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Herrera Environmental Consultants, Inc.
Memorandum

To  Project File 09-04411-001
From  Dylan Ahearn, Herrera Environmental Consultants
Date  January 7, 2011

Subject  Hydrologic Data Quality Assurance Review of the WSDOT Compost Amended
Biofiltration Swale Evaluation

This memorandum reviews hydrologic data that were compiled over the period from March 18,
2009 through September 30, 2010, relative to quality indicators. The project quality assurance
project plan (QAPP) (WSDOT 2008) did not include method quality objectives (MQOs) for the
continuous hydrologic data, so this memorandum uses proxy criteria based on best professional
judgment. Hydrologic monitoring involved measurements of water level to estimate discharge
and precipitation depth. MQOs for these measurements are expressed in terms of bias, precision,
represeniativeness, completeness, and comparability. This document begins with a description of
the hydrologic monitoring equipment used in this project and then subsequently plesentq an
analysis of the quality of the data collected with these sensors.

Hydrologic Monitoring Equipment

Water level was monitored in stilling wells attached to flumes that were focated at the inlets and
outlets of two biofiltration swales in the median of State Route 518 (SR-518) at mile post 1.21.
The inlet flumes were 1-inch Parshall flumes while the outlet flumes consisted of 60 degree
trapezoidal flumes. One of the biofiltration swales was amended with compost while the other
was not. The inlet and outlet stations of the compost-amended biofiltration swale were identified
as CAB In and CAB Out, respectively. The inlet and outlet stations of the standard (control)
biofiltration swale were identified as CON In and CON Out, respectively.

Druck 1830 (0-1 pounds per square inch [psi]) pressure transducers were installed at each of the
stations from March [8 through December 16, 2009. In mid-December 2009, the Druck pressure
transducers were damaged from ice formation in the stilling wells. The transducers were
subsequently replaced with Instrumentation Northwest PS9805 (0-1 psi) pressure transducers at
three out of the four monitoring stations (CAB In, CON In, and CON Out) and with a Druck
pressure transducers at the remaining monitoring station (CAB Out). The rain gauge installed in
association with the datalogger and automated sampling equipment consisted of an ISCO 674
tipping bucket gauge. Table C-1 provides information on the hydrologic monitoring equipment
deployed during this project. Table C-2 summarizes the flow volumes, peak discharge rates, and
flow durations measured at each monitoring station during runoff-producing storm events during
the monitoring period.

fr 90441 L0601 apx ¢ - hvdralogic dara validation meme

January 7, 2011 ] Herrera Environmental Consultants




Bias

Bias in continuous hydrologic data is introduced from errors in the record. Errors are manifest as
spikes, data gaps, signal drift, and otherwise anomalous readings. The data obtained through this
monitoring project were stored and processed in a database system for managing time series data
(Aquarius version 2.6), Using the Aquarius Data Correction interface, anomalous spikes were
deleted, data gaps lincarly interpolated (when appropriate), and sensor drift corrected with
prorated linear adjustments between calibrations. A log of all the data corrections for stations
CAB In, CAB Out, CON In, and CON Out are provided in Tables C-3, C-4, C-5, and C-6,
respectively. When data gaps existed during periods for which a linear interpolation was not
appropriate the gap was filled by modeled data from a correlation with another station. Modeled
data gap fills were inserted in the CAB In record for a 5-day period in March 2009 and a 3-hour
period in August 2009 (Table C-2). One additional model 1ill was inserted for a 9-day gap at the
CON Out station in August 2009 (Table C-6). The average error associated with the modeled
fills was 1.3 percent. Occasionally gaps in the record occurred and modeled gap filling was not
appropriate or feasible. These gaps constituted a small percentage of the total record so they were
not filled (see Completeness section below).

There were no rain gauge errors during this monitoring period so a correction log for the rain
gauge is not provided. A bias test was conducted on the rain pauge prior to deployment on
September 21, 2008. This test indicated that the average tip volume at a rainfall rate of 2 inches
per hour was 0.0103 inches per tip, a 2.9 percent error. The manufacturer specifics that the
accuracy at a rate of 2 inches per hour should be 1 percent so this target was not met per
manufacturer specifications. However, for the purposes of this study an error of 3 percent in the
rainfall estimates does not impact the overall project goals.

As can be seen from Tables C-3, C-4, C-5, and C-6, the majority of the errors that were corrected
in the water level signals were short gap fills and spike deletions. In addition, drift corrections
were frequently conducted in order to compensate for the drift that is inherent in pressure
transducers. In order to assess pressure transducer performance, instrument drift was recorded on
control charts. Though this drift was corrected in Aquarius prior to data analysis, the control
charts still provide a useful tool for assessing transducer performance in the field. Figures C-1
through C-4 present control charts for this project. As mentioned previously, the transducers at
each station were replaced in December 2009. New control charts were generated once this
switch occurred; the result is two control charts for each station. As is apparent from Figures C-1
through C-4, the sensor drift never exceeded one standard deviation from the mean drift
(warning limit). This is an indication that the sensors never exhibited large magnitude drifts and
that they performed 1o specitication. Drift corrections for large magnitude drifts are less reliable
than for small magnitude drifts, so these data indicate that the drift corrections performed in the
Aquarius database were appropriate.

Another qualitative assessment of bias is to compare rainfall versus runoff for those stations with
drainage areas that are 100 percent impervious. In theory, there should be a strong relationship
between rainfall and runoff for such basins. Both of the inlet stations drained basins that were
100 percent impervious. The rainfall versus runoff relationships for the inlet stations are
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presented in Figure C-5. The t* for CAR In versus rainfall is 0.82, while the r* for CON In versus
rainfall is 0.88, both strong relationships. As is apparent from Figure C-3, there are occasional
outliers but, on the whole; there 1s good agreement between rainfall and runoff for both
monitoring stations.

Precision

Pressure transducer precision was tested for the initial set of four transducers prior to
deployment. Precision tests were not conducted on the second set of four pressure transducers
that were deployed in December 2009. These transducers had been previously tested for other
projects and quick replacement was paramount to prevent a large data gap in December;
consequently, no precision testing is reported for the second set of pressure transducers.

Figure C-6 presents the results from the precision testing. The precision tests were conducted at
2.1 feet and 2.5 feet of water depth for 90 hours and 158 hours, respectively. The transducers
were lowered into a graduated cylinder with a partially sealed top and programmed to record
water depth at a 5-minute time step. The percent difference between the minimum and the
maximum recorded levels were calculated to assess instrument precision. At the 2.1-foot depth,
the percent differences were (.32, 0.29, 0.44, and 0.35 percent for CAB In, CAB Qut, CON In,
and CON Out, respectively. At the 2.5-foot depth the percent difference was 0.54, 0.57, 0.54, and
0.51 percent for CAB In, CAB Out, CON In, and CON Out, respectively. This amount of drift is
acceptable and within the manufacturers specifications (+ 2 percent full scale range).

Representativeness

The representativeness of the hydrologic data was ensured by the proper selection and
installation of all associated monitoring equipment. Rainfall patterns, stormwater conveyance
features, and surrounding land uses were also considered in the identification of monitoring
locations and sampling frequencies to ensure that representative data will be obtained for this
study. Finally, monitoring was be conducted over a sufficient length of time (19 months of flow
monitoring and 13 months of water quality monitoring) to ensure that data are collected during
representative climatic conditions for western Washington.

Completeness

Completeness was assessed on the basis of the occurrence of gaps in the data record for all
monitoring cquipment. The surrogate MQO for this analysis is less than 5 percent of the total
data record missing due to equipment malfunction or other operational problems. During this
monitoring period there were mintmal data gaps (Tables C-3 through C-6), and many gaps that
did occur were sufficiently short in duration that they could be filled by interpolation or modeled
flow from an adjacent station. The remaining gaps constituted 3.5, 1.7, 1.7, and 3.4 percent of the
data records for stations CAB In, CAB Out, CON In, and CON Qut, respectively,
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Comparability

Although there is no numeric MQO for this data quality indicator, standard monitoring
procedures, units of measurement, and reporting conventions were applied in this study to meet
the quality indicator of data comparability.

Conclusion

Based on the analysis presented herein, the water level data meet the quality objectives for this
study. Data gaps were minimal and those that were corrected were dealt with appropriately
(linear interpolation of modeled fills with small model error). The tests of precision on the first
set of four pressure transducers installed at the site indicated that they functioned according to
manufacturer specifications. Finally, a rainfall to runoff relationship for the inlet monitoring
stations indicated a strong relationship which is cvidence that the flows at these stations were
accurate. ‘

The rainfall gauge did not meet the manufacturer specification of 1 percent accuracy at a rainfall
rate of 2 inches per hour (3 percent error). Despite this, the rainfall data is still accurate enough
for the purposes of this study: which is to determine rainfall depths to identify qualifying events
for sampling. :

References

WSDOT. 2008. WSDOT Compost Amended Biofiltration Swale Quality Assurance Project
Plan. Prepared by Mark Maurer, Washington State Department of Transportation, Olympia,
Washington. September 22, 2008,
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Offset Value Control Chart- Station CAB In
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Figure C-1. Control charts for the two pressure sensors installed at CAB In.

Jr AODAAT 000 apex ¢« drobogic datn validation memy

January 7, 2011 5 Herrera Environmental Consultants




Offset Valne Control Chart - Station CAB Ont
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Figure C-2. Control charts for the two pressure sensors installed at CAB Out.
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Offset Valie Control Chart - Station CON In
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Figure C-3. Control charts for the two pressure sensors installed at CON In.
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Offset Valne Control Chart - Station CON Out
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Figure C-4. Control charts for the two pressure sensors installed at CON Out.
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Table C-1.  Monitoring equipment descriptions.
Monitoring Instrument Serial
Station Instrument Type  Make/Model — Number Dates Installed
CAB In Pressure transducer Druck 1830 2603233 March 18, 2009 — December 16, 2000
CAB In Pressure transducer  INW PSS805 2806017  December 16, 2009 - September 30, 2010
CAB Out Pressure transducer Druck 1830 2554552 March 18, 2009 — December 15, 2009
CAB Out Pressure transducer  Druck 1830 2532761  December 15, 2009 — September 30, 2010
CON In Pressure transducer Druck 1830 2603235 March 18, 2009 — December 16, 2009
CON In Pressure transducer  INW PS9805 2806022 December 16, 2009 - September 30, 2010
CON Qut Pressure transducer Druck 1830 2532752 March 18, 2009 — December 16, 2009
CON Out Pressure transducer  IN'W PS9805 2806020  December 16, 2009 — September 30, 2010
CAB Out/CON In Rain gauge ISCO 674 206100104  March 18, 2009 - September 30, 2010

CAR: compost-amended biofiliration swale
CON: control biofiltration swale

IN: inlet
OUT: outlet
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APPENDIX D

Water Quality
Data Quality Assurance Memorandum






Herrera Environmental Consultants, Inc.

Memorandum

To  Project File 09-04411-001
From  Gina Catarra, Herrera Environmental Consultants
Date  January 7, 2011

Subject  Data Quality Assurance Review of Compost-Amended Biofiltration Swale
Performance Monitoring Data

This memorandum presents a review of data quality for surface water samples collected for
performance monitoring of a compost-amended biofiltration swale from May 2009 to March
2010. Aquatic Research, Inc. of Seattle, Washington analyzed the samples for:

= Total suspended solids by Standard Method 2540D

" pH by Standard Method 4500-H

" Total Kjeldahl nitrogen (TKN) by EPA method 351.1
" Total phosphorus by EPA method 365.1

= Hardness by Standard Method 2340C

e Soluble reactive phosphorus (SRP) by EPA method 365.1
- Nitrate-nitrite by Standard Method 4500

B Total (copper and zinc) and dissolved (copper and zinc) metals by EPA
method 200.8

= Total petroléum hydrocarbons by NWTPH-Dx method

The laboratory’s performance was reviewed in accordance with quality control (QC) criteria
outlined in the WSDOT Compost Amended Biofiltration Swale Quality Assurance Project Plan
(QAPP) (WSDOT 2008).

Quality control data summaries submitted by the laboratory were reviewed; raw data was not
provided by the laboratory. Data quality assurance worksheets summarizing the quality assurance
and quality control (QA/QC) review were completed for cach sampling event and are included
with the data. Data qualifiers (flags) were added to the sample results in the laboratory reports.
Data validation results are summarized below followed by definitions of data qualifiers.

Particle size distribution analyses were conducted by a separate laboratory (Analytical Resources,
Inc.) and are not discussed in detail in this memorandum since analytical quality assurance
samples (method blanks, laboratory control samples, matrix spikes) are not required for the
specified method. Field duplicates were collected for particle size distribution; however, there is
Jr A-044 1 1-00) apxe d - water quolity data validation meme
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no specified method quality objective (MQO) for evaluating the differences in particle size
distributions between the original sample and the duplicate sample. Holding times are the only
component of the particle size distribution analysis discussed in this memorandum.

Results for the collected samples summarized in Table D-1 were validated.

Table D-1.  Sampling summary for the compost-amended biofiltration swale evaluation.
Event 1D Sample Date Samples Collected Sample Type
Storm 1 5/13/2009 CAB IN, CAB OUT, CON IN, CON OUT Grab
Storm 2 9/19/2009 CAB IN, CAB OUT, CON IN, CON QUT Grab (CAB and CON},

Composite (CON only)
Storm 3 10/14/2009 CAB IN, CAB OUT, CON IN, CON OUT Composite
Storm 4 10/16-17/2009 CAB IN, CAB OUT, CON IN, CON OUT Grab, Composite
Storm 3 10/17/2009 CAB TN, CAB OUT, CON IN, CON OUT Grab
Storm 6 10/23/2009 CAB IN, CAB QUT, CON IN, CON OUT Composite, Grab
Storm 7 10/27/2009 CAB IN, CAB QUT, CON IN, CON OUT Composite, Grab
Storm & 10/29/2009 CAB IN®, CAB OUT, CON IN, CON OUT Composite
Storm 9 11/572009 CAB IN, CAB OUT®, CON IN, CON OUT Grab
Storm 10 131/16/2009 CAB IN, CAB OUT, CON IN, CON OUT Grab
Storm 11 12/21/2009 CAB IN, CAB OUT, CON IN, CON OUT Composite
Storm 12 1/1/2010 CAB INY, CAB OUT, CON IN, CON OUT Composite, Grab
Storm {3 1/4/2010 CAB IN, CAB OUT, CON IN, CON QUT* Composite, Grab
Storm 14 1/11/2010 CAB IN, CAB OUT', CON IN, CON OUT Composite, Grab
Storm 15 1/14/2010 CAB IN¥, CAB OUT, CON IN", CON OUT Composite, Grab
Storm 16 1/24-25/2010 CAB IN, CAB OUT, CON IN', CON OUT Composite
Storm 17 2/16/2010 CAB IN, CAB OUT, CON IN, CON OUT Composite
Storm 18 2/26/2010 CAB IN, CAB OUT Composite (CAB only)
Storm 19 3/12/2010 CAB IN', CAB OUT, CON IN, CON OUT Composite, Grab
Storm 20 3/25/2010 CAB IN, CAB OUT, CON IN, CON QUT Grab
Storm 21 372572010 CAB IN, CAB OUT®, CON IN, CON OUT Composite
Storm 22 3/29/2010 CAB IN, CAB OUT, CON IN, CON OUT! Composite
Storn: 23 3/29/2010 CAB IN, CAB OUT, CON IN, CON OUT Grab
Rinsate Blank 5/4/2009 CAB IN, CAB OUT, CON IN, CON OUT NA
Rinsate Blank 10/29/2009 CABIN, CAB OUT, CONIN, CON OUT NA
Rinsate Blank 51712010 CAB IN, CAB OUT, CON IN, CON OUT NA

* Field duplicate of grab sample CON IN collected during Storm 6.

® Figld duplicate of composite sample CAB IN collected during Storm 8.
¢ Field duplicate of grab sample CAB OUT collected during Storm 9.

4 Field duplicate of grab sample CAB IN collected during Sterm 12,

® Field duplicate of grab sample CON QUT colleeted during Storm 13.

" Field duplicate of grab sample CAB QUT collected during Storm 14.

£ Field duplicate of grab sample CAB IN collected during Storm 15.

" Field duplicate of composite sample CON IN collected during Storm 15,

* Field duplicate of composite sample CON IN collected during Storm 16.

{ Fictd duplicate of composite sample CAB OUT cellected during Storm 9.
* Field duplicate of composite sample CAB OUT collected during Storm 21.
! Field duplicate of composite sample CON OUT collected during Storm 22.
CAB: compost-amended biofiltration swale IN: inlet

CON: control biofiltration swale OUT: outlet

NA: not applicable

jr A9-04411-00] apx d - water guality data validation mema
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Custody, Preservation, Holding Times, and Completeness—Acceptable with Qualification

The samples were properly preserved and sampie custody was maintained from sampie collection
to receipt at the laboratories. With the exceptions noted below, all samples were analyzed within
the required holding times (Table D-2). The laboratory reports were complete and contained
results for all samples and tests requested on the chain-of-custody (COC) forms.

Table D-2.  Summary of sampie collection requirements.
Method Sampie Holding Field
Parameter Number * Time " Preservation Laboratory Preservation
Hardness SM 2340C 28 days Cool, 4°C Cool, 4°C, H;S80,to pH < 2
Total suspended solids SM 2540D 7 days Cool, 4°C Cool, 4°C
Total phosphorus EPA 365.1 28 days Cool, 4°C Cool, 4°C, H,SO, topH < 2
Soluble reactive EPA 365.1 Filter: 12 hours; Cool. 4°C Filter®
) A . ool,
phosphorus Analyze: 48 hours
Total Kjeldaht nitrogen EPA 355.1 28 days Cool, 4°C Cool, 4°C, H,S0, to pH < 2
Nitrate-+nitrite nitrogen SM 4500 NOs-F |2 days Cool, 4°C Cool, 4°C, H,SO, topH <2
Copper, dissolved Filter: 12 hours; Cool, 4°C, HNO; to pH < 2
[ B : <
EPA 200.8 Analyze: 6 months | Cool, 4°C after filtration
Copper, total 6 months Cool, 4°C, HNO; o pH <2
Zing, dissolved Filter: 12 hours; Cool, 4°C, HNO; to pH < 2
. - - ©
Analyze: 6 months | after filteation
- EPA 200.8 Cool, 4°C
Zinc, total Cool, 4°C, HNOs; topH < 2
6 months
. . Extract: 14 days;
Diesel Range Organics NWTPH-Dx Cool, 4°C Cool, 4°C, 1+1 HCltoapH <2
Analyze: 40 days
pH SM 4500-H+ 24 hours Cool, 4°C Cool, 4°C
Particle size distribution | TAPE Method 7 days Cool, 4°C Cool, 4°C

* SM method numbers are from APHA et al. {1998); EPA method numbers are from 1.8, EPA {1983, 1984}, The 18th edition
of Standard Methads for the Fxamination of Waler and Wastewater (APHA ef al. 1992) is the current legally adopted version
in the Code of Federal Regulations.

" Holding time specified in U.S, EPA guidance (U.S. EPA 1983, 1984) or referenced in APHWA et al. {1992) for equivalent

method,

© A 0,45 micron {iber nylen iter was used in the laboratory for dissolved metals {copper and zinc) and soluble reactive

phosphorus filtration.
C = Celsius.

Several samples were not analyzed within the specified holding times. Samples that were

analyzed outside of the specified holding time were qualified as estimated (flagged J) (see Table
D-3). Holding times were not exceeded for any of the samples shipped to Analytical Resources,
Inc. for particle size distribution analysis.
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Table D-3.  Summary of sample results qualified due to holding time exceedances.

Sample ID Sample Date Parameter Qualifier
CAB IN, CAB OUT, CON IN, CON OUT 10/16-17/2009 SRP ]
CAB IN, CAB OUT, CON IN, CON OUT 10/16-17/2009 Nitrate-nitrite ]
CAB IN, CAB OUT, CON IN, CON OUT 10/23/2009 SRP J
CAB IN, CAB OUT, CON IN, CON QUT 10/23/2009 Nitrate-nitrite J
CAB IN, CAB OUT, CON IN, CON OUT 10/23/2009 Nitrate-nitrite J

CAB: compost-amended biofiltration swale
CON: control biofiltration swale

IN: inlet

OUT: outlet

SRP: soluble reactive phosphorus

Laboratory Reporting Limits—Acceptable with Discussion

The laboratory reporting limits and QAPP specified reporting limits are provided in Table D-4.
The laboratory reporting limits generally met the QAPP specificd reporting limits for all
analyses. No data were qualified based on laboratory reporting limits,

Table D-4,  Summary of QAPP and laboratory reporting limits.

Parameter QAPP Reporting Limit Laboratory Reporting Limit
Total suspended solids 1.0 mg/L 0.50 mg/L
pH 0.1 std. units 0.10 std. units
Total Kjeldah nitrogen 0.2 mg/L 0.200 mg/L
Total phosphorus 0.02 mg/L 0.002 mg/L
Hardness 2.0 mg/L 2.0 mg/LL
Soluble reactive phosphorus 0.001 mg/L. 0.001 mg/L
Nitrate-niirite 0.010 mg/L 0.010 mg/L

Dissolved metals
Total metals

Total petroleum hydrocarbons
Particle size distribution

(.0001 to 0.005 mg/L
0.0001 o 0.005 mg/L
(.25 mg/L (diesel}
NA

0.0010 to 0.0050 mg/L

0.0010 to 0.0050 mg/L

0,05 mg/L (diesel); 0.10 mg/L {motor oil)
I micron

mg/L: milligrams per liter

Blank Analysis—Acceptable with Qualification

Method Blanks

Method blanks were analyzed at the required frequency. Method blanks did not contain Ievels of

target analytes above the laboratory reporting limits.
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Rinsate Blanks

Equipment rinsate blank samples were collected on May 4, 2009, October 28, 2009, and May 7,
2010. Samples were analyzed for total phosphorus and total and dissolved copper and zinc in
accordance with the QAPP. Total phosphorus was detected above the reporting limit in several of
the rinsate samples (see Table D-5); dissolved and total copper were not detected above the
reporting limit in any rinsate sample. Only one total phosphorus result exceeded the criterion of
reported values less than 2 times the reporting limit, as shown in Table D-5.

Table D-5.  Summary of sample equipment rinsate blank criterion exceedances.

Sample ID Sample Bate Parameter Blank Result  Reporting Limit
CAB IN 5/412005 Total phosphorus 0.007 mg/L 0.002 mg/L
CAB-OUT 5/4/2009 Total phosphorus 0.004 mg/L 0.002 mg/L
CONIN 5/4/2009 Total phosphorus 0.004 mg/L. 0.002 mg/L
CON OUT 5/4/2009 Total phosphorus 0.003 mg/L 0.002 mg/L
CAB DUP 10/28/2009 Total phosphorus 0.003 mg/L .002 mg/L
CAB-OUT 5/7/2010 Total phosphorus 0.003 mg/L. 0.002 mg/L

Bold biank values exceed QAPP criterion of not to exceed two times the reporting limit.
CAB: compost-amended biofiltration swale

CON: centyol biofiltration swale

IN: inlet

OUT: cutlet

mg/L: milligrams per liter

Total phosphorus is a not common laboratory contaminant and may have been introduced by
inadequate equipment decontamination, or was present in the reagent grade deionized (blank)
water provided by the laboratory. No results for total phosphorus were qualified because all
results were greater than 5 times the detected blank value, in accordance with Functional
Guidelines (U.S. EPA 2002).

Laboratory Control Sample Analysis—Acceptable

Laboratory control samples (LCS-) were analyzed at the required frequency. The percent recovery
values for all sampling events met the QAPP criteria (90 to 110).

Matrix Spike Analysis—Acceptable

Matrix spike (MS) samples were analyzed for nitrate-nitrite, total phosphorus, soluble reactive
phosphorus, TKN, hardness, and metals at the required frequency. The percent recovery values
for the MS analyses met the control limits (75 to 125 percent) established by the QAPP.

Laboratory Duplicate Analysis—Acceptable

Laboratory duplicates or laboratory control sample duplicates were analyzed at the required
frequency. The relative percent difference (RPD) was calculated for each analyte where both

g 09041 1001 apx o - water guality data validation memo
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duplicate values were greater than five times the reporting limit (RL). The difference between
duplicate values was calculated if the detected compound concentration was less than five times -
the RL in either the sample or the field duplicate. A control limit of less than 10 percent RPD

(15 percent for total suspended solids) was established in the QAPP and a control limit of two
times the RL was used to evaluate difference values. The relative percent difference (RPD)
values met the control limits established by the QAPP, and all difference values were less than
two times the RL.

Field Duplicates—Acceptable with Qualification

Field duplicates were analyzed for all analyses. Six field duplicates were collected for TPH
analysis and six field duplicates were collected for all other analyses. Frequency of field
duplicate collection was not specified in the QAPP; however, a 10 percent ficid duplicate
frequency was used for this study. With the exceptions noted in Table D-6, field duplicate
precision met the QAPP specified criterion of less than 20 percent RPI (25 percent for totaf
suspended solids). In addition, a criterion of less than 2 times the reporting limit was used if the
sample concentration was less than 5 times the reporting limit. Table D-6 summarizes the sample
results that were qualified as estimated (/) for field duplicate RPD exceedance. No other data
associated with the sample batch were qualified due to ficld duplicate criteria exceedance
because other quality control criteria were met.

TableD-6. Summary of field duplicate criteria exceedances.

RPD
Sample Date Parameter Sample ID Duplicate 1D (%) Qualifier
10/25/2009 Nitrate-nitrite CABIN CABIN A 35 J
1/4/2010 Nitrate-nitrite CON IN CONIN A 77 J
3/25/2010 Total phosphorus CAB OUT . CABOUT A 27 T
3/29/2010 Nitrate-nitrite CONOUT CONOUT A 33 J

CAB: compost-amended biofiltration swale
CON: control biofiltration swale

IN: iniet

OUT: outlet

mg/L: milligrams per liter

Data Quality Assessment Summary

In general, the data quality for all parameters was found to be acceptable based on holding time,
reporting limit, method blank, control standard, matrix spike, laboratory duplicate, and field
duplicate criteria. Due to holding time exceedances, two SRP values and three nitrate-nitrite
values were qualified as estimated (/). Field duplicate precision exceeded criteria for three
nitrate-nitrite values and one total phosphorus value.

Usability of the data is based on the guidance documents previously noted. Upon consideration
of the information presented herc, the data are acceptable as qualified.
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Definition of Data Qualifiers

The following data qualifier definitions are taken from USEPA Contract Laboratory Program
National Functional Guidelines for Inorganic Data Review (U.S. EPA 2002).

U The material was analyzed for, but was not detected above the leve] of the
associated value, The associated value is either the sample quantitation
limit or the sample detection limit.

J The associated value is an estimated quantity.

UJ  The material was analyzed for, but was not detected. The associated value
is an cstimate and may be inaccurate or imprecise.

R The data are unusable. (Note: analyte may or may not be present.)
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APPENDIX F

Parameter Summary Sheets



i 1217 U5 AALD 22 L. f Sl g Luusilapipeld IVILlliall S L = <

13 72 1/4/2010 CAB 64 5.8 91 Booatstrapped Upper CI Median 107 5.8 a5
14 74 1/10/2010 CAB 107 48 96 25th Percentile 50 4.1 91
15 77 1/14/2010 CAB 107 25 98 75th Percentile 107 6.0 85
16 81 1/24/2010 CAB 89 58 93 IQR 57 1.9 4.5
17 89 2/15/2010 CaB 31 4.5 85 Minimum 11 0.8 84
18 93 2/26/2010 CAB 46 73 84 Maximun 159 7.5 98
19 99 3/11/2010 CAB 79 4.8 94
21 102 3/25/2010 CAB 105 5.0 93
22 104 3/28/2010 CAB 146 5.7 96
2 33 9/19/2009 CON 27 7.5 72 CON Influent (mg/1) Efffuent (mg/L) % removal
3 33 10/13/2009 CON 77 10 87 il 16 16 16
4 37 10/16/2009 CON 133 12 91 Mean 99 12 85
6 41 10/22/2009 CON 32 5.5 83 Median 107 12 86
7 42 10/26/2009 CON 39 6.0 B3 Standard Deviation 51 4.5 58
8 43 10/28/2009 CON 22 3 76 cov 0.52 0.37 0.07
11 68 12/21/2009 CON 109 14 87 Bootstrapped Lower CI Median 58 10 83
12 70 12/31/2009 CON i18 20 83 Bootstrapped Median 107 12 86
13 72 1/4/2010 CON 70 12 83 Bootstrapped Upper C1 Median 133 15 90
14 74 1/10/2010 CON 116 12 90 25t Percentile 62 9.4 83
15 77 1/14/2010 CON 97 18 81 75th Percentile 135 15 90
16 81 1/24/2010 CON 104 17 84 IOR 73 5.1 7.0
17 89 2/15/2010 CON 141 16 g9 Minimum 22 53 72
19 9% 3/11/2010 CON 144 14 90 Maximuom 203 20 95
21 102 3/25/2010 CON 148 14 91
22 104 3/28/2010 CON 203 tl 93
Wilcoxon signed-rank {1-tailed) test
Median % Median Difference
p-value Difference {mg/L)
Basic treatment goal (TAPE): 80% removal of total suspended solids for infiuent concentrations ranging from 100 to 200 ggi ggggi gz gz
mg/L. For influent concentrations greater than 200 mg/L, a higher removal efficiency is appropriate. For influent Effluent concentration )
concentrations less than 100 mg/L., the facilities should achieve an effluent goal of 20 mg/L. total suspended solids. (JCO\] - CAB) 0.0003 NA 7.0
Removat efficiency ,
(CON - CAB) 0.0005 8.0 NA ‘
Bolded values e significant at p <0.05,
Only one sample (collected at CAB In} had an influent TSS concentration less than 20 mg/L. The irreducible TSS mg/L: milligrams per liter
concentration reported m Schueler {1996) was 20-40 mg/L. 1 number of samples

COV: coefficient of variance
C1: confidence mterval
IQR: interquartile range

09-04411-001 Apx F - Parameter Summary Sheefs F-1



Median Percent Reduction (lines at axis)
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13 72 1/4/2010 CAB 3

14 74 1/10/2010 CAB 0.0060 0.0045 25

15 77 1/14/2010 CAB 0.0060 0.0038 37

16 81 1/24/2010 CARB 0.6007 0.0043 36

17 86 2/15/2010 CAB 0.0047 0.0037 21

18 93 2/26/2010 CAB 0.0051 (.6048 59
i9 99 3/11/2010 CAB 0.6042 0.0043 2.4
21 102 3/25/2010 CAB 0.0076 0.0065 i4

22 104 3/28/2010 CAB 0.0040 0.0045 -13
2 33 9/19/2009 CON 8.0195 6.0112 43

3 35 10/13/2009 CON 0.0144 0.0107 26

4 37 10/16/2009 CON 0.0059 0.0076 -25
6 41 10/22/2009 CON 0.0070 0.0061 13

7 42 10/26/2009 CON 0.0043 0.0046 -7.0
8 43 10/28/2009 CON 0.0085 0.0049 42

1 68 12/23/2009 CON 0.0064 0.0071 -1l
12 70 12/38/2009 CON 0.0159 0.0116 27

13 72 17472010 CON 0.0056 0.00064 -14
i4 74 1/10/2010 CON 0.0037 0,0043 -16
15 77 1/1422010 CON 0,0063 0.0069 9.5
16 8! 1/24/2010 CON 0.0083 0.0072 13

17 89 2/15/2010 CON 0.0058 0.0055 52
19 99 371172030 CON 0.0640 0.0053 -15
21 102 3/23/2010 CON 0.0092 0.0098 -0.5
22 104 3/28/2010 CON 0.9037 0.0055 -49

Bolded values indicate an exceedance of state acute water quality criteria,

Enhanced treatment goal (TAPE): Assumes influent dissolved copper concentrations ranging from 0.003 to 0,02 mg/L.
Data coifected should demonstrate significantly higher removal rates than basic treatment facilities.

j{Gooisirappedc Upper L Mcdian WUl 3 . 20
25th Percentile 0.0050 0.0038 10
75th Percentile 0.0072 0.0049 38
QR 0.0022 0.0011 27.5
Minimum 0.0036 0.0031 -44
Maximum 0.0145 0.0068 74
CON Influent {mg/L)  Effluent (mg/l) Y6 removai
n 16 16 16
Mean 0.008] 0.0073 0.74
Median 0.0064 0.0067 -6.7
Standard Deviation 0.0046 0.0024 25
Cov 0,57 0.33 34
Bootstrepped Lower CI Median 0.0053 0.0054 -14
Bootstrapped Median 0.0063 0.0066 -6.7
Bootstrapped Upper CI Median 0.0085 3.0087 i3
25th Percentile 0.0054 0.0055 -15
75th Percentile (0087 0.0082 16
QR 0.0033 0.0027 3!
Minimasm 0.0037 0.0043 -49
Maxinmum 0.0195 g.0116 43

Wilcoxon signed-rank {1-tailed) test
Median %  Median Differenc

p-value Difference (mg/)
CAB 4.0019 25 0.0017
CON 1.0 -6.7 -0.0005
Effluent concentration
(CON - CAR) 0.0006 NA 0.0023
Removal efficiency
(CON - CAB) 0.0023 31 NA 1

All of the influcat dissolved copper concentrations collected at CAB In and Con In fell within the acceptable TAPE range.
[rreducible dissolved copper concentrations measured in Herrera BMP monitoring are 0.004 mg/L. All of the dissolved
copper influent and effluent monitoring data collected exceeded acute water guality criteria,

05-04411-001 Apx F - Parameter Summary Sheets

Bolded values are significant at p <0.05.
mg/L: milligrams per liter

n: number of samples

COV- coefficient of variance

CI: confidence inferval

IQR: interquartile range



1 2 i 17372005 LA - .00 Boelsiiapped Micdldll L.l Vel o
10 53 11/16/2009 CAB 3.14 0.51 84 Booistrapped Upper Cl Median 2.96 0.44 o1
12 70 12/31/2009 CAB 4.70 0.38 92 25th Percentile 1.89 031 73
13 72 1/4/2010 CARB 1.44 (.35 76 75th Percentile 3,03 0.48 9]
14 74 171072010 CAB 128 0.39 70 QR 1.16 017 19
15 77 1/14/2010 CAB 2.62 0.44 83 Minimum 1.28 0.11 42
19 59 3/11/2010 CAB 1.86 0.15 G2 Maximum 10.5 1.72 97
20 101 3/25/2019 CAB 1.88 0.62 67
23 105 3/29/2010 CAB 10.5 0.29 97
1 20 5/13/2009 CON 3.39 2.55 25 fCON Influent (mg/L)y Effluent (mg/L) % removal
3 9/19/2009 CON 3.70 0.29 92 1 : i5 15 i5
4 37 10/16/2009 CON 1.74 0.68 61 Mean 2.95 1.16 57
5 38 10/17/2009 CON 4,78 0.71 85 Median 3.39 1.25 &2
6 41 10/22/2009 CON 1.60 148 7.5 Standard Deviation 1.27 0.70 25
7 42 10/26/2009 CON 1.53 0.36 76 COV 0.43 0.60 0.44
9 45 11/5/2009 CON 2.18 1.30 40 Bootstrapped Lower CI Median 1.60 0.57 51
10 53 11/16/2009 CON 4,13 1.59 62 Bootstrapped Median 3.3% 1.25 62
12 70 12/31/2009 CON 4.52 1.25 72 Bootstrapped Upper Cl Median 3.70 1.48 72
13 72 1/4/2010 CON 1.43 0.57 60 25th Percentile 1.67 0.63 45
14 74 /1072010 CON 0.95 0.47 51 75th Percentite 3.92 1.46 73
15 77 1/14/2010 CON 3,49 0.89 74 10R 2.25 0.84 28
19 99 3/11/2010 CON 3.58 1.34 63 Minimum .95 0.26 8
20 101 372372010 CON 4.2%5 1.44 66 Maxinum 4.78 2.55 92 |
23 105 3/29/2010 CON 2.93 2.50 15
Witcoxon signed-rank (1-tailed) test
Median % Median Differen:
Gil treatment goal { TAPE): No ongoing or recurring visible sheen, a daily average total petroleum hydrocarbon p-value DifTerence {mg/L}
concentration of no greater than 10 mg/1., and a maximum of 15 mg/L for a diserete (grab) sample. CAB 0.0003 84 1.83
CON 0.0003 62 1.17
Effluent concentration
(CON - CAB) 0.0004 NA 0.87
Removal efficiency .
(CON - CAB) 0.0009 22 NA |

Only one of the samples collected at CAB In had an influent TPH concentration greater than 10 mg/L {the minimum
accepiable influent concentration). TPH-diesel concentrations were all less than the detection limit of 0.05 mg/L.

00-04411-001 Apx F - Parameter Summary Sheeis

Bolded values are significant at p <0.05.
mg/L: mitligrams per Hter

n: nunber of samples

COV: coefficient of variance

CT: confidence interval

TQR: interquartife range
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14 74 1110/2610 CAB 0.104 0.010 90 25th Percentile 0.093 0.010 g1
13 77 1/14/2010 CAB 0.161 0.008 95 75th Percentile 0.179 0.014 93
16 81 12472010 CAB 0.178 04915 52 QR 0.086 0.004 18
17 89 2/15/2010 CAR 0.084 0.010 88 Minimum 0.076 0.006 86
18 93 2/26/2010 CAB 0.076 0.011 86 Maximum (.287 0.016 95
i9 99 371172010 CAB (.125 0.010 G2
21 102 32572010 CAR 0.177 0.013 93
22 104 3/28/2010 CAB 0.150 0.013 91
2 3 S/19/2009 CON 0122 0.026 79 CON Influent (mg/1.) Effluent (mg/1.) Y removal
3 35 1071372000 CON 0.190 0.030 84 n 16 16 i6
4 37 10/16/2009 CON 0.140 0.023 84 Mean 0.149 0.054 65
6 41 10/22/2009 CON 0.081 0.028 65 Median 0.148 0.050 66
7 42 10/26/2009 CON 0.088 (.018 80 Standard Deviation 0.048 0.035 13
8 43 10/28/2009 CON 0.071 0.031 56 COv 0.32 .66 (.20
11 68 1212172009 CON Q170 0.102 40 Bootstrapped Lower CI Median 0.122 0.030 62
12 70 12/31/2609 CON 0.254 0.159 37 Bootstrapped Median 0.148 0.050 66
i3 72 1/4/2010 CON (0.138 0.055 60 Bootstrapped Upper CI Median 0.179 G063 73
i4 74 11072010 CON 0.108 0.036 67 25th Percentile 0.119 0.030 62
i5 77 141472010 CON 0.179 0.063 65 T5th Percentile 0.181 0.063 70
16 8! 1/24/2010 CON 0.185 0.061 &7 1OR 0.062 0.034 8.4
17 89 2/15/2010 CON 0.171 0.065 62 Minimum 0.071 0.018 37
19 99 31172610 CON 0.149 0.050 66 Maximum (G254 0.15% B4
21 102 372572010 CON 0.191 0.064 66
22 104 3/28/2010 CON (3.147 0,050 o6
Wilcoxon signed-rank (1-tailed) fest
Median %  Median Difference
p-value Difference (mg/L)

CAB 0.0062 g2 0.136

CON 0.0002 66 0.097

Effluent concentration .

(CON - CAB) 0.0003 NA 0.039

Removal efficiency

(CON - CAB) 0.0003 26 NA

Bolded values are significant at p <005
mg/L: milligrams per hiter

n: pumber of samples

COV: coefficient of variance

Cl: confidence interval

IQR: interquartiie range
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13 72 1/4/2010 CAB 0.0263 0.0058 78 {Bootstrapped Upper Cl Median 0.037 34
14 74 1/10/2010 CAB 0.0222 0.0057 74 25th Percentile 0.021 0.0050 71
15 77 1/14/2010 CAB 0.0330 0.0044 87 75th Percentile 0.038 0.0066 85
16 81 1/24/2010 CAB 0.0328 0.0065 80 IQR 0.017 0.0016 14
17 89 2/15/2010 CAB 0.0133 0.0045 66 Minimem 0.0092 0.0039 57
i8 . 93 2/26/2010 CAB 0.0135 0.0058 57 Maximum 0.068 0.0094 87
i9 99 3/11/2010 CAB 0.0219 0.0058 74
21 102 372512010 CAB 0.0441 0.0078 82
22 104 3/28/2010 CAB 00314 0.0057 82
2 33 9/19/2009 CON 0.0250 0.0119 52 CON Influent (mg/1.)  Effluent {mg/L) % removal
3 35 10/13/2009 CON 0.0461 0.0152 &7 n 16 16 16
4 37 10/16/2009 CON 0.0343 0.0132 67 Mean 0.032 0.011 64
6 41 1042272009 CON 0.0185 0.0095 49 Median 0.032 0.011 67
7 42 10/26/2009 CON 0.0226 0.0076 66 Standard Deviation 0.010 0.0028 88
8 43 10/28/2009 CON 0.0135 0.0078 42 Cov 0.32 0.25 0.14
11 68 12/24/2009 CON 0.0443 0.0110 75 Bootstrapped Lower Cl Median 0.025 0.0093 65
12 70 12/34/2009 CON 0.0435 0.0148 66 Bootstrapped Median 0.032 0.011 67
13 72 1/4/2010 CON 0.0270 0.0088 67 Bootstrapped Upper CI Median 0.041 0.012 68
i4 74 1/10/2010 CON 0.0239 0.0078 67 25th Percentile 0.025 0.0092 65
13 77 1/14/2010 CON 0.0411 0.0111 73 75th Percentile 0.042 0.012 68
i6 81 1724/2010 CON 0.0365 0.0123 66 IQR 0.017 0.0028 24
17 89 2/15/2010 CON 0.0263 0.0093 68 Minisurm 0.014 0.0076 42
19 99 3/11/2010 CON 0.0318 0.0095 70 Maximum 0.046 0.017 75
21 102 3/25/2010 CON 0.0487 0.0169 65
22 104 3/28/2010 CON 0.0312 0.0109 65
Wilcoxon signed-rank (1-tailed) test
Median % Median Differen
p-vajue Difference (mg/L)

CAB 8.0062 79 0.0231

CON 0.0002 67 0.0213

Effluent concentration .

(CON - CAB) 0.0003 NA 0.0052

Removal efficiency

(CON - CAB) 0.0005 12 NA

05-04411-001 Apx F - Parameter Summary Sheels

Bolded values are sigmificant at p <0.03

mg/L: milligrmms per hier

n: number of samples

COV. coefficient of varance
CI confidence interval

IQR: interquartile range
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i3 72 1/4/2010 CABR 0,103 0.297 -188 Bootstrapped Upper CI Median 0,342 0.552 -1
14 74 1/10/2010 CaB 0.099 0212 -114 25th Percentile 0.080 0.332 -415
i3 77 1/14/2010 CAB 0,138 0.331 -140 75th Percentile 0.149 0.553 -1440
16 81 1/24/2010 CAB 0.138 0.332 -141 QR 0.069 0222 275
i7 89 2/15/2010 CAR 0.078 0416 -433 Minimum 0.036 0.212 -1433
18 93 21262010 CABR 0.081 (.557 ~588 Maximum 0.310 (0,973 -5
19 99 3/11/2010 CARB 0.116 0.368 =217
21 102 3/25/2010 CAB 0.170 0.506 J -198
22 104 3/28/2010 CARB 0.235 0.355 -51
2 33 9/19/2009 CON 0.124 0228 -84 CON Influent (mg/Ly Effluent (mg/L) % removal
3 35 10/13/2009 CON 0.151 0.120 21 n 16 16 16
4 37 10/16/2009 CON 0.203 0.090 56 Mean 0.148 0,076 39
6 41 107222009 CON 0.081 0.084 -3.7 Median 0.142 0.063 57
7 42 1072652009 CON 0.066 0.064 30 Standard Deviation 0.062 0.046 46
3 43 10/28/2009 CON 0.048 0.062 -29 cov 042 0.61 1.18
1 68 12/21/2009 CON 0.129 0.050 61 Bootstrapped Lower CI Median 0112 0.030 21
12 70 12/31/2009 CON 0172 0.073 58 Bootstrapped Median 0.141 0.063 57
13 72 1/472010 CON 0.101 0.046 54 Bootstrapped Upper CI Median 0.186 0.073 71
14 74 1/10/2010 CON 0.115 0.032 72 25th Percentile 0112 0.051 16
15 17 11142010 CON 0.137 0.055 60 75¢h Percentile 0.180 0.076 71
16 81 1/24/2010 CON 0.146 0.066 33 QR (.069 0.025 55
17 89 2/15/2010 CON 0.212 0.052 75 Minimum 0.048 0.032 -84
i9 99 3/11/2010 CON 0.167 0.048 71 Maximum 0.270 0.228 81
21 102 3/25/2010 CON 0.243 0.064 74
22 164 3/28/2010 CON 0.270 (051 81
J = conditional use {chemical analysis eriteria) Wilcoxon signed-rank (1-tailed) test
Median % Median Differes
p-value Difference (mg/i)
CAB 1.0 2201 -0.282
Phosphorus treatment goal (TAPE): 50% removal of TP for influent concentrations ranging from 0.1 to 0.5 mg/L. The CON 4.0018 37 0.081
phosphorus menu facility choices must achieve basic treatment goals in addition to phosphorus removal, Effluent concentration
1.0 NA -0.315
(CON - CAB}
Removal efficiency
(CON - CAB) 1.0 -258 NA

6 samples collected at CAB In and 3 samples collected at Con In had influent TP concentrations fess than 0.1 mg/L.  The
irreducible TP concentration reported in Schueler (1996) was 0.15-0.20 mg/L,

09-04411-001 Apx F - Parameter Summary Shesets

Bolded values are significant at p <0.03,
mg/L: milligrams per liter

n: number of samples

COY: coefficient of variance

CE confidence mterval

QR mnterquartile range
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13 72 1/4/2010 CAB 0.002 0.228 -11300 Bootstrapped Upper Cl Median RE L.ald =303
14 74 1/10/2010 CAB 0.003 0.178 -5833 25¢h Percentile 0.003 0.235 -9652
i5 77 1/14/2010 CARB 0.008 0.243 -2938 75th Percentile 0.007 0.442 -5135
16 81 1/24/2010 CAB 0.007 0,233 -3229 1CR 0.004 0.206 4517
i7 89 2/15/2010 CAB 0.003 0.308 -10167 Minimem 0.002 0.178 -11700
8 93 2/26/2010 CAB 0.006 0.429 7030 Maximum 0.023 0.860 -2938
i9 99 34172010 CAB 0.003 0272 -8967
21 102 3/25/2010 CAB 0.006 0344 -3633
22 104 3/28/2010 CAB 0.002 0,236 -11700 ‘
2 33 9/19/2009 CON 0.066 0.132 -0 CON Influent (mg/L)  Effluent (mg/L) % removal
3 33 10/13/2009 CON 0.021 0.045 -114 n 16 16 16
4 37 10/16/200% CON 0.012 0.026 -117 Mean 0.011 0.022 =73
6 41 10/22/2009 CON 0.008 0.022 -175 Median 0.007 0.008 -67
7 42 10/26/2009 CON 0.007 0.022 -214 Standard Deviation 0.015 0.032 76
8 43 10/28/2009 CON 0.009 0.024 -167 COV 1.36 1.43 -1.05
1t 68 12/2172009 CON 0.006 0.00% =50 Bootstrapped Lower CI Median 0.004 0.005 -117
12 70 12/31/2009 CON 0.006 0.006 0.0 Bootstrapped Median 0.007 0.008 -67
13 72 1472010 CON 0.603 0.007 -133 Bootstrapped Upper C1 Median 0.010 0.022 0
14 74 1/10/2010 CON 0.003 0.005 -67 25th Percentile 0.004 0.005 -121
15 77 1/14/2010 CON 0.003 0.003 -67 75th Percentilc 0.011 0.023 0.0
16 81 1/24/2010 CON 0.015 0.015 0.0 QR 0.007 0.018 121
17 89 2/15/2010 CON 0.004 0.005 -25 Minimum 0.003 0.003 214
19 99 3112010 CON 0.005 0.004 20 Maximum 0.066 0,132 40
21 102 3/23/2010 CON 0.010 0.006 4
22 104 3/28/2010 CON 0.003 0.003 0.0 1
) = conditional use {chemical analysis criteria) Wilcoxon signed-rank (1-tailed) test

Median %  Median Differe
p-value Difference (mg/L)

MNo soluble reactive phosphorus goal is specified in the TAPE guidelines. ggﬁ 18 -?225 gég;

Effluent concentration

(CON - CAB) 1.0 NA -0.282
Removal efficiency

(CON - CAB) 1.0 -6528 NA

Bakded values are significant at p <0.05,
mg/L: nulligrams per liter

n: number of samples

COV: coefficient of variance

Cl confidence interval

IQR: interquartile range



sjavys Aiewnung ia1aweled - 4 xdy L00-L LFFO-60

LU E.QER
ﬁm:EmEE
Rile)!
U] YIS,
n;ﬁ.ﬁuuﬁ_& EWN
AOD

HAD(] plepums
R

3o

13

IR U] NOO

EDEmeE
Q:ME.MEE.

A1

2fiusdiad Emh
umwcuuhunﬁ :wm.m
AOQD

HOBEIAM(] piepuely
uepapy

HEOIN

i

uonjug avo

Li-d
afuel appenhimal .:Um
QNULLILA JO JUDLIIT ADD
sapdidus jo sagwnn
4211y Fad detogtes wa|es Jo Sweldnpu p0RD Su
G e ey Es 202 songea paplog
] (VD - NO:
£8°9- VN 9L00°0 UGB SUAD0S Em_m%m
L1 9Z- L0000 NOD
1% L1 FOO0°0 qvD
("3/30) 20U () URIPDR  DAUDELJI(Y Yy URIPIN  anjeA-d
1593 (PA1E3-7) AU EI-PAus VOKOIfEAL
B80S 84 NOO 010T/8T/e 7] [
8¢ 87¢ NOO 010T/5T/E 01 #
90'e a8'¥ NOD 010T/11/E 66 61
[ VL NOD 010T/S1/T 68 L1
098 P89 NOD 010T/FT i8 91
8t6 6L'8 NOD 010T/P L/ LL Sl
LFS o8y NOD 010T/01/1 L ¥i
0r'g sT9 NOO 0T0T/¥ 1 L £l
£0t Lot NOD GO0/ 1E/TL 0L Tl
4 [0°8 NOD 600T/1Z/TT 59 [t
N8 Lr'e NOD 6OUZRTON g 3
e Te't NOD 000T/9T0T Fad L
0L 05F NOD 6ODT/TTIOT it 9
08 69t NOD 600T/910T . LY 14
ETL 8TY NOOD 600Z/EL/0T 59 £
8<'6 WL NOD 6LGT/6 L6 £ 4
60t 16°¢ avo D10Z/BT/E w01 e
L'EY 1L'e avD 010T/sT/t ol T
A o'y avl D30T/t 66 61
ot 3T'¢ HY D H10T/9T/T £6 81
BCl 66'8 HY D 010TASIT 68 L1
el LYS gV nozive/l g 9t
o&l we avo DI0T/KL/L LL g1
8€6 98'c gv0o DI0T/OL/ tL b1
611 [A 1Y) 010T/%/1 L ti
$CL LT avo 600Z/1E/TT 0L (A
LTI PyL dv) a00Z/ 1T 89 11
891 16t g2¥) 600UTITI0L £ty 8
oL'8 ¥ST HY D 600Z/9T/01 4 L
L oLy avo 600TTL0L ir 9
IR 90'9 HYD) 6002/91/01 LE ¥
91 98¢ gV GOOLEL/GT 153 £
C1/P00R) Gud) uanya  (00RD Sw) jmongug Gty ae(] ULOYS MOf] # WIS QM

h.:wﬂ-:ﬂ:—m BYE(] SSUPIBH mﬂnmhcamﬁaz Ifesmsoryg —uu—uﬂuaﬁfuwmmcﬁacu BISHUS



SjeayS AIBLILING 18)0WEIRS - 4 X3y L00-L L¥+0-60

afups apsnbus s HEH

DIUMLILA. JO JUDITFISD TAQD)

saplums o ssguin

SO0 4 3 pueot s s saugEs pap oy

. . (VD - NOD!
sTE0 VN 6TT0’0 UILDINSEAE JUANII]
SRO0- GE'1- 010 NOD
SO¥0- 870~ Ze00°0 HvD
{711°S) 90UDIATJI(T URIPAN  IDUIIIJLCY by URIPAJAL angea-d

383} (pagie)-7) Jued-paus HoxeIj A
e 96'S NOD OLOT/RT/ POt [x¢
19 e NOD G10T/ST/L 701 1z
L9 909 NOD 010T/T e 66 6l
Fo'S 96'S NOD 010Tsie 68 Ll
08¢ [$9 NOD OL0Tr T/ 8 a1
9 LRLLEARIN] 009 8L'9 NOD 010z LL St
g RN S0 e ) NOD 010T/A1/3 L2 Fl
0 0| Lr9 009 NOD OL0T/F/ L t1
9 MU G/ 299 aL'e NOD 600TLETL 0L 4
9 AfRuaniag HIEy €c9 959 NOD 00T 1LEL/TL 89 11
0 AOD 889 999 NOD 600T/RT/01 £y g
0 HOLEIAD] PIEPUBLS £ L9 NOD 600T/92/01 3 L
9 Usipapy 99 385G NOD 6O0TTT/OL ir G
9 LRI ¥ [ NOD 6007901 LE ¥
_ u 98'% 88'¢ NOD GOOT/ET/OT c¢ £
S NOD Ly9 L1'e NOD 600T/61/6 £t 4
19 [AEY qavo 0I0T/BT/E P01 e
(037 L6's gvo 010T/AT/E Tt it
599 01's avd D01/ 66 6l
869 LrA) (VO 0107/9%/T €6 81
igc €09 avo Di0T/sie 68 Ll
0F'9 L¥S avo 0I0T/FT/I 18 .Sl
g WERAIXER £89 [ avo 0I0T/PL/L LL ¢l
s LRBHULEN 9 [e avo 0I0z/0L/1 bL ¥l
0 AT SEQ L8'¢ qavD 00T/t 72 ¢l
9 QI L 89 LL9 €1V 6O0T/1E/TL oL 4
9 AU LT 659 LEY v 600z/17/21 39 i1
0 AGD LTL 189 avo 600¢/37/01 34 8
0 ULLEIAQ(] plupuEly L9 lz9 Ty 600Z/92/01 [4g L
8 UBIPAA €L Pea €HvD 600T/TT/OL 84 g
8 S 68'G 6¥9 (VD 6007/91/01 Le ¥
uy 686 [4:35 HYD 600T/81/01 St £
LY Yol CU'S)uanyya {1)°8) juanjif SHy 2181 f WI0IS MOL] # WIS O M)

Lvurung ereq gd Suiieuo 4] ajesson] papuamy-ajisodaro’y §THS



ji2 ‘L Pl LAD (S YR 1a] Laou 34 i poCOErApped UPDer UL vlelian it RERRAtLY T
14 74 1/10/2010 CAB 0.379 0.249 34 25th Percentile 0.775 0.414 25
15 77 1/14/2010 CAB 0.981 0.352 64 75th Percentile 1.03 0.760 44
16 81 1/24/2010 CAB 1.64 0.952 42 QR 0.252 0.347 19
i7 89 2/15/2010 CAB 0.532 0.350 37 Minimuam 0.379 0.249 31
18 a3 2/26/2010 CAB 0.816 0.678 17 Maximum 1.89 1.23 64
19 59 37112010 CARB 0.743 0.432 42
21 102 3/25/2010 CAR 105 0.841 20
22 104 372872010 CAB (.874 0.45 49
2 33 $/19/2009 CON 1.09 1.26 -16 CON Influent (mg/Ly Bifluent (me/l) % removal
3 35 10/13/2009 CON 1.31 0.923 39 il i6 16 16
4 37 1011672009 CON 0.54 0.224 5G Mean 1.03 0.751 33
6 41 10/22/200% CON 1.05 0.707 33 Median 0.971 0.645 33
7 42 10/26/2009 CON 0.662 0.495 25 Standard Deviation 0.402 0.455 21
8 43 10/28/2009 CON 139 0.783 29 cov 0.39 0.61 0.66
11 68 12/21/2009 CON 0.905 0.76 16 Bootstrapped Lower CI Median 0.815 0.452 24
12 10 1273172009 CON 1.87 1.5 20 Bootstrapped Median 0.971 0.645 33
13 72 14472010 CON 3.912 0.666 27 Bootstrapped Upper C1 Median 1.09 0.815 43
14 74 1/10/2010 CON 0.475 0.315 34 25th Percentile 0.812 (.436 24
15 77 1/14/2010 CON 1.03 0.513 50 75th Percentile 1.09 0.818 46
I6 8t 1/24/2010 CON 1.83 1.84 -0.5 QR 0.281 0.383 22
17 8% 2/1572010 CON 0.799 0.271 66 Minimum (0.475 0.224 -18
19 99 3112010 CON 0.885 0.386 56 Maximum 1.87 1.84 66
21 10z 3/25/2010 CCN 1.06 0.623 41
22 104 3/28/2010 CON 0.816 .452 43 ‘
Wilcoxon signed-rank (1-tailed) fest
Median % Median Difference
p-value Difference (mg/L)
CAB G.0002 38 0.309
CON 04,0007 33 0.330
Eifluent concentration
(CON - CAB) 0.3248 NA 0.117
Removal efficiency .
(CON - CAB) 0.4324 46 NA

Bolded values are significant at $ <0.03,
mg/L: milligrams per liter

n' number of samples

COV: coefficient of variance

CE: confidence interval

IQR: interquartile range
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i3 72 14442010 CARR 0.457 0.415 9 Bootstrapped Upper CI Median 0.230 0.746 -17
i4 74 141072030 CAR 0.163 0.373 -129 25th Percentile 0.116 0.255 -374
15 77 1/14/2010 CAB 0.188 0.847 =351 75th Percentile 0.235 0.766 -i1.6
14 81 1/24/2010 CAB 0.174 0.845 -386 TOR 0119 0.512 363
17 89 2/15/2010 CAB 0.230 0.827 =260 Minimum 0.093 0.132 -523
18 93 2/26/2010 CAB 0.134 0.746 457 Maximum 0457 1.23 50
19 %9 3/11/2010 CAB 0.110 0,475 -332
21 102 3252010 CAB 0.107 0.667 -523
22 104 3/28/2010 CAB 0.095 0.447 -371 .
2 33 6/19/2006 CON 0.484 0.485 6 CON Influent (mg/L)  Effluent (mg/L) %o remov
3 35 10/13/2009 CON 0.306 0248 19 B 16 16 10
4 37 10/16/2009 CON 0.335 0.178 47 Mean 0.258 0.248 -1
6 41 10/22/2009 CON 0.252 0.264 -5 Median 0261 0218 6.1
7 42 10/26/2009 CON 0.160 0.097 39 Standard Deviation 0.116 0117 47
8 43 10/28/2009 CON 0.258 0.203 21 COV (.45 0.47 -41
11 68 12/21/2009 CON 0.147 0.337 -129 Bootstrapped Lower CI Median 0.160 0.150 -1.9
12 70 12/31/2009 CON 0.274 0.489 =77 Bootstrapped Median 0.26] 0218 6.1
13 72 1/4/2010 CON 0.356 0.230 35 Bootstrapped Upper Cf Median 0.306 0.269 3l
14 74 1/10/2010 CON 0.156 0,142 5 25th Percentile 0.158 0.148 -9.2
13 77 173472010 CON 0.478 0.269 44 75th Pescentile 0314 0278 32
16 81 142472010 CON 0.264 0.305 -15.5 TOR 0.156 0.130 41
17 89 2/15/2010 CON 0.265 0.182 31 Minimum 0.104 0.097 126
19 99 3112010 CON 0.128 0.137 -7 Maximuim 0484 0.489 47
21 162 3/25/2610 CON 0.161 0.130 7
22 104 37282010 CON 0.104 0.138 -33 |
1= conditional use (chemical analysis criteria) ‘Wilcoxon signed-rank {I-tailed) test
Median % Median Difft
p-value Difference {mg/L)
CAB 1.0 -254 -0.323
CON 0.2040 6.1 0.0095
Iffluent concentration .
(CON - CAB) 1.0 NA 0214
Removal efficiency
(CON - CAB) 1.0 =260 NA

Bolded values are sigmficant at p <0.05.

mg/L: milligrams per ler

n: number of samples

COV: coefficient of variance
CL confidence interval

IQR: interquattile range
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APPENDIX G

Hydrologic and Water Quality
Data Statistical Analyses



Table G-1. Statistical analysis of differences between event-based hydrelogic parameters
based on the results from a Wilcoxon signed-rank test.

p-value’

Median Difference

CAB In vs. CAB Out’ 0.4732 10.1
CON In vs. CON Out® < 0.6001 17.9
CAB In vs. CON In° < 0.0001 58.0
CAB Out vs. CON Ont’ < 0.0601 81.6
Flow Durati 3 - Ly T
CAR In vs. CAB Out’ 0.0173 -0.92
CON In vs. CON Out® < 0.0001 2.6
CAB In vs. CON I 0.0633 -0.29

CAB Out vs, CON ut’ < 0.0001

3.0

CAB Tn vs. CAB Out® 0.0026

CON In vs. CON Out® < 0.0001
CAB In vs. CON In® <0.0001
CAB Out vs. CON Qut’ < 0.0001

0.005
0.004
0.014
0014

* Yalues in bold indicate that the null hypothests is rejected at a significance level of 0.05.

* Median difference across alt influent and effluent samples
¢ Median difference across all CAB and CON samples
CAB: compost-amended biofiitration swale

CON: contro] biofiltration swale

In: inlet

Out: outlet

09-04411-001 Apx G - Tables G-1-G-8

Herrera Environmental Consulfants



Table 2. Statistical analysis of differences between influent and effluent concentrations based on the results from
a Wilcoxon signed-rank test.

Sample Size Null Hypothes:s Alternate Hypothesis Median Difference”

Parameter {n) Test Type (He) {H,) p-value®  (Influent - Effluent)
TSS concentration

CAB 16 i-tailed Effluent > Influent Effluent < Influent 0.0002 87

CON 16 I-tailed Effluent = Influent Efftuent < Influent 0.06002 o1
Dissolved zine concentration

CARB 16 1-tailed Effluent = Influent Efftuent < influent 0.0002 0.0415

CON 16 1-tailed Effluent > Influent Efftuent < influent 0.0450 0,00835
Dissolved copper concentration

CAB 16 | ~tailed Effluent > Influent Effluent < Influent 0.0019 0.0017

CON 16 1-tailed Effiuent > Influent Effiuent < Influent 1.0 -0.0005
TPH (motor oil} concentration

CAB 15 1-tailed Effluent = Influent Effluent < Influent 0.0003 1.83

CON 15 I-tailed Effluent > Influent Effluent < Influent 0.0003 1.17
Total zinc concentration

CAB 16 1-tailed Effluent > Influcnt Effluent < Influent 0.0002 0.136

CON 16 1-tailed Effluent > Influent Effluent < Influent 0.0002 0.097
Total copper concentration

CAB 16 1-tailed Effluent = Influent Effluent < Influent 0.0002 0.0231

CON 16 1-tailed Effluent > Influent Effluent < Influent 0.0002 0.0213
TP concentration

CAB 16 i-tailed Effluent = Influent Effiuent < Influent 1.0 -0.282

CON 16 I-tailed Effluent = Influent Effluent < Influent 0.0018 0.081
SRI concentration )

CAB 16 I-tailed Effluent > Influent Effluent < Influent 1.0 -0.287

CON 16 1-tazled Effluent > Influent Effluent < Influent 1.0 ~0.003
Hardness

CAB 16 2-tailed Effluent = Influent - Effluent # Infuent 0.0004 -8.12

CON 16 2-tailed Effluent = Influent Effluent # Influent 0.0007 -1.47
pH .

CAB 16 2-tailed Effluent = Influent Effluent # Influent 0.0032 -0.405

CON 16 Zutailed Effluent = Influent Effluent # Influent 0.1406 -0.085
TKN concentration

CAB 16 I-tailed Effluent > Influent Effluent < Influent 0.0002 0.309

CON i6 I-tailed Effluent > Influent Effluent < Influent 0.0007 0.330
Nitrate + nirite conceniration

CAB 16 1-tailed Effluent = Influent Efffuent < Intluent 1.0 «(.323

CON 16 1-tailed Effluent = Inlluent Effluent < Influent 0.2040 0.0095

* Values in bold indicate that the null hypothesis is rejected at a sipnificance level of 6.05.

" Median difference across all pairs of influent and effluent sarnples

TY8: wotal suspended solids

TP: total phosphorus

SRP: soluble reactive phosphorns
TEN: tota) Kjedahl nitcogen

TPH: tota petraleun hydrocarbans

mg/L: miliigrams per liter

mg CaC0y/L: milligrams of calefum carbonate per Hter
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Table -3. Statistical analysis of differences between effluent concentrations and removal efficiencies at the
compost-amended and the control biofiltration swate based on the results from a Wilcoxon signed-rank test.

Sample Size Null Hypothesis Alternate Hypothesis Median Difference”

Parammeter ) Test Type {Hg) (HA) p-value® {CON - CAB)
TSS

Effluent concentration {mg/L) 5 [-tailed CAB = CON CAB < CON 0.0003 7.0

Removal efficiency (%) 15 I-talled CAB > CON CAB<CON 0.0005 2.0
Dissolved zinc _

Efffuent concentration {mg/L) ] I-tailed CAB = CON CAB < CON 6.0003 0.028

Removal efficiency (%) 13 I-tailed CAB = CON CADB < CON 0.0003 64
Dissolved copper

Effiuent concentration {mg/L) 15 1-tailed CAB z CON CAB<CCN 0.0006 0.0023

Removal efficiency (%} 15 T-tailed CAB = CON CAB <CON 0.0023 31
TPH {motor off)

Effluent concentration {mg/L} 15 1-tailed CAB = CON CAB <CON 0.0004 0.87

Rewoval efficiency (%) 15 {-tailed CADB > CON CAB < CON 0.0009 2
Total zine

Effluent concentration {mg/L} 15 {-tailed CARB = CON CAB < CON 0.0003 0.029

Removal effieiency {%) 15 {-tailed . CABzCON CAB <CON 0.0003 26
Fotal copper

Effluent concentration (mg/L) 15 intailed CAB = CON CAB <CON 0.0403 0.0052

Bemoval elficiency (%) 15 | -tailed CAB > CON CAB < CON 0.0005 12
P

Effluent concentration (mg/L) 15 1-tailed CAB > CON CAB < CON 1.0 -0.315

Removal efficiency (%) 135 1-tailed CABZ= CON CAB < CON 1.0 =258
SRP

Effluent concentration (mg/L) 15 1-tailed CAB = CON CAB < CON 10 -0.282

Remaoval efficiency (%) 15 I-tailed CAB=CON CAB < CON 1.0 -6528
Hardness

Effluent concentration (mg/L) 15 2ailed CAB = CON CAB # CON 0.0076 -6.83
pH

Effluent level 15 2-tailed CAB =CCN CAB #CON 0.0229 -0.325
TKN

Effluent concentration (mg/L} i5 1-tailed CAB = CON CAB < CON (.35248 0117

Removal efficiency (%) 15 I tailed CAB > CON CAB < CON 0.4324 4.6
Nitrate + nifrite

Lfftuent concentration {mg/L} 15 1-aited CAB 2 CON CARB <CON 1.0 -0.214

Removal efficiency (%) 15 1-tailed CAB = CON CAB <CON 1.0 -260

* Values in boid indicate that the null hypothests is rejected at & significance level of 0.03,
® Medizn difference across sl pairs of CAB and CON samples

TSS: tota suspended solids

TP: total phosphorus

SRP: soluble resctive phosphorus

TEN: totat Kjedah| nitrogen

TPH: totat petroleum hydrocarbons

mg/L: milligrams per liter

myg CaCOyL: milligrams of caleium carbonate per liter
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Table G-4. Kendall's tau correlation coefficients and p-values from comparisons of storm event characteristics
to influent concentrations for the compost-amended biofiitration swale.

Average
Precipitation Precipitation  Peak Precipitation  Antecedent Dry Precipitation
Depth {ntensity Intengity (inches/ Period Duration Sample

Parameter * {inches} {inches/hour} 3 minutes) (hours) (hours) Date
TSS concentration (ing/L}

Kendali Tau correlation coefficient 0.243 0414 0372 -0.303 0.060 0.042

pevalne’ 0.150 0.025 0.044 0,102 0.748 D.821
Dissolved zine concentration (mg/L)

Kendall Tau correlation coefficient 0.076 -0.196 -0.122 0.288 0,283 -0,464

p-value® 0.682 0.250 0.50% 0.120 0.126 0.012
Dissolved copper concentration {(mg/L)

Kendall Tau correlation coefficient -0.110 -0.094 -0,157 -0.017 0.043 -0.363

pA.ralueb 0.553 0.613 0.3%6 0.927 0.817 0.0499
TPH (motor oil) concentration (mg/L)

Kendall Tau correlation coefficient -0.010 0.172 0.126 -0.181 -0,125 0,105

p-valne® 0.96 0.371 0.512 0.347 0516 0.586
Tatal zinc concentration (mg/1.)

Kendall Tau correlation coefficient 0.183 0.168 G.259 -0.276 0.153 -0.167

pw’alueh 0.322 0.364 0.162 0.136 0.414 0.368
Tatal copper concentration {mg/L}

Kendali Tau correlation coefficient 0.133 0.303 0.293 -0.360 0.000 -0.150

p~valueb 0471 0.162 0.113 0.052 1.000 0.418
TP concentration (mp/L}

Kendall Tau correlation coefficient 0.176 0.228 0.303 -0.454 0.043 0.059

p-vatue” 0.342 0.218 0.101 0.014 0818 0.752
SRP concentration {mg/i)

Kendall Taw correlation coefficient -0.122 0.009 -0.009 -0.201 -0.292 -0.400

p-value® 0.510 0.962 0.561 0.277 0.114 0.031
Hardness concentration (mg CaCOy/1.}

Kendall Tau comrelation coefficient -0.228 -0.043 0.044 -0.085 0.000 -0.143

p-vatue® 0.218 0.818 0.813 0.647 1,000 0.438
pH level

Kendall Tau correlation coefficient -0.250 - -0.235 -0.293 0.310 <0119 -0.267

p-value® 0.177 0.204 0.113 0.094 0.521 0.150
TKN concentration (mg/i)

Kendall Tau correlation coefficient -0.150 -0.151 -0.1%90 -0,209 -0.034 -0.167

p-value® 0.418 0.414 0.305 0,258 0.855 0.368
Nitrate + nitrite coneentration {mg/L})

Kendall Tau correlation coefficient -0.082 -1.329 -0.199 0.185 0.230 -0.460

p~vah]eb 0.619 0.075 0.282 0.318 0.214 0.013

* Anaysis was performed on the entive datager.

¥ YValues in bold indicate that the null hypothesis is rejected at a sigmificance (evel of .03,
T38: toal suspended solids

TP; total phasphorus

SRP: soluble resctive phosphorus

TPH: total petrolewn bydrocarbons

mg/L: milligrams per liter

myg CaCly/L: milligrams of calcim carbonate per iiter
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Table G-5. Kendali's tau correlation coeflicieuts and p-values from comparisons of storm event characteristics
to effluent concentrations for the compost-amended biefilération swale.

Average .
Precipitation  Peak Precipitation  Antecedent Dry Precipitation
Precipitation Intensity Intensity (inches/ Peried Duration

Parameter * Depth {inches) (inches/hour) 5 minutes) (hours) {hours} Sample Date
TSS concentration (mg/L)

Kendall Tau correlation cocfiicient 0220 0.308 0.535 -0.264 -0.052 -0.034

p-value® 0.234 0.096 0.004 0,154 0.780 0.855
Dissolved zinc concentration (mg/L)

Kendall Tau cerrelation coelficient 0.052 0.193 0216 -0.166 0018 0.070

p-value’ 0.778 0.297 0.243 0.370 0.924 0.707
Dissolved copper concentration (mg/i)

Kendall Tau correlation coeflicient 0.279 0.400 0349 -0.102 0.043 -0.008

p-vaiuc® 0.132 0.031 0.059 0.583 0.817 0.964
TPH (motor oil) concentration {mg/L} .

Kendall Tau correlation coelficient -0.067 -0.019 -0.087 0.200 -0.010 0.010

pwvalueh 0.727 0921 0.650 0.299 0.960 11.961
Tetal zinc concentration {mg/L)

Kendali Tau correlation coafficient 0,191 0.158 0.369 -0.131 0.115 -0.017

p-value® 0.301 0.393 0.046 0.479 0.534 0.925
Total copper concentration (mg/L)

Kendall Tau correlation coelficient 0.349 0.386 0.537 -0.188 -0.026 -0.128

p-value’ 0.059 0.037 0.004 0.310 0.888% 0.490
TP concentration {mg/L)

Kendall Tau correlation coefficient -0.133 -0.134 -0.121 -(,159 -0.119 -0.250

p-valueb 0.471 0.468 0.514 0.390 0.521 0.177
SRP concentration {mg/L.)

Kendall Tau correlation coefficient -0.133 -0.084 -0.121 -0,126 -0.119 -0.317

p~value" 0.471 0.650 0.514 0.498 0.521 0.087
Hardness concentration (mg CaCOy/L)

Kendall Tau correlation coefficient -0.517 -0.454 -0.587 -0.008 -0.085 -0.167

p-vaiu.f:b 0.005 0.014 0.002 0.964 0.647 0.368
pH level

Kendall Tau correlation coefficient -0.059 -0.025 -0.199 0.252 -0.026 -0.360

p-value® 0.752 0.891 0.282 0.173 0.890 052
TKN concentration {mg/L}

Kendafl Tau correfation coefficient -0.100 -0.168 -0.086 -0.092 -0.068 -0.183

p—vahlcb 0.589 0.364 0.641 0.619 0.714 0.322
Nitrate + nitrite concentration (mg/L) : .

Kendall Tau correlation coefficient -0.333 -0.202 -0.449 -0,176 -0.068 0417

p-valug” 0.072 0.276 0.015 0.342 0.714 0.024

* Analysis was performed on the entire datases,

*Vatues in bold indicate that fhe nuli frypothesis is rejected at a significance leved of 0.05.
TS8: total suspended solids

TP: total phosphorus

SRP: soluble reactive phosphorus

TPH: total petrofeum hydrocarhans

mg/l: milligmams per liter

mg CaCOy/L: milligramns of calchwm carbonate per liter
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Table G-6. Kendall's tau correlation coefficients and p-values from comparisons of storm event
characteristics to removal efficiency estimates for the compost-amended biofiltration swale,

Average
Precipitation Peak Irecipitafion  Antecedent  Precipitation
Precipitation Intensify Intensity (inches/  Dry Period Duration Sample

Parameter * Depih {inches) (inches/hour) 5 minutes) {(hours) {hours) Date
TSS removal efficiency (%)

Kendall Tau correlation coefficient 0.133 0.202 0.035 -0.142 0.254 0.083

p-vatue® 0.471 0.276 0.852 0.442 0.170 0.653
Dissolved zinc removal efficiency (%)

Kendall Tau correlation coefficient -0.017 -0.336 -0.328 0.259 0.203 -0.300

p-value® 0928 0.069 0.077 0.161 0272 0.108
Diissolved copper removal efficiency (%)

Kendall Tau correlation ceefficient -0.317 -0.303 -(,293 0.002 0.051 -0.400

p-value” 0.087 0.102 0.113 0.619 0,784 0.031
TPH {motor oif) removal efficiency (%)

Kendall Tau correlation coefficient (.144 0.077 0.126 40,352 -0.0H0 0.105

p-value” 0.454 0.691 0512 0.067 0.960 0.586
Total zine removal efficiency (%)

Kendall Tau correlation coefficient -0.150 -0.067 -0.1%0 -0.243 0.000 -0.267

p-vaiueb 0418 0.716 0.305 0,190 1.000 0.150
Total copper removal efficiency (%)

Kendzl! Tzu correlation coefficient 0.067 0,185 0.173 -0.259 0.119 -0.117

p-vaiuct 0.719 0.318 0.351 0.161 0.521 0.528
TP remnoval efficiency {%)

Kendali Tzu correlation coefficient 0.133 0.286 0259 -0.176 0.170 0.183

p-valueb : 0.471 0.123 0.162 0.342 0.360 0322
SRP removal efficiency (%) .

Kendall Tau correlation eoefficient -0.100 0.218 0.104 -0.259 -0.356 -0.150

pnvalueb 0.589 (3.238 0.376 0.161 0.054 0418
TKN removal efficiency (%)

Kendall Tau correlation coefficient 0.100 0.050 0,121 -0.176 0.186 0.083

p-value® 0.589 0.785 0.514 0.342 0314 0.653
Nitrate + nitrite removal efficiency (%)

Kendall Tau correlation coefficient 0.283 -0.050 0.224 0.259 0.305 -0.633

p-\faiueb 0.126 0.785 0.226 0.161 0.099 0.001

" Analysis was performed on the enties dataset.

" Values in bold indicate that the null hypothesis is rejected at & significsnce level of 0,05,
T8S; totat suspended solids

TP: tatal phosphorus

SRP: soluble reactive phosphors

TEH: total petraleum hydrocarbons

mg/L: milligrams per liter
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Table G-7. Kendall's tau correlation coefficients and p-values from comparisons of storm event characteristics
to influent concentrations for the control biofiltration swale,

Average
Precipitation  Precipiiation Peak Precipitation Antecedent Dry  Precipitation
Depth Intensity intensity (inches/ Period Duration Sample’

Parameter ° (inches) {inches/hour) 5 minutes) {hours) (hours) Date
TS5 concentration {(my/L)

Kendall Tau correlation coefficient 0.126 0.067 0.137 -0.477 0.127 1.583

p-valye’ 0,498 0.716 0.460 0.010 0.4%4 0.002
Dissolved zinc concend{ration (mp/E)}

Kendall Tau correlation coefficient -0.335 -0.086 -0.281 0.060 -0.165 -1.308

p—vaiueb 0.070 0.641 0.129 0.745 0.374 0.096
Dissolved copper conceniration (mg/L)

Kendall Tau correlation coefficient -0.387 -0.093 -0.300 0.017 -0.288 -0.326

p-vaiue® 0.037 0.616 0.104 0,928 0.120 0.078
TPH (motor oil} concentration (mp/L)

Kendall Tau correlation coeflicient -0.183 0.038 -0.204 -0.124 -0.106 -0.010

p-value” 0.342 0.842 0,289 0.520 0.583 0.961
Total zine concentration (mg/L)

Kendall Tau correlation coefficient -0.139 -0.050 -0.068 -0.477 -0.023 0.233

p-value® 0.350 0,785 0.712 0.010 0.8} 0.207
Total copper concentration (mg/1.}

Kendall Tav corrclation coefTicient -0.05% 0.151 0.103 -0.577 -0.110 0.133

p-value” 0.752 0414 0.578 0.002 0.553 0.471
TI' conceniration {my/i.)

Kendall Tau correlation coefficient ©-0.059 -0.017 0.017 -0.427 0.042 0.433

p-vaiue’ 0.752 0.928 0.926 0.021 0.820 0.019
SRP concentration {mg/L)

Kendall Tau correlation coetTicient -0.155 (.009 0.009 0.069 -0.244 -0.489

]:)-W:dueb 0.402 0.563 0.962 0.709 0.188 0.008
Harduness concentration (mg CaCOy/L)}

Kendall Tau correlation coefficient -0.417 -0.103 -0.330 -0.145 <0.215 0.034

p«valuei’ 0.024 0.579 0.074 0.434 0.246 0.855
pH level

Kendall Tau cotrelation coefficient 021 -0.068 -0.241 0.127 -0.145 -0.118

p-value” 0.254 0714 0.192 0.494 0.434 0.525
TKN concentration (mg/L)

Kendall Tou corretation coefficient -0.276 -0.252 -0.359 -0.042 -0.110 -0.100

p-value® 0.136 0.173 0.052 0.821 0.553 0.589
Nitrate + nitrite concentration (mg/1.)

Kendall Tan correlation coefficient -0.259 0.050 -0.222 0.209 -.160 -0.350

pvva}ueb 0.161 0.783 0.230 0.258 0.386 0.059

® Analysis was performed on lhe entire dafaset,

® Yatues in bold indicate that the nul} hypothesis is rejected at a significance tevel of 0,05
TS5: total shspended solids

TP: total phosphorus

SRP: soluble reactive phospherus

TPH: total petrofeumn bydrocarbons

mg/L: milligrams per [Rer

nig CaCOy/L: miliigrams of calciwm carbonate per liter
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Table GG-8. Kendall's tau correlation coefficients and p-values from comparisons of storm event characteristics
to effluent concentrations for the control biofiltration swale.

Average
Precipitation  Peak Precipitation Antecedent Dry Precipitation
Precipitation - Intensity Intensity {inches/ Period Duration

Parameter " Depth (inches)  {inches/hour) 5 minutes) {(hours) (hours} Sample Date
T8S concentration (mg/L)

Kendall Tau correlation coefficieni -0.077 -0.078 -0.114 -0.283 0.009 0.308

p-value® 0.676 0.675 0.538 0.126 0,963 0.096
Dissolved zinc concentration (mg/L)

Kendali Tau correlation coefficient -0.177 -0.051 -0.190 -0.346 -(.060 0319

p-valueh 0.338 0.784 0305 0.062 0.748 0.084
Dissolved copper concentration {mg/L)

Kendall Tau correlation coefficient -0.218 0.143 -0.112 -0.168 -0.186 -0.209

p-valuc” 0.238 0.438 0.546 0.364 0314 0.258
TPH (motor oil) concentration {mg/L)

Kendall Tau correlation coefficient -0.087 -0.364 -0.146 -0.257 0.202 0.200

pevalue” 0.653 0.059 0.449 0.181 0,294 0.299
Total zinc concentration (mg/L)

Kendall Tau correlation coeificient -0.202 -0.160 -0.232 ] -0.403 : -0.017 0.410

p—valueb 0.276 0.386 0.210 (.029 0.927 0.027
Totai copper concentration (mg/L)

Kendall Tau correlation coefficient -0.211 0.119 -0.069 -0.414 -0.162 0.000
TP concentration (mg/L)

Kendall Tau comrelation coefficient -0.185 0.098 -0.146 0.118 -0.169 -0.527

p-vatue’ 0318 0.964 0.430 0.523 0.360 0.004
SRP concentration {mg/L)

Kendall Tau correlation coefticient -0.103 0.043 0.061 0.291 -0.121 -0.775

p-\falur:b 0.57% 0.817 0.741 0.116 . 0514 < 0.0001
Hardnpess concentration (mg CaCO3/L)

Kendall Tau correlation coefficient -0.276 -0.034 -0.171 -0.008 -0.177 -0.267

pevalue® 0.136 0.856 0.356 0.964 0.338 0.150
pH level

Kendall Tau correlation coefficient 0.017 0.076 -0.060 0.319 0.017 -0,377

p~valuec 0.92§ 0.682 0.745 0.084 0.927 0.042
TKN concentration (mg/L)

Kendall Tau correlation coefficient -0.209 -0.134 -0.171 0.025 -0.127 -0.233

p-value" {.258 0.468 0.356 0.892 0.494 0.207
Nitrate + nitrite concentration (mg/1.)

Kendall Tau cerrelation coefficient -0.410 0,101 -0.274 -0.008 -0.279 -0.267

p-value’ 0.027 0.586 0.139 0,964 0.132 0.150

®Values it hold indicate that the nall hypothesis is rejectod at a significance level of 0.05.
TS tatal suspended solids ’

TP: total phosphorus

SRP: soluble reactive phosphorus

TPH: totaf petrofeum hydrocarhons

mg/L: mitligrams per liter

w CaC04/.: milligrams of calcium carborate per Hiter
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Table G-9. Kendall's tau correlation coefficients and p-values from comparisons of storm event
characteristics to removal efficiency estimates for the control biofiltration swale.

Average
Precipitation  Peak Precipitation

Antecedent  Precipitation

Precipitation Intensity Intensity (inches/  Dry Period Duration Sample

Pazameter * Depth {inches) (inches/hour) 5 minutes) (hours) (hours) Daie
TSS removal efficiency (%)

Kendall Tau cormrelation coeflicient 0.343 0.151 376 -0.393 0.177 0.400

p-vaiueb 0.064 0.414 D.042 0.034 0.338 0.031
Dissolved zine removal efficieney (%)

Kendall Tau cerrelation ceefficient 0.067 0.093 0.163 0.437 0.000 -0.444

pevalud” 0.716 0.616 0.378 0.018 1.000 0.017
Dissolved copper removal elficiency (%)

Kendall Tau correlation coefficient -0.377 -0.185 -0.342 0.259 -0.211 -0.333

p-value® 0.042 0318 0.065 0.161 0.254 0.072
TPH {motor oil) removal efficiency (%)

Kendall Tau correlation coefficient 0.125 0383 -0.068 -0.010 -0.240 -0.086

p-value® 0.516 0.047 0.724 0.961 0212 0.656
Total zinc removal efficiency (%)

Kendall Tau correlation coefficient 0.205 0.319 0.325 0.042 -0.042 -0.183

p-vahue” 0.258 0.084 0.07% 0.821 0.820 0322
Total copper removal efficiency (%)

Kendall Tau correlation coefficient 0.276 0.118 0.256 -0.310 0.076 0.133

pu,raIu(;-,iJ 0.136 0.525 0.166 0.094 0.682 0.471
TP removal efficiency (%)

Kendatl Tau corn_alation coefficient 0.075 0.084 0.068 -0.460 0.076 0.633

p-va}ueb 0.684 0.630 0,712 0.013 0.682 0.001°
SRP removal efficiency (%)

Kendall Tau correlation coefficient -0.128 -0.017 -0.052 -(0.434 0,077 0,542

p-va}ueb 0,490 0.926 0.778 0.019 0.676 - 0,003
TKN removal efficiency (%)

Kendall Tau correlation coefficient 0.025 -0.118 -0.085 -0.243 0.194 0.250

p-value® 0.892 0.525 0.644 0.190 0.294 0.177
Nitrate + nitrite removal efficiency (%)

Kendalf Tau corrclation coefticient -0.042 0.050 -0.034 0,209 -0.093 {0,150

p-value® 0.821 0.745 0.853 0.258 0.615 0.418

* Analysis was performed on the ontire dataset.

® Vahues in bold indicate that the null hiypothests is rejected at a significance level of 0.05.

TSS: total suspended solids

TP: total phosphorus

SRP: soluble reactive phosphorus
TPH; mwotal petroleum hydrocarbons

mg/L: milligrams per liter
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Figure G-1. Influent total suspended solids concentration correlation with peak
precipitation intensity for the compost-amended biofiltration swale.
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Figure G-2. Effluent total suspended solids concentration correlation with peak
precipitation intensity for the compost-amended biofiltration swale.
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Figure G-3. Influent total suspended solids concentration correlation with average
precipitation intensity for the compost-amended biofiltration swale.
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Figure G-4. Influent total suspended solids concentration correlation with antecedent dry
period for the control biofiltration swale.
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Figure G-5. Total suspended solids removal efficiency correlation with antecedent dry
period for the control biofiltration swale.
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Figure G-6. Influent total suspended solids concentration correlation with sample date
for the control biofiltration swale.
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Figure G-7. Total suspended solids removal efficiency correlation with sample date for
the control biofiltration swale.
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Figure G-8. Total suspended solids removal efficiency correlation with peak precipitation
intensity for the control hiofiltration swale.
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Figure G-9.

Influent dissclved zinc concentration correlation with sample date for the
compost-amended biofiltration swale.
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Figure GG-10. Dissolved zinc removal efficiency correlation with antecedent dry period for
the control biofiltration swale.
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Figure G:-11. Dissolved zinc removal efficiency correlaticn with sample date for the control
biofiltration swale.
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Figure G-12. Influent dissolved copper concentration correlation with sample date for the
compost-amended biofiltration swale.
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Figure G-13. Dissolved copper removal efficiency correlation with sample date for the

compost-amended biofiltration swale.
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Figure G-14.

Effluent dissolved copper concentration correlation with average

precipitation intensity for the compost-amended biofiltration swale.
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Figure G-15. Influent dissolved copper concentration correlation with precipitation depth
for the control biofiltration swale.
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Figure G-16. Dissolved copper removal efficiency correlation with precipitation depth for
the control biofiltration swale. '
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Figure G-17. Total petroleum hydrocarbon removal effiency correlation with average
precipitation intensity for the control biofiltration swale.
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Figure G-18. Effluent total zinc concentration correlation with peak precipitation intensity
for the compost-amended biofiltration swale.
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Figure G-19. Influent total zinc concentration correlation with antecedent dry period for
the control biofiltration swale.
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Figure G-20. Effluent total zinc concentration correlation with antecedent dry period for
the control biofiltration swale.
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Figure G-21. Effluent total zinc concentration correlation with sample date for the control
biofiltration swale.

0.09 -
.08 - . *
0.07

0.06 y = 5.8276x + 0.0065 ¢ e
R? = (0,2378

0.05
0.04
0.02 -
0.02 - *

0.01

Average Precipitation Intensity (infhr}

0.00 - , e , :
0.000 0.002 0.004 0.006 0.008 0.0%0

Total Copper Effluent Concentration (mg/L)

Figure G-22. Effluent total copper concentration correlation with average precipitation
intensity for the compost-amended biofiltration swale.
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Figure G-23. Effluent total copper concentration correlation with peak precipitation
intensity for the compost-amended biofiltration swale.
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Figure (-24. Influent total copper concentration correlation with antecedent dry period
for the control biofiltration swale.
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Figure G-25. Effluent total copper concentration correlation with antecedent dry period
for the control biofiltration swale,
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Figure G-26. Influent total phosphorus concentration correlation with antecedent dry
period for the compost-amended biofiltration swale.
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Figure G-27. Influent total phosphorus concentration correlation with antecedent dry
period for the control biofiltration swale.
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Figure (-28. Total phosphorus removal efficiency correlation with antecedent dry perlod
for the control biofiltration swale.
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Figure G-29. Influent total phosphorus concentration correlation with sample date for the
control biofiltration swale.
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Figure G-3(0. Total phosphorus removal efficiency correlation with sample date for the
control biofiltration swale.
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Figure G-31. Effiuent total phosphorus concentration correlation with sample date for the
control biofiltration swale.

May-10 -
Apr-10 -~
Mar-10 -
Jan-10
Dec-08

Nov-09

Sampie Date

Oct-09 -

Sep-09 -

y =-8151.6x + 40219
R? = 0.3029

Aug-09
0.000

13

0.005 0.010 0.015 0.020 0.025
SRP Influent Concentration {mg/L)

Figure G-32. Influent soluble reactive phosphorus concentration correlation with sample
date for the compost-amended biofiltration swale,
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Figure -33. Influent soluble reactive phosphorus concentration correlation with sample
date for the control biofiltration swale,
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Figure G-34. Effluent soluble reactive phosphorus concentration correlation with sample
date for the control biofiltration swale.

Jr 09-04411-001 apx g - figures gi-g46
January 12, 2011 Herrera Environmental Consultants




May-10 -

Apr-10 - A A
? A
Mar-10 -
; y =0.6612x + 40218 A
[} R? = 0.6639
w Jan-10 A
= : N 4
2 09 - A
= Dec-09 | A
£ ;
cjg Nav-09 -
Oct-09 - A
Sep-09 A
Aug-08 : 5 P
-250 -200 -150 ~100 -50 0 50 100

SRP Removal Efficiency (%)

Figure G~35. Soluble reactive phosphorus removal efficiency correlation with sample date
for the control biofiltration swale.
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Figure G-36. Soluble reactive phosphorus removal efficiency correlation with antecedent
dry period for the control biofiltration swale.
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Figure -37. Effluent hardness concentration correlation with precipitation depth for the
compost-amended biofiltration swale.
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Figure G-38. Effluent hardness concentration correlation with average precipitation
intensity for the compost-amended biofiltration swale,
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Figure G-39.

Effluent hardness concentration correlation with peak precipitation intensity
for the compost-amended biofiltration swale.
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Figure G-40.

Influent hardness concentration correlation with precipitation depth for the
control biofiltration swale.
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Figure G-41. Effluent pH level correlation with sainple date for the control biofiltration
swale.
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Figure G-42. Influent nitrate + nitrite concentration correlation with sample date for the
compost-amended biofiltration swale.
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Figure G-43.

Nitrate + nitrite removal efficiency correlation with sample date for the
compost-amended biofiltration swale.
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Figure G-44.

Effluent nitrate + nitrite concentration correlation with sample date for the
compost-amended biofiltration swale.
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Figure G-45. Effluent nitrate + nitrite concentration correlation with peak precipitation
intensity for the compost-amended biofiltration swale.
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Figure G-46. Effluent nitrate + nitrite concentration correlatiou with precipitation depth
for the control biofiltration swale.
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APPENDIX H

Laboratory Reports, Chain-of-Custody
Records, and Quality Assurance
Worksheets for Collected

Water Quality Data



The contents of this appendix will be
provided separately.




APPENDIX 1

Dissolved Zinc and Copper Removal
Efficiency Data from Basic Treatment
Facilities
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Filter - Sand
Filter - Sand
Filter - Sand
Filter - Sand

Filter - Sand

Filter - Sand
Filter - Sand

Escondido
Foothill SF
-5/1-78 P&R
La Costa P&R

Lakewood Sand Fiiter

Parkrose SF
Termination

12.18
216.82
105.62
285.72

9.17

¢.00
22229

m3

m3
m3

mS

0.00270
0.01020
0.00560
0.01800

0.00151

0.00000
0.01140

ha
ha
ha
ha

ha

ha
ha

24.99
12.50
7.92
14.94

8.23

0.00
11.89

3333

33

12.18
12.20
8.52

20.47

18.69

885
17.39

m:!
m3
m3
m3

0.0
0.0
0.0
0.0

0.0

0.0
Q.0

00-04417-001 Apx | - Basic Treatment BMPs



Filter - Sand
Fiiter - Sand
Fiiter - Sand
Fiter - Sand

Fiiter - Sand

Fiiter - Sand
Fiiter - Sand

Escondido
Foothill SF
I-5/1-78 P&R
La Costa P&R

Lakewood Sand Filter

Parkrose SF
Termination

72
72
72

24

0.00270
0.00400
0.00320
0.00720

0.00156

0.00145
0.00570

ha
ha
ha
ha

ha

ha
ha

0.45

RN NN RN

—

12 in. 8ana, geciexihe ayer, v In. {
18 in. sand; geotextile layer; 6 in. g
18 in. sand; geotextile layer, 6in. g
18 in, sand; geotextile layer; Bin. g
12 inches of ASSHTO C-33 type s:
0.85mm) underlain by a 12 inch de
layer that is drained by a perforate
coefficient of uniformity is 5.0,
Sand - 2.8 ft deep

18 in. sand; geotextiie layer; 6 in. g

09-04411-001 Apx | - Basic Treatment BMPs



With a Permanent Pool

Retention Pond {Wet) - Surface Pend
With & Permanent Pocl

Retention Pond {Wet) - Surface Pond
With a Permanent Poci

Retention Underground Vault or Pipes
fwet)

Retention Underground Vauit or Pipes
(Wat)

Retention Underground Vauit or Pipes
{wet)

QNOP LICCK FLTIU {(sU-a4})
Shop Creek Pond (85-97)
Silver Star Rd Detention Pond
Lakewood RP (95}

Lakewood RP (96}

Lakewood RP (97-98)

Q09307

5649.37

1948 20

9.85

9.85

17.43

mB

mS

mE

m?

m*

Rsivhy

0.567

0.0798

0.0016

0.0016

0.0048

Id

ha

ha

ha

ha

ha

L=

179.2

8.8

8.8

0.202

a

ha

ha

ha

ha

Cattails, Bullrush

none
none

nene

st b

11311

19.82

18.82

18.62

09-044711-001 Apx f - Basic Treatment BMPs
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with a Permanent Pool

Retention Pond {Wet} - Surface Pond
With a Permanent Pool

Retention Pond {Wet) - Surface Pond
With a Permanent Pool

Retention Underground Vauit or Pipes
(Wet)

Retention Underground Vauit or Pipes
(Wet}

Retention Underground Vauit or Pipes
{Wet)

Shop Creek Pond {90-94)
Shop Creek Pond {95-97)
Silver Star Rd Detention Pond
Lakewcod RP (95)

Lakewood RP {96)

Lakewood RF (97-88)

21

21

419.39

m3

mO

m?

0.0405

ha

ha

ha

ha

none

Caftails, Bulflrush

none
none

none

Tud

100

2yr
2yr

fione

09-04411-001 Apx | - Basic Treatmeni BMPs

I-26



Biofilter - Grass sm‘b Sacram_ento ARVTS Sacramento A 0.38 ha
Blofilter - Grass Stip Sacramento B RVTS Sacramento B 0.45 ha
Binfiiter - Grass Stip Sacramente CRVTS Sacramento C 0.50 ha
Biofilter - Grass Strip Sacramente D RVTS Sacramento D 0.54 ha
Biofiiter - Grass Strip San Onofre A RVTS San Onofre A 056 ha
Biofiter - Grass Sirip San Onofre B RVTS 3an Onofre 8 0.70 ha
Biofilter - Grass Strip Sar Onofre C RVTS San Orofre C 0.84 ha
Biotiter - Grass Strip San Rafaet RVTS San Rafaet 292 ha
Biofilter - Grass Stnip Yorba Linda A RVTS Yaorba Linda A 1.08 ha
Biofitter - Grass Strip Yarba Linda B RVTS Yorba Linda A 116 ha
Biofiiter - Grass Strip Yorba Linda C RVTS Yorba Linda C 1.08 ha
Biofiiter - Grass Strip ‘Yorba Linda D RVTS Yorba Linda D 1.84 ha
Biofilter - Grass Swaie Bioswale Native East City of Portland BES East Test 20.24 ha 540.08 m 36.58 m 0 ha E
Biofitter - Grass Sweie Bioswale Non-Native Wast City of Portland BES WestTest 20.24 ha 640.08 m 36.58 m "] ha :
Biofilter - Grass Swale Cenitos Cerritos 0.18 ha 100.00 m 39.99 {
Biofilter - Grass Swatle Dayton Biofilter - Grass Swafe Daylan Biofilter - Grass Swale 36.42 ha :
Biofilter - Grass Swale Del Amo 605/Del Amo 0.28 ha {
Bicfiltter - Grass Swaie East Swale St Johns East 20.24 ha
Bicfitter - Grass Swale EPCOT Swale EPCOT Swale Watershed 0.00 ka
Biofiter - Grass Swale 1-5/-605 swale [-&/605 swale 0.28 na 5
Biofilter - Grass Swale 1-605/5R-91 swale |-805/SR-91 swate 0.08 na 5
Biofilter - Grass Swale Melrose Melrose 0.57 na 5
Hiofilter - Grass Swale Palomar Swale Palomar 1.86 ha 16154 m 5
Biofilter - Grass Swale Russeli Pond Bioswale Fraement-Russell Basin 2266 ha 54.01 m
Aiofiter - Grass Swale West Swale 8t. Johns West 20.24 ha
Fitter - Other Media Keamy Mesa Kearny Mesa 0.61 ha 1
Fitter - Other Meadia StormPFikter Heritage Marketplace 1.62 ha 72.54 m 1
Fitar - Peat Mixed With Sand Lakewood PAR l.akewood Q.77 ha 1
Fifter - Peat Mixed With Sand ia Verde P&R Via Verde 045 ha 1
Filter - Sand Eastemn SF Eastem 361 ha !
Filter - Sand Escondido Escondide 032 ha |
Fitter - Sand Foothill SF Foothill {sand} 873 ha 1
Fitter - Sand EB/-78 PAR 5/78 SF 0.32 ha !
Fitter - Sand t.a Costa PR La Costa PR 118 ha :
Fitter - Sand Lakewond Sand Filter (85} RP SF Vault Watershed (85} 0.66 tia 125,88 m 0 ha 1
Fitter - Sand Pancose SF Parkrose Watershed 0.33 ha 57.61 m £
Fiiter - Sand Termination Termination 113 ha !
Retention Pond {Wet} - Surface Pond . e ‘
With & Permanant Pooi DeBary Detention with Filtration Pond DeBary Detention Watershed 20.52 ha 1524 m 1629 m [;
Retention Pond (Wet} - Surfaca Pond
With & Permanant Poot ta Costa WB i.a Costa WB 1.70 fia
Retention Pond {wet} - Surface Pond 5
With a Permanent Pool Lake Ellyn t.aka Eltyr Watershed 248,10 ha
Retention Pond (We) - Surfacs Pand g0 ye METRO Retention Pond Seatie METRO Detention Pand 607 ha
With @ Permanent Pool
Fetention Pond (Wet) - Surface Pond - g1, 1) ¢aei pang (90-94) Shop Creek Watershed (80-94) 222,58 ha 3218 m

ith @ Permanent Fool
Retention Pond {Wet) - Surface Pond .
\With a Permanent Poot Shop Creek Fond (85-87) Shop Creek Walershed {95-97) 232.58 ha 3218 m
Retention Pond (Wet} - Surface Pond y - . .
With & Permanent Pooi Siver Star Rd Detention Pond Silver Star Rd Det. Watershed 16.84 ha
Retentien Pond (Wet) - Surface Pond .
Wikh & Parmanent Poot Wet detention pond, Martroe St Wastmarland 68.00 ha 1488 m g6 ha
mﬁ;‘“"“ Underground Vault of PSS | i ewood RP (85) RP SF Vault Watershed (95) 068 ha 125.68 m 0 ha
?ﬁ:‘;“"” Underground Vault or PIes | o mad RP (36) RP - MF Vault Watershed (98) 066 ha 125 88 m 0 ha
eri::m Underground Vaultor BIpes ) e evood RP (67-06) RP Vault {7-08) 0688 ha 125 88 m 0 ha
i :

27
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Biofilter - Grass Strip
Bicofilter - Grass Sinp
Bicfilter - Grass Stnp
Bicfilter - Grass Stnip
Biofilter - Grass Strip
Biofitter - Grass Strip
Bicfilter - Grass Strip
EBiofitter - Grass Strip
Biofitter - Grass Strip
Bicfilter - Grass Strip
Biofitter - Grass Strip
Bicfitter - Grass Sirip

Biofitter - Grass Swale

Biofilter - Grass Swale

Biofiiter - Grass Swale
Biofifter - Grass Swale
Biofifter - Grass Swale
Biofitter - Grass Swale

Biofitter - Grass Swale

Bicfilter - Grass Swale
Bicfitter - Grass Swaie
Bicfitter - Grass Swale
Biofifter - Grass Swaie
Biofilter - Grass Swaie
Biofilter - Grass Swale
Filter - Other Media

Filter - Other Media

Filter - Peat Mixed With Sand
Filter ~ Peat Mixed With Sand
Filter - Sand

Filter - Sand

Filter - Sand

Filter - Sand

Filter - Sand

Fifter - Sand

Filter - Sand

Filter - Sand

Retention Pond {Wet) - Surface Pond
With a Permanent Pool

Retention Pond {Wet) - Surface Pond
With a Fermanent Pool

Retention Pond {Wet) - Surface Pond
With a Permanent Pool

Retention Pond {(Wet) - Surface Fond
With a Permanent Pool

Ratention Pond (Wet} - Surface Pand
With a Permanent Poci
Retention Pond (Wet) - Surface Pond
With & Permanent Pool

Retention Pond (Wat) - Surface Pond
With a Permanent Poo}

Retention Pond (We?) - Surface Pond
With & Permanent Poot

Retention Underground Vault or Pipes
fWwetl}

Retention Underground Vault or Pipes
(Wet)

Retention Underground Vault or Pipes
(Wet)

Sacramento A RVTS
Sacramento B RVTS
Sacramento C RVTS
Sacramento D RVTS
San Onofre A RVTS
San Cnofre 8 RVTS
San Onofre C RVTS
San Rafasl RVTS

Yorba Linda A RVTS
Yorba Linda B RVTS
Yorba Linda C RVTS
Yorba Linda D RVTS

Hioswale Native East

Bioswale Non-Native West

Cerritos

Daylon Bicfilter - Grass Swale
Del Amo

East Swale

EPCOT Swale

1-5/1-605 swale
LBO5/SR-01 swale
Mefrose

Palomar Swale
Russell Pand Bioswale
West Swale

Keamy Mesa
StarmFiiter

Lakewsod P&R

Via Verde P&R
Eastem SF

Escondido

Foothilt 5F

L5178 P&R

ta Costa PR
Lakewood Sand Filter (35)
Parkrose SF
Termination

DeBary Datention with Filiratien Pond

La Costa W8

Lake Eliyn

Seatlie METRO Rstention Pond

Shop Creek Pond (30-24}

Shop Creek Pord (85-87}

Sitver Star Rd Detenticn Pond

‘Wet datention pord, Monrae St
L.akewood RP {95)
Lakewood RP {96)

Lakewood RP {57-88)

vagelation in the drainage is primarily iawns, shrups, and tices 121
asscolated with residential fandscaping X
vegetation in the drainage is primariiy lawng, shrubs, and trees 121

assockated with residential tandscaping

728

This study was canducted under controfled conditions. The evenls
were simuleted through a pumping of water to 1he top of the swale
and spiking with typical poliutants, and thus did not have typical
watershed characteristics.

Qistichiis spicala 1.88

NONE
Grass and smail trees

Drainage Length was eatimated by measuring the map of the area.
tength of grass-lined and natural channels were approximated by
measuring on enclosed map.

Time of concentration for the watershed was given as 80 min,

1263

The main drainage area Is 390 acres and includes downtown Glen
Eliyn; inflow from this drainage area was gauged and sampled
during the study. The Linden drainage area {5 96 acres, and the
I.ake Road drainage area is 48 acres; both areas drain single-fami

The name of the drainage basin is West Tributary
Receiving water is Kelsey Creel/Lake Washington

Land use of the drainage area is identified as light industrial
Percent of imperviousness is §0%.

Large cypress frees grow in the slightly lower northem and eastem

part of the wetiands. A heavy undergrowth of hivacinths, duckweed,

cafiads, and smaijl trees occurs under the cypress stand, A thick,

viftually impenetrable underbrush of wild grape, bla

Grass and Trees &.81
NONE

NCHE

NONE

ha

ha

ha

100

100

45
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Biofiiter - Grass Strip
Biofifter - Grass Stap
Biofiiter - Grass Strip
Biofiiter - Grass Strip
Biofiter - Grass Strip
Biofilter - Grass Swip
Biofilter - Grass Stip
Biofiter - Grass Strig
Biofilter - Grass Strip
Biofier - Grass Strip
Biofilter - Grass Sirip
Bioftiter - Grass Strip

Biofifter - Grass Swala

Bicfitter - Grass Swale

Bicfitter - Grass Swaie
Biofifter - Grass Swaie
Biofitter - Grass Swale
Biofilter - Grass Swale

Biofitter - Grass Swale

Biofittar - Grass Swale
Biofitter - Grass Swale
Biofiter - Grass Swale
Biafiiter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Filter - Other Media

Filter - Other Media

Filter - Peat Mixed With Sand
Filter - Peat Mixed Witk Sand
Filter - Sand

Filter - Sand

Filter - Sand

Filter - Sand

Filter - Sand

Fitter - Sand

Fitter - Sand

Fitter - Sand

Retantion Pond (Wet} - Surface Pond
With a Permanent Poal

Retention Fond (Wet) - Surface Pong
With a Permanent Pgol

Retention Pond (Wet) - Surface Pond
With a Permanent Pool

Retantion Pond (\Wat) - Surfaca Pond
With a Permanent Pasol

Retention Pond {Wet) - Surface Pond
With a Permanent Pool
Retention Pond {(Wet) - Surface Pond
With a Permaneni Pool

Retention Pond (Wet) - Surface Pond
‘With a Permanent Pool

Retantion Pond (Wet) - Surface Pond
With a Permanent Pool

Retention Underground Vault or Pipes
{Wet)

Retention Undarground Vault or Pipes
Wet)

Retention Underground Vault or Pipes
(Wet)

Sacramento A RVTS
Sacremento 8 RVTS
Satraments C RVTS
Sacramerto D RVTS
Sant Onofre A RVTS
San Onofre B RVTS
San Qrofre CRVTS
San Rafael RVTS

Yorba Linda A RVTS

Yorba Linda O RVTS

Bioswale Native East

Bioswale Non-Native West

Cerritos

Daytor Biofilter - Grass Swale
Det Amo

East Swale

EPCOT Swale

|-5/-605 swale
|-505/5R-81 swale
Melrase

Palomar Swale
Russell Pond Sioswale
West Swale

Keamy Mesa
StormFilter

t.akewnod P&R

Via Verde F&R
Eastern SF

Escondita

Foolhilt SF

B-T8 P&R

La Costa PR
Lakewood Sand Filter (95} 100
Parkrose SF
Termination

DeBary Detention with Filtration Pond
l.a Costa \WB

Lake Efiyn

Seattle METRO Retention Pond

Shop Creek Pond (80-84)

Shiop Creek Pond {95-87)

Silver Star Rd Detention Pond

Wet detention pond, Menroe 5t o]

Lakewood RP {95} 100
Lakewood RP (98} 106
Lakewoad RP (97-93} 100

100

100

100

100

09-04411-007 Apx { - Basic Treatment BMPs



Table I-7. Land use information in the Internationat Stormwater Best Management Practices Database.

EMP Type

Test Site Name

Land Use Description

% of Land Use in Watershed

Biofitter - Grass Sirip
Bicfilter - Grass Strip
Biofilter - Grass Strip
Biofilter - Grass Strip
Biofiter - Grass Sirip
Biofilter - Grass Strip
Biofitter - Grass Strip
Biofitter - Grass Strip
Bicfilter - Grass Strip
Biofiker - Grass Strip
Bicfitter - Grass Strip
Biofiiter - Grass Strip
Bigfitter - Grass Strip
Bicfilter ~ Grass Strip
Biofilter - Grass Strip
Biofilter - Grass Strip
Biofilter - Grass Strip
Biofilter - Grass Strip
Bicfitter - Grass Strip
Biofiiter - Grass Strip
Bicfilter - Grass Strip
Biofiiter - Grass Strip
Biofilter - Grass Strip
Biofilter - Grass Strip
Biofilter - Grass Strip
Biofilier - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Biofiter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swaile
Biofilter - Grass Swale
Biofilier - Grass Swale
Biofitter - Grass Swale
Biofiiter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Biofilter -~ Grass Swaie
Biofiter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Biofilter - Grass Swale
Filter - Other Media
Fiiter - Other Media

Fitter - Peat Mixed With Sand
Filter - Peat Mixed With Sand

Fiiter - Sand
Filter - Sand
Fiter -~ Sand
Filter - Sand
Fiiter - Sand
Fitter - Sand
Filter - Sand
Fiiter - Sand
Filter - Sand

Retention Pond {Wet) - Surface Pand

With a Permanent Pocl

Retention Pond {Wet) - Surface Pond

With a Permanent Pool

Retention Pond {Wet) - Surface Pond

With a Permanent Pool

Retention Pond {Wet) - Surface Pond

With a Permanent Pooi

Aitadena Strip

Carlsbad strip

Cottonwood RVTS
1-B05/SR-91 strip

irvine A RVTS

irvine B RVTS

Irvine C RVTS

Moreno Valley A RVTS
Moreno Valiey B RVTS
Moreno Valley C RVTS
Moreno Valley D RVTS
Redding A RVTS

Redding B RVTS

Redding C RVTS
Sacramenic A RVTS
Sacramento B RVTS
Sacramento C RVTS
Sacramento D RVTS

San Onofre ARVTS

San Onofre BRVTS

San Onofre C RVTS
Yorba Linda A RVTS
Yorba Linda B RVTS
Yorba Linda € RVTS
Yorba Lindz D RVTS
Bicswale Natlve East
Bioswale Native East
Bioswale Native East
Bicswale Native East
Bloswale Native East
Bioswale Non-Native West
Bioswale Non-Native West
Bioswale Non-Native West
Bioswale Non-Native West
Bioswale Non-Native West
Cerritos

Dayton Biofilter - Grass Swale

Del Amo

East Swale

I-5f-605 swale
1-B05/5R-81 swale
Melrose

Palomar Swale
Russeil Pond Bioswale
West Swale

Kearny Mesa
StormFilter

Lakewood

Via Verde

Eastern SF

Escondido

Foothill SF

1-54-78 P&R

La Costa PR
Lakewood Sand Filter (95)
L akewood Sand Filter (95}
Parkrose SF
Termination

DeBary Detention with Filtration Pond

DeBary Detention with Filtration Pond

La Costa WB

Lake Eilyn

Maintenance Station
Maintenance Staticn
Forest

Highway

Forest

Forest

Forest

Forsst

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Farest

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Open Space

Medium Density Residential
Light industrial
Multi-Family Residential
Heavy indusirial

Open Space

Heavy industriat

Light industrial
Multi-Family Residential
Medium Density Residential
Maintenance Station
High Density Residential
Highway

Unknown

Highway

Highway

Highway

Highway

Unknawn

Unknown

Maintenance Station
Retail

Park & Ride

Park & Ride
Maintenance Station
Maintenance Station
Maintenance Station
Park & Ride

Park & Ride

Light Industriai

Light Industrial

Low Density Residential
Park & Ride

Office Commercial
Medium Density Residential
Highway

fduiti-Family Residentiai

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
. 100
100
100
100
100
100
100
100
100
100
10
30
15
25
20
10
20
18
25
30
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

50

50

100

09-04471-001 Apx | - Basic Treatment BMPs
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EMP Type Test Site Name Land Use Description % of Land Use in Watershed
Retention Pond {Wet) - Surface Pond ’

With a Permanent Pocl Lake Ellyn Office Commercial b
Retention Pond {Wet} - Surface Pond

With a Permanent Pool Lake Eliyn Retait 5
Retention Pona (et} - Surface Pond

With a Permanent Pool Lake Eliyn Medium Density Residential 80
Retention Pond (Wet) - Surface Pond

With a Permanent Pool Lake Ellyn Unknown 7
Retention Pond (Wet) - Surface Pond

With @ Permanent Pool Seattte METRO Retention Pond Light Indusirial 100
Retention Pond (Wet) - Surface Pand

With a Permanent Pool Shop Creek Pond {90-84) Mutti-Family Residential 1
Retention Pond (Wet) - Surface Pond

With a Permanent Poot Shop Creek Pond {90-94) Low Density Residentiat 98
Retention Pond {\Wet) - Surface Pond

With a Permanent Poot Shop Creek Pond (95-87) Low Density Residential 99
Retention Pond (Wet) - Surface Pond

With a Permanent Poot Shop Creek Pond (35-97) Muiti-Family Residential 1
Retention Pond {Wet) - Surface Pond

With a Permanent Poo Sitver Star Rd Detention Pond Unkinown 80
Retention Pond (Wet} - Surface Pond

With a Permanent Pool Sifver Star Rd Detention Pond ' Low Density Residential 13
Retention Pond (Wet) - Surface Pond

With a Permanent Pool Silver Star Rd Detention Pond High Density Residential 27
Retention Underground Vault or Pipes

{Wet) Lakewood RP (95) Light Industriat 100
Retention Underground Vault or Pipes '

{Wet) Lakewood RP (85) Light Industriat 100
Retention Undergraund Vauk or Pipes

(Wet} Lakewood RP (96) Light Industrial 100
Ratention Underground Vault or Pipes

{Wet) Lakewood RP (S6) Light industrial 100
Retention Underground Vault or Pipes

(Wet) Lakewood RP (S7-98) Light Industriat 100
Retention Underground Vault or Pipes

(Wet) Lakewood RFP {97-98) Light Industrial 100

09-044171-009 Apx | - Basic Treatment BMPs =31 Herrera Environmental Consultants



APPENDIX J

Piezometer Water Quality
Data Analysis Memorandum



The contents of this appendix will be
provided separately.






