals. 
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Figure 24 Device Removal of Zinc 
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Phosphorus 

In Figure 25, it appears that phosphorus export may have an inverse relationship to flow 
rate, but the results are reported as concentration rather than total mass.  The 
concentration increases with lower flows are likely due to the increase in contact time 
between the water and the compost in the media.  The higher contact time and the lower 
volume of water cause an increase in concentration.  When the flow is increased there is 
actually a higher mass of phosphorus, but over an even larger volume of water.  Figure 26 
shows how the mass of phosphorus leached is a function of the cumulative volume of 
water that passed through the filter.   

-1600%

-1400%

-1200%

-1000%

-800%

-600%

-400%

-200%

0%

0 5 10 15 20 25 30 35

Re
m

ov
al

 %

Flow rate, gal/min

Commingled Phosphorus

 
Figure 25 Device Removal of Phosphorus 
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Figure 26 Leached Mass of Phosphorus versus Cumulative Loading 
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4.3 Treatment Performance of the Isolated Media Bed (filtrate-only) 

The media filtrate, water that passed through the filter, is the highest level of treatment 
that can be achieved because it reflects performance with no bypass.  Table 7 shows the 
test runs from which data were used to isolate the performance of the media bed.  The 
foam plug for the 3-inch pipe, used during hydraulic testing, was left in place for the first 
6 runs to test for constituent removal by the media only.  When the plug was removed 
after run 6, test runs that did not bypass (runs 9, 10, 15, and 16) also contributed to the 
dataset for filtrate.   

4.3.1 Results for Treatment Performance of the Isolated Media Bed 

The comparison of filtrate and influent are shown in Figure 27, Figure 29, Figure 31, 
Figure 33, Figure 35, and Figure 37.  Effluent concentrations are close to the background 
levels, which indicate that removal is a function of the influent concentration.  Overall, 
there is little evidence of changes in effluent concentrations for metals and solids with 
increasing flow rates, as indicated by the consistent effluent concentrations across the 
tested flow rates.  This suggests that physical filtration is the dominant removal 
mechanism for these constituents.   

Removal efficiencies are shown in Figures 28, 30, 32, 34, 36, and 39.  As discussed in 
Section 4.2, the percent reduction in concentrations through a filter are strongly 
dependent on influent concentrations for many constituents.  Constituents with the 
highest reduction percentages had the greatest difference between influent concentration 
and background concentration from leaching of the media.       

Solids 

Solids removal was consistent between TSS and SSC tests.  Average reduction of TSS 
and SSC was 97 percent with an average influent concentration of 107 mg/L TSS and 
103 mg/L SSC.  However turbidity did show some dependence on flow rate with about a 
10 percent reduction in removal between 6 gpm and 30 gpm.  Both TSS and SSC show 
compliance with the “Basic Treatment” requirements of the State of Washington (ECY 
2002/2008).   
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Figure 27 Filtrate Data for TSS Concentrations 
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Figure 28 Filtrate Data TSS Removal 
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Figure 29 Filtrate Data for SSC Concentrations 
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Figure 30 Filtrate Data for SSC Removal 

Turbidity  

Turbidity was reduced from an average concentration of 28 NTU in the influent to 6 
NTU in the effluent.  The effluent values were very similar to the initial background 
concentration.   
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Figure 31 Filtrate Data for Turbidity 
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Figure 32 Filtrate Data for Turbidity Removal 
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Copper 

Total copper experienced 69 percent average removal with an average influent 
concentration of 10 μg/L.  The effluent values were similar to the initial background 
concentration, but may be trending a little lower.  Theories for this behavior are 
premature since the background concentration was established with very few samples. 
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Figure 33 Filtrate Data for Copper Concentrations 
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Figure 34 Filtrate Data for Copper Removal 
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Lead 

Total lead experienced 92 percent average removal with an average influent 
concentration of 2 μg/L.  The effluent values were very similar to the initial background 
concentration. 
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Figure 35 Filtrate Data for Lead Concentrations 
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Figure 36 Filtrate Data for Lead Removal 
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Zinc 

Total zinc experienced 77 percent average percent removal with an average influent 
concentration of 17 ug/L.  The effluent values were very similar to the initial background 
concentration. 
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Figure 37 Filtrate Data for Zinc Concentrations 
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Figure 38 Filtrate Data for Zinc Removal 
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Phosphorus 

For total phosphorus, it appears that phosphorus leaches from the bioretention media, but 
at concentrations less than 1 mg/L.  Still, this may be of concern for applications in 
watersheds that are impaired due to phosphorus loads.  In such scenarios, the open-
bottom TreePod® should be analyzed for reduced phosphorus loading due to infiltration 
losses.   

The average removal of phosphate was -642 percent with an average influent 
concentration of 0.076 mg/L.  The average removal is negative because phosphate was 
leaching from the compost.  This is a result of the filter media having a background 
concentration of 0.94 mg/L.  With the influent concentration lower than the background 
concentration the filter always added phosphorus to the water. 
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Figure 39 Filtrate Data for Phosphorus Concentrations 
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Figure 40 Filtrate Data for Phosphorus Removal 
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5 Guidelines for Estimating Site-Specific Device Performance 
The treatment performance of the TreePod® is dependent on local hydrology, drainage 
area, influent concentration, and TreePod® size.  Hydrology is a critical component 
because of the effect that bypass has on treatment performance.  A site with higher peak 
rainfall intensities will cause more water to bypass the TreePod® than a site with milder 
rainfall intensities, even when the two areas have the same annual rainfall. 

There are two components to estimating media hydraulic capacity and bypass.  The first 
is the initial wetting of the filter.  Theoretical conductivity of the media is low because of 
air in the pore spaces, but negative pore pressure can compensate and draw water into the 
media very quickly.  Once the filter is thoroughly wet, the hydraulic capacity of the filter 
is fairly constant.  Bypass occurs when the runoff exceeds the hydraulic capacity of the 
filter.  A conservative estimate would assume no treatment of bypassed water or 
measured bypass concentrations can be used.  Runoff can be estimated from rain gauge 
data using a standard approach such as the rational method or the SCS method.  The 
instantaneous infiltration rate can be empirically estimated by considering data of time-
to-bypass, drying periods, and wetted hydraulic capacity.  A mass balance is then used to 
calculate pollutant reduction.   
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APPENDIX A: Media Characteristics Provided by Kristar 
Disclaimer: Kristar reports that the Green Roof media shown in this appendix has a grain 
size distribution (GSD) similar to the SC and ESC blends, but the GSD of the compost 
used in the tests was not verified by OWP.  

 

The media specifications provided by Kristar are reproduced on pages A-2 and A-3.  The 
SC media analysis is on pages A-4 and A-5.  The ESC media analysis is on pages A-6 
and A-7.  Page A-8 contains the grain size distribution for expanded slate.  Pages A-9 
through A-11 contain analysis of compost.  
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SC Media Blend Analysis (KE 15b) 
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SC Media Blend Analysis (KE 15b) 
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ESC Media Blend Analysis (KE 13b) 
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ESC Media Blend Analysis (KE 13b) 
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Expanded Slate Grain Size Distribution 
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Compost Analysis 
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APPENDIX B: Raw Water Quality Data, Treatment 
Calculations, and Quality Assurance/Quality Control Analysis 
The raw water quality data are displayed on pages B-2 through B-7.  The treatment 
calculations are displayed on pages B-8 through B-11.  The QA/QC analysis is on pages 
B-12 and B-14. 

 

Raw Water Quality Data 

(see following pages) 
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Treatment Calculations 

For the following treatment calculations, the effluent values for runs 8, 11, 12, and 13 
were from samples of commingled filtrate and bypass.  Consequently, the values in the 
“Device Effluent Concentration” column are equal to those effluent measurements.  For 
other runs where bypass occurred, the values were calculated according to the Equation 1 
in Section 4.2.   
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Quality Assurance/Quality Control Analysis (QA/QC) 

Duplicates were taken for runs 8 (24 gpm), 11 (30 gpm), and 15 (6 gpm).  Duplicate 
influent and effluent samples were taken for run 8.  Only duplicate influent samples were 
taken for run 11 and only duplicate effluent samples were taken for run 15.  The selection 
between influent and effluent was random.  

The relative percent differences are shown in the Table B-1.  The duplicate samples were 
not split, but rather the collection of two completely independent samples that each 
comprises a separate set of 10 aliquots.  The aliquots of the duplicates were offset from 
the primary sample by approximately 1 to 2 minutes.  This means that greater variability 
should be expected between primary and duplicate samples.  It also means that the 
average of the duplicate and primary sample represents the concentration of a single 20-
aliquot sample.   

The traditional standard for relative percent difference (RPD) for split samples is 20 
percent.  This standard is applied to these non-split, quasi-duplicates.  For influent 
samples all RPD were less than 20 percent.  For effluent samples, Cu, TSS, SSC, and Zn 
were greater than 20 percent.  This is explainable due to the collection method of the 
duplicate as previously discussed.  Values closer to the reporting limit are also more 
likely to violate RPD standards because of the potentially true but small differences 
between the primary and duplicate samples.  Unfortunately, the duplicate collection 
method obscures error that may have been due to sample transport and analysis.  For 
analysis error for metals and phosphorus, the laboratory QA/QC reports in Appendix C 
should be consulted.  
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Table B-1 Relative Percent Difference for Duplicates 

Run 
Flow 
Rate, 
gpm 

Sample Description Constituent 
Sample 

Location 
Concentration 

Relative % 
Difference 

8 24 2-TCUPBZN-CT-072310-E-8-2 Copper effluent 3.9 ug/L 
14.3% 

8 24 2-TCUPBZN-CT-072310-E-8 Copper effluent 4.5 ug/L 

8 24 2-TCUPBZN-CT-072310-I-8-2 Copper influent 8.2 ug/L 
1.2% 

8 24 2-TCUPBZN-CT-072310-I-8 Copper influent 8.1 ug/L 

11 30 2-TCUPBZN-CT-072710-i-11-2 Copper influent 8.7 ug/L 
4.5% 

11 30 2-TCUPBZN-CT-072710-i-11 Copper influent 9.1 ug/L 

15 6 2-TCuPBZn-CT-0801108-e-15-2 Copper effluent 4.4 ug/L 
41.1% 

15 6 2-TCuPBZn-CT-0801108-e-15 Copper effluent 2.9 ug/L 

8 24 2-TCUPBZN-CT-072310-E-8 Lead effluent 0.7 ug/L 
1.4% 

8 24 2-TCUPBZN-CT-072310-E-8-2 Lead effluent 0.71 ug/L 

8 24 2-TCUPBZN-CT-072310-I-8 Lead influent 2.1 ug/L 
4.7% 

8 24 2-TCUPBZN-CT-072310-I-8-2 Lead influent 2.2 ug/L 

11 30 2-TCUPBZN-CT-072710-i-11-2 Lead influent 2.8 ug/L 
7.4% 

11 30 2-TCUPBZN-CT-072710-i-11 Lead influent 2.6 ug/L 

15 6 2-TCuPBZn-CT-0801108-e-15-2 Lead effluent 0.19 ug/L 
17.1% 

15 6 2-TCuPBZn-CT-0801108-e-15 Lead effluent 0.16 ug/L 

8 24 2-TP-CT-072310-E-8-2 Phosphorus effluent 0.34 mg/L 
0.0% 

8 24 2-TP-CT-072310-E-8 Phosphorus effluent 0.34 mg/L 

8 24 2-TP-CT-072310-I-8-2 Phosphorus influent 0.082 mg/L 
10.4% 

8 24 2-TP-CT-072310-I-8 Phosphorus influent 0.091 mg/L 

15 6 2-TP-CT-080110-e-15-2 Phosphorus effluent 0.26 mg/L 
7.4% 

15 6 2-TP-CT-080110-e-15 Phosphorus effluent 0.28 mg/L 

8 24 2-SSC-OWP-072310-e-8 SSC effluent  23.68 mg/L 
32.5% 

8 24 2-SSC-OWP-072310-e-8-2 SSC effluent  17.06 mg/L 

8 24 2-SSC-OWP-072310-i-8 SSC influent  108.21 mg/L 
2.1% 

8 24 2-SSC-OWP-072310-i-8-2 SSC influent  106.01 mg/L 

11 30 2-SSC-OWP-072710-i-11 SSC influent  105.71 mg/L 
4.5% 

11 30 2-SSC-OWP-072710-i-11-2 SSC influent  101.08 mg/L 

15 6 2-SSC-OWP-080110-e-15 SSC effluent  2.11 mg/L 
36.2% 

15 6 2-SSC-OWP-080110-e-15-2 SSC effluent  3.04 mg/L 

8 24 2-TSS-OWP-072310-e-8 TSS effluent  17 mg/L 12.5% 
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8 24 2-TSS-OWP-072310-e-8-2 TSS effluent  15 mg/L 

8 24 2-TSS-OWP-072310-i-8 TSS influent  105 mg/L 
3.9% 

8 24 2-TSS-OWP-072310-i-8-2 TSS influent  101 mg/L 

11 30 2-TSS-OWP-072710-i-11 TSS influent  88 mg/L 
1.1% 

11 30 2-TSS-OWP-072710-i-11-2 TSS influent  87 mg/L 

15 6 2-TSS-OWP-080110-e-15 TSS effluent  9 mg/L 
160.0% 

15 6 2-TSS-OWP-080110-e-15-2 TSS effluent  1 mg/L 

8 24 2-TSS-OWP-072310-e-8 Turbidity effluent  7.8 NTU 
8.2% 

8 24 2-TSS-OWP-072310-e-8-2 Turbidity effluent  8.47 NTU 

8 24 2-TSS-OWP-072310-i-8 Turbidity influent 24.7 NTU 
10.4% 

8 24 2-TSS-OWP-072310-i-8-2 Turbidity influent 27.4 NTU 

11 30 2-TSS-OWP-072710-i-11 Turbidity influent 33 NTU 
0.6% 

11 30 2-TSS-OWP-072710-i-11-2 Turbidity influent 33.2 NTU 

15 6 2-TSS-OWP-080110-e-15 Turbidity effluent 3.83 NTU 
6.7% 

15 6 2-TSS-OWP-080110-e-15-2 Turbidity effluent 3.58 NTU 

8 24 2-TCUPBZN-CT-072310-E-8-2 Zinc effluent 5.8 ug/L 
11.4% 

8 24 2-TCUPBZN-CT-072310-E-8 Zinc effluent 6.5 ug/L 

8 24 2-TCUPBZN-CT-072310-I-8-2 Zinc influent 15 ug/L 
0.0% 

8 24 2-TCUPBZN-CT-072310-I-8 Zinc influent 15 ug/L 

11 30 2-TCUPBZN-CT-072710-i-11-2 Zinc influent 17 ug/L 
0.0% 

11 30 2-TCUPBZN-CT-072710-i-11 Zinc influent 17 ug/L 

15 6 2-TCuPBZn-CT-0801108-e-15-2 Zinc effluent 6 ug/L 
44.9% 

15 6 2-TCuPBZn-CT-0801108-e-15 Zinc effluent 3.8 ug/L 
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APPENDIX C: Laboratory Reports and Excel Spreadsheets 
(available on CD) 
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