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1.0 EXECUTIVE SUMMARY

As part of the current National Pollution Discharge Elimination System (NPDES, 2001) permit
and Special Studies, County of Los Angeles Public Works also conducted a Best Management
Practices effectiveness study to evaluate how well structural and treatment control Best
Management Practices (BMPs) affect the quality of storm water run off. The study included
monitoring, collection of stormwater runoff samples, and evaluation of six BMPs during 2004-05
storm season. The data obtained from water samples were analyzed by utilizing statistical
methods to determine the removal effectiveness of several pollutants of concern.

The selected BMPs were evaluated for their removal effectiveness of trash, bacteria, TSS, oil and
grease, nutrients, metals, and organics. Water samples from one BMP site were tested for
toxicity by Brown (2005) as part of a collaborative effort to evaluate the removal effectiveness of
toxicity. These BMPs included five catch basin inserts connected in series with a hydrodynamic
separator downstream of these inserts in the City of South Pasadena, an enhanced manhole in
one of County Public Works maintenance yards in the City of Los Angeles, a bioswale located in
the City of Los Angeles inside a small public park, and a treatment train that consisted of a wet
vault for oil and sediments separation followed by an infiltration trench inside a recycling metal
recycling facility in the City of Los Angeles.

Sampling at the catch basin inserts was conducted manually during the first 3 hours of a storm
event. At the remaining sites a minimum of 15 storms was sampled. Water samples were
collected from the inflow and the outflow of the device. For the hydrodynamic separator,
autosamplers were used to collect flow-weighted composites throughout the storm event. The
data obtained from the recycling metal yard was part of another study program to evaluate
groundwater augmentation and reuse. Discrete samples of stormwater runoff were manually
collected upstream and downstream of the wet vault during the first 2 hours of the storm.

Catch basin inserts used in this study are made of fabrics and designed to remove coarse
sediments, oil and grease, and debris. The field observations show that the inserts capture some
debris and larger trash. The results from mean inflow and mean outflow have shown poor to low
removal for many constituents tested. The statistical analyses indicated that there is no difference
between median inflow and median outflow of bacteria, TSS, nutrients, metals, and pesticides.
There was a net reduction of oil and grease in the effluent in two out of the three samples that
detected. The catch basin inserts captured bulk and solid material that were carried along with
surface water runoff from the adjacent streets. The removal capacity of trash and solid material
decreased with increasing flow. The inserts were cleaned prior to sampling two storm events and
the results did not show any apparent improvement in the removal effectiveness of inserts.

A hydrodynamic separator at the City of South Pasadena that was installed down stream of the
catch basin inserts was tested for its removal effectiveness of contaminants from stormwater
runoff. The separator was designed to remove bulky materials and fine sediments depending on
the screen sizes used. The findings of the statistical analyses on data have indicated that there is
no difference between the medians of contaminant concentration in the inflow and the outflow
for bacteria, TSS, nutrients, and metals.
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An enhanced manhole currently in use at one of County Public Works maintenance yards was
selected to investigate its removal effectiveness of contaminants. This BMP was designed to
remove hydrocarbons and TSS from the runoff generated at this yard. The results showed that
the enhanced manhole removed relatively more metals as compared with the hydrodynamic
separator in the City of South Pasadena. The statistical analyses indicated that there is no
difference between the medians of contaminant concentration in the inflow and the outflow for
bacteria, TSS, nutrients, and metals.

Brown (2005) performed toxicity tests to determine fresh water species C. dubia (water flea)
reproduction and survival and marine species Strongylocentrotus purpuratus (sea urchins)
fertilization as they become exposed to stormwater runoff samples. A study initiated by the
California Regional Water Quality Control Board, San Diego region (CRWQCB, 2002) showed
that organophosphate pesticides such as diazinon caused the toxicity to the water fleas and
toxicity to the sea urchins was caused by zinc, two constituents commonly found in the
stormwater runoff. The toxicity tests were conducted on stormwater samples collected from 5
storms upstream and downstream of the hydrodynamic separator. The results from sea urchins
showed that the hydrodynamic separator did not reduce toxicity. None of the samples were toxic
to C. dubia survival or reproduction.

The BMP evaluation also compared the effluent concentration of selected dissolved metals and
organophosphate pesticides with their chronic water quality criteria. Most of the influent and the
effluent concentrations were above the chronic criteria. the net reduction in concentrations were
small and also above the chronic criteria.

The bioswale is a BMP that was built as part of a small neighborhood park. The data on this
BMP is limited to three sampled storms. The comparison of contaminant concentrations bar
graphs for inflow and outflow indicates that the bioswale appears to be effective in removing
metals and TSS from stormwater. Samples from more storms should be collected and analyzed
to better evaluate the removal effectiveness of this bioswale.

The wet vault consists of a screen and baffle to remove sediments and oil from the runoff. The
analyses for removal effectiveness of this BMP and the infiltration trench used in the metal
recycling yard are based on a limited number of storms. For the wet vault, there was a net
negative removal for COD, hardness, and nutrients. Nonparametric tests showed no difference
between the median inflow and the outflow concentrations for the constituents tested.

Brown (2005) also performed toxicity tests on stormwater runoff upstream and downstream of
the wet vault to determine whether this BMP reduced toxicity of the stormwater. Toxicity from
two of the storms sampled was too high to detect any differences between the inflow and the
outflow. Samples from other storms tested did not show reduction in toxicity as a result of this
BMP.

The infiltration trench was used as part of an infiltration and water augmentation project to study
the effect of infiltrating stormwater on groundwater recharge. Almost all the contaminants tested
were not detected in the groundwater samples. Copper detected in the groundwater by a factor of
150 times less than what was detected in the stormwater. Hardness in the groundwater was
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relatively higher than in the stormwater, which may have been contributed by the underlying soil
strata as a natural source for hardness.

In this study, the effectiveness removal of BMPs was found to be variable depending on the size
of the storm and inflow pollutant concentrations. Generally, the BMPs tested showed higher
removal rate at higher inflow concentrations except for bacteria and nutrients. The removal
efficiencies calculated for the 10™ and the 90" percentiles on the lognormal transformed data for
the inflow and the outflow concentrations for metals, bacteria, and nutrients were negative or
relatively low. The statistical analyses showed an overlap of confidence intervals about the
mean inflow and the mean outflow concentrations for all the constituents tested. The removal
effectiveness of BMPs may also depend on the peak flow and the residence time to allow
sufficient time to remove contaminant by processes such as settling or surface attachment.

The maintenance issues observed in this study were related to sedimentation, vegetative growth,
and trash accumulation. The cost of maintenance may vary based on the location, land use, the
BMP type, and the frequency of trash and sediment cleaning. For example, County Public Works
has been maintaining the hydrodynamic separator, the catch basin inserts, and the enhanced
manhole. The cleaning at these sites is twice a year before and after the storm season. In the trash
study program, County Public Works has cleaned catch basin inserts and the hydrodynamic
separator recently after each storm. There is not enough data to show that frequent cleaning
increased the removal effectiveness of catch basin inserts and the hydrodynamic separator. The
maintenance at Bimini Slough Ecology Park is routine and consists of periodic trimming of the
plants and vegetation and trash removal from the bioswale and the surrounding park. The
maintenance at the recycling metal yard in downtown, Los Angeles involves routine yard
cleaning and inspection of the wet vault and the infiltration gallery during storm season.
Infiltration trench can become less effective or clogged if sediments accumulate and as a result
the maintenance costs will increase.
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2.0 INTRODUCTION

Increase in pollutant loads and runoff due to urbanization can significantly impact receiving
waters. Best Management Practices (BMPs) can be used to reduce the impact. However, a more
thorough understanding of the characteristics of urban runoff is needed to select BMPs to meet
long-term water-quality objectives. As shown in this study, BMPs cannot completely mitigate
the impacts by the urbanization. Some have low removal effectiveness and others may only
reduce load for certain pollutants only. There is also variability in the influent characteristics and
sample collection. It is possible that a BMP reduces pollutant loading effectively, but that the
treated levels may still be above regulatory limits. There are different approaches to analyzing
data and evaluating removal effectiveness. Some statistical methods estimate mean and the
median of the data and other methods test the significance of a hypothesis to determine whether
the differences in the mean inflow and the mean outflow of contaminant concentrations are
significant. In this study, the removal effectiveness was assessed by parametric and
nonparametric statistical methods. Depending on the method used, the calculations can be very
different.

The current 2001 NPDES municipal stormwater permit requires the County of Los Angeles to
conduct an evaluation of structural and treatment control BMPs. The goal of this study was to
investigate a minimum of five BMPs and to determine their effectiveness in removing various
pollutants of concern in storm water. In 2004-05, County Public Works evaluated six different
BMPs. The results of this study and conclusions are discussed in this report.

Previous studies have evaluated effectiveness of various BMPs. A study by Caltrans (2004) was
conducted to evaluate sand infiltration BMPs and found them to be very effective in reducing
metals, nutrients, and TSS. Other municipalities and manufacturers of BMPs have also evaluated
BMPs both structural and non-structural. County Public Works is currently testing catch basin
inserts and hydrodynamic separators as part of LA County’s trash reduction and implementation
plan for trash Total Maximum Daily Load (TMDL). County Public Works has also supported
water augmentation study (LASGRWC, 2002 and 2004) to assess potential effects of infiltrating
urban stormwater runoff on groundwater quality. The results of the study are presented here and
have shown no evidence of groundwater degradation as a result of infiltration. The data from
many other studies are also available in the International Stormwater BMP Database. According
to Strecker (2004), the BMP database provides a useful tool to develop more accurate design
requirements for stormwater BMPs as well as better targeted implementation plans for TMDLSs.
Additionally, the data from this study were used to compare removal effectiveness of the
hydrodynamic separator and the Enhanced Manhole with the data from other BMPs in the same
category within the database.
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3.0 STUDY DESIGN

The study design consisted of selecting six BMPs in various locations. The criteria used for a
BMP selection included: single inflow and outflow, ability to retrofit the BMP for stormwater
sampling and flow measurements, hydrology and historical rainfall data, and safety and proper
access. All sites were built on private or public properties requiring permission to access entry,
install samplers, and collect stormwater runoff samples.

Samples were collected during a storm event at each site at the inlet and the outlet of the BMP to
measure its removal effectiveness. The samples at most sites were flow-weighted composites and
collected by auto samplers over the entire storm period. Samples at the catch basin inserts were
manually collected every 20 minutes for the first three hours of each storm. Samples collected at
the wet vault were also collected manually every 30 minutes for the first two hours of each
storm.

The stormwater runoff samples from four BMP sites were analyzed at the County of Los
Angeles Agricultural Laboratory and samples from the metal yard were analyzed at an
independent laboratory as part of another study program. The constituents tested for all sites at a
minimum included: bacteria, suspended solids, metals, oil and grease, nutrients, and organics.
Trash was not weighed and trash quantity was not studied at these sites. However, each BMP
was observed for its ability to capture and retain trash and bulk solids and their migration pattern
through the BMP. Southern California Coastal Water Research Project (Brown, 2005) completed
an independent study by conducting toxicity testing at two of the sites to determine whether a
reduction in toxicity is achieved using BMPs.

3.1 Enhanced Manhole, Road Maintenance District 3 Yard,
Westchester

This BMP is located at one of County Public Works maintenance yards within the City of Los
Angeles. It is designed to remove suspended solids and hydrocarbons from stormwater runoff
(Figure 1.a). During a storm event, most of the runoff in the yard flows through concrete swales
inside the yard to a 2-foot concrete ditch built along the southern boundary of the yard (Figures
1(c) and 2). The runoff inside the ditch flows to the western boundary of the yard where a 6-inch
berm diverts the flow into the BMP’s 1-foot diameter inlet pipe (Figures 1(d) and 3). As
stormwater runoff flows into the inlet of the unit, pollutants such as oil and other liquids are
trapped and sediments settle by gravity to the bottom of a chamber that is always full of water.
This treated runoff flows into the concrete ditch downstream of the inlet pipe by another 1-foot
diameter pipe where it is discharged into the storm drain system.

The total capacity of the enhanced manhole is 3,715 gallons. This BMP is designed to treat up to
1 CFS, or runoff from a 10-year storm. The hydraulic residence time is 8 minutes and increases
with flows below the designed flow rate. This BMP is cleaned out twice a year before and after
the storm season to remove debris and sediments deposited inside the manhole.
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The maintenance yard is 4.1 acres (Figure 21, section 11). It consists of an auto repair shop, a
weld shop, fueling station, car wash, concrete pad construction, material storage and solid waste
disposal bins, street sweeping and loader trucks, and heavy equipment storage. The ground at
this yard is paved and is considered to be 99% impervious. The yard also maintains and uses
other BMPs such as absorbent socks to prevent sediments and spills from entering storm drain.
The yard is also swept once a week.

The sampling equipment at this site consisted of two Sigma 900 MAX refrigerated samplers
(Figure 1(d)). Connected to each sampler was flexible tubing attached to a ring and secured at
the pipe invert in order to properly collect samples from runoff (Figure 1(b)). Each sampler could
collect up to 10 gallons of runoff. They were programmed to take samples by a flow-weighted
method where a user-defined flow volume passes through the device and then the machine takes
a sample of runoff with pre-selected volume. Given the capacity of sampling volume and the size
of containers, flow volume was generally held constant for each storm. However, the storm
season of 2004-05 was an unusually wet season, rated as the second highest in the history of
record keeping. As a result of continuous rain for several days, the machines were also adjusted
several times to collect samples for higher flow volumes passing through the system. Generally,
the machines were programmed to sample runoff when every 100 to 500 cubic feet of runoff that
passed through the inlet pipe. A pressure sensor at the outlet pipe measured water depth inside
the pipe. These depths were then converted into flow rate using the sampler’s internal program,
which is based on Manning’s equation for flow of water through a pipe.
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Figure 1. (a) Enhanced manhole showing flow direction and collection of sediments at the
bottom. (b) Typical intake tubing and flexible ring for sample collection (c) samplers, concrete
swale and ditch, and absorbent socks, (d) refrigerated samplers and glass containers.
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3.2 Catch Basin Inserts and Hydrodynamic Separator, South
Pasadena

Two BMP types installed within the City of South Pasadena were selected to study their removal
effectiveness of various pollutants (Figure 4). This location has a drainage area of 11.2 acres and
is equally divided among residential, manufacturing, and recreational (Figure 22, section 11).
The runoff from this area drains into five catch basins. The inserts installed inside catch basins
are in direct path of flow and can trap bulky material such as trash, leafs, and settling solids.
During heavier runoffs, the inserts become submerged with water causing floatable and finer
debris to flow over the inserts reducing removal effectiveness of this BMP. Some portion of
other lighter or bulky materials such as dust and tree leaves may bypass these insert by frequent
wind action.

The runoff from catch basins enter a single storm drain where they mix together and flow
downstream to the inlet of an offline hydrodynamic separator it is further treated. The effluent
from the hydrodynamic returns to the storm drain and discharges into Arroyo Seco Channel
along side freeway 110 where it ultimately discharges into Los Angeles River.
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County Public Works began retrofitting this site for monitoring the hydrodynamic separator in
2004-05 after permission from neighborhood residences and the City of South Pasadena were
obtained. Two sampler housings were built on concrete pads in the parkway. Conduits for intake
tubes to sample runoff inside the underground storm drains were also installed. Prior to the work
done on preparing the site, the catch basins were retrofitted with inserts as part of a trash study
program. The catch basins were retrofitted with filter fabrics held in place by metal frames. The
frames are bolted on the surface of the concrete wall inside the curb inlet (Figure 5). The filters
are made of a non-woven polypropylene cloth designed to capture coarse sediments, oil, grease,
litter, and debris from stormwater runoff. These filters have a relatively small volume compared
to the volume of the catch basin sump, and may require frequent sediment removal. County
Public Works has been cleaning the inserts as part of the trash study program and
implementation plan for trash TMDL, more frequently after each storm during the later part of
the 2004-05 storm season.

(a) : 3 B T 3 ~ (b)

Figure 5. (a) Curb inlet and catch basin insert located at the corner of ElI Centro and Orange
Grove in City of South Pasadena. (b) Filter fabric and the frame assembly installed inside the
curb inlet.

The hydrodynamic separator at this location was installed in 2002-03 and has been in operation
since then. This offline unit is non-mechanical unit and gravity driven without external power
source. It is designed to use the energy of water to concentrate, screen and trap storm water
pollutants using a separation screen (Figure 6). The pretreated stormwater runoff downstream of
the catch basins is diverted into this offline unit to further treat and remove pollutants. The
device has a design flow rate of 6 CFS sufficient to treat the runoff from a 1-2 year storm. The
unit has a maximum storage capacity of 1,111 gallons. Hydraulic residence time for this device
is 24 seconds and increases for flows below the design flow rate. This device is designed to
remove suspended and fine solids with finer screen openings. The removal efficiency is a
function of particle size related to screen opening. For example, removal efficiency of solid
particles is as high as 100% for particle sizes greater than the screen with openings 2,400 um and
reduces for smaller particle sizes. In this offline unit, a standard screen with 4,700 pm opening
was installed to capture solids larger than the standard screen opening. The device is cleaned out
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by decanting the existing water inside the unit, vacuuming the sediments from the bottom of the
sump, and removing the trash from the decanted water. The trash is also weighed as part of the
trash study program and categorized as man made or natural to quantify the amount of trash
generated. The cleaning is typically done twice a year and more frequently after each storm as
part of the trash study program.
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Figure 6. A hydrodynamic separator showing general description of the unit and elevation view.

The catch basins are located upstream of the hydrodynamic separator (Figure 4). Sampling at this
location was conducted in three stages. First, at the beginning of each storm, manually discrete
samples were collected from the gutters at the locations 1-4 and were mixed to represent the
bacteria population sample upstream of the catch basins. At the downstream, a sample was
collected with the aid of an autosampler from the runoff mixture inside the storm drain
representing bacteria population downstream of the catch basins. This sample also represented
bacteria population in the runoff upstream of the hydrodynamic separator. A sample of runoff
was also collected down stream of the separator. The samples were delivered to the lab within
the 6 hours, the maximum holding time for bacteria. Second, discrete samples were manually
collected in 20-minute intervals at the locations 1-4 and were mixed to represent event mean
concentrations (EMCs) for the first 3 hours of the storm upstream of catch basins. Discrete
samples were also collected downstream of catch basins with the aid of an autosampler and
mixed to represent EMCs for catch basins treated runoff. These manually composited discrete
samples were also taken to the lab for analysis of metals, nutrients, TSS, oil and grease, and
pesticides. Third, the autosamplers upstream and downstream of the hydrodynamic device
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continued to collect flow-weighted discrete samples for the duration of storm. The samples from
this stage represented EMCs for contaminants upstream and downstream of the hydrodynamic
separator for the duration of storm.

The data from the 3-hour grab composite were used to determine the removal effectiveness of
catch basin inserts while data from the flow-weighted composites were used to determine the
removal effectiveness of the hydrodynamic separator.

Figure 7. (a) Cover of hydrodynamic separator in the foreground and housing containing
autosampler. (b) Autosampler, battery, and containers. (c) Storm drain invert upstream of the
hydrodynamic separator, flexible intake tubing and ring attachment for sample collection. (d)
Inside the main chamber of a typical hydrodynamic separator showing trapped debris and trash.

County of Los Angeles Department of Public Works 12



Final August 2005

3.3 Bioswale, Koreatown, City of Los Angeles

Another BMP selected was a bioswale recently built together with a small neighborhood park in
a vacated street in the City of Los Angeles. The park is managed by a nonprofit organization.
The watershed drainage area for this bioswale is approximately 6.5 acres (Figure 23, section 11).
Runoff from mainly urban activities and adjacent strip mall flows into a culvert on the southeast
corner of Bimini Place and 2™ street. The stormwater runoff from this culvert is directed into the
bioswale inlet on the west side of the park (Figure 8). The swale is approximately 200 feet long.
It was designed with a capacity to handle the runoff from a 50-year storm. The swale is 4 feet
wide by 2 feet deep. The channel bottom is paved with porous cinder blocks 4 inches deep inside
the topsoil. Each block is a placeholder for an individual brush plant to grow inside the bioswale
channel (Figure 9). Additionally, large boulders were placed along the length of the swale to
support the channel edges, to provide erosion control, and a natural appearance.
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Figure 8. Bimini Slough Ecology Park — Before (left): city street in Koreatown with underground
storm drain. After (right) storm drain brought to the surface and integrated into a neighborhood
park.
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(b)

Figure 9. (a) Bioswale as it was originally built. (b) One year later - Bioswale showing plant
growth inside the channel.

The bioswale was retrofitted with flow measuring devices to measure flow and to sample near
the inlet and the outlet (Figure 8). A 1-foot high H-flume was installed at each location (Figure
10). This flume size was chosen to measure runoff flows maximum of 862 gallons per minute
(gpm) or up to a 2-year storm to provide good resolution at low flows and runoff that vary over a
wide range.

(a) (b)

Figure 10. (a) Installed are: An H-flume, stilling well, conduits for pressure sensor, and intake
tubing for sampling at the inlet of bioswale. (b) H-flume installed at the outlet of bioswale.
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3.4 Wet Vault and Infiltration Trench, Downtown Los Angeles

These BMPs are part of a study program funded in part by County Public Works (LASGRWC,
2002, 2004) to investigate potential effects of stormwater infiltration on groundwater supply
using infiltration BMPs. These BMPs were installed at a privately owned metal recycling yard to
monitor stormwater runoff. The yard is 0.85 acre and located in the City of Los Angeles
downtown area. The runoff from the yard drains to a pretreatment BMP (Figure 11). This BMP
is designed to attenuate peak stormwater flow to promote settlement of suspended sediments,
capture floating trash or debris, and to prevent release of floatable oil and grease with baffles.
The runoff from the wet vault enters an underground pipe that flows downstream into an
infiltration trench BMP (Figure 12).

Storms predicted to be of sufficient size and duration to generate runoff were sampled at this site.
Grab samples were collected every half hour for the first 2 hours of storm upstream and
downstream of the wet vault (Figure 12, M-SW-01 and M-SW-02). M-SW-01 is on the surface
of pavement inside the chain link area upstream of the wet vault. M-SW-02 is an access port to
the effluent from the wet vault where the effluent is gravity fed to an 8-inch diameter pipe below
the ground.

The effluent from the wet vault flows downstream inside the 8-inch diameter pipe a distance of
95 feet before it reaches an infiltration gallery of two 48-inch perforated pipes where more
monitoring stations are set up to monitor groundwater and subsurface soil-water zone (Figure
12). Stormwater samples were also collected from lysimeters and a groundwater monitoring well
installed along the infiltration trench to determine how well the infiltration worked in removing
pollutants from stormwater as it percolated inside the soil matrix.

Figure 11. Metal recycling facility - showing wet vault inside the sump.
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4.0 RAINFALL DATA

2004-05 was an unusually wet season with rain that sometimes lasted a week. The rainfall data
from local area gauges were used to obtain rainfall data and rainfall intensities. Generally, most
storms had recorded a 2-year frequency by the rain gauges in the vicinity of the site locations
(Table 1). In particular, the highest rainfall intensity recorded was at LA City College rain gauge
station and was a 100-year storm. The bar graphs of rainfall data for all storms are presented in
section 12 (Figures 24-26).

Table 1. Location of rain gauges used and highest rainfall intensities recorded for this study
during 2004-05 storm season.

BMPs Rain Gauge Location | Station | Highest rain fall intensity
No. (year, date)
Catch basin insert, Fremont-headquarters 1277 25, 1/7/05
hydrodynamic separator
Bioswale LA City College 355B 100, 12/27/04
Enhanced manhole Ballona Creek AL370 25, 1/7/05
Wet vault LA City College 355B 25, 1/7/05
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5.0 SAMPLING METHODS

The Technology Acceptance Reciprocity Partnership protocol (TARP, 2003) developed
guidelines to perform an independent validation of data supporting specific technology
performance claims. An example of performance claim could be:

“The Model X system can capture and treat the first half-inch, 24-hour storm for a 10-acre
runoff area. Under these conditions, a total suspended solid (TSS) removal rate of 85% +/- 5%
(at 95% confidence level) can be achieved with inflow TSS concentrations greater than 100
mg/l.”

The protocol provides a uniform method for demonstrating stormwater technologies and
developing test assurance (QA) plans for certification or verification of performance claims. One
of the key advantages to using this protocol is to demonstrate effectiveness. As a result of
establishing this protocol, a nationwide stormwater BMP database on the performance
capabilities of structural and non-structural BMPs has been developed by the American Society
of Civil Engineers (ASCE) and the U.S. Environmental Protection Agency (EPA). The database
includes BMP removal effectiveness for specific contaminants as well as site-specific data, area
hydrologic data, and BMP specifications for locations throughout the U.S. In this study, the
following criteria were used based on the guidelines developed by TARP to collect field data and
to investigate removal effectiveness of selected BMPs:

e Collected samples from storms of at least 0.1 inch of total rainfall.

e Collected flow-weighted composite samples where it was possible.

e Collected a minimum of 10 water quality samples per storm event using autosamplers. At
the catch basins, collected 9 samples per event for a total of three hours.

e Used an inter-event period of 24 hours. Acceptable range: 6 to 72 hours.

e Sampled a minimum of 15 storms in 2004-05. Acceptable range: 15 to 20 storms. The
bioswale was sampled during three consecutive storms once it was retrofitted for
sampling and permission obtained from property owners. The metal yard recycling
facility has been sampled 5 times as part of another study program and sampling is
ongoing.

e Performed sample data quality assurance and control.

e Selected a number of parameters and pollutants to test. These included: total suspended
solids, nutrients, bacteria, metals, chemical oxygen demand (COD), oil and grease, and
pesticides (Table 2).

e Calculated BMPs effectiveness choosing from the recommended methods: Efficiency
ratio, summation of loads, regression of loads, mean concentration, and efficiency of
individual storms.

e Performed statistical tests to ensure that the data are reliable, significant, and within
confidence limits. If the data set was not normally distributed, it was evaluated using
nonparametric analysis.
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Table 2. List of constituents tested, reporting limits, and analytical methods used.

Constituent Reporting Limi ~ Unit  |Analytical Method
Oil and Grease 1.00 mg/L EPA 413.1
Bacteria
Total Coliform 20.00 mpn/100mL SM 9230B
Fecal Coliform 20.00 mpn/100mL] SM 9230B
Enterococcus 20.00 mpn/100mL] SM 9230B
Streptococcus 20.00 mpn/100mL] SM 9230B
COD 10.00 mg/L EPA 410.4
TSS 2.00 mg/L EPA 160.2
Total Phosphorus 0.05 mg/L EPA 365.3
Dissolved Phosphorus 0.05 mg/L EPA 365.3
Ammonia-N 0.10 mg/L EPA 350.3
Nitrate-N 0.50 mg/L SM 4110B
Nitrite-N 0.03 mg/L SM 4110B
Kjeldahl-N 0.10 mg/L EPA 351.4
Metals (Total and dissolved)
Aluminum 100.00 ug/L EPA 200.8
Antimony 0.50 ug/L EPA 200.8
Arsenic 1.00 ug/L EPA 200.8
Barium 10.00 ug/L EPA 200.8
Beryllium 0.50 ug/L EPA 200.8
Cadmium 0.25 ug/L EPA 200.8
Chromium 0.50 ug/L EPA 200.8
Chromium 6 0.50 ug/L EPA 200.8
Copper 0.50 ug/L EPA 200.8
Iron 100.00 ug/L EPA 236.1
Lead 0.50 ug/L EPA 200.8
Manganese 30.00 ug/L EPA 200.8
Mercury 0.20 ug/L EPA 245.1
Nickel 1.00 ug/L EPA 200.8
Selenium 1.00 ug/L EPA 200.8
Silver 0.25 ug/L EPA 200.8
Thallium 1.00 ug/L EPA 200.8
Zinc 1.00 ug/L EPA 200.8
Organophosphate Pesticides 01-2.0 ug/L EPA 507
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6.0 DATA ANALYSES

It has been shown that stormwater runoff EMCs for many constituents fit well by a lognormal
distribution (NURP, 1983). A most commonly method used to transform data to lognormal
distribution is when the natural log of the raw data is computed and the results are then plotted
on a normal probability plot. An effect of the transformation is to reduce skewness at the tail end.
Furthermore, by transforming the data, assumptions such as normality that are not satisfied in the
original data can be satisfied by the transformed data.

In the data analyses, methods described in task 3.1 (URS, 1999) and task 3.4 (GeoSyntec, 2000)
were used to calculate efficiency of each BMP for constituents of interest. Among several
methods to evaluate pollutant removal effectiveness, Lognormal Statistical Efficiency method
(LSE) was used to describe the statistical distribution of water quality upstream and downstream
of BMPs.

Using the LSE method, the log EMC can be calculated for each EMC. The normalization is as
follows:

Zm:Loge (EMC))

1

Mean of the Log EMCs=

Where, m is the number of events measured. Computing the mean and standard deviation of log
transforms of the sample EMCs and then converting them into arithmetic estimate often obtains
a better estimate of the mean of the population due to the more typical distributional
characteristics of water quality data. The conversion from lognormal to arithmetic mean are
given in the Table 3 below:

Table 3. Transformation between logarithmic transformed population statistics and estimates of
arithmetic population statistics (URS, 1999).

T=EXP(U) S=M*CV
M=EXP(U+0.5*W?) W=SQRT (LN (1+CV?))
M=T*SQRT (1+CV?) U=LN (M/EXP (0.5*W))
CV=SQRT (EXP (W")-1) U=LN (M/SQRT (1+CV?))

Where mean and standard deviation for logarithmic statistics are U and W and the mean,
standard deviation, coefficient of variation and median for arithmetic statistics are M, S, CV, and
T respectively. Both methods provide an estimate of the population mean, but the approach
utilizing the log-transformed data tends to provide a better estimator when contaminant and
constituent levels have a lognormal distribution (NURP, 1983). As the sample size increases, the
two values converge.

In this study, several statistical tests were performed based on the outcome of each test and
selection of appropriate responses as illustrated in Figure 13. Distribution plots of raw data for

County of Los Angeles Department of Public Works 20



Final August 2005

many parameters were skewed requiring lognormal transformation of the raw data. A normal
probability plot was generated and Anderson-Darling test statistic was performed to examine
whether or not transformed data followed an approximately normal distribution. For the
normality test, the hypotheses were, HO: data follow a normal distribution vs. Ha: data do not
follow a normal distribution. If the P-Value obtained from the test was less than a significance
level of 0.05, then the data did not follow a normal distribution or that the lognormal
transformation did not have an effect in transforming the data into a normal distribution. In this
study, most of the P-Values obtained were greater than 0.05 suggesting that the hypothesis that
the distribution is normal could not be rejected. A few tests that rejected the null hypothesis
suggested the log transformation did not have an effect in normalizing the data and were retested
by removing extreme values. The results suggested that the null hypothesis could not be rejected
after removing the extreme values, consistent with the majority of data that were originally tested
for normality. Thus the extreme values played an important part in reducing the ability to
normalize with lognormal transformation of the raw data. However, accepting a distribution as a
normal distribution when in fact it is not a normal distribution causes type Il error to occur.
There are methods to calculate the probability of type Il occurrence; however, the calculation
would be based on a normal distribution and a hypothesis test other than testing for normality.

Assuming that the distribution of a data set was normal (possibility of type Il error), one-way
ANOVA was used to test whether the mean inflow is equal to mean outflow of the BMP device
for various constituents. The effect of the BMP will be considered significant if the probability
(P-Value) that the resulting F-ratio from the ANOVA test could have been generated by chance
is less than a chosen significance level. In this study, a significance level of 0.05 was used in all
the tests. As an alternative to ANOVA test, the results were then compared with two non-
parametric methods such as Mann-Whitney and Kruskal-Wallis tests that are used for any
distribution with the hypothesis that the median inflow is equal to median outflow (see results
section).

ANOVA test assumes that the data come from a normal distribution. A nonparametric test
implies that there is no assumption of a specific distribution for the population that the data
comes from. An advantage of a parametric test is that if the assumptions hold, the power, or the
probability of rejecting HO when it is false, is higher than the power of a corresponding
nonparametric test with equal sample sizes. An advantage of nonparametric tests is that the test
results are more robust against violation of the assumptions. Therefore, if assumptions are
violated for a test based upon a parametric model, the conclusions based on parametric test p-
values may be more misleading than conclusions based upon nonparametric test p-values.
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Is the distribution of raw data normal?

No
Yes
Perform natural Log
transformation of data
Does transformed data have normal distribution?
Test: Anderson-Darling
(HO: normal vs. Ha: not normal)
Accept null - HO Reject null - HO
(Possible type Il error) (Distribution not normal)
Perform parametric tests Perform nonparametric tests
Test: ANOVA one-way Tests: Mann-Whitney, Kruskal-Wallis
HO: mean inflow = mean outflow HO: median inflow = median outflow
Ha: mean inflow # mean outflow Ha: median inflow = median outflow
(Assumption: data from normal distribution) (Assumption: data from any distribution)

Figure 13. process diagram for selecting statistical tests.
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In addition to statistical analyses of data and hypothesis testing, graphical methods were used to
provide additional insight to determine whether the differences in the inflow and the outflow
water quality measures were statistically significant (GeoSyntec, 2000). The plots were
generated for each constituent based on the results obtained from the statistical analyses. These
plots included in the analyses were: linear influent/effluent plots, box and whisker plots, and
normal probability plots. Examples of these plots and their interpretation are described below.

6.1 Interpretation of Linear Influent/Effluent Plots

Similar to Figure 14, plots were prepared based on data collected for each storm. Water quality
sample concentration for each storm was plotted on a linear scale with influent and effluent
being identified using different symbols (Figure 14). In this study, the graphs were generated to
provide the number of samples collected during 2004-05 storm season, which events had paired
samples, and the relative difference between influent and effluent concentrations. Data from all
samples were shown in chronological order similar to Figure 14.

Linear Influent/Effluent Plot

700
600 -
500 -

¢ Influent

400 -
m Effluent

300 - . -
1

200 - . .,

100 - nf,ts ®

L 4
0‘!—!.\.\ \ \‘\ \

0O 2 4 6 8 10 12 14 16 18
Sample Number

EMC (mg/l)
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Figure 14. Example of a linear influent and effluent plot used to show relative differences
between influent and effluent concentrations.

6.2 Interpretation of Probability Plots
These plots were used to provide the following information:

e How well the data or the lognormal transformed data, at each station were represented by
the normal distribution.

e Mean and standard deviation of the normal distribution and the value of any specific
quantile. Slope of the normal approximation indicated the magnitude of the standard
deviation (straight line), the x-intercept showed the log mean concentration.

e Relationship between two distributions across the range of quantiles.
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e Presence of any significant outliers.
e Width of 95% confidence interval of the normal approximation.

Two examples of probability plots are shown below to explain the range of behaviors that were
encountered during the analyses of water quality data. The first example (Figure 15)
demonstrates the behavior of two transformed data sets (one from the inflow and one from the
outflow of a BMP) that have very similar standard deviations (parallel lines in the normal
probability plot) and a uniform difference (in the log-scale) across the range of quantiles. This
indicates that there is a difference not only in the log mean EMC, but a difference across any
given quantile. However, these differences were statistically insignificant.

Normal Probability Plot

o |nfluent
= Effluent

Percentile

o 1 2 3 4 5 6
EMC(mg/L, Loge)

Figure 15. Example of a normal probability plot for a BMP showing similar standard deviations
and consistent positive difference in the log transformed values across the range of quantiles.
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Normal Probability Plot

o |nfluent
= Effluent

Percentile

0 1 2 3 4 5
EMC(ug/L, Loge)

Figure 16. Example of a normal probability plot for a BMP showing higher standard deviation at
the outflow than at the inflow and a positive difference between the inflow and outflow at high
quantiles and negative difference between the inflow and outflow at low quantiles.

6.3 Interpretation of Box and Whisker Plots

Box and whisker plots used in this study graphically show the central location and
scatter/dispersion of the sampled data (Figure 17). The plots also provide information about the
distribution of inflow and outflow concentrations, confidence intervals, extreme values, and
positive or negative efficiencies. The box and whisker plots used in this report have the
following structure:

e The center of the blue diamond shows the mean and the height shows the confidence
interval.

e The blue lines above and below the diamond show percentile range.

e The notched box shows the median, lower and upper quartiles, and confidence interval
around the median.

e The dotted line connects the nearest observations within 1.5 inter-quartile ranges (IQRS)
of the lower and upper quartiles.

e Possible outliers: red crosses (+) are near outliers (between 1.5 and 3.0 IQRs away) and
circles (o) are far outliers (over 3.0 IQRs away).
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Figure 17. Annotation of box and whisker plots.

The median value gives an estimate of the central location of the distribution that is less sensitive
than mean to a single or small number of high or low observations (Figure 17). In addition, the
median is a distribution-free statistic and therefore often gives a better estimate of the central
location of the distribution when the data depart significantly from the normality. Therefore, the
box and whisker plots provide an additional tool, (i.e., in addition to comparison of the log mean)
which is helpful for assessing differences in influent and effluent quality particularly where
normality may be a poor assumption.

The extent to which the confidence intervals for the distributions of event concentrations at the
inflow and outflow overlap give a good indication if the median can be considered statistically
different (i.e., reject the null hypothesis that the inflow median and outflow medians are the
same). In most cases, the parametric analyses of variance (ANOVA) and the non-parametric
Kruskal-Wallis test supported the results of box plot. In this study, three primary behaviors were
observed when comparing distributions of inflow and outflow event median concentrations using
box and whisker plots:

e Positive or negative differences where the confidence intervals do not overlap
(Figure 18).

e Positive or negative differences where the confidence intervals marginally overlap
(Figure 19(a)).

e Differences where the confidence intervals appreciably overlap (Figure 19(b)).

e In some cases, the 95% confidence limit is either in excess of the third quartile or less
than the first quartile or both. These cases correspond to a distribution of values that is
strongly skewed and/or has a low number of samples (Figures 18-19).

County of Los Angeles Department of Public Works 26



Final August 2005

EMC (mg/L, Loge)

Figure 18. Example of statistically significant negative removal efficiency was observed in TSS
for catch basin inserts. Confidence interval about the mean inflow did not overlap with

confidence interval about the mean outflow in the box plots.
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Figure 19. (a) Example of positive removal efficiency where marginal overlap of the confidence
intervals about the mean was observed in dissolved copper for wet vault. (b) Example of
statistically ambiguous difference in median event concentration i.e., confidence interval for
inflow overlapping with confidence interval in the outflow box plots.
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6.4 Calculation of Removal Efficiencies

The overall efficiency is summarized by reporting: the P-Value, the percent difference between
the arithmetic estimate of the mean log transformed EMCs in the inflow and the outflow along
with the confidence limit of the means. A P-Value greater than 0.05 implies that there is no
difference in the mean of log transformed concentrations in the inflow and outflow. The percent
difference with arithmetic estimate of mean indicates percent removal. When these differences
are negative, the net removal effectiveness is negative.

Water quality data did not generally follow a straight line on normal probability plot, but did at
least from about the 10™ to the 90™ percentile on lognormal probability plots where extreme
values are not present in the data. The percent difference in removal for specific percentiles (10th
and 90™) was also reported in this study similar to percent difference in arithmetic estimate of the
mean. Some of these estimates based on the normal probability plots turned out negative at both
percentiles. For example, percent difference for TSS in the catch basin inserts was negative both
at the 10" and the 90™ percentiles implying that catch basin inserts may not be suited for
reducing TSS in stormwater. Conversely, a greater positive difference at the 90™ percentile as
compared with a positive or negative difference at the 10 percentile may suggest that the BMP
is more effective in reducing a given contaminant entering the BMP at a relatively higher
concentration.
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7.0 Results
The results presented here are based on the analyses of the following constituents of concern:

Bacteria: Total coliform, fecal coliform, enterococcus, streptococcus
Metals: Total and dissolved: copper, lead, and zinc
Others: COD, nutrients, TSS, hardness, pesticides, oil and grease

7.1 Bioswale (Koreatown, City of Los Angeles)

There was not enough data to perform statistical analyses of removal effectiveness of the
bioswale; the results presented here are based on the data collected from three storms.
Preliminary results indicate that the bioswale appears to be effective in removing metals, TSS,
COD, oil and grease, Kjeldahl, and nitrite from the stormwater (Figures section 13). Additional
tests and collection of stormwater samples are recommended to investigate the removal
effectiveness of bioswale.

7.2 Wet Vault and Infiltration Trench
(Downtown, City of Los Angeles)

A limited number of statistical analyses were performed on the data from these BMPs. The
median of lognormal transformed concentrations for effluent was higher than median influent
concentrations for COD, hardness, nitrate, nitrite, Kjeldahl, and ammonia. The confidence
interval about the median for outflow overlapped the confidence interval about the median for
inflow. Therefore, the observed differences in the median were not statistically significant at the
95% confidence level. Additionally, the nonparametric tests showed that there was no difference
between the median of inflow and outflow. Figures 31-33 in section 14 are bar graphs showing
the relative differences in the inflow and outflow for several parameters analyzed.

The infiltration trench was monitored at 4 locations at 31 and 57 feet below the ground with
lysimeters to obtain samples of soil moisture from percolation of stormwater runoff. There was
also a groundwater well with groundwater at 225 feet below the ground surface. The data from
groundwater did not show increase in any of the constituents tested. Almost all of the
constituents were not detected in the samples from the groundwater. Groundwater appeared to
have higher hardness content (593 mg/l) than the stormwater (400-472 mg/l). This could be due
to underlying soils and higher hardness content. Total copper was at concentrations of a factor
150 times less than in the stormwater. Because of the low groundwater at this site, it is not clear
whether the groundwater will become affected by pollution carried in the stormwater. Additional
and long-term sampling will be necessary to study stormwater infiltration at this site.

Brown (2005) performed toxicity tests on stormwater runoff at this site. Samples from the inflow
and the outflow of the wet vault device were tested on sea urchin fertilization. Toxicity of
samples from two storm events was too high to detect any differences between the inflow and
outflow toxicity. Samples from other storm events could not show reduction in toxicity as a
result of this pretreatment. The toxicity results from C. dubia survival or reproduction were also
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inconsistent among the sampling events. Some samples showed higher toxicity in the outflow
samples than the inflow.

As a pretreatment BMP, the wet vault at this site blocks debris and bulky materials from the
inflow. For fine solids, the preliminary results showed some removal of TSS from the inflow.

7.3 Enhanced Manhole (Westchester, City of Los Angeles)

The box plots showed that the lognormal transformed EMCs in the outflow is generally less than
EMCs in the inflow for most constituents except for nitrite and ammonia (section 15, Figures).
These differences were comparable to the differences obtained from the 90" percentile method.
The 90™ percentile removal differences for the contaminants tested were: metals 14 to 52%
(dissolved) and 31 to 52% (total), COD 42%, hardness 18%, Kjeldahl 56%, ammonia 22%,
nitrite —64%, nitrate 22%, TSS 26%. The ANOVA tests showed that confidence interval about
the mean for the outflow overlapped the confidence interval about the mean for the inflow.
Therefore the observed differences in the means were not statistically significant at the 95%
confidence level. Additionally, the nonparametric tests showed that there was no difference
between the median of the inflow and the outflow for the constituents of concern.

7.4 Catch Basin Inserts (South Pasadena)

The box plots showed that the lognormal transformed EMCs in the outflow was lower for the
effluent than EMCs in the inflow for: hardness, nitrate, metals, and was higher for: COD,
Kjeldahl, ammonia, nitrite, and TSS (section 16, Figures). The positive differences were
comparable to the differences obtained from the 90" percentile method. The 90" percentile
removal differences for the contaminants tested were: metals 2 to 35% (dissolved) and —0.4 to
52% (total) lowest removal were for lead, COD -13%, hardness 53%, nitrate 8%, nitrite —10%,
Kjeldahl —83%, ammonia —-35%, and TSS -93%. The ANOVA tests showed that confidence
interval about the mean for the outflow overlapped the confidence interval about the mean for
the inflow. Therefore the observed differences in the means were not statistically significant at
the 95% confidence level. Additionally, the nonparametric tests showed that there was no
difference between the median of the inflow and the outflow for the constituents of concern.

Catch basin inserts generally exhibited poor to low trash removal capture. During episodes of
high runoff flows, the floatable debris appeared to pass over the filter because of high water level
inside the inserts.

7.5 Hydrodynamic Separator (South Pasadena)

The box plots showed that the lognormal transformed EMCs in the outflow is generally less than
EMCs in the inflow for most constituents except for total lead (section 17, Figures). These
differences were comparable to the differences obtained from the 90™ percentile method. The
90™ percentile removal differences for the contaminants tested were: metals 13 to 27%
(dissolved) and -3 to 11% (total), COD 18%, hardness 22%, Kjeldahl 6%, ammonia 29%, nitrite
2%, nitrate 36%, TSS 46%. The ANOVA tests showed that confidence interval about the mean
for outflow overlapped the confidence interval about the mean for the inflow. Therefore the
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observed differences in the mean were not statistically significant at the 95% confidence level.
Additionally, the nonparametric tests showed that there was no difference between the median of
inflow and outflow for the constituents of concern.

Brown (2005) performed toxicity tests on stormwater runoff at this site. Samples from the inflow
and the outflow of the hydrodynamic separator from 5 storm events were shown to be highly
toxic to sea urchin fertilization; the device did not reduce the toxicity. None of the samples were
toxic to C. dubia survival or reproduction.

This BMP is designed to capture trash, bulky materials, and sediments as low as 4,700 microns
in size. The device is an offline unit designed for runoff flow rates as high as 6 CFS. Any runoff
flows in access of 6 CFS will bypass the device thus reducing the overall removal effectiveness
of trash. In this study, one storm may have exceeded 6 CFS level at one point as the flow data
indicated.

7.6 Comparison to Freshwater Chronic Criteria
The effluent mean concentrations for dissolved metals and organophosphate pesticides were also

compared with water quality criteria shown in Table 4. These water quality criteria were
obtained from various sources.

Table 4. Freshwater criteria

Constituents Freshwater Chronic Criteria (« g/l)
Organophosphate
Pesticides

Chlorpyrifos® 0.041
Diazinon® 0.05

Dissolved Metals
Copper® 0.96 exp[0.8545In(hardness) —1.702]
Lead® [1.46203 - 0.145712 In(hardness) Jexp[L.273In(hardness) — 4.705]
Zinc® 0.96exp[0.8473In(hardness) + 0.884]

1 — National Water Quality Criteria (EPA, 2002), 2- Cal Fish and Game (Spieman), 3- Cal
Toxics Rule (EPA, 2000). For hardness greater than 400 mg/l, use hardness = 400 mg/l in the
formula to calculate the chronic criterion.

7.6.1 Bimini Slough Ecology Park

The results for three storm are shown in Figure 20. The mean effluent concentrations for selected
dissolved metals were not reduced below the chronic criteria.

Organophosphate pesticides were not detected in the inflow or the outflow of the bioswale.
Therefore, no comparison could be made to the chronic criteria.
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7.6.2 Wet Vault and Infiltration Trench

These BMPs were in series. The results for five storm are shown in Figure 21. The mean influent
concentration for selected dissolved metals were not reduced below the chronic criteria in the
wet vault. For two storms (12/28/04 and 2/11/05), dissolved zinc concentrations for both influent
and effluent were below the chronic criteria. The results for infiltration trench show that
dissolved metals event mean concentrations were far below the chronic criteria.

Water quality samples were not tested for organophosphates. Therefore, no comparison could be
made to the chronic criteria.

7.6.3 Enhanced Manhole

The results for 2004-05 storm season are plotted in Figure 22. The mean influent and effluent
concentrations for selected dissolved metals were not reduced below the chronic criteria. For
some data points, the chronic criteria were above the mean effluent concentrations for dissolved
lead, however, the data points plotted on the x-axis are indicative of concentrations not detected
in the inflow and the outflow.

The water quality samples tested from a number of storms showed chlorpyrifos in one storm
with influent concentration of 0.1 x g/l and not detected in the effluent. There was also diazinon

detected in two of the storms with influent concentrations above chronic criteria. Diazinon was
not detected in the effluent water samples.

7.6.4 Catch Basin Inserts and Hydrodynamic Separator

The catch basin inserts were upstream of the hydrodynamic separator. The results for 2004-05
storm season are plotted in Figure 23. The data for catch basin inserts were from the first three
hours of each storm. The mean influent and effluent concentrations for selected dissolved metals
were not reduced below the chronic criteria. For some data points, the chronic criteria were
above the mean effluent concentrations for dissolved lead; however, the data points plotted on
the x-axis are indicative of concentrations not detected in the inflow and the outflow. Similar
results were obtained for the hydrodynamic separator.

The water quality samples tested from a number of storms showed chlorpyrifos in four storms
and diazinon in three storms. For catch basin inserts, there was a reduction in chlorpyrifos below
the chronic criterion and in another storm the influent and effluent mean concentrations were
both above the chronic criteria. Diazinon detected in one storm had concentrations above the
chronic criteria for both influent and the effluent water samples. Another storm detected below
the chronic criterion in the influent and was not detected in the effluent water sample. Similar
results were obtained from the water samples upstream and downstream of the hydrodynamic
separator with effluent concentration in two samples were larger than influent concentrations and
indication that they were reduced.
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Figure 20. Event mean concentrations for dissolved metals at Bimini Slough Ecology Park. Also
shown are the chronic criteria for dissolved metals in the outflow.
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Figure 21. Event mean concentrations for dissolved metals in downtown, City of Los Angeles.
Also shown are the chronic criteria for dissolved metals in the outflow. On the left are
concentrations in the inflow and the outflow of wet vault. On the right are concentrations in
groundwater. Data shown on the x-axis are below detection limit.
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Figure 22. Event mean concentrations for dissolved metals at Westchester. Also shown are the
chronic criteria for dissolved metals in the outflow.
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Figure 23. Event mean concentrations for dissolved metals in South Pasadena. Also shown are
the chronic criteria for dissolved metals in the outflow. On the left are concentrations in the
inflow and the outflow of catch basin inserts. On the right are concentrations in the inflow and
the outflow of hydrodynamic separator. Data shown on the x-axis are below detection limit.
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8.0 DISCUSSION

This study investigated removal effectiveness of BMPs for various pollutants of concern from
stormwater runoffs. These BMPs were also monitored as part of other studies. For example, a
hydrodynamic separator in the City of South Pasadena was also studied for trash removal. The
wet vault and infiltration BMPs were also studied for water reuse and augmentation programs.

Based on the preliminary results obtained from the storm season of 2004-05, the following table
is a summary of how the selected BMPs performed in removing pollutants of concern. These
results were based on the comparison of 90" percentiles of EMCs to the arithmetic mean for the
inflow and the outflow of collected stormwater runoff data, discrete bacteria samples, and bar
graphs of the limited data set from two BMPs. Most BMPs were tested for oil and grease and
pesticides, however, they showed up only in a few storms and therefore were not able to run
statistical analysis because of small sample size. The results from bacteria were based on the
grab samples. For bacteria, analysis based on EMCs is recommended and discrete samples
composited over a period of time may show results more indicative of bacteria levels during a
storm and removal effectiveness. This approach is limited to a sampling time less than 6 hours
for storm longer than 6 hours.

A comparison of the removal effectiveness from different BMPS shows that infiltration trench is

relatively high followed possibly by the bioswale or the wet vault (Table 5). The hydrodynamic
separator and enhanced manhole exhibited low removal.

Table 5. Relative removal effectiveness of various BMPs.

D
@
Removal Effectiveness for Removing © g g é 8
Targeted Pollutants of Concern < § o3 2 % oS|s
sl 8lA|=|5|2|8|2
Flo|lF|]O|lZz[=2]al0O
. . Infiltration |Infiltration Trench 31313[313]13]13]3
Public Domain — - -
Biofiltration |Bioswale 1IN-1 3|[2]1]2|U|U
Fl Catch Basin Inserts 2| N[ NJ] 2 |N-1IN-2f U | U
. OW " IEnhanced Manhole UIN2[1|U[N2[ 2[U(U
Proprietary Through Fvdrod s 3Nl 2 Tul TNl u U
Separation ydrodynamic Separator - -
Wet Vault 312113111 (U]|U

Removal Effectiveness

U = Unkown:limited data, not tested, or not detected
N = Negative Removal

1 = Relatively Low

2 = Relatively Moderate

3 = Relatively High
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In a study by Brown (2005) two toxicity tests were conducted to determine the removal
effectiveness of toxicity for several BMPs. Included in the study were the hydrodynamic
separator in the City of South Pasadena and the wet vault in the City of Los Angeles. Brown
used freshwater organisms (water fleas) and a marine species (sea urchins) to determine the
removal effectiveness of toxicity. The study did not identify the cause of toxicity.

The hydrodynamic separator did not have any effect in reducing toxicity for either of the two
species tested. From the study by Brown and previous studies by CRWQCB, it can be inferred
from the results that the toxicity associated with dissolved metals such as zinc did not change
because of low removal. The 90" percentile removal difference for a selected number of
dissolved metals was in range of 13 to 27% with dissolved zinc equal to 13%. Pesticides such
as diazinon and chlorpyrifos showed up in a limited number of storm samples and generally at a
higher concentration in the outflow than in the inflow.

Toxicity tests for some storms in the City of Los Angeles metal recycling yard showed a
reduction downstream of the wet vault for both species tested. However, the toxicity in the
inflow and the outflow were often too high for other storms to determine if a consistent reduction
had occurred. The EMCs obtained from the five storms showed negative removal for dissolved
zinc and lead and small positive removal for dissolved copper. The stormwater samples were not
tested for organophosphate pesticides.

The study compared the effluent concentration of selected dissolved metals and organophosphate
pesticides with the freshwater chronic criteria to evaluate the ability of the BMPs in reducing the
concentration below the chronic criteria. In all the samples that were compared, the
concentration for the influent and the effluent were above the chronic criteria. The results from
the hydrodynamic separator are consistent with Brown’s (2005) toxicity tests in that the
reductions in the effluent concentrations were too small to show any apparent changes in the
water flea reproduction or the sea urchin fertilizations tests.

The International Stormwater BMP Database provides a spreadsheet with flow and water quality
data for each storm event for various BMPs tested over the past decade. The database was
developed under a cooperative agreement between the American Society of Civil Engineers
(ASCE) and the U.S. Environmental Agency (USEPA) and has now several sponsoring partners.
Wright Water Engineers, Inc. and GeoSyntec Consultants maintain the database. The water
quality data obtained from this study was used to compare with the existing water quality data
from this database for similar BMPs. The BMP categories listed are: Biofilter, Detention Basin,
Hydrodynamic Device, Media Filter, Percolation Trench/Well, Porous Pavement, Wetland
Basin, and Wetland Channel.

The database can be used to make relative comparisons between different types of BMPs. There
may be concern on how these BMPs perform based on the geographical location or the size of
storms. These issues should also be addressed. The hydrodynamic separator and the enhanced
manhole in this study are both listed as hydrodynamic devices in the BMP database. Therefore,
the data in this study were used to compare removal effectiveness with the data from other
hydrodynamic devices documented in the BMP database. The data for TSS, dissolved copper
and dissolved zinc were plotted together with the existing data from the BMP database and were
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also compared with a 45-degree line, which represented no removal. In Figure 20, the plots on
the left represented data from the enhanced manhole at the County maintenance yard in
Westchester and the plots on the right were from the hydrodynamic separator in the City of
South Pasadena. The data points are clustered near the 45-degree line in both plots. The data
points for the enhanced manhole in Westchester were below the 45-degree line indicating net
reduction in TSS, dissolved copper, and dissolved lead. Also the plots show that dissolved zinc
concentrations are higher in this region than those reported in the BMP database.
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9.0 FUTURE WORK

This study investigated the removal effectiveness of 6 selected BMPs. The results can be used to
compare with data and or claims from the manufacturers of some of these BMPs. The water
quality data for two BMPs were from a limited number of storm events and these analyses were
limited to making qualitative comparisons between the inflow and outflow for various pollutants.
In order to obtain additional information and to confirm these preliminary results, more data
from future storms is necessary.

The most common performance measure used today is “percent removal” of pollutants (Strecker,
et. al., 2001). As statistical methods have shown in this study percent removals can be
statistically insignificant and depending on the BMP type, size of flow, and concentration of
contaminants the results can also be variable. The confidence intervals about the mean inflow
and the mean outflow overlapped in all of the data analyzed indicating that the percent removals
were statistically insignificant. The 90" percentile percent removal from the normal probability
plots and lognormal transformed arithmetic mean of percent removal were comparable and were
therefore used to explain relative removal effectiveness of BMPs. A percent removal based on
the simple arithmetic mean was not used because of the presence of outliers.

It appears that the bioswale in this study is showing removal of a wide mixture of pollutants of
concern based on three storms sampled. Therefore, it is recommended that the bioswale be
further investigated during 2005-06 storm season. To make relative comparisons, it is
recommended to also study another BMP during the same storm season. In this case, the
enhanced manhole showed higher percent removals relative to the hydrodynamic separator. It is
therefore recommended to continue the study with the bioswale and the enhanced manhole.

The results of this study and many others will contribute to the expansion of the BMP database
which will provide useful tools to develop more accurate design requirements for stormwater
BMPs as well as implementation plans for TMDLs. BMPs can then be targeted based upon their
expected performance and with regard to pollutants of concern. It can be more effective to utilize
multiple BMPs wherever possible to account for variability in the concentration of pollutants and
uncertainties that are associated with BMPs.
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Figure 25. Drainage area and land use in the maintenance yard.
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12.0 RAINFALL DATA AND RAINFALL FREQUENCY
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Figure 28. Rainfall data and rainfall frequency for 2004-05 storm season.
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Figure 29. Rainfall data and rainfall for 2004-05 storm season.
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Rainfall and Frequency - Westchester
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Figure 30. Rainfall data and rainfall frequency for 2004-05 storm season.
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13.0 BIiOSWALE
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Figure 31. Bacteria removal from the bioswale ( mmmm inflow, mm outflow).
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Figure 32. Metal removal from the bioswale ( | inflow, . outflow).
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Figure 33. TSS, COD, and nutrients removal from the bioswale.
(symbol “<” means below detection limit and not detected. mmmm inflow pummmm outflow)
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Figure 34. Oil and grease removal from the bioswale

(symbol “<” means below the detection limit and not detected. Il inflow, Il outflow ).
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14.0 WET VAULT
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Figure 35. Bacteria, COD, hardness, nutrients removal from the wet vault.
(symbol “<” means below detection limit and not detected. I inflow I outflow)
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Figure 36. Ammonia, TSS, and metals removal from the wet vault — metal recycling yard.
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Figure 37. Metals, oil and grease removal from the wet vault — metal recycling yard.
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Clty Westchester

Enhancad Manhole

Total Coliform {mpri 00 mL)

Log Dala Arthmetic Data
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Clity Washcheslar

Enhancad Manhola

Feeal Collform {mprion mL)

Log Data Arthmestic Data
Count Mean = UCL | LCL ‘lear Cov LBCL LCL Pollutants Removal
nist 15 o.19 2.83 10.75 | 7.62 S535064.65 5473 16765229.21 | -156960089.01 Flean Infiow - Mean Oullow | Parceni DETerence
Sulles 033 255 1103 | 7.62 S75672.33 77.60 1202600.03 | -38451255.42 -340607.58 | -54%
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City Wiesiznester

Enhancad Manhole

Entaracoccus mpnd100 mL)

Log Dats Armnmetic Dats
Couri Kiean 5 UcL LCL aan Medlian Cov UcL LCL Pollutants Remava
[inses 15 10.51 2.82 12.22 |a.29 nlet 2539512 | ap403.30| 70.27 | 113351245.63 | -107672221.10 Mzan Infiow - Mean Ousiow Percent Diference
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235 [ 05426 | 0315 0847 1764 [ 0.36 [ 0.553 033 [ 0.E31
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City

Waslchasler

Enhancad Manhala

Sireptococcus (mpnd100 mL)

o Data Anthmetic Data
Cound Mean S0 UCL LCL Kean Maglan Cow UCL LCL
Ikt 15 11.36 227 12.62 |490.10 Iriket 11356458 | 65618.37| 1320 | &6434930.10] -F163633.33
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Enhancad Manhole

Clty ‘Westchester

Total Coppar (ugiL)

Lo Data Arthmetic Diata
Count | MKean 50 JCL LCL Mean | MWedlan | CoW UCL LCL Polutants Remava
|Iret 18 .73 0.63 4.08 2.38 [Indet S0.AT 4147 0.ea 69.11 31.82 téiean Inflow - Mean Subhow Pergent DEference
|l3L'.el 18 348 0.53 .76 318 |:IL'.el 3716 32.30 0.57 4543 2389 13.30 26%
Mann-Whilney U Tesl, Andersor-Oaring Hormalty Test Analysls of Varancs [ANOVA] Fnuskal-Walls Test
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Clty \Westchester

Enhanced Manhols

Dlesolved Coppsar jugil)

Log DaEta Arthmetic Data
Count iean S0 UCL LCL Mean | Medlan Cov ucL LCL Pollutants Remowa
[inset 16 322 0.e9 3.59 285 1 31.7E 25.00 0.7 45.0E 13.45 Mean Infiow - Mean Cutfiow Percent Difference
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City VWaElchester

Enhanced Manhole

Total Lead jugiL)

Log Data Artthmesic Data
Count Mesn ] ucL LCL ‘ear Medlan Cov UcL LCL 2ollutants Remiova
[1nies 16 233 1.23 293 1.67 [iniez 2198 | 1029 1.89 44 10 013 Mean Infiow - Mean Ousfiow Percent Diftersncs
|:IL:E1 16 221 0.74 2.60 181 |G-JtE'1 11.9€ 3.08 [L36 17.43 G.50 10.02 45%
Ka 'l"I-'."-u"lﬂFE!.' L) Test, Angersan-Darling Korma l'l-'TEEl Ana :|-E|E of Vanance [AMOVA) w.nuekal-Walls Tast
J-Saatislics Probakilty [ AD, P-Waluse Sum of Sgaures | F-raia | =-alug KW Slatistie | Probanlity
75 0E91S | oS08 0132 AT [ 0.12 [ 0.7341 017 [ .57
Inigt Cublet aiow 10sn | Dfference | % Difference | Max Percent Remaval (Upper 35 3%
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Zath Ferceniile £.60 R
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Clty Westchester

Enhancad Manhole

Dlsolvad Lead [LgiL)

Log Dala Arthmetic Dala
Count | Mean 50 ucL LCL Mean | Weman | cow UL LCL Polutants Remava
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City \Waglchester

Enhanced Manholis

Todal Zine [ugil)

Lo Diata
Count | kean 50 ucL LCL
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city

\Weshchesasr

Enhancad Manhols

Dlezolvad ZIne (ugiL)

Log Diata Adthmetic Data
Count Kiezan 50 UCL LCL Mean | Medan Cov ucL LCL Pollutants Remova
Irikat E 5.18 .91 5.67 4.69 Inket 269.00 7 1.4 43335 105.E5 Flean Inflow - Mean Dutflow Parcani Diference
it 18 484 0.77 5.25 443 Cutist 169.25 10.E9 24981 8E.60 100.65 3%
Manr-AWhiiney U Test, Andersor-Darllng Mormalky Test Analvsls af Varlance (ANCVA) wruskal-Walls Test
U-Sfalsics | Probaolity | AD P-Vauss Sum of Sqawes | F-ratio | P-Waug KW Salsdc Probabilty
F] [ 0.3547 | 0531, 0.505 22767 [ 1.33 [ 0258 0.59 [ 0.34
riizl Cutiet Infow i0th | Diflersncz | S Differerce | Max Percent Removal [Lpper —_—
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Enhancad Manhola

Mann-Whitney U Test, Anderson-Daning Mormaliy Tes!
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Clty Washchesbar

Enhanced Manhols

Hardness [mgiL)

Log DEta Arthmetic Data
Count Kean S0 ucL LCL Mean | Medlan Cov UCcL LCL Pollgants Remowal
[t 17 75 0.65 4.08 341 [ 53.14 4265 0.7£ T34 32.33 Mean Inflow - Mean Cufflow | Percent Difference
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Enhancad Manhols

Clty ‘Wesichesier

¥Jeldahi - N {mgiL)

Log Data Artnmetic Data
Count Mlean S0 LCL LCL Idedn | hiedan GO UGL LCL 2ollutants Remava
nlst 17 1.01 0.98 1.51 0.20 Inkst 4.40 27 1.26 7.25 1.55 Mean Inflow - Mean Juilow | Parcani DEference
Cutlet 16 0.41 0.50 .84 41.01 Cutist 207 1.51 0.94 311 1.03 233 53%
Warr-Whitney U Tesl Arderson-Daring Momaliy Test Analysks of Varance [ANCVA] Xruskal-ials Tesl
U-Slatstcs | Probanllty | AD. P-Values Sum of Sgaurss | F-ratio ] F-Walle [ISE ] Probability
37 | 0.0864 | o243 0.209 27,648 | 3.64 | 0066 239 | 0,084
nlet Oudet Infiow i0th | Diference [ % Ciference | Max Percent Remaval (Uppar 3575
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Clty \Weshchesser

Enhanced Manhola

Ammanla - N (mgiL)

Data Anthmetic Data
Count Kizan S0 JCL LCL Mean | Medlan co JCL LCL Pallueants Remowal
|M. 16 .83 0.53 -0.36 -1.30 It D54 024 1.09 .02 1.27 Mean Infiow - Maan Cutfow Parcani DEference
Cutiet 16 0.24 0.78 -0.33 -1.36 Cutist 0.53 039 0.81 0.78 1.27 Q.12 18%

Mann-Ahiiney U Test, Anderscr-Carning Normaliy Test Analysls ol Varlancs (ANCVA) Kruska-Wallis Test
U-Sfalsics | Probaolity | AT P-Vauss Sum of Sgawes | Fralle | P-Waug KW Siatistic Probability
27 [ 0.5355 | mgoe o.240 20235 [ 015 [ 0.706 0.0% [ 0.521
rilzt Dubiet Infiow 10th | Differancs | %% Difference | May Percent Remaval [Upper —
10 Perceniie [§E 0.15 Percentlie-Outiow | 0.00 | -19E% | Infizw CL i Lower Oubfow CL) -
2oin Percentlz 2 0.23
Tt Parcanila 0.7E 0.65 Infiow 30th Differance ] =; Diffarznce | Win Percent Removal {Lower LqmE%
90t Percentie 1.31 1.02 Peroentlie-Outiow | 026 | 21.66% | Infiaw CL to Upper Oubhaw CL) oe
Lirear Influent/EMuent Pliat Mormal Frobakity Pot
3 + IruE L .
n n Filem as 4 z
251 L # Influant i oo B
= 24 m EfMuent g : :
E 1= +* g 0.5 -
0 3 A 8 =
= 4)a * = . B E oA
&l . . o . .
os{ " = ", 'y = 3 151 : -
ol t8%s 8, v 1 21 5 5
0D 2 4 & & 10 12 14 16 13 25 . T s
Sampile Mumber M ouT
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Final

August 2005

Enhancad Manhols

Clty ‘Wesichesier
HIErite - N {mgiL)
Artnmelic Dat3
Count Klean hiesn | Medan Cov oL LCL Pollutants Remoyal
nlst 4 -2 75 -1.68 Inikst ooy 0.06 0.53 Oid 0,00 Mean Inflow - Mean Outfiow Parceni DEference
Cutiet 4 -1.38 Cutlet L33 0.15 1.93 1.35 -0.69
Warr-Whitney U Tasl Anderson-Daring Momalily Test Analysis of Varance (ANCVA] ¥ruskal-Walls Test
U-SiatiEne ] Probanlity AL, P-Values Zum of Sgaurss | F-ralio ] F-Wallg
0.5755 0,078, 0.018 12.257 | [T | 0.
nlet Cudet Infiow 10th | Cifterence | % Diference | Max Percent Removal (Lippar
10%h Percenilie (] 0.03 Percentiie-Outliow | 0L | 2B 2T% |
ol 3 LIS 0.02
752 Percenilie 01 015 Inflow B0 Clffzranca | =z Difference | Min Percent Removal [Lower
902 Percenils 016 0.25 Percentiiz-Ousliow [ -0.10 | -Bd.35% ] nficw CL bo Upper Cutfiow CL)

Linear InfluenzEfuent Pt

EMCimgil}
(=]
m
!

oz{"

0 2 4 6

]

L

ALY LN T
10 12 14 16 18
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+Infuent
= EffMuent
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0
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Final

August 2005

city

Westchestier

Enhancad Manhols

Mifrate - N [mgiL)

Log Dats Arthmelc Das
Count Mlean S0 UL LCL lean | Medan oo UCL LCL Pollutants Removal
nlst 3 -0.54 0.63 024 -1.32 Inist [} 0.58 0.63 1.32 010 ean inflow - Mean Ousfiow | Percani DEference
Cutiet 4 -0.58 037 [L.80 -1.95 Cuist n.a2 0.556 1.08 218 -0.55 0.1 | -15%
Kann-Whitney U Tesl Anderson-Caning Momaliy Test Analysis of Varance [ANCVA] “ruskal-Walls Test
U-Slatstes Probanlity | AD. P-Vales Sum of Sgaurse | F-ratin | F-Yalle KW E1alsdc | Probability
137 | 0.4023 [ mi6z.0.540 15.14E | .51 | D453 075 | 0.352
nlet Dudet Infigw 10t | Difzrence | | Max Percent Removal (Lppsr 142.2%
034 0.24 Percentiiz-Outiow [ 010 | | Infiow CL bo Lower Outfiow CL) -
] L] S
7520 Percentliz 75 1.34 Infiow S0t Tiffzrence | | Min Percent Remaval (Lower _3{3p 0
90%n Percenila R 2.28 Percentiiz-Oulow [ [T | | nficw CL ba Upper Cutfow CL) T
Linear Influent'SMwant Plot Nl Frobatilly ot 1
=2 < flen
10 - C=3 ] 05
+ Influant L T
] . =0
i . . mEMuant 5 ¥ 0
g " iy 205 El
5 L] g 3] E
44 £ 30 & 4
] 04 = 7 H
ar t . 0 5 ;
L) n * =L -1.5 4 * z
ot T ] - :
0 2 4 6 & 10 12 14 16 15 =
3 02 a B i 2 L]
Sample Mumbser EMCTRL. Log=] : B =l
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Final August 2005

Enhanced Manhole

City Weslchaster

TS5 (mgiL)
Log Data Arfihmestic Cala
Count Megn =1, UCL LCL Mean Medlan COV ucL LCL Folutants Removal
[inies 17 448 1.23 3.13 3.86 [iniez 191.41 §e.49 1.89 I7T.48 3.33 Wiean Inflow - Mean Outfiow | Percant Difference
|DuZet 17 435 1.18 4,85 365 [Dubet 14116 | 703 1.74 | 767.51 14.81 50.95 [ 765%
Ilann-Whliney U Tes?, Angersan-Diaring Romaily Test Enalysls of Vanance [ANDVAY Krussakalls Tes!
J-Siatistics Probabilly | AD, P-Valuss Sum of Sgaures | F-rafa | ERTEE) KW Stalistc | Prababllty
326 [ 0.3345 | 0.8 0383 4713 | 0.34 [ 0.564 .36 [ 0.326
Inlet Culiet aiow 105 | Dfference | % DFference | Max Parcent Removal (Upper 26 1%
10Ih Fercentile 19.32 16.20 Parcaniie-Cutfiow | 3.12 | 16.13% | nifiow L bo Lowar Cusflow CL} )
T5Ih Fere=ntle R A7
751h Fercentle 20054 152.23 Mow 30 | Dfference | % Difflerence | in Percent Removal [Jower T
S0ih Fercanfle 414.55 305.15 Farzenile-Cutiiow | 105,40 | J6.39% rmiiow CL 1o Uppser Outfiow CLJ e
Lnear InflusniEruent Plot Pormal Frobasity P
- Infust E o
=, = Effuent
530 = N 7 .
- 400 #Influert & &
2 300 wu = Effuent 3 E :
E ] =
= 200 - - E 44 : E
i ] =
120 4 3 g
aln "Ly W :
0 — 21 B
0 8 1D 12 14 16 1E =
Sample Kumber o auT
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16.0 CATCH BASIN INSERTS
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Final

August 2005

Clty South Pasadena

Catch Basin Ingarta

Total Coliform [mpni1o0 mLy

Log D&t Arfihmesic Data
Count Kean S0 LCL LCL Mean Medlan CoW LWCL LCL Falutants Remaval
llsl 13 11.36 1.27 12.06 10.65 lln_-"_-l 19245239 | 55495358 202 40733513 | -Z2493.55 Kean Inflow - Mean Oulfiow | Percent Cifferance
Cutiet 17 12.30 117 12.50 11.70 Cutlet 435283.23 | Z20367.12| 170 | B16530.66 | S<035.59 -243530.54 [ -126%

Mann-Wnhney U Tesl, Angersan-Darling Momalty Test

Analysls of Varance [ARCWA]

Eniskal-Wallls Test

U-Shatistics Probabilty | AD P-Vauss Sum of Sgaurss | F-ratlo | F-Walue KW Salistic Probanlity
163 | 03381 [ 003, 270 51.54 [ 4.32 [ 00351 237 [ 01233
Oubiet Infiow 100h Percentlis-] Diferance | ot Diference Iax Percent Removal (Upper 357
10ih Percentliz 51534.15 Dusfiow 10th | -34033.38 | -184.47% nflow CL to Lower Ousfiow CL) o
251 Percentliz
75h Percentllis Infizre 2000 Percentlis- Differance | =t Diference 1N Percent Removal [Cower —
30th Percentlls 412303.51 §30911.17 Ouinow 90th -4TE407. 65 | -115.98% miiow CL o Upper Ousfiow CL} o
Linear IrMuent’EMuan? Plod tormal Frobabity Piot
I 15
1,600,000 = 5 = .
14 4
1,500,000 - = - < .
o » Irfuent . 5 i3l :
; 1.200.000 = Etent g = f
=  E00,000 n T B 12 Q
[ E : E E
a ] E
g 00,000 . ] 8111
300,000 + " gp * B ® -0 - *
LU L BT | 1 10 4
a 1
: : 4 E 5 1: -2 12 1E -5 n L 1% " 12 12 L] "l Ll - i

Sample Mumibsr

Ligai rmpnii00 mL

I ouT
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Final

August 2005

Clty South Pasadena

Catch Bagln Inessrts

Facal Collform {mpnif00 mL}

Lig Dats Arnmmetic Dats
Count | Mean 50 ucL LCL Iizan Meolan | cov ucL LCL Pollutants Remova
[inies 15 .54 1.59 9.42 [iniet 1794331 | 5104.44 237 S1435.21 -15546.59 Mean Infiow - Mean Duifiow |
|S'.JI:E'1 17 .44 257 9.76 |:'JIJE". 125503.70 | £610.07 271 1861094.97 | -1630067.58 -107360.33
Manr-Whiiney J Test, Anderser-Daning Normaliy Test Analysls of Varance [ANTVA] ruskal-Wallis Tesl
J-Saatislics Proaolity [ AD, P-Values Sum of Sgaures | F-atia | ERETE KW Siatistic ProbatliRy
128 [ 05235 | 146, .E12 14101 [ .02 [ ] 0 [ 09528
rist Cuzat Infiow 1010 Percentiie-[ Diference [ % Ciffarance | Max Percent Removal (Lippar 3060.3%
i0th Percantile 7054 186.79 Ouffiow 10th | 53375 | T4.06% | Infiow CL ta Lower Ouifiow CL) T
Zath Ferceniile 130504 Tr19.E
751N Fercentle 14044 6E 29732 62 Infiow E01h Percentiz- Difference I = Cifference I Min Percent Removal (Lowsr —
S0th Percentile 3585416 110194.25 OuNow 90th | -TaZal0s | -206.49% | Infliciy L ta Upper Cuthow CL) e
Lirear InfluenyEruent Piot Hormial Frobabity Pt
- A + Influsnt .
300.000 = - Effuent ; ]
250,000 — e = 11 4
= e * Infuen = E
& 200000 u EFuent x =] 0
£ 150,000 i & H § ]
5 o000 £ 3 g ;]
. a0 !
50,000 0 B 51
o : i
0 2 & B B 10 12 14 16 18 1 3 :
" - o 5 10 iz
Fample Number PFE— 1M CUT
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Final

August 2005

Cliy

South Pasagena

Catch Basin Ingsrts

Enterccoccus (mprif 00 mL}

Lo Data
Count klzan e UCL LCL
|ﬂ. 15 9.3 1.14 9.55 8.69
ouliet 17 2. T 9.85 8.63

[3E '|'1-'."-|"||1FE!|' U Tess, Angersan-Dariing kama l'.-' Tasl
J-Slaflslics Frobabilty [ AT P-\auss
137.5 | 0.5 | 018, .6EQ

Iniet Cutiet
101h Sercentliz 273805 2275 6D
Toih Serceniiz ETEE. TS ELE
75Ih Sercentllz 2202547 2454501
201h Percentlis 44501.63 Sa052.08
Unear InfluentEmuent Flot
100,000
n

50,000
- * Influent
g 50.000 4 mEmuent
ey s H
B 20,000
g

20,000

|: 4
0D 2 4 & 3 10 12 14 16 16

Zample Mumzer

ArEnmetic Dats
Kean Medlan cowv JOL LCL Polulants Remava
Ikt 21245.43 | 11155.68 1.62 40319.63] 2173.33 higan Inflow - Mean Suttow | Percant DISerence
Cutist 245651.63 | 11013.584 200 S0033.64 -T29.9E -3405.35 | -16%
Analysls of Varlanca [ANOWVA] Kruskal-Walls Test
Sum af Sgaures | F-ratlc | F-Value KW Siatistic | Probability
4382 [ ] [ 0.5784 1 [ 1
Mow 1060 | Differanca [ % CPference | PMax Percent Remaval (Lipper 101.5%
Fenzentle-Outfiow | 46244 | 16.69% ] nfiow CL to Lower Ousfiow CL) T
miflow A06 | Differencs | % Difference | Min Percent Removal [Lower 307 3%
Perzentle-Outtow | -T250.44 | -1E.18% ] niiow CL to Upper Cutflow CL} e
MorTal Frotebity Aot 115
=]
! + hent . :
= = Efuent 11 R :
g5+ z = 10.5 = :
ERE £
J & 104
&0+ P me
# E:. i 9.5 4
B Eng % R
& Eg: S 851 _ =
f]_ 2 . ? 1 = H
=4 2 754 E -
-.-- 62 72 82 92 102 112 122 13z 535 T .
=2 B2 72 82 = 2 112 122 1332
Loge{mpn100 i} H ouT
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Final

August 2005

City Zouth Pasadens

Catch Basin Inzsrts

Straptococcus (mpni10o mLj

Artthmesic Cala
Maan tiaglan con JOL LoL Poiluzanis Remoal
[anies S1774.79 | 1738274 | 231 13222560 | -28676.03 Mean Infiow - Kiean Cufliow | 2ercent DiTerance
[Dutiet S5E3E31 | 1974187 263 13062725 | -19550.64 -37E3.52 [ -T%

Andlvsks of Warlance (ANCWA)

KruskakWallls Test

Log Cals
Count Wean =D oL LCL
[inie 13 3.7 1.43 10.5E: 835
|DL:E1 17 3.3E 1.44 1063 915
Wann-Whitney U Tesl, Anderson-Carning Mormalily Test
L-Siafisfcs Probanlity | AL, P-Values
135 | LE1ZT | 352 558
it
10t Fercenile 326163
T2 Parcanile 42020.50
S Faranile 115644103
Lingar InfuentEMuent Plot
500,000
500,000 L]
= apgoon - # Influsnt
= m EMuent
— 300,000 4
[
& 200,000 4
* .
10Q,000 n n
s =
e e St SR R

Q2 4 6 B 1012 14 15 1B
Jample Mumbser

Sum of Sgaures | F-ratia | P-valug
£3.72 | 0.06 | 05063
Infiow 10th DOiHference 52 Offerance
Percentliz-0usNow -503.52 -1E.55%
In<iow =0ih DiiTerence %2 DiTerance
=ercentlis-0uifiow 574623 =6.16%

Pirmal Frobabily Pot

Fhicon®a

*  Influem
= EMkenl

Ee ¥ B 5 f0 11 2 13

Loge (rmont100 L)

14

=W Statistic Frobality
0.08 | 0.7758

May Percent Remova (Upper 194,35
InMiow CL fo Lower Qutfiow CL)
Min Percent Remaval |Lower —
Infiow CL o Upper Oubhow CL) e

14

13 4 .
& 12 . :
a - z
o 114 - '
&
E 104
o

o 4
g : '

& - H N

[ ouT
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Final August 2005

Catch Basln Inasrts

Clty Souh Pasadena

Total Coppar jugiL)

Log Data Arthmetic Data
Count Mean SO ucL LCL Mean | Medlan cov UcL LCL Pallutants Remaval
[1niet 14 364 0.70 4.04 3.23 [iriet 4B.50 0.60 T0.81 2618 Waan Inflow - Mean Culfiow | Percent Diftsrsncs
| Zusiat 10 3.49 0.58 291 207 | 3634 062 £.46 21.20 3.6 | 0%
Mann-Whilney U Test, Anderser-Dariing Kormaliy Test Analysls of Varancs [ANOVA) Kruskal-walls Test
LU-Tiatsfcs Progabilty [ AD P-Walugs Sum of Sgaures | F-=siln | S-valug KW Siatislic | Erobanlity
137.5 [ 0.4333 [ 0312 ooos 3.565 [ 0.23 [ 0557 0.54 [ 0.464
Izt Cutles nfigw 10sn | Oiference | % Difference | Iax Percen: Remowval (Upper 7o
10t Percanile 1585 16.16 Percentle-Outiow | -0.20 | -1.27T% ] miow CL to Lower Ousfow CL} )
Zoin Farcentle 2404 2158
TEh Fenzenile 5052 7.58 nfiow 30 | Difference | % Difference ] Min Parzeni Removal [Lower 41575
alth Perzentie 9016 E5.53 Percentlie-Outiow | 23.63 | 26.21% | mflow CL i Upper Ousflow CL} -
Lir=ar Influent'EMuent Piot tecrmal Probakiity Pot
5
= + nfent
L = - e e :
85 - : +
120 L] * Influent 80 %" 4
ar. - 53
= u Effuznt i9 35 ?:'q
. o
& 0] . g B 5 5 -
z = . o+ " £ 35 & :
I nom_E, :‘ = ! & 25 :
» [ ] : = ‘ - -
- * B 2
4 T T T T T T L 1.5 T
D 2 4 6 & 10 12 14 15 . - -
Sample Mumber z B Lobe N ? - BNl
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Final

August 2005

Clty Souh Pasadenz

Cabch Baaln Inaartes

Dlesolved Copper jugiL)

Lo Diata Arthmetic Data
Count iean 50 UCL LCL Mean | MWedlan | Cow ucL LCL Folutanls Remaval
[Imiet 14] 310 0.75 3.53 287 [t 2846 22.20 0.67 a4 30 14.62 Wean Inflow - Mean Cutfiow | Percent Difference
|I3L'.al. i 275 0.69 3.25 225 |:IL'.al 1091 15.64 0.7 3113 8.63 9.55 32%
Mann-Whilney U Test, Anderser-Daring Kormaliy Test Enalysls of Varancs [ANCVA] HruskalFWallls Tes!
U-Siatistes Frobabilly [ AT P-valuss Sum of Sgaures | F+aiia | ERFEITE KW Stalistc | Probanlity
130 | 02349 | 050, 0434 12.42 | 1.34 | 1.259 077 | 0.35
Iriket Cutles nfiow 1061 | Diference | 5; Difference | Max Parcent Removal (Upper 304
10th Farcenile 877 5.72 Percenile-Outiow | 204 | 23.33% ] mflow CL fo Lower Cutflow CL}
EE FEEnE T35 o]
Tt Fercentle 3620 24,410 nficrw S0RN I Difference | % Difference | Min Percent Removal (Lower FPEL
olih Fercantle 5627 36.40 Percenile-Outiown | 19,51 | 35.24% ] nflow CL io Upper Dusfiow CL) )
Linear Influent'EMuznt Flot Mormal Progaiiity Pt
=
= . wt -
120 = ah
- - —— :
_ w4 . » Influent - 5 4
=~ w Effuzni ] " e :
2 e g 3 7 2 -
= - i - 3
'{ 3 : * - * E : : i +] a g
2l 4 * n .0
. m . . ] | - (M)
a + Mt 5 LI b 7 4 -
Loz 4 6 B 10 12 18 16 i [ _ _ [ 18 : —
Sample Number ' SaClugl. Logsl IN ou
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Final

August 2005

Clty South Pasagena

Catch Basln Insarts

Total Laad jugiL)

Log Data Arthmelic Dala
Count | Mean S0 ucL LCL Mean | Medan | cow LCL LCL Sollutants Remova
nlgt 14 2.33 .95 2.8 1.73 Inkst 16.13 10.26 1.22 2755 4.0 Mean Inflow - Mean Juillow | Percent DEfErence
Cutlet 10 2.65 071 3.16 2.14 Cutist 18.13 1£.15 0.51 2B.66 7.70 -2.00 | -15%
Kanr-Whitney U Tesl Anderson-Darning Momaliy Test Analysis of Varance [ANTWA] nuEkal-als Test
U-Slatetis | Probanlity | AD. P-Vales Sum of Sgaurss | F-ratio | F-Wale KW Elalsic | Probability
1E5 | 0.5775 | o3sz 057 15.93E | 081 | 0377 034 | 0.553
nlet Oudst Infow 10th | Difference [ % Cifference | Max Percent Removal [LUppar 72.1%
10%h Percenilia 316 5.83 mercentliz-Ouow | -2.E3 | -E8.52% ] Infliorw CL bo Lower Cutflow CL) )
2 PErcenE LR T
75:h Percenile 10.08 2226 Infiow B0th Dlfferance | =t Diference | Min Percent Removal [Lower T
90%h Percenile 33.33 3345 Percentiiz-Ounow | -0.72 | -0.36% ] nfiow CL bo Upper Cuifow CL) o
Linear InflusritENuent Pt P ey .
21 + Ifheent
: " . = Efuem 3.5 4 - =
- 304 . *Irfuent E‘u 3
r - 3 o5
= 2 -t u Emuent gﬁ 7 _ ‘-’
o u . i E @ ] .
= . =15 :
LI i g :
b - * B ] 1 T -
u
- s * 0.5
= e +
02 4 & B 10 12 18 18 L T
Sampie Numbser N ouT
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Final

August 2005

Clty South Pasadena

Catch Basin Insarts

Dissolved Lead {ugil]

Log Dats Arthmele 0E3
Count Mean S0 LECL LCL Mesn | Medan LoV LICL LCL Pollutants Remova
izt 11 0.23 0.50 D86 -0.21 Iriksl 1.91 1.39 0.95 313 070 Kean Inflow - Mean Quiliow Parcani DEference
Cutlet B 0.20 0.51 034 40.54 Cutist B3 25 0.68 7B 047 028 | 15%
Kann-Whitney U Tesl, Anderson-Caning Momaliy Test Analysis of Varance [ANCWA] nuskal-Valls Tesl
U-Slatstes Probanlity | AD. P-Vales Sum of Sgaurss | F-ralio | F-Vale Ko Ealsic Probabiliy
S [ 06016 | ooesoess | 0.1 [ 0.943 009 [ 0.763
nlgt Oudst Intow 0t | Ciference [ % Cifersncs | Max Percent Remaval (LUpper 4 B9
2 [ 0.66 Percentiiz-Ounow | 0.7 -I6.25% ] Inficrw CL bo Lower Cuiflow CL) o
2 [E:E] 0.93
7 rilie 232 1.87 Inflow BOth Clfference ] : Difarznca ] Min Percent Removal {Lower .3005%
90th Percenle 369 2.56 Percentiiz-Ounow | 083 | 23 46% | nficw CL ba Upper Outflow CL) o
Linear Influeni/EMuent Pt Noremel Frobatlity Aot .
+ e
[ = Effiuem c :
* {5 = :
- » Influent 5 1]
o 44 - #
F [ ] u Emuent 5 4 s
il * - E [-]
82 u O g
- L] & .
LI I T -05 | :
o — T T &
D 2 4 6 8 0 12 14 18 -1 u
Sample Mumzsr L] DUl
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Final

August 2005

Catch Basin Ingerts

Clty Zouh Pasadens
Total Zine jugiL)
Log Data Anthmetic Data
Count Mean SO ucL LCL Mean | Medlan Cov UcL LCL Falutants Remaval
[inet 14 500 0.63 533 4.61 [1miet 186.79 | 14841 | 075 | 2820 104.36 Iizan Irflow - Mean Cutfiow | Percent Diftersncs
|CL'.al 10 5.0 0.51 545 4.71 |:IL'.al 18546 | 160.77 0.55 23559 111.33 3.33 Fa ]
Mann-Whilney U Test, Anderscr-Daniing K Analysls of Varancs [ANCYVA) KruskalFwalls Test
LU-Tiatstes | Progabilty Sum of Sgaures | F-siln | KW Stalislic | Probanlity
172 | 0.E536 | 0763 0.138 5.303 [ 0.1 [ 0.03 [ 0.561
Iniigt Cutes nfigw 10 | Ofersnce | % Difference | Iax Percent Remowval (Upper 5 g
10t Percaniie 6423 E6.08 Parcentle-Outiow | -21.66 | -34.05% ] nfiow CL to Lower Cusliow CL)
Zatn Fercantle 9550 11572
75 Parcanile 230.63 23.34 nfliow 30 | Cifference ] % Difference ] Win Perzent Removal [Lower 144.%
olth Perceniie 342,02 30025 Parcentlie-Outiow | 42 66 | 12.44% | mfiow CL {0 Upper Outllow CL} T
Lingar InfluentEMuant Piot téorrmed Probahify Ao
e - e ’
E00 < = Efhent Es 4 +
w g L]
~ 500 n » Infusnt B B
D 400 - u Effuent’ ¥ e
: [ :
i a0 4 o
=901 . _— £ 3 5 ?Ea
i ]
200 . I . N 3 4.5 - a
100 4 e & 2 * 2 :
* :
L — . 3.5 T
g 2 4 6 8 10 12 14 16
Sample Mumber - L
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Final

August 2005

Clty S0uth Pasadena

Catch Basgin Ingarts

Dlgsalvad ZInc [ugiL)

Log Data Arthmetic Data
Count Mzan S0 UCL LCL Mean | Medan Cow UCL LCL Polutants Remava
Ink=t 4 4.E9 .82 =1E 4. Iriket 151.79 | 108.33 .53 23771 5588 Wizan Inflow - Mean Sutflow | Percent Difference
Cutlet 10 4.62 0.87 .24 4.00 Cudist 14769 | 101.43 1.05 25899 3578 2.9 3%
Mann-Whitney U Test, Anderson-Daring Mormally Test Analyvels af Varancs (ANCVA) kiruskal-Walls Test
U-Sfaisios | Prooaoiity AT, P-uauss Sum of Sqaures | Fratlo | P-Vaug [ Prabablity
161 [ 0.7474 | o523 0505 15.553 [ 0.04 [ 0.352 0.12 | 0.725
rizl Cutiet Infow 10t | Difflersncz | % Difersnce | Max Pzrcert Removal (Upper 34 9%
10fh Percemiie 3833 3534 Percentlie-Outiaw | EEE | 1016% ] nfiow CL to Lower Cuthow CL) o
2o Fercentle (ST 0.2
TEh Percemiie 164.77 17683 Infiow 30ih Differarce | %2 Diffarence | Min Percent Removal [Lower -394 7%
S0t Perceniie 258.E3 291.46 Percentle-Outiow | 717 2.40% ] niow CL o Upper Cuiflow CL} =
Lingar InfuentEMuent Plot hormal Frozabity Pot o
700 1 o e - B
i = . e £ : e
00 4 3= 5
H = | -
- 500 #Influzns = g :
4 e s
9 400 - = EMuent & o4 T
& agn 2 5 w451
= & il4 .1 4
[ [— . " 0 5] 5
200 4 204 = _ N
e a ¥ o e 3 35 :
el " 1 r " = 3 )
"t . o +
o0 2 4 6 & 10 12 14 16 - - | 235 r
camale Mumber 15 Z6 3E 4 55 ES 75 I auT
BCiupL. Loge)
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Final

August 2005

Catch Basin Inasrts

Clty ZouT Fasadena
COD jmgiL)
Log DEta Arthmetic Data
Count Kean S0 ucL LCL ean | Medlan Cov UCcL LCL Paolutants Removal
[1net 13 24 Q.81 3.97 2.00 [Imiet 2513 32.61 0.55 71.23 12.04 Kzan Irflow - Mean Sutflow | Percent Diffarence
|l3L'.al a 266 0.75 4.27 208 |:IL'.al 39.55 0.E9 &§9.2E 1665 -7.86 -17%
Mann-Whiney U Test, Andersor-Darling Mormalky Test Analysls of Varlance [ANCVA) Fruskal-Wallls Test
U-Siabisties | Probabilty Sum of Sgaures | F-ratia | =-Walug KW Statistic Protatlity
141.5 [ 0.6165 | 0378, 0265 12671 [ 0.32 | 0579 028 0.553
Iriket Culiet nfiow 1050 | Dference | % Difference | Wiax Percent Removal [Upper TE5H
10t Percaniie 12108 15.71 Percentie-Outiow [ -3 | 20 0d% ] nfiow CL to Lower Cusliow CL) )
Zatn Fercantle TE3d ]
75 Parcanile 5496 EL.32 nficw 3000 Difference | % Difference | i Parzent Removal [Lower J—_—
o0th Fercaniie 5798 o962 Parzentie-Outtow [ -11.64 | -13:3d% ] nfiow CL {0 Upper Qusliow CL) -~
Linear InfluentEMuent Plot Mormma! Froband by Fict -
; zad e - . E
4 == = BEfueni 45 4 : g
120 4 L 3 -, :
~ 100 4 = rfluent ‘E' i & .. |
F_: an 4 m Effluent & 704 LR
E 7 n ¥ = G0 = 4 ] - g
g 60 0 £ EE: g - B €
5 40 4 * . - & 304 E oz z
i t 04
Wl * L4 g = 104 2 2
o — o 1.5 4 +
o 2 £ & & 10 1z 1£ 1E 19 1
5 i 2 3 4 H £ N ouT
Sample Mumber Erar frr
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Final

August 2005

Clty S0uh Pasadena

Cateh Basin Ingarts

Hardnese (mgiL)

Log Data Arithmetic Diata
Count lelean S0 JCL LCL Mean | Medlan SOV UcL LCL Palutants Remaova
[iniet 14 3.3 0.5 3.50 282 [t 3012 27.3 1.03 62.30 15.95 Kiean Inflow - Mean Cutfow Parcant Diference
|CL'.al 10 239 .20 3.35 263 |:IL'.al 22 56 19.69 0.54 31.20 13.92 16.57 42%
Mann-Whilney U Tesd, Anderser-Dariing Kormaliy Test Enalysls of Varancs [ANCVAY Krnuskal-alls Test
L-Ziafistcs Frobabllly | AT, P-Valuss Zum of Sgaures | F-raila ] ERETE KW Siatistic Probability
130 | 0.3958 | 0097 0518 12208 | 1.11 | 0.303 077 | 0.33
ke Culles nfiow i06h | Oference | = Difference | Max Percent Removal [Upper —_—
10t Percentie 5.58 10.50 Percentle-Outiow | -122 | -1278% | nfiow CL to Lower Outfiow CL) '
2ot Fercenile 1574 XN
TEi Fercantle 4736 I7.42 nficw 306 | Difference | =k Dfference | Min Percent Removal [Lower 85.6%
alth Percantle 7182 356.61 Percentle-Outiow | 4121 52.95% ] niiow CL to Upper Cuthow CL} T
horma Frogabiity Fot
Unear InflusntEnuent Siat - & "
. + e
2 = i = Bfuem -
50 - e » 559 - i
_ # [rifluent 5 ¥z
= 40+ u = Effiuent & 3 L
) L B &M i -
& 30 4 #* B E oo - :
[+ E #~
Fad e o ol g E
FH =
10 | | g *n 10 f i oc ]
= :
24
0 ——— 1 N .
g 2 4 6 & 10 12 14 16 1 2 3 4 E E -
Sample Mumber SOt Logs N auT
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Final

August 2005

ClIty South Pasadena

Catch Basin Inesrts

KJsitahl - N {mgiL)

Log Diata Adthmetic Dai3
Count Kean s0 uUcL LCL Mean | Medan Cov JCtL LCL Pollutanis Remowal
Inikst 14 0.45 0.85 1.01 0.0 Iniket 250 1.59 1.21 4.26 0.75 Mean Infow - Mean Cutliow Percani DElerence
Cutlet 10 0.9 1.03 1.73 025 Cudist 4.58 269 1.33 3.09 .07 -2.0E -83%
Manrn-Whilney U Test, Anderson-Dading Normally Test ANGlyEE ol Wariancs (AMCVA) Fruska-Wallis Test
U-Slalsics Propaolity | AT P-Vauss Zum of Sgawes | F-ratlo | P-Waug KW Siallstic | Probabiliy
150 [ 0.1514 | mooes, o.556 22,053 [ 1.56 [ 0211 2.14 [ 0.143
it ubiet Infiow 10t | Differance | % Difference | Man Percent Remaoval (Upper 3547
10 Perceniie 040 077 Percentle-Outiow | 028 | -56.38% ] Infiow CL i Lower Oubfow CL) -
2oth Percertle I35 1.29
TSt Percemiie 295 5.21 Infiow 30th | Diferance | % Diffarence | Win Percant Remaoval |Lower [
Ot Perceniie 515 0.43 Percentle-Outiow | 428 | -BZ38% ] Infiow CL o Upper Qublaw CL) o
Linear Influent/EfMuent Plot miormel Frobanity Fot
35
2 —— 3 o
an n = 251
=5 # Influent 2 I
j -
;:_HE- u E=uent N 1.:1~- .
o = T -
= - ]
= . = 04 -
= L - - -
& g L] . 0.5
- +p og @ +u  H -14 +
0 T ¥ T T T T T A5 :
0D 2 4 & 8 10 12 4 16
IW ouT
Sample Mumber
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Final

August 2005

City South Pasadzsra

Catch Gasln Inserts

Emmonta - H {mglL)

Log Cata
Count Mean S LCL LCL
[iniez 14 -0LE2 070 -0.22 -1.02
|L‘-Jte1 10 -0LE2 035 0.05 -1.30
Iann-ihiney U Test_Anderson-Cianing Mormallly Tesl
J-Gialisics Probabllty [ AD, P-Values
150 | 07523 [ o7oE pamz
niet Chist
10ih Percentile 0.23 017
[ =5 Percantile 1= %
T3th Percentle 0.5 0as
COih Percentle 1.37 1.72
Linaar InflusntEfusnt Pt
5
|
=1 = |nflusnt
e m EMuent
5
3]
2 4
- *
4] . - i
* L | |
N ERAPLT LELL L

o0 2 4 6 4 10 12 14 16
Sample Mumber

Amnmetic Dals
Mean | Median ooy UCL LCL Pollutanis Remova
[aniez 0.63 0.54 079 1.00 0.37 Mean Infiow - Mean Juifiow | Percent Difference
|GJIJE". 0.65 054 122 1.59 0.11 41.16 -24%
Analysls of Vanance [ANOVA] ruskal-Walls Tesl
Sum of Sgaures | =-rafio | Walue KW Slatistic Probanlifty
14.5 o [ 0.537 0.0 | 0.7
afow 1081 | Difsrence | % DPference | Max Percent Remaval {Lipper 3015
Percentle-Cuifiow [ 0.06 | 25.64% | Infiow CL bo Lower Culfiow CL) -
ifow 9080 Dl srence | % DFfErence \ir Percent Removal (Lower azE.a%
Fercentle-Cuthow | 0.45 | -35.23% | Inficw CL bo Upper Cuiflow CL) e
homal Frogabiky ot
1 + Irfuem -
= = Efusnl 1.5 +
EE s 14
i
s a 0.5 A 5
§ ™ F ;04 E
i :
I8 ] E
- B T
1 i 15 :
=L -
24 +
S _—— 25 :
3 -2 -1 rd
S e IN ouT
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Final

August 2005

Clty South Pasadena

Catch Bagin Ingarts

Hitrita - W {mgiL)

Log Data Arfthmetic Data
Count Iean sD JCL LCL Mean | Meglan oo JCL LCL Pollulants Remova
Inist g -2.43 -1.86 -3 Iniet 011 0.08 0.65 0.19 0.03 hizan Infow - Mean Cullow | Percent Difference
Cutiat [} -2.43 -1.62 3.4 Crtist 013 0.09 0.90 0.23 0.01 -0.01 [ 7%

Manr-Whilngy U Test, Anderscn-Daning Normaliy Test Analysls ol Varlancs [ANOVA) Fnuskal-Walls Test
U-Sfalslos | Promablily | AD Palues Zum of Sqawes | Fallz P-auz KW Siabsic Prabatility
R [ 08873 | 7 EZ [ 1] [ 0047 0. [ 15454
rist Outiet | Infow 10h | Difference | % Difference | | Max Percert Remowal [Uppar 96.5%
10t Percercla 0.02 008 Percentlie-Outfaw | LA | -33.33% | nfiow CL o Lower Cutflow CL) T
25 Percerile 0.05 0.05
75 Percenils 013 0.14 Intow 30t | Ciffersrce | % Cifterence | Min Percent Removal [Lower P
90h Perceriie 020 0.22 Percentlie-Outiow | 002 | -10.00% ] niow CL to Upper Outhow CL) o
rorTel Frobasily Pt -
Linear InfuentEMuent Piot ad
+ el
= Hfusn 04
& 0.5 4
. 0} & Imfuent 3‘ -1
o m Efluent - riiend
B ] [=] 1
3 B E £
] ﬁ =25 4
o3
215
0 2 4 & 3 10 12 14 18 4 T

Sample Mumbsr
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Final

August 2005

Clty South Pasagena

Catch Basin Inzerts

Mitrate - M [mgiL)

Log Dats Artnmelic Dala
Count Klean S0 oL LCL Mean | hedan SO UL LCL Poillulants Remowal
nist 12 0.11 0.76 058 -0.38 Inst 149 1.11 0.53 233 [LES Mean Infiow - Maan Culfiow | Percent Diffarence
Cubiet 3 -0.03 .37 058 -0.76 Cutiet 1.34 0.1 1.08 243 024 0.15 10%
Wanr-Whiney U Tesl Anderson-Caring Momality Test Analysls of Varance [ANCVA] Krugka-Wallis Test
U-Slatstes Prozablity | AD P-Wales Sum of Sqauress | F-ratio | F-Walle KW Shatistic Prozanlity
1465 [ 0.3198 | oos3 0.083 12.63 [ 0.3 [ 0.557 1.05 [ 0.303
niet Ouget Infiow 10t [ Cifference | o Cifarence | Max Percent Removal {Upper —_—
10%h Percenilie 034 0.52 Percentiiz-Ouifiow | 012 26.86% ] Infiow CL fz Lower Cublow CL) i
2N PErceniE L] 053
TE2h Percendle 1.82 1.53 Infiow S0th Differencs | = Diffzrence | Win Percent Remaval (Lawer —
90%h Percendle 284 262 Percentiiz-Ousiow | 022 | T85% ] Irfiow CL ie Upper Cublow CL) )
hormel Frobabity Rot
Linear influenyEfuent Pt R 2
- . * Efusnt 1.5 : *
EEL S :
1 : * Influent :; . & . :
| = Exfluent & 7 4 05 4
i [ = o4
_ : 5 -
30 o 05 4 -
] ~ - f:" ’ ¥ =
] . - é- e
oL, 07" wat e 1 45
0 T T T L— 1 -2
0D 2 4 &6 E 10 12 14 16 )

Fample Number

I
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Final August 2005

Catch Basin Insaris

Clty South Pasadena
TSS [mgL)
Log Dala Arthmetc D33
Count léizan S0 ucL LCL Mean | Megan oo JCOL LCL Polutants Remova
Inkst 14 J.6L 0.58 4.14 i Inikat 3546 35.20 1.05 ge16 21.76 higan Inflow - Mear Sutfiow | Percent Difference
Cutiet 10 4.62 0.65 5.0 415 Cudist 13574 | 101.43 0.73 191.52 5096 -70.28 | -127%
Mann-Whiingy U Test, Anderscr-Caring Nermaliy Test ANalvsls of variancs (ANDVA) Knuskal-Vialls Test
U-Sfalsics | Probaolity | AT P-Vauss Zum of Sgawes | Fratio | P-uaug KW Etatistic | Prabablity
120 | 0.0052 | D633 0.774 19.12 | 3.04 | 1.0065 £.34 | 0,005
riszt Dutiet Intow 10th | Difersnpcs [ W Diffzrence | Max Peroent Removal [Lppsr .
10th Perceniie 13.15 45,50 Percentle-Outtow | -32.65 | -248.27% ] o CL o Lower Outhow CL) -
TEI FEGEMIE ] GE.10
TS Perceniie BE.36 154.26 Infiow 30th Differance | % Diffzrence | Min Percent Remowal [Lower T50.1%
90th Percentlia 116.57 224.93 Percentle-Outiow | -104.36 | -92.96% ] niiow CL to Upper Cuthow CL} o
Linear influsntEruent Piot Peorme Frobaziity Pt
. E
160 fr L=
= Eem =
140 4 . =, 55 .
~ 120+ =g # Irfluent BOEA
2 100+ * . u EFuent # 4454
EQ - m B o, .
o by :
= Edq L] E E a5l E
TR . . O $
70 4 -y L 3 =1 I
ol ee” 25
0 2 4 6 8 W 12 14 16 Z T
IN ouT

Sample Mumber
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Final

August 2005

Cateh Basin Insaria

Clty South Pasadena
TS5 [mgiL)
Log &3 Arthmete D@t
Count hisan a0 uUCcL LCL Mean | Meglan Cov JCcL LCL Polulants Remava
Irikst 14 3.6L 0.86 4.14 214 Iriket S5.46 25.10 1.05 38.1E 21.76 Mean Inflow - Mean Dutfow | Percent Difference
Outiet 10 462 0.65 508 4.15 Cudist 12574 | 10143 | 073 13152 5226 -70.28 [ -127%
Mann-Ahiiney U Test, Anderson-Caring Nermally Test Analysls ol Varlancs [ANCVA) Knuskal-Wialls Test
U-Slalsics | Probaoliy | AD, P-Values Sum of Sqaures | F-ratls F-alus KW Stabstic 2rabatiify
130 [ 0.0052 | 0633, 0.774 19.12 [ 3.04 [ 0.0065 £.34 [ 0,003
rizl Dutiet Infow 10th | Difersncz [ % Diference | WMax Percent Removal (Lpper 37 39
10t Perceniie 13.15 45,60 Percentle-Outiow | -32.E5 | 245.27% ] nficw CL to Lower Cutfow CL) -
Zoin PErcentie 2109 0. 70
TS Perceniie BE.36 154.28 Infiow 30th Differance | % Differznce | Min Percent Remowal [Lower TELA
90th Percentlia 116.57 224.93 Percentle-Outlow | -104.36 | -32.96% ] niicw CL to Upper Cutfow CL} =
Linear influsntEruent Fiot Peormad Frobaziily Pt
. £
1E0 i
= Eem =
140 4 . ", 551 :
~ 120+ =y # Irfluent BE
2 100+ - . u EFuent 4454
E g0 n — -
2 o ' B s :
Woan 4 . i . - ;I a-.: B 5
20 - » = 34
; e 000 25
0 2z 4 & 8 10 12 14 16 Z T
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17.0 HYDRODYNAMIC SEPARATOR
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Final

August 2005

Clty South Pasadena

Hydrodynamic Separator

Total Collform (mpri0o mL)

Laog Cata Ariitimetic Data
Count W=an a0 LUCL LCL Mean Ieolan oo JOL LCL Folulants Remaval
[Iniet 17 12.3 A7 1230 1.70 [iniet 43533323 | I20367.12 .7a 316530.36 S4055.53 W2an Infiow - Flean Oufiow | Percent Diffarsnca
|DL'.aI. 16 12.63 1.10 1322 2.05 |:IL'.al SE1024 26 | J0E337 66 1.53 101855290 | 10349562 -125741.03 -20%
Marn-iiheney U Test Anderson-Daring Mormally Test AnayEls of vananca (ANCVA] Fruskak-allE Test
U-EfaTsies Prabanliy | AD, P-VEILEE UM of Ggaures | F-ratic T A-VzElle FW Sxalislic Prabaniity
1575 [ 1.5732 [ 270, 028 40.79 | 07 [ 04085 1.3 [ 1.2534
nlet Cutlet nficw 10%h Percenilie-| Dferance [ 5; Oifferance | WMax Parzent Removal (Upper 3735
10t Percentie 51534.15 TIES2.58 Qutsow 10th | -26116.42 | S0.EE% ] nifiow CL bo Lowar Ousfiow CLJ -
T Percerile b TETEEE B
TSt Percentis 47526071 E2TE14.49 nfiowa 9070 Percenilie- Differance | % Oifferance | Min Percent Removal (Lower 1785.0%
20th Percentia [EEIEN 119063817 Oubtow 30th | -FaLTaT.oq | -3364% ] nflow CL {0 Upper Ousfiow CLJ T
Linear InfusnyEMusnt Plot Ml Frobaisify P
1,500,000 = et s + +
. . - = EMuent 44
1,500,000 - = = 135 { :
) = 3] 0
1.200.0 -4 ppar El -
E 1200000 . = infiuens 8 ) g 125 ] Q
E 00,000 4 = + EMu=nt g Eﬁ g 2] g
£ 3= | v
B eanooo = s :
& " = %‘ 11
300,000 - SpE_H 5 105
T L I : o ¥ .
l:l T T T T T ‘T T T I -
0 2 4 6 3 1012 14 16 13 Tt 1 12 12 12 1f 15 = T
Sample MumiDer 1M auT

Loges rrpn/ 4 0D mL )

County of Los Angeles Department of Public Works

97




Final

August 2005

Clty Fouth Pasadena

Hydrodynamic Saparator

Facal Coliform (mpnd100 mL)

Log Cala Arithmesic Cata
Count KMean S0 UGL Klean iedian con JCL LCL Polluiants Remova
[iniet 17 Edd 2.57 O.76 = 125503, 4500007 | 27.21 185103497 | -1630057.5E Mean Inflow - Mean Cutfiow Percent Difference
|CL'. =t 17 E:29 2.2 S.44 |:IL'.el 4E913.70 | 400042 11.68 3F3THE.LD | -234938.08 TES80.89 £3%
Mann-Whikney U Test. Anderson-Caning Mormally Test Analysls of Variance [ANDVA) Kruska-Walls Test
U-Sialsics Probabliiy | AD, P-Valuss Sum of Sgaures | F-ralle ] F-Value N SlETE Prabablliy
144 | 0.4831 | &tz 737 16451 | 0.03 | 0.8643 0 | 09862
Culiet Irflows 10th Percandie] Cifferanca | % Difference Max Percent Remaval {Lipper 112.5%
10th Percentie 244 50 Cutfiow 10¢h | -57.90 | -31.00% Infiow CL i Lower Oulflow CL) -
Lo Percemile a5F.&65
Toih Percentle 18856.35 Irfizw B0 Ferceniie] Ciferanca | % Difference Min Percent Remaval {Lower 120,29
a0th Perceniis [EFER Cutfiow 90t | 3853128 | 36.24% Infiow CL i Upper Ouifiow CL) -
Lmear InfiuentEMuent Piot Marmal Frobabi by Bt
13
300,000 " Rfhsen 12 4 -
= BEfluam -
250,030 1 4 N

u Influent
# EMuent

200,000
150,000
100,000

£0,000

g 0

0 2 &£ & 3 10 12 14 16 1B
Sample Mumber

Pt

5 10
Loges mpn 100 L

Loge (mgn’ 100mi}
[=IpNTE)

=
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Final August 2005

Hydrodynamic Separator
City Zouth Pasadens
Entarococous (mpniod mi)
Log Dals Artnmetic Data
Count Wean S0 JCL LCL Iizan Medlan SOV JCL LCL Polutants Remaval
i iT 9.31 1.27 3.96 885 [imiez 24651.653 | 11013.84 200 50033.64 -723.98 Mean InMiow - Mean Outiow | Percent Difarence
|:IL:-"_'1 17 3.0E 1.50 9.85 B5.32 |G-.Jte‘1 26965.25 | E319.04 289 E67027.23 | -13096.63 -2313.40 | 9%
Warr-Whitney U Task. Anderson-Daning Momalily Test AnalyEls of Variance [ANDVA) Fruskal-Walls Test
L-Siatistcs | Probanlity | AD, PValues Sum of Sgaures | F-ralio ] P-alus KW Sialislic Srabablify
142.5 | 4722 | E80. 007 61.97 | 022 | 06435 1] | 0.9444
nlet Cutlet Inflow 100 | Ciftzrence | %, Difference | Max Percent Remeoeal (Upper —_—
10th Percentie 2275.60 145 Pemcentle-Outhow | 310.03 | 35.60% | mfiow CL to Lower Ousflow CL) -
Zoin Fercenile JETEO7 S153.73
TEin Fercentle 2434301 I3E23.5E6 Irfizw 908 I Clffzranca | % Difference | 1N Percent Remowval [Lower ——
Qlth Percentle S2052.08 5927636 Percentle-Outhow | -1226.31 | -13.38% ] o CL to Upper Oufiow CL) T
Unear influentEMuent ot Mormal Frobabliy Pot -
100,000 * Infuemt .
. EEL = EFflzent 11 4 : =
80,000 35 = . :
2 = irfluent 504 E 1
2 60,000 + ESTluent P 2 5, D
T - u - T 53: £ 5 - N
E 40,000 i =3 E - -
E i w - ;36: - 7
20,000 =.. - .-,- ) 404 S\I a4
- s =
(ET LAY MY S _ 5 4
0 2 4 6 E 10 12 14 18 18 1 £ T L
H H T 1z 12
Sample Mumber FF ey M I ouT
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Final

August 2005

Clty South Pasadena

Hydrodynamic Saparator

Straptococcus (mpnfoD mL)

2ollutanis Remava

Mean Inflow - KMean Cutliow

Log Data Arthmedic Dala
Count Blean =D UCL LCL Kiadan cow oL
niat 17 2.69 1.44 10.63 9.15 = 10741 67| 263 130E27.25
Culled 17 242 2.02 10.48 8.39 473.54 | 1233063 | 7.56 | 46164055

-36935.24

Mann-Winhney U Tesl, Anderson-Daring kormalby Test

Analvals of Warlancs (ANCVA)

“rnuskal-\Walls Tesl

B Slatistic

.64 [

Mlax Percent Remaval | Upper
Infliow CL o Lower Quliiow CL)

J-Shatlstics Frobabilty [ AD. P-Wales | F-railz P-Vaklg
121.5 [ 0.2135 [ 553, 003 [ LB 0.2437
Iniet Cutiet | Differencea %5 Cifanzncs
10th Percentlis 1002.25 Percentlie-Outiow | 22549.44 G3.27%
T2ih Perceniiz el
75th Percentlle AE020.50 I Diffaranca % Differance
201n Percentliz 115844.02 1642390.50 Percenilis-Outiow | -4854E.47 21515
Liraar infuentEMuznt Fiat Morrml Frovatiity =
3,000,000
[
2,500,000 4
! = |rfuent A
£2.000.000 1 » EfEnt 2
2. con
.'-;1.E-I|_ a0 4 i
B1,000,000 | L
500,000 4 | |
|: 4
0 2 4 & 38 10 12 14 16 18

Sample Numbsr

Min Percent Removal (Lower
Infiow CL bo Upper Oulfiow CL)

o

Loge fmgnd1 00mi)

Logempni 20 mi)
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Final

August 2005

Clty South Pasagena

Hydrodynamic Separator

Total Copper [ugiL)

Arthmetic Dala
Count | Mean LCL Mean | Medan | cowv LCL LCL Folutants Remaoval
nlet 1€ 3.45 3.19 Inikst 36.07 31.70 0.52 4651 25,63 Wean Infiow - Mesn O Jl:rl:f.'!.—| Percent DETErence
Cutiet 17 .26 2.03 Cutiet 32.29 2617 0.72 4438 20.29 3 10%
Wann-Whitney U Tesl, Anderson-Caring Normialily Test Analysls of Vardance (AMCVA] EruskakWallis Test
U-Slatstes Probanlity | AD. F-Vales Sum of Sgaurses | F-ratio | F-Wakle KW Stalishc | Probability
2E5 | 16263 | o=m30.53 10.501 | 088 | 0.354 0.26 | 0.E14
nist Oudet Infow 10t | Diftzrence | % Difterence | Max Parcant Removal [UpDer 55.4%
10%h Percenilia 16.56 1168 2ercentliz-Outfiow | 517 | 3066 ] Inflow CL o Lower Cutfiow c
25N PErCErE =92 1713
750 Percenlie 44.18 33.9C Infiow BOh Tiffzrence | =z Difference | Min Percent Remaval [Lower -
a0h Percenile S8.57 5857 Percentiiz-Ousiiow | 1.00 | 1.66% ] Inficw CL bo Upper Cuiflow e
Linear infuentEMuent Fiot ol Frotabiity Fot
+ Ffuent =

[1]E r = Effluent a5 )

a0 - % S
- - +infuent z 5 41 -
- e I ] Eanm m EMuans § .
9 ap n B -
= = L L) x =
] [} ’ ] ‘ g 34 -

a0 4 L F ™ u - &

- W,
o —T— T T T T T T ’
0O 2 4 & & 10 12 14 16 13 2 r
5 Numizer 4 24 4 e o IN ouT
Sample Mumise: SACuaL. Logst
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Final

August 2005

Clty South Pasatena

Hydrodynamic Separator

Disgolvad Coppar jugil)

Log Dats Arthmete Oats
Count | Mean 50 UCL LCL Mean | Medan | cow LCL LCL Folutanis Removal
nlgt 16 233 0.57 2.8 1.2 Inikst 15.78 10.62 1.06 24.71 85 Wean Infiow - kean CJI:rl:f.\.—| Percant DETErence
Cutiet 17 2.3 065 266 [ Cutist 12.65 10.39 0.73 17.65 BlS 2.93 | 13%
Wann-Whitney U Tesl Anderson-Caning Momally Test Analysis of Varance [ANTVA] Kruska-Wallls Test
U-Slatstes Frobanlily [ AD. P-Vales Sum of Sgaurses | F-ratio | F-Wallg KW Stalishic Probability
ZEG.E [ n.8133 | oozs 0754 18,118 [ 0.02 [ 0851 .oz [ .o
nlet Oulst Infiow 10th | Diference [ e Cifersnce | W.ax Percar: Removal [Upoer 67.4%
368 4.63 Percentiiz-Ousliow | -0.55 | -I5.70% | Infiow CL ta Lower Quifiow C
B13 [A]
19.05 1591 Infiaw SOth Ciferarcs | % Difarencs Min Percan Removal [Lower ez e
ERIE] FEEL Percentliz-Qutniow | Eat [ TEE T | Inflow CL ba Upper Cutfow 2
Mol P iy ot
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Final

August 2005

CHy South Pasadsna

Hydrodynamic Saparator

Total Laad [ugiL)

Log Dals Armnmetic Dats
Count ‘ear S0 LEL LCL hean | Median CoW LECL LCL Falktants Removal
nlet 16 2.44 0.96 296 1.83 nlet 18.25 11.52 1.23 30.21 629 W2an Infiow - Mean Culfiow | Percent Diference
Cullet 7 2.52 1.08 286 1.76 Cutiet g.32 1015 150 ] 417 -6 | 0%
Iann-Wnieney U Test, Anderson-Caning Momallly Test ANAly5iE Of Wallante (ANLWA] FruskaFwalls Test
J-Shatlstics Probanlily | AD, P-Values Sum of Sgaurss | F-ralio | F-value KW Stalislic | Probabilty
2E1E [ 0.7458 | o421 018 32.84 | 012 [ 0737 0.12 [ 0.732
nigt ouzist Infiow 10th | Diference | % Ciference | Max Percer Removal (Upper 505
10th Percentliz 3.50 163 Percentiiz-Outhow | 0.7 | 24 86% ] Irfiow CL i Lower Culflow ’
TSR ercentiE [Nk Z30E
751h Percentliz 21.58 20L67 Inflowe 90th | DiMeErence | % Difference | Min Percent Removal [Lower 15T
Zoth Percentllz ETlE] EENE Percentiiz-Outhow | -1.29 | -3.42% ] Infiow CL i Upper Cutflow -
Mo Frobabity Pot
Linear InfluentEMusnt Plot 2 S 45
I = Efuent 4
“a t 3 == 3 _ 3 :
ag A0 & [rifiuent L Z ;_\ g
d = Efuent s i 509
o L g 1 25
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= u x - 04 ¥
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Final

August 2005

City South Pasagenra

Hydrodynamic Saparator

Disaolvad Lead jugiL)

Lag Dats
Count ‘ear S0 UCL LCL
nist 12 0.52 0.75 099 0.0£
Cutlez 13 0.45 067 0.86 0.05

Idann-Whikney U Test, Anderson-Daring Mormally Test

J-Slaflstics Srobanllly | AD, P-Values
1E1.5 [ 0.7ESE | o=7s 0748
niet Dutist
101k Percentliz 0.E7 0.5C
Z5iR Percentls TIE TIE
751h Percenllle 272 243
30th Percentlis 4.22 3.55
Liriear InflusnEfuent Plat
10
3 + Infiuent
- L m Efusnt
-] g 4 =
. - H L
2{m ]
- ] L [ | . ™ [ |
- T T T T T =y =T T

D2 4 B & 10 12 14 18 1
Sample Number

Arsnmetic Dats
hean | Median cov LBCL LCL Falutants Removal
nlst 2.2 1.68 0.87 34 [FEE] W2an Infiow - Mean Culfiow | Percent Dfference
Culiet 1.57 1.57 .75 287 a7 .25 | 11%
ANAIY5IE O Warlante (ANCWA] KruskakFwalls Test
Sum of Sgaurses | F-ralio | F-Walue KW Stalistc | Probabilty
11.634 [ 005 [ 0.E27 1.0% [ 0768
Irfiow 10t | Diference | % Difsrence | Wax Fercert Removal (Upoer -
Percentiiz-Outhow | 0.02 | -3.45% ] Infhaw CL i Lower Oulfiow -
Imflow 80th | Direrence | | Min Parcent Removal [Lower 130.0%
Percentiiz-Outhow | OEZ | ] Infiaw CL io Upper Cuiflow o
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Final

August 2005

Clty South Pasagena

Hydrodynamle Separator

Total Zinc jugiL)

Liog Data Arthmetic Data
Count Klean S0 LBCL LCL Kiaan Median oW oL Folutanis Removal
|lsl 16 £.04 5.35 54 |In_-:-L 1E67.62 | 140.30 0.53 276.36 W=an Inhow - Wean Cutiow | Parcant DETerence
Cutiet 17 4.E3 525 4.52 Cutlet 17018 | 131.94 0.81 241.47 17.43 [ 2%

Wanr-Whitney U Tesl, Anderson-Caring Momalily Test Analysls of Varance [ANOVA] Kruskal-Wallls Test
U-Slateies Prozablily [ AD P-Wales Sum of Sqaurses | F-ralio | F-Wallg KW Stalistc | Probability
2745 | 0.9425 | o7z7.0.516 15.535 | [T | 0.813 .01 | 0523
niet Oudet Infow 10t [ Difference | % Ciffarenca | Max Parcant Removal [Upoer 64.3%
10%h Percentlie 54.47 54 34 2ercentliz-Ousfiow | 013 | 0.23% ] Inflaw CL ha Lower Culfiow C
2N PErGEnE by [
750 Percenilie 23051 21044 Infiow B0t | Ciference | % Differencs | 1in Percent Removal [Lower 144 7%
90%h Percendle 3E1.33 32035 Percentiiz-Ousiow | 20,39 | 11.34% ] Inficw CL to Upper Cutflow —
Linear InfusntEMuent Plot Mo Frocatity Pt
] + ipflem 7
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Final

August 2005

South Pasatena

ity

Hydrodymamic Saparator

Dizaolvad ZInG jug'L)

Lag Dals Arknmetic Data
Count ‘earn S0 UCL LCL hean | Median caw LCL LCL Faollulanis Removal
nlat 16 243 057 430 3.57 niat 12313 | 8404 1.07 163.54 S2.EL lean Infiow - Mean Culfiow | Parcani Dference
Cutlet 17 £.34 0.84 477 3.21 Cutlet 109.53 7650 1.02 1645.50 52.25 12,66 11%
Kann-Whkney U Test, Anderson-Caring Mormallty Test Aralysis of Warlance (ANOVA) Erneskal-Wallls Test
U-Shatlstics | Probanlity | AD, P-values Sum of Sgaurss | F-ratio | F-Walue KW Statistic | Probabilty
2695 [ 0.9428 | o.oa4 0987 Z2.902 [ 009 [ 5 0.01 [ 0.528
nlet outiel Infiow 10th |  Diference | % Diference | Wax Parcen: Remowal (Upper ——
10th Percentllz 28.39 26.94 Percentiiz-Outhow | 145 | 5i1% | Infiaw CL i Lower Quifiow )
251 PErcentiE L 24
75th Percentllz 148.77 133.09 Infiow 90 | Ciference | % DiFerence | Min Parzent Removal [Lower 2157
a0ih Percentlie 251.26 215.54 Percentiiz-Cutfow | 32.32 | 12.86% | Inflow CL fo Upper Culfiow sl rE
Lingar InfuertEmuent Plot Mol Frobatiity Pot
= + Inflem o
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Final

August 2005

Hydrodynamic Separator

Clty Zouh Pasadens
COD m@L)
Log Dala Anthmetic Data
Count Mean S0 UcL LCL Mean | Medlan Cov UcL LCL Pollutanis Remava
|Ir et 13 335 1.00 3.90 270 |Ir et A7.00 25.41 1.32 51.31 12.68 Mean Infiow - Mean Cuiliow | Pencent Cifference
|l3L'.al 16 315 1.00 3.68 262 |CIL'.al JEAT 23.3d 1.31 55.34 11.61 §.53 15%
Mann-Whilney U Tesl, Ancersor-Daring kormaliy Test ANalyels of Varancs [ANCVA) Kruska-Walls Tesl
U-Siafislics Frobabilty A0, P-Valuze Zum of Sgawres | F-railn Balus TEEE Probatlity
3535 0.4526 | 0103 0334 294 [ 03 [ 0589 0.59 [ 0441
Inist Cuties nfow 10n | DHlerence | % Difference | Max Percent Remaval (LUpper —
10t Percaniie 820 5.75 Parcentlie-Outiow | 1.45 | 17.72% ] now CL b0 Lower Cutfiow
Zath Fercantle 511 212
TEth Fercaniie 54.63 4454 nfow 30 | Diference | % Oiference | \iIn Percent Remaval [Lawsr 1405
Ol Perceniie 9EAD [ Percentle-Outiow | 1760 | 17.98% ] milow CL bo Upper Cusliow o
Maorml Frobabity Rt
Lin=ar InfluentEfusnt Fiot =
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Final August 2005

Hydrodynamic Separator

Cly South Pasadena

Hardness (mgiL)

Log Data Arthmelic Data
Count ldean S0 UCoL LCL hean | Medlan oo JOL LCL Poilutanis Removal
|In_=_'l 16 3.2 0.68 1.7 297 Iriet 35.5d4 25.15 0.7 S0.14 2094 Mean Inflow - Masn CLI1I1:-'.\.—| Percent D
Cuist 17 3.1 0.53 3.51 290 Cutist 20,39 2463 0.65 JB1E 10,62 6.16 | 17%
Mann-Ahiingy U Tesf, Anderscr-Caning Kormaliy Test Analysls ol Varlancs [ANDVA) Kruska-Walls Tesl
U-Sfatsies Prooaliity [ AD P-Wauss Sum of Sgawes | F-rails | P-vaug KW Shatistic | Prabablity
2E1 | 0.7555 | 0207 o.19E 12.73 | 0.35 | 0557 0.11 | 0.745
izt Cubiet Infiow 10th | Differsnca | 55 Differencs | May Percent Remaoval (Upper B0.9%
10tn Perceniie 12,06 Percenile-Outiow | 0.23 | 1.87% nfiow CL bo Lower Outow T
25 PRICEriE 160
TEIh Percentie 4397 Infiow 30ih | Differarce | %2 Difference | | Win Percent Remaval |Lawer | ETO%
aDih Percentls Pereentlie-Outiow | 1434 | 21.67M% niliow CL to Upper Cuthow B
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Final

August 2005

Clty South Pasadena

Hydrodynamic Separator

¥Jeldanl - N {mgiL)

Log Data Arthmetic Data
Count Kiean S0 LeCL LCL Medan Cov LCL LCL Polutants Removal
nlzt 1E 0.21 0.93 14 0.41 Irikat 245 1.17 E.20 143 hizan Infiow - Mean Culfiow | Parcant Diference
(Cutlet 7 .61 1.11 1.1E 0.0 Cuist 1.64 1.57 £.20 [LEE .38 10%
Marr-Whitnew U Test, Anderson-Darllng Mormallty Test Analysks of Varance (ANCOVA) Kreskal-Mallls Test
U-Slatstics Prooablity AD, F-Vales Sum of Sqaurss | F-ralic F-Vale KW Stallslic | Probability
306.5 0.2207 0.405, 0.04 [ .67 0.413 54 [ 0.214
nigt Dulst [ Difzrencs % Diference | Waw Percant Removal [Upner 50,39,
(K] 0.4 Percentliz-Ousow | A0.86% ] Infiow CL ho Lower Culfiow T
30 0.53
75N Percenile 54 3.52 I Difezrenca % DIfzrznce ] Min Ferzant Remaoval [Lower J——
a0%n Percenile 85 7.37 Percentiiz-Ouifiow | [ B 1d% ] Infioe CL bo Uipper Cutflow S
hormal Frobabity Rt
Linear InfuenbEMusant Piot - 35
25 " Efiusnt 3 + +
L 3 = 235
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Final

August 2005

Clty South Pasadena

Hydrodynamle Separator

ammonla - N (mgiL)

Log Data Aritnmetic Data
Count Klean a0 oL LCL Mean | hedan GO LCL LCL Polutans Removal
al= 15 -1.75 .97 -0.31 -1.28 Inst 076 047 1.24 1.2E O2d Mean Infiow - Mean CJI:FI:I'.\—| Parzani DEference
Culiet 15 -1.83 .76 -0.41 -1.25 Cutlet 058 0.43 0.58 [L36 030 0.18 23%
Wanr-Whitney U Tesl_Anderson-Daning Mormalily Test Analysis of Varance (ANOVA] Kruzkal-Wallls Test
U-Slatstcs | Probablity | AD. F-Wales Sum of Sqaures | F-ratio ] F-Walle KW Stalishc ] Probability
2355 | 0.9174 | 0867 0.3 21.127 0,07 | 0.786 o.oz | 0.501
mlet Oudet Infiow 10th Differenca | % Difference | Max Percent Removal (Upper 76.7%
Oid 0.17 Percentiz-Ousfiow | -0.03 | -15.60% | Infiaw CL ba Lower Oulfiow i
d 2 ] 027
T5in Percenile 059 0.71 Iniow B0t Tiference | % DIference ] 1IN Fercent Removal [Lower 35445
90%h Perzenile 157 111 2ercentiz-Ousfiow | DL4E: | 20.33% ] Inficrw CL ba Upper Cutfliow T
Linear InfuentEMusant Piat Neral Probatifty Pt
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Final

August 2005

Hydrodynamic Separator
Clty Sout Pasadena
Mitrita - M {mgiL)
Log Diala Anthmetic Data
Count Kiaan sD JCL LCL Mean | Medlan SO UCL LoL Pollusants Remova
[t 14 -2.79 0.5a -244 -3.13 [ 0.07 (i) 0.65 0.10 0.0s Mean Infiow - Mean Cutfiow | Percent Difference
Culist 12 -2.69 0.67 -2aT -3.32 Qulet 0.0 06 0.75 .10 1.02 0.00 6%
Mann-Whilney U Test, Anderson-Daring Kaormalty Analysls of Varancs [ANCYA) Kruska-Walls Test
U-Siafisfics | FProdasbllly | AD, P-Values Sum of SEaures | F-rath P-Walug W Slatistic Probablity
H3.5 | 0.4715 | 0215, D.083 3.579 | .18 | 0673 0.56 | [LAS5
Dulles nfow i0n [ Ofference | % Oifference | Max Percent Remaval (Upper 5405
10t Parcantie 0.02 Parcenile-Outiow | 0.01 | 17.68% | nfiow CL 1o Lower Cutflow
TEM Fercenie 0.0
TEth Fercaniie 0.09 nfiow 306 | Dimerence | % Oiference | MIn Percent Remaval {Laowsr A73.1%
Ol Perceniie 0.13 Percenile-Outiow [ 0.00 | 1.72% ] milow CL to Upper Cusfiow -
Normal Frobaility Pt
Linear infuendErmuent Fiot R — 0.5
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Final

August 2005

City South Pasagenra

Hydrodynamic Saparator

Hitrate - N [mgiL)

Log Dals Arsnmetic Dats
Count ‘ear S0 UCL LCL hean | Median cov LBCL LCL Falutants Removal
nlet 0 -0.18 0.68 030 -0.63 nlst 1.05 0.83 0.7B 1.63 047 W2an Infiow - Mean Culfiow | Percent Difference
Cullet 1 -0L56 062 -0.14 -0.98 Culiet 0.69 0.57 .62 1.1 ar .36 3%
Iann-WhiEney U Test, Anderson-Caring Momallly Test ANAIY5IE O Warlante (ANCWA] KruskakFwalls Test
J-Slaflstics Srobanllly | AD, P-Values Sum of Sgaurses | F-ralio | F-Walue KW Stalistc | Probabilty
131.5 [ 01232 | 0458 0186 5.E3E [ 1.7 [ 0.307 330 [ 0.13
nlet ouzet Irfiow 10t | Diference | % Difsrence | Wax Percent Removal (Upper 7729,
10ih Percentllz 0.36 027 Percentiiz-Outhow | [ | 26 06% ] Infhaw CL i Lower Oulfiow B
Z5iR Percentls [R5 138
751h Percentlls 1.26 0.85 IrMiow 20th Ciferance [ % Diference ] Min Percent Removal [Lower 1T T
ooih Percentllz 1.51 1232 Percentiiz-Outhow | [ | 35.04% ] Infiaw CL io Upper Cuiflow -
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Final

August 2005

Hydrodynamic Separator

City South Fasadera
T35 {mgiL)
g Cala Armels Dals
Counit Mean S0 LCL LCL Mzan | Median cov UCL LCL Paolutants Remava
[1mies 16 474 1.15 5.35 £.12 niet 22128 | 114.15 1.66 417.05 23.51 Izan Infiow - Mean Sublow Percent DiTerence
Oudet ir 4.24 1.1 4.735 3.72 Cuties 114.52 G3.0E 1.33 193.20 35.4£ 105.45 £E%

Kann-Whhney U T

1, Andersan-Darling Momallty Test

Analysls of Warlance [ANCWA]

Kniskal-Walls Test

J-Stalislics | Srobaplity | AD, P-Values Sum of Sgaures | =-rafio | E-Value KW Siatistic | Frooabilty
55 | 02345 | 36.2 | 178 | [EER 126 | 0.24E
nlg: Cutiet miow 10th | Difsrence | % CPference | Max Percent Remeoval [Upper o35
10th Percentile 27.38 18.73 Percentle-Cuifiow | T.65 27 .55% | Inflow CL io Lower Quifiow -
Z5th Percentile 53.84 3572
75lh Percenflle 24198 133 61 mMow 906 Cifference ] 2 DMzrence I Min Percent Removal [Lower 657 4%
Ldih Percentile 475.90 256.34 Percentle-Outhow | 218,56 | 46.14% | Inflow CL i Upper Oublow o
Linear InfleenyEruent Fiot Mo Frobandity Pt
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