EXECUTIVE SUMMARY

The objective of this project was to evaluate the pollutant removal efficiencies of stormwater best
management practices (BMP) currently being permitted in southwest Florida, specifically, how they
compare to State treatment requirements and how they compare to the removal efficiencies
summarized in Evaluation of Current Stormwater Design Criteria within the State of Florida
(Evaluation of Stormwater Criteria) by Harvey H. Harper , Ph.D., P.E. and David M. Baker, P.E
(Evaluation of Stormwater Criteria). Results from this study will provide a better understanding

how these BMPs function in southwest Florida.

A literature review performed by Johnson Engineering identified few stormwater BMP studies that
have been completed in southwest Florida. As a result, few local historical data sets exist to
evaluate pollutant removal efficiencies of existing stormwater BMPs. Wet detention systems
comprise the vast majority of stormwater BMPs permitted and constructed in southwest Florida.
Accordingly, the monitoring program for this project focused on evaluating the effectiveness of wet

detention systems.

Three (3) wet detention systems located in three (3) different land use categories were identified
through the BMP Process Selection phase of this project. The sites are; The Brooks (golf
course/residential), Laguna Lake (residential) and Wal-Mart at Six Mile Cypress Parkway and US-
41 (commercial).

All three (3) sites use wet detention systems to treat and attenuate the site’s runoff. The specific
project sites were selected based on: 1) Ability to isolate drainage areas, 2) One outfall structure, 3)
Project at or near build out, 4) Ability to isolate land uses, 5) Ability to contact owner, 6)

Willingness of owner to participate and allow testing, 7) Site access and security.

Each site was monitored to determine the quality and volume of runoff into the system and
discharge from the system. The monitoring involved collecting rainfall measurements, water level
data, and inflow and outflow data at each site. Flow composited water quality samples were
collected from the inflow and outflow locations at each of the three (3) sites during 15 qualifying
rainfall events. The 15 rainfall events occurred over an 18-month period. The water quality samples
collected from the sites were laboratory analyzed for chlorophyll-a, total Kjeldahl nitrogen,

ammonia, nitrate + nitrite, total nitrogen, ortho-phosphorus, total phosphorus, total suspended
i



solids, copper, dissolved copper, cadmium and dissolved cadmium. Concentrations of these
parameters, along with the measured flow volumes, were used to evaluate the BMP removal

efficiencies within each of the stormwater management systems.

The Wal-Mart and Brooks systems generally performed better than the Laguna Lakes system. The
Wal-Mart system reduced both mass and concentration loading for all parameters. Efficiencies
varied from a high of 99% for ortho-phosphorus concentration to a low of 6% for dissolved
cadmium concentration. The Brooks system showed better mass removal efficiency (high of 99%,
low of 26%). However, the Brooks system showed an increase in chlorophyll a and dissolved
cadmium concentrations, although the cadmium concentrations remained below the drinking water

standard of 5 ppb.

Laguna Lakes showed a higher mass loading in the outflow than that in the inflow for all parameters
except ammonia, nitrate + nitrite and ortho-phosphorus. The concentrations showed a decrease for
half of the parameters: chlorophyll a, total Kjeldahl nitrogen, ammonia, nitrate + nitrite, total
suspended solids (TSS), ortho-phosphorus and cadmium. During data collection, the use of
reclaimed water for irrigation and excessive aquatic weed growth within the lakes were noted. This
could explain the increase in nutrient and copper concentrations and mass loadings within the
system. The reclaimed water may have introduced additional nutrients into the lakes (that were not
included in the tested stormwater runoff) that increased nutrients and promoted aquatic plant
growth. The increase in copper concentrations may be attributed to herbicides used to control the

aquatic plants.

State (CH 62-40 F.A.C.) water quality standards specify stormwater treatment system goals of an
80% reduction in pollutants. The Brooks system achieved this mass removal efficiency for seven
(7) out of the twelve (12) analyzed parameters and four (4) of the concentration parameters. The
Wal-Mart system only achieved the 80% reduction for two (2) mass parameters and one (1)
concentration parameter. The Laguna Lakes system achieved the reduction goal for one (1) mass

parameter and two (2) concentration parameters.

Loadings calculated using the pollutant loading methodology outlined in the Evaluation of
Stormwater Criteria over estimate runoff concentrations and under estimate runoff volumes when

compared to those determined in this report. The results for mass loading and removal efficiency



comparisons are much less uniform as the Evaluation of Stormwater Criteria methodology over
estimated some parameters in some locations and under estimated others. A pattern could not be
identified.
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1.0 INTRODUCTION

In December 2004, Johnson Engineering contracted with Lee County Natural Resources to
research and develop local data to document the performance of locally permitted common Best
Management Practices (BMP). This will allow Lee County to compare regional data to the
performance required by State water quality standards and the performances summarized in
Evaluation of Stormwater Criteria, which is the basis of the proposed new State of Florida water

quality rule.

The State of Florida’s stormwater rule was adopted in 1982 and required all new development
and redevelopment projects to include site appropriate BMPs to treat stormwater (Bateman et al,
1998). The program established a performance standard of removing at least 80% of the average
annual post-development loading of total suspended solids (TSS) for stormwater discharged to
most waters and a reduction of pollutant loadings by 95% for discharges to Outstanding Florida
Waters (e.g., Estero Bay tributaries).

The State is currently working on a new stormwater rule that will utilize the methods outlined in
Evaluation of Stormwater Criteria to determine required water treatment. Generally, the
Evaluation of Stormwater Criteria utilizes estimated loadings per land use and estimated load
reductions per BMP to establish existing and proposed pollutant loadings. The proposed loading

must be less than or equal to the existing loading to comply with the new rule.

In order to evaluate the effectiveness of BMPs common to southwest Florida, the following tasks

were performed:

e Literature Research — Research available local, State and regional sources for
studies that address pollutant loadings and BMP removal efficiencies, specifically
in southwest Florida.

e BMP Process-Site Selection — If sufficient literature is not available, identify best
management practices and land uses that could be analyzed to determine pollutant

loadings and removal efficiencies
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e Monitoring — Create and implement a monitoring program for each land use and
BMP selected.

e Analysis — Analyze the monitoring results and compare them to the State

Standards and performances summarized in Evaluation of Stormwater Criteria

The project is funded through grant money from the Charlotte Harbor National Estuary Program
(CHNEP) and the United States Environmental Protection Agency (USEPA).

2.0 LITERATURE REVIEW

The first task of this project consisted of a comprehensive literature review of ongoing and
completed research on stormwater BMPs in Florida. The review was performed by contacting
staff at the South Florida Water Management District (SFWMD), Southwest Florida Water
Management District (SWFWMD), Florida Department of Environmental Protection (FDEP),
and other agencies in Florida. The review was also performed by reviewing documents available
in the International Stormwater BMP database, University of Central Florida Stormwater
Academy, Big Cypress Basin — Estero Bay Regional Research Database, Southwest Florida
Regional Restoration Coordination Team, Stormwater Resources Library, Low Impact
Development Center, United States Geological Survey, and the United States Environmental
Protection Agency. A variety of structural and non-structural BMP research throughout Florida

and southwest Florida was evaluated as part of the literature review.

This review identified numerous studies throughout the State of Florida that included the

following BMPs:

e Detention

e Wetland Systems

e Filtration Systems

e Vegetation (Boifilter) Systems
e Infiltration Systems

e Minimized DCIA
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e Vender Systems
e Treatment Trains
¢ Non-Structural BMPs

Only a limited amount of stormwater treatment BMP research was discovered specific to
southwest Florida. The available information included studies/reports on green roofs, pervious

pavement, littoral plantings, deep & shallow lakes, roadway wet detention and floc logs.
The following is a list of known stormwater treatment BMP research in southwest Florida.

Green Roof at Shadow Wood Preserve, Lee County, Florida

The objective of this project was to develop a green roof model for south Florida that shares
many of the characteristics of so-called ‘extensive’ green cover systems developed in Europe.
The experimental green roof was installed in 2003 to evaluate the ability of various plants to
reduce the volume and increase the quality of storm water runoff. The project, one of several in
an ongoing partnership between Bonita Bay Group, the Florida Department of Environmental
Protection (FDEP) and Johnson Engineering, was the first non-irrigated experimental green roof

in Florida and is now in its second phase with more than 1,200 new plants.

Most of the original plants were replaced after it was learned that a green roof in Florida does not
function well without an irrigation system. Valuable information on plant viability was
developed, resulting in modified plantings. As a result of phase one of the study, a cistern was
installed and is now the source of irrigation water for the roof, using runoff that would have
otherwise made its way to the waterways. The cistern increases the effectiveness of the green

roof by reducing runoff by as much as 80 percent.

The knowledge learned from the Bonita Bay green roof and the subsequent University of Central
Florida green roof is being used in the new statewide stormwater treatment rule under the
direction of Eric Livingston of FDEP. The team members of this public/private partnership have

also evaluated several other low impact development practices. As a result, stormwater treatment
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credits will be provided for low impact design practices including green roofs, permeable
pavement, stormwater reuse, and Florida-friendly landscaping.

In addition to the plant assessments, storm event water quality samples were collected from the
green roof downspouts. 1SCO refrigerated, programmable samplers were used to collect flow
composite samples from three separate sections of the green roof. The samplers were triggered
by specific rainfall intensities that generated runoff. Flow composite sampling was
accomplished by interconnecting the 1ISCO samplers with pressure transducers located in the
bottom of PVVC “rain barrels” with precisely measured orifices. A total of 48 sample sets were
collected from the downspouts over a time period from February 25, 2004 to September 14,
2008. In addition to the runoff water quality samples collected from the green roof, rainfall
water quality samples were also collected. Each of the water quality samples were laboratory
analyzed for cadmium, chromium, copper, zinc, dissolved copper, ammonia, nitrite, nitrate,
orthophosphate, total phosphorus, total Kjeldahl nitrogen, total nitrogen, and total suspended
solids. Sample results have been turned over to staff at Florida Gulf Coast University for
additional analysis.

Reference: Johnson Engineering, Inc., Ongoing

Porous Pavement Evaluation at Shadow Wood Preserve, Lee County, Florida

The project assessed reductions in stormwater runoff and pollutant loading from porous concrete
pavement versus asphalt pavement at Shadow Wood Preserve in Lee County, Florida. The
project site was the parking lot of a temporary golf course clubhouse which had been divided
into distinct areas of standard asphalt paving and porous concrete pavement. Each area had its
own distinct drainage basin and stormwater inlet, which allowed for comparison of runoff and
flow behavior. Sampling was accomplished using ISCO refrigerated, programmable samplers to
collect flow composite samples from the two separate stormwater inlets. The inlets were fitted
with V-notched fiberglass inserts to enable flow calculations. The samplers were triggered by
specific rainfall intensities that generated runoff.
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Ten stormwater runoff water quality samples were collected from each pavement type, (20 total)
over a time period from December 16, 2003 to February 2, 2005. Each of the water quality
samples were laboratory analyzed for cadmium, chromium, copper, zinc, dissolved copper,
ammonia, nitrite, nitrate, orthophosphate, total phosphorus, total Kjeldahl nitrogen, total

nitrogen, and total suspended solids

Of particular note is the substantial reduction in discharge volumes from the porous system
compared to the standard asphalt system. During the initial onset of a storm event, essentially all
of the runoff generated in the porous area percolated through the porous concrete into the
subsurface system and entered the groundwater table. Runoff only occurred under very high
rainfall intensities that exceeded the infiltration rate of the porous pavement. Under normal to
low rainfall intensities, a 30-minute delay was observed before water entered the catch basin in
the porous area versus the catch basin in the standard asphalt area. Total runoff from the porous
area was calculated to be from 30% to 65% of the total potential runoff based on the amount of
the rainfall. Water quality analysis results yielded mixed comparisons. Concentrations of some
of the parameters monitored, such as total suspended solids, were lower in the pervious samples

while concentrations of other parameters were similar for both pavement types monitored.

Reference: Shadow Wood Preserve Pervious vs. Impervious Pavement Stormwater Runoff

Water Quality Monitoring Report, Johnson Engineering, Inc. November 2005

Littoral Plantings Project at Bonita Bay Lake 62, Lee County, Florida

The objective of this project was to document the pollutant removal efficiency of a planted
littoral zone in a wet detention system in southwest Florida. Copper sulfate was regularly
applied to this system to control algal growth. The effectiveness of the littoral plantings were
evaluated by monitoring water quality in the system before and after the littoral zone was

constructed.

The project involved the collection of water quality samples during multiple rainfall events that
produced discharge. The water quality samples were collected by refrigerated, programmable

samplers outfitted at each sample location. The project also involved the tracking and
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quantifying of the copper sulfate application during the project duration. This was accomplished
by the documentation of the time, date, and volume of copper sulfate applied at the project site.

The wet detention system consists of adjacent lakes within a typical residential/golf course
community. The system receives runoff from residential lawns, roadways, and golf course areas.
Initially, the automated samplers collected composite samples to represent the background water
quality prior to construction of the littoral shelf. After the littoral shelf was established, it was
allowed to stabilize before the water quality sampling resumed. The water quality samples were
laboratory analyzed for sulfate, cadmium, chromium, copper, zinc, dissolved copper, ammonia,
nitrite, nitrate, orthophosphate, total phosphorus, total Kjeldahl nitrogen, total nitrogen, and total
suspended solids. In addition to the laboratory analysis performed on the water quality samples,
YSI 6600 water quality data sondes were deployed to collect a series of physical parameters at
15 minute intervals. Those parameters included pH/oxidation reduction potential, temperature,
conductivity, dissolved oxygen, total dissolved solids and chlorophyll-a.

Instances of water discharging from the outfall control structure during this study were rare,
resulting in very few sample sets from which to evaluate littoral removal efficiencies. Outfall
occurred during only on a few short periods, even in the wet season. This is likely related to the
local geologic conditions including soil transmissivity and presence of porous subsurface rock.
Samples were collected every other week in the absence of stormwater events that produced
discharge. Analysis of the water quality data did not show increased removal rates due to littoral
plantings. Low water levels are believed to have prevented the littoral plantings from reaching

full viability, which limited their ability to assimilate the water quality pollutants.
Reference: Littoral Plantings Bonita Bay Lake 62, Johnson Engineering, Inc. January 2008.

Deep and Shallow Wet Detention Ponds Water Quality at The Brooks, Lee County, Florida.

The primary objective of this study was to evaluate differences in the water quality of wet
detention ponds of various depths under aerated and non-aerated conditions. The secondary
objective of the study was to determine if the presence or absence of aeration in the wet
detention ponds had an impact on stratification characteristics of the ponds. This is the second of
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two such studies completed at The Brooks. The first study was conducted during the dry season
in the fall of 2004 when water levels in the lakes were low. This most recent study was
conducted during the rainy season in the summer of 2006, when water levels in the lakes were
higher (above the outfall structure control elevation). The higher water levels allowed for flow
through the lake system while water was discharging from the site. The results of the 2004 and
2006 study were compared to determine differences in water quality during static and dynamic
flow conditions. This project is a part of a group of Best Management Practice studies funded by

the Florida Department of Environmental Protection.

Wet detention systems are ponds that have a permanent pool of water and collect stormwater
runoff. These systems are a popular stormwater management technique in southwest Florida and
facilitate pollutant removal processes. The depth of wet detention systems in southwest Florida
is typically limited to about 12 feet because of the belief that harmful anaerobic conditions occur
in the water column and pond sediments as the depth of the pond increases. Anaerobic
conditions are detrimental to most biologic processes and can result in system disruptions
including fish kills and poor water quality. However, recent research indicates that anaerobic
conditions and stratification may not always occur in aerated deep wet detention systems in

southwest Florida.

This study compared dissolved oxygen levels and other water quality data in aerated and non-
aerated wet detention ponds of various depths within The Brooks residential development in
Bonita Springs, Florida. Ponds with depths greater than 13 feet were considered deep and ponds
with depths less than 13 feet were considered shallow. The study utilized a variety of methods to
monitor water quality and environmental data including state of the art programmable automated
water quality sondes, portable multi-parameter water quality meters, and traditional field
sampling and laboratory analysis. The results from the various sampling methods were also

compared to determine the most accurate and efficient sampling methodology.

Results from this study demonstrated that during the dynamic flow conditions observed during
phase one, aerated ponds had higher daily average dissolved oxygen levels than the non-aerated
ponds, regardless of pond depth. However, during phase two of the 2006 study, there was no

significant difference in the daily average dissolved oxygen levels between the aerated and non-
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aerated ponds, regardless of pond depth. The secondary objective was to determine whether or
not stratification of the water column occurs in ponds when flow is occurring within the lake
system. During phase one, stratification occurred in the non-aerated lakes but did not occur in
the aerated lakes. Stratification did not occur in either the aerated or non-aerated lakes during

phase two of this study.

Reference: The Brooks Deep and Shallow Wet Detention Ponds, Johnson Engineering, Inc.
February 2007.

Roadway Runoff and Wet Detention Pond Water Quality Assessment, Lee County, Florida

The objective of this project was to evaluate the quality of water runoff from State-managed
roadways similar to that of the proposed expansion of Metro Parkway. The water quality results
were analyzed to characterize stormwater runoff and treatment efficiency of wet detention ponds.
Results indicated that the Richard Road Wet Detention Pond was very effective at removing
metals and total suspended solids from runoff received from SR 78. The pond also successfully
removed nutrients, especially phosphorus, but not as efficiently as the presumed 80% removal

rate.

Reference: FDOT District One Richard Road Wet Detention Pond, Johnson Engineering, Inc.
December 2006.

Stormwater and Nutrient Loadings from FDOT Roadways in Southwest Florida

This project evaluated stormwater runoff and pollutant removal efficiency of wet detention
ponds that treat stormwater from FDOT roadways in Lee, Collier, and Hendry counties. Four
State roadways with varying levels of service were selected to be monitored, along with their
associated water quality ponds. Automated samplers, inlet boxes, flowmeters, rain gauges, water
level indicators and rainfall collection devices were installed to monitor flows into and out of
each system. Storm event water quality samples were collected from roadway inlets, pond inlet
pipes, and pond outfall structures during both wet and dry seasons. The water quality samples

were laboratory analyzed for nutrients, metals and total suspended solids. Results indicated that
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concentrations of many parameters tested in the roadway runoff water (particularly nutrients)
were lower than those cited by Harper for similar highway/transportation studies.

Reference: FDOT District One Wet Detention Pond Studies, Johnson Engineering, Inc. May
2009.

Leitner Creek By-Pass Canal BMPs, Lee County, Florida

Leitner Creek By-Pass Canal is an annual public works maintenance project to ensure flood
control in Lee County, Florida. The County maintains this ,4,400-plus foot canal by removing
sediment and stabilizing canal banks. The canal discharges to an Outstanding Florida Water
body (OFW) tributary emptying into Estero Bay. Typical problems in the past have been high
turbidity levels from maintenance efforts, lengthy turbidity plumes moving downstream causing
environmental and visual impairment, odor complaints associated with organic sediment and
vegetation removal, and conflicts between the need for permit compliance and flood control
maintenance. The County now uses APS 706b Floc Logs along with 712 powder to provide
flocculation and chelation of the fine mucky soil particles generated from the maintenance
activities. Odor complaints were significantly reduced. A tremendous visual improvement was
apparent in the canal. Turbidity values in the work area ranged between 423 - 1,000 NTUs.
Two hundred feet downstream of the work area, turbidity was down to 7.5 NTUs. These levels
continued to remain low and resisted resuspension, so that even more than 1,000 feet
downstream of the work area, turbidity levels were between 10 - 13.5 NTUs.

Reference: Applied Polymer Systems, Inc., Outstanding Florida Water body, Innovations in

Stormwater Control, www.swfwc.org/EBNMP/BonitaSpringsCaseStudyl.doc, 2 p.

Florida Gulf Coast University (FGCU)

Students and staff at FGCU are performing a water quality study of wet detention ponds in Lee
County. According to Win Everham (personal comm.), the one-year study consists of collecting
water quality samples from twenty-two wet detention ponds and laboratory analyzing total

nitrogen, phosphorus, ortho-phosphorus, and chlorophyll-a. The wet detention ponds are of
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varying ages, sizes, depths, riparian zones (planted littoral and riprap), and surrounding land
uses. The study will also include hourly sample collection during the rainy season from a subset

of the ponds.
Reference: Edwin Everham, Florida Gulf Coast University, Ongoing

A more detailed discussion of each project is included in Literature Review of Stormwater

Treatment Best Management Practices Research in Florida provided in Appendix N.

In general, there was only limited information available within southwest Florida. Most of the
projects did not contain information that would be comparable to State treatment performance
standards or the information within Evaluation of Stormwater Criteria. Only the Roadway
Runoff and Wet Detention Pond Water Quality Assessment and Stormwater and Nutrient
Loadings from FDOT Roadways in Southwest Florida are comparable to the Evaluation of
Stormwater Criteria. The FGCU work samples the water quality of stormwater ponds but does
not sample inflow quality, or inflow or outfall volumes. Therefore, removal efficiencies cannot

be calculated.

Additional information is required to compare stormwater treatment efficiencies to State water
treatment performance standards and determine the applicability of Evaluation of Stormwater

Criteria for southwest Florida.

3.0 BMP/SITE SELECTION

A stormwater treatment BMP is a technique, measure or structural control that is used for a given
set of conditions to manage the quantity and/or improve the quality of storm water runoff in the
most cost-effective manner (EPA, 1999). BMPs can be either engineered and constructed
systems (“'structural BMPs") that improve the quality and/or control the quantity of runoff, such
as detention ponds and constructed wetlands, or institutional, education or pollution prevention
practices designed to limit the generation of storm water runoff or reduce the amounts of
pollutants contained in the runoff ("non-structural BMPs") [EPA, 1999].

10
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Structural stormwater treatment BMPs are commonly used in Florida. According to Strecker et
al (2004), 171 structural BMPs are listed in the International Stormwater BMP database of which
24 are found in Florida. The following categories of structural BMPs are taken and modified
from the American Society of Civil Engineers (ASCE) National Stormwater BMP Database.
The following descriptions of the structural BMP categories are intentionally brief. The reader is
encouraged to review the ASCE National Stormwater BMP database for more information.

Retention Systems

These systems are designed to capture a volume of runoff and retain that volume
until it is displaced in part or in total by the next runoff event. Pollutant removal
in these systems occurs primarily by sedimentation (gravity settling), but also by
biological uptake of nutrients by plants and algae, volatilization of organic
compounds, uptake of metals by plant tissue, and biological conversion of organic
compounds. Examples of retention systems include: 1) retention ponds and 2)

retention tanks, tunnels, vaults, and pipes.

These systems are included in the Evaluation of Stormwater Criteria. However,
they are often not applicable within southwest Florida due to high ground water

table and slow percolating soils.

Detention Systems

These systems are designed to intercept a volume of storm water runoff and
temporarily impound the water for gradual release to the receiving systems.
Detention systems are designed to empty out between runoff producing events.
Examples of detention systems include: 1) detention ponds and 2) underground

vaults, pipes, and tanks.

These systems are the most widely used within southwest Florida and are

included in Evaluation Stormwater Criteria.

11
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Wetland Systems

These systems incorporate the natural functions of wetlands to aid in pollutant
removal from storm water. Limitations of these systems include maintaining a
water level that mimics a natural hydro period for that type of wetland.
Additionally, sediment pretreatment needs to be employed to prevent sediment
build-up in the constructed wetland system to prevent degradation of the wetland

system.

Wetland systems are becoming more common within southwest Florida but are

still not widely utilized.

Filtration Systems

These systems use a media such as sand, gravel, peat, or compost to remove a
fraction of the constituents found in storm water. Filtration systems are primarily
a water quality control device designed to remove particulate pollutants and are
most commonly used to treat runoff from small sites (e.g., parking lots, small
developments), areas with high pollution potential (e.g., industrial areas), and
highly urbanized areas where land availability is limited. Examples of filtration
systems include: 1) surface sand filters, 2) underground vaults sand filters, and 3)

biofiltration/bioretention systems.

Filtration systems are not typically used within southwest Florida due to the high
ground water table and the large storage volume required to attenuate larger storm

events.

Vegetated Systems (Biofilters)

These systems use vegetation to filter storm water and provide some degree of
treatment, storage, and infiltration. Examples include grass filter strips and

vegetated swales.

12
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Biofilters are becoming more popular within southwest Florida but are not yet

commonly utilized.

Infiltration Systems

These systems are designed to capture a volume of storm water runoff, retain it,
and infiltrate that volume of water into the ground. Advantages of this type of
system include water quantity control by reducing discharges, increased recharge
of the surficial aquifer, and water quality control through soil filtration and
biodegradation. Disadvantages include potential contamination migration in areas
where the surficial aquifer is used as a primary source of drinking water.
Performance of infiltration systems is limited by the infiltration capacity of the
soil. Types of infiltration systems include: 1) infiltration basins, 2) porous

pavement systems, and 3) infiltration trenches and wells.

Infiltrations systems are not typically used within southwest Florida due to the

high ground water table and slow percolating soils.

Minimizing Directly Connected Impervious Surfaces

This system involves a variety of practices designed to limit the amount of storm
water runoff that is directly connected to the storm drainage system. Runoff is
instead directed to landscaped areas, grass buffer strips, and grassed swales to
reduce the velocity of runoff, reduce runoff volumes, attenuate peak flows, and
encourage filtration and infiltration of runoff (UDFCD, 1992).

This is applicable within southwest Florida; however, it is not widely utilized.

The benefits of this are included within Evaluation of Stormwater Criteria.

Miscellaneous and VVendor-Supplied Systems

13
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These systems include a variety of devices that are used for urban storm water
management and incorporate a combination of filtration media, hydrodynamic

sediment removal, oil and grease removal, or screening.

Vendor supplied systems are typically only utilized within southwest Florida as a
last resort. Permitting agencies typically only approve them for retrofit projects
where other BMP are not practical

Treatment Train Systems

These systems employ a combination of structural stormwater treatment BMPs
commonly in series. Research of BMPs containing BMPs from two or more
categories is listed as a treatment train system in this report.

Treatment train systems are utilized with southwest Florida, specifically on
commercial sites where SFWMD requires dry pre-treatment prior to wet

detention.

Non-Structural stormwater treatment BMPs include institutional and pollution prevention type
practices designed to prevent pollutants from entering storm water runoff. Examples include
public education programs (e.g., storm drain stenciling), oil recycling programs, and litter control
programs. While non-structural BMPs can be effective in controlling pollution generation at the
source, research of their pollutant removal efficiency is difficult without well-defined boundaries
(e.g., inlets, outlets). Non-structural BMPs are geographically interspersed with many pollutant
sources and are virtually impossible to monitor or at best can be evaluated using trend
monitoring (ASCE, 2002).

To best comply with the project objective to compare results to State water quality standards and
the Evaluation of Stormwater Criteria, wet detention was the BMP chosen to be analyzed for this
project. Wet detention systems are by far the most commonly used and typically provide the
best performance within southwest Florida. Other BMPs such as dry retention are not as

frequently used in southwest Florida due to the high groundwater table. Dry detention systems

14
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are common within southwest Florida. However, according to Evaluation of Stormwater they

are typically inefficient at improving water quality.

The next task was to determine potential BMP sampling sites. The site selection process
included close coordination with County staff regarding study requirements. Meetings were held
at Lee County offices to review the site selection process and other project activities. With the
funds available, it was determined that three sites could be monitored an analyzed. In an effort
to obtain the most useful information, it was decided to obtain information for the three most

comment land use types within the County: golf course residential, residential and commercial.
The initial list of potential monitoring sites included the following:

Golf Course Residential: Bonita Bay, The Brooks, Renaissance, Worthington, Wildcat Run, Gulf
Harbor, Pelican Marsh, Country Creek, Stoneybrook, Legends and Heritage Palms

Residential: Danforth Lakes, Beachwalk Isles, Island Walk, Laguna Lakes, Reflection Lakes,

Cross Creek Estates.

Commercial: Page Field Commons, Publix, Wal-Mart, Lowes, Home Depot, Promenade

Shoppes, Sweet Bay and Miramar Outlets.
The following criteria were used to narrow each category down to one site from each category:
e Ability to isolate drainage areas
e One outfall structure for the basin monitored
e Project at or near build out
e Ability to isolate land uses
e Ability to contact owners

e Willingness of owners to participate and allow testing
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e Site access and security

The design for each surface water management system was reviewed using aerial photographs
and SFWMD records. Those projects that had more than one outfall structure per drainage basin
were eliminated first. Next, those projects that did not have isolated drainage basins by land use
were eliminated. This narrowed the preliminary list down to only a few. The owners and/or

operators for each of the remaining projects were contacted until willing participants were found.

The three (3) sites that were selected are Laguna Lakes (single/multi-family residential), The
Brooks (residential/golf course), and Wal-Mart (commercial). Figure 1 shows the location of

each monitoring site.

Some challenges were experienced obtaining final approval from each owner/operator. The
Brooks surface water management system is owned and operated by The Brooks CDD, while the
Bonita Bay Group owned the adjacent golf course from which access would be required. Both
were willing participants; however, they did express some concern about possible enforcement
action if the results did not come back favorable. Lee County provided a letter that outlined how
this was a data gathering effort and not intended for enforcement. This was able to alleviate

some of their concerns.

Between the time of initial contact with the Laguna Lake’s developer and installation of the
sampling equipment, the project began its turn over maintenance of the system to the
homeowners association. After several conversations with the management company, we were

able to obtain their approval with little delay to the project.

Once approvals from the landowners and management associations were obtained, site visits
were conducted with Lee County staff to assess the drainage conditions, general maintenance
conditions and to determine site-specific details that would be important in final operations.
Locations and sizes of inlet pipes and outfall structures were documented as part of this process.

These site visits were completed December 7, 2005.
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Figure 1 - Monitoring Site Locations
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Laguna Lakes Site Description

Laguna Lakes is a residential community with no associated golf course facilities. The
community occupies approximately 150 acres in western Lee County, Florida, situated south of
Gladiolus Drive and east of Bass Road. It is a planned community developed by Transeastern
Homes. The community was completely sold out at the start of the project with only a handful
of lots remaining without constructed residences. Shortly after sampling began, the community

was built out.

There are approximately 33 acres of interconnected lakes within the project that discharge to a
manmade conveyance system known as the lona Drainage District (IDD), a now defunct entity
operated currently by Lee County. Ultimate discharge of the runoff is to Cow Slough then to the

Caloosahatchee River or to Estero Bay, depending on conditions. All lakes at the Laguna Lakes
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site contain fountains, which aid in the aeration of the water. These are typically installed as

aesthetic devices, but are required by local regulatory agencies for deep lakes.

Laguna Lakes contains three areas of single-family residences: Monterey, Beverly Hills, and
Santa Barbara. Monterey has 128 lots, typically of 0.1 acres per lot. Beverly Hills has 53 lots of
approximately 0.18 acres per lot. Santa Barbara has 166 lots of approximately 0.14 acres per lot.
The development has one distinct area of multifamily dwellings, the Pebble Beach area. This
area contains 25 condominium buildings with 118 total units. These units are all concentrated in

the northwestern quadrant of the development.

One internal lake within the Laguna Lakes system provides reclaimed water storage and is not
part of the surface water management system. This lake only discharges under emergency

conditions. This lake was not included in any of the analysis for this system.

There are two inflow samplers (one in the multi-family residential area (LLIN1) and one in the
single-family residential area (LLIN2)) and one outflow sampler (LLOUT). The sampler

locations are shown on Figure 2.

LLIN1 — Site runoff was sampled at an inflow into the 1.8 acre wet detention area in the
northwest quadrant of the project. This delivers runoff from a higher intensity multi-family area.
The treatment train associated with this sample location is three lakes in series with a total area
of 8.2 acres at control elevation (3.8 NGVD).

LLIN2 - Site runoff was sampled at the inflow into the six acre wet detention area in the
southeast quadrant of the project. This wet detention area contains runoff from a typical single-
family area where the individual lots are approximately 0.18 acres in size. All available lots are
developed in this area. The treatment train associated with this sample location is two lakes in
series with a total area of 10.5 acres at control elevation (3.8 NGVD).
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Figure 2 - Laguna Lakes Site Plan

N OFF SAMPLING (|

RAIN GAGE — BRIN

i

S

CRAN GAGE — BRN

- _—
h & T : , 1

| E
PIEZOMETER — LLOUT
OU‘I'FAI.L SAMPLING (LLOUT)
P& IFIEZOMETER — LLOUTDOWN
i =

T
=

LAGUNA LAKES

SF/Lakes
Area=113.5Ac

Both of the inflow locations flow into a series of interconnected wet detention areas before
reaching the final outfall control structure (S-91) located on the east side of the project at the east
end of a 4.5 acre wet detention lake. Samples were collected from this outfall location (LLOUT).

The sample locations are shown on Figure 2.

Wal-Mart Site Description

The Wal-Mart site is an example of a larger commercial site that employs wet detention as the
BMP for treatment and attenuation of the site’s runoff. This site is located near the intersection
of U.S. 41 and Ben C. Pratt/Six Mile Cypress Parkway. The site has extensive paved parking
areas and large roof surface areas that discharge into a large wet detention pond. Runoff from

the roof and the parking lot discharges directly into drains that are piped to the detention ponds.
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Discharge from the site is to a County maintained drainage ditch flowing to the west into Hendry

Creek, which discharges into Estero Bay.

Figure 3 - Wal-Mart Site Plan
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The surface water inflows to the wet detention area were monitored in two locations (WMIN1
and WMIN2).

WMINL1 - Site runoff was sampled at the north culvert from the parking area, discharging to the

wet detention area. This site receives flow from the parking area adjacent to the store.
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WMIN2 - Site runoff was sampled at the south culvert discharging to the wet detention area.
This represents a flow stream composed of both runoff from paved parking area and a significant

contribution from roof run-off.

The outfall location (WMOUT) was the third monitoring location at the Wal-Mart site, being
near the southwest corner of the project site, just north of the entrance off US 41. This location
was selected to sample water as it discharged from the site. The sample locations are shown on

Figure 3.

The Brooks Site Description

The Brooks is a 2,532 ac mixed use residential community with four 18-hole golf courses, and
over 400 acres of preserve. The community occupies approximately four square miles in south
Lee County, Florida, situated south of Corkscrew Road and between Interstate 75 and US 41.
The Brooks is a master planned community developed by Bonita Bay Group with some of the
first site work being done shortly after 1997. The site selected for the BMP monitoring program
is located in the northern portion of the development known as Shadow Wood at The Brooks.

This is drainage subbasin 2A

The subbasin includes a drainage area of 169 acres with ten treatment lakes totaling 29 acres.
The remaining area is single-family home sites, golf course area and internal roadways. All
lakes have bottom fed bubbler style aeration systems. Discharge from the study area is into a
regional conveyance system located to the south. The conveyance flows into Halfway Creek,
which eventually discharges into Estero Bay. The BMP project study area is located in the

northwest portion of the development as shown on Figure 4

While the overall Brooks water management system often incorporates herbaceous wetlands as a

part of the system design, the site selected for BMP monitoring does not.

One of the reasons this site was selected was that it is an example of a very well maintained wet
detention system. The developer, the two existing Community Development Districts and the

homeowners associations give a high level of attention to maintenance of the water management
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system facilities. The Brooks has received awards on both the local and State levels and should
represent optimum conditions for the performance of the wet detention system.

Figure 4 - Brooks Site Plan
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The inflow monitoring and sampling for this site (BRIN) was performed at a drainage pipe
located at the fairway of golf course hole # 5. This pipe delivers water into wet detention lake
I1A-2. This lake flows through a system of four more lakes in series before discharging through a
control structure (CS-2A) at the outlet of lake 11A-6 into a flow way.

The outflow (BROUT) was tested as flow discharges from control structure known as CS-2A
into a flow way. The flow way continues to the west and ultimately off site. The sample

locations are shown on Figure 4.

4.0 MONITORING PLAN

A series of FDEP monitoring plans were reviewed and assessed to guide the creation of the
Monitoring Plan for this project. The plans reviewed include one for littoral plantings in a wet

22



Effectiveness of Best Management Practices in Southwest Florida August 4, 2009
Lee County Department of Natural Resources CN-04-07

detention system at the Bonita Bay development and one for a pervious/impervious pavement
study at Shadow Wood Preserve and a dissolved oxygen study done for FDEP, all in southern
Lee County. The monitoring plan for this study addresses background, equipment, objectives,
methodology, site conditions, operational details, event triggers, sample parameters, sampling

procedures and quality assurance.

A draft monitoring plan was prepared and submitted to Lee County, Charlotte Harbor National
Estuary Program (CHNEP), South Florida Water Management District (SFWMD) and Florida
Department of Environmental Protection (FDEP) for review. Comments were incorporated into

the final monitoring plan. A copy of the final plan is included in Appendix K.

To assess the treatment efficiency of each stormwater management system, the water volumes
and water quality concentrations entering and leaving the system are required. To obtain this
information, rain gauges, flowmeters, water level transducers, data loggers and sampling units

were installed at each site. Descriptions of each unit follow:

Sampling Unit — Avalanche Series 6712 Automatic Sampling Unit - This is a
programmable, refrigerated automatic sampling unit manufactured by ISCO, Inc.
It is capable of interfacing with multiple external sensing devices and storing up
to 512 KB of data. A deep cycle marine battery with a 50-watt solar panel
provides power to each unit. These units were installed at each inflow and each
outflow location sampled. This includes two locations at The Brooks and three

locations each at Wal-Mart and Laguna Lakes, for a total of eight units.

Each unit was programmed to begin sampling after 0.10 inches of rainfall
occurred within a 30 minute period and flow was detected both into and out of the
lake system. The sampling units were outfitted with cell phone modems to
provide remote text notification to Johnson Engineering staff each time sampling
was initiated. Composite samples were collected during each qualifying rainfall

event. Each composite sample consisted of up to ten evenly distributed aliquots.
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Figure 5 - Avalanche Series 6712 Automatic Sampling Unit

e
= ‘\‘;h“‘.";’

o
D>
IS

-

Rain Gauge — ISCO Series 974 Rain Gauge - This is a tipping bucket style device capable
of recording rainfall events as small as 0.01 inches. This rain gauge equipment
was directly connected to the sampling units and was remotely accessible via
phone modem connection. The connection to the sampling unit sets one of the
sampling triggers, 010 inches of rainfall. The modem connection allows remote
downloading of data and detection that a trigger event has occurred. One rain

gauge was installed at each site.
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Figure 6 - ISCO Series 674 Rain Gauge

Flowmeter — ISCO Series 2150 AV Acoustic Doppler Flowmeter. These meters use
sound waves to measure the direction and magnitude of the velocity of the water.
They are also outfitted with pressure transducers to determine the extent to which
the pipes are full. The flowmeters were programmed with the proper pipe size to
calculate the actual flow rate. Flowmeters were installed in the inlet pipes at each
inflow location: WMIN1, WMIN2, LLINZ1, LLIN2 and BRINL1.

Water Level Transducer — ISCO Series 720 Water Level Transducer — These transducers
are absolute pressure sensors that generate a 4-20 mv output. The transducers are
pressure sensitive and react to very small increases in water levels above the
transducer by varying electrical output. This output is converted to feet of head
above the transducer and the water levels are continuously recorded at
programmed intervals. These water level transducers were directly connected to
the automated sampling units to provide water level data with respect to control
elevation. This data set, combined with the outfall structure dimension data

programmed in the sampling unit, was used to provide flow composite sampling.
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Figure 7 - ISCO Series 720 Water Level Transducer

Datalogger — Infinities USA Water Level Datalogger — These dataloggers are similar in
design to the above described ISCO Series 720 water level transducers and
operate on the same principles. The dataloggers were housed in PVC pipes and
suspended just above the pond bottom at each installation location; WMOUT,
LLOUT and BROUT. Midway through the project additional water level
dataloggers were installed downstream of WMOUT and LLOUT to quantify any
impacts submerged flow may have on discharges from the stormwater

management system.

Data from the rain gauge, flowmeters and data loggers were downloaded regularly to ensure data
were not lost due to malfunctioning equipment, data device memory overflow or to vandalism.
This was accomplished by accessing the automated sampling units remotely and downloading
the data following each monitored rain event. Data that could not be downloaded remotely were
downloaded in the field at the time of sample collection.

The water quality samples were collected in accordance with Florida Department of
Environmental Protection (FDEP) Standard Operating Procedures (SOP) 001/01. After each
qualifying rainfall event, the composite samples were placed on ice and delivered to the Lee
County Environmental Laboratory (Florida Department of Health Number E45049) following
chain-of-custody procedures. The samples were laboratory analyzed for the following

parameters using the indicated method and minimum detection limit (MDL):
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Table 1 - Parameter Method and MDL

Parameter Method Code MDL
Total Kjeldahl Nitrogen EPA 351.2 0.05-0.1mg/Las N
Nitrate + Nitrite EPA 353.2 0.01 mg/L as N
Total Nitrogen Calculations 0.05-0.11 mg/L as N
Ammonia - N EPA 350.1 0.01-0.017 mg/Las N
Chlorophyll -a SM 10200 H 0.5 mg/M*
Total Phosphorus EPA 365.2 0.004 mg/L as P
Dissolved Phosphorus EPA 365.1 0.006 - 0.01 mg/L as P
Total Suspended Solids EPA 160.2 0.6 mg/L
Total Copper SM20 3111B 0.56 - 1 pg/L
Total Cadmium SM20 3111B 0.05 - 0.4 pg/L
Dissolved Copper SM20 3113B 0.56 - 1 pg/L
Dissolved Cadmium SM20 3113B 0.05- 0.4 pg/L

Parameters including temperature, pH, turbidity, conductivity, and dissolved oxygen were
measured in the field prior to sample collection using a properly calibrated multi-parameter

meter.

Developed concurrently with the Monitoring Plan was an EPA required Quality Assurance
Project Plan (QAPP). The plan covered some of the same items as the Monitoring Plan did.
However, it was formatted in a way acceptable to EPA staff. Charlotte Harbor NEP staff
reviewed this document prior to completion. This document has been supplied to County staff
for review and transmitted to Catherine Corbett for review and submittal to EPA staff. We are
not aware at this time of any comments from EPA staff on the QAPP. The plan is attached in
Appendix L to this report and available upon request from the Lee County Division of Natural

Resource staff.
5.0 SAMPLING

Once the Monitoring and Quality Assurance Plans were in place, sampling equipment was
purchased and installed at the three BMP sites. Sampling began in the summer of 2006 and
ended October 2008. During the sampling period, a rainfall event measuring at minimum 0.1
inches with flow through the outfall structure defined qualifying sample events. This helped to

reduce the number of dry run sample events that occur with minimal rainfall. There were 33
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sampled rain events resulting in 118 individual sample sets throughout the project duration as
shown in Table 1, starting with the first sample set taken June 25, 2006 and the latest sample set
taken October 6, 2008. All data are shown in attached appendices. Due to varying water levels in
the storage lakes and varying amounts of regional rainfall across the area, not all events trigger

outflow and sampling at every sampling station. This is shown in the following Table 1.

Table 2 - Sample Dates

E The Brooks Laguna Lakes Wal-Mart
vent Date | Rain Rain Rain

No. (in) BRIN[BROUT (in) LLIN1| LLN2 |LLOUT (in) WMIN1| WMIN2 [ WMOUT
1 6/25/06 0.42 X X X 0.79 X X X
2 7/2/06 23l X X X 2.57 X X X
3 7/6/06 0.4 X X X

4 7/13/06 | 0.3 X X

5 7/18/06 [ 0.23[ X X

6 7/31/06 | 0.5 X X

7 8/7/06 10.73] X X

8 8/14/06 [ 1.43] X X 066 X X 1.13 X X X
9 8/30/06 049] X X 0.41 X X X
10 9/13/06 0.63 X X X 1.02 X X X
11 | 1/25/07 ]10.33] X 0.2 X X 0.22 X

12 | 4/10/07 10.54] X 071] X X 0.67 X

13 7/21/07 1.24 X X X
14 | 7/26/07 0.84 X X X
15 8/1/07 158 X X 0.98 X X
16 8/8/07 017] X X X

17 9/2/07 155 X X X 1.78 X X
18 | 9/20/07 066 X X X 0.68 X X X
19 | 10/21/07 025] X X

20 | 6/23/08 013] X X

21 7/8/08 038] X X X 0.4 X X X
22 7/9/08 ]10.64] X X

23 | 7/12/08 2.36 X X X
24 7/15/28 | 1.9 X X

25 | 7/16/28 0.64 X X X
26 | 7/28/08 1 0.35] X X

27 8/6/08 062] X X X

28 | 8/12/08 019] X X X 0.15 X X X
29 | 8/19/08 | 5.47] X X 3.52 X X X
30 9/9/08 10.37] X X

31 | 9/22/08 [0.76 [ X X

32 | 9/29/08 [1.21| X X

33 | 10/6/08 [ 0.43] X X

The Monitoring Plan was modified several times throughout the sampling period. The results

from the first few storm events showed poor removal efficiencies at both Laguna Lakes and Wal-
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Mart and only marginal removal at the Brooks. This was initially a concern because the reason
for the poor performance was not known. Further investigation into each site revealed that there
was the potential for the Laguna Lakes and Wal-Mart outfall structures to become submerged.
This could reduce the actual discharge volumes and nutrient mass loadings below the values
calculated without submerged flow. This would affect the discharge volumes but would not
explain the poor performance for concentration. Water level transducers were installed
downstream of the Laguna Lakes and Wal-Mart outfall structures during 2007. The data
obtained during 2007 and 2008 revealed tailwater elevations did create infrequent submerged
flow for relatively short periods of time. This did not significantly affect the discharge volumes

from the sites.

During this investigation, it was also noted that Laguna Lakes utilizes reclaimed water for
virtually 100% of its irrigation. The added nutrients from the irrigation water could explain the

poor performance at Laguna Lakes but not the other two sites.

Lee County staff expressed concerns about using one runoff coefficient (percent runoff) for each
site. Larger storm events will have a higher percentage of runoff than smaller storm events. The
calculations were revised to take into about different runoff coefficients. This change did not

affect the removal efficiencies.

It was determined, and later confirmed after additional data were obtained, that the reason for the
poor performance at this early point in the project was the limited amount of data that had been
obtained. The sampling began during the middle of the wet season and did not take into account
the volume of water that is retained in the lakes during the dry season and beginning of the wet

season.

The original Monitoring Plan called for samples to only be taken while discharge from the
system occurred. During meetings with Lee County staff, it was decided that it would be
beneficial to obtain some dry season samples to determine if there is any measureable difference

in the runoff water quality. No samples at the outfalls were taken during these dry season
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sampling events because no discharge occurred. Dry season samples were taken January 25,
2007 and April 10, 2007.

Samples at each of the outfall structures were collected only during discharge from the wet
detention system. Outfall from The Brooks discharged through a single rectangular orifice. The
Laguna Lakes outfall structure includes a v-notch cutout immediately below the weir crest. The
Wal-Mart outfall structure was originally observed to have only a single narrow rectangular
orifice on the front of the structure. However, on closer inspection it was determined that a small
circular orifice on the side (below the crest elevation of the rectangular orifice) had become

buried. The excess fill was removed to allow the structure to perform as originally intended.

The rainfall received during 2007 was much less than during an average year. In fact, according
to records it was the driest year since 1976. The 2007 rainfall total was approximately 36.34
inches (Lee County mean value) compared to an average year value of approximately 61 inches
based on Lee County data for the 1991-2009 time period. Due to this low rainfall total The
Brooks surface water management system did not discharge once during the entire year and no
wet season samples were obtained. This extended the sampling period beyond the originally

anticipated one year period.

In an effort to save costs due to the extended sampling period, the sampling units were set in
hibernation mode for the 2007-2008 dry season. The units were taken out of hibernation mode
once the wet season rainfall began and the stages within the water management systems rose

closer to the control elevation.
6.0 ANALYSIS

The original project scope called for the analysis to include only discussion and calculations for
the event mean concentration (emc). In an effort to provide a better picture of the BMP
performance, Johnson Engineering recommended expanding the scope of include analysis on
both the concentration and mass loading. Lee County staff agreed that this additional scope

would provide useful additional information.
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The rainfall, water quality, stage and flow data obtained at each location were used to estimate
the loadings (concentration and mass) to the surface water management system and the loadings
(concentration and mass) that discharge from the surface water management system. These
inflow and outflow loadings were then used to determine the percent reduction for each

parameter. The loadings were calculated using the following methodology:
Runoff Calculations:
Water Quality Concentration (Cong):
The average of the sampling concentrations obtained at each runoff station
Rainfall Amount (R):
The total rainfall measures at each location.
Percent Runoff (Cg):

Percent runoff was estimated using the rainfall amount and runoff volume for
each sampling event. To account for variations in runoff volume by different
rainfall amounts per event, the percentages were broken into four categories. The
categories are rainfall events less than 0.05 inches, between 0.05 inch and 0.5
inches, between 0.5 inches and 1.5 inches and storm events greater than 1.5

inches.

A runoff percentage was first calculated for each storm event. Several flows were
discarded due to suspect information that could have been caused by equipment
malfunction. These events are identified in the runoff percent calculations. The
percent runoff was calculated by dividing the measured runoff volume by the
rainfall amount multiplied by the drainage areas. The percent runoff values were
then averaged with other percentages for storm events with similar rainfall
amounts. Rainfall events of less than 0.05 inches were estimated to have no

runoff.
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The percent runoff calculations are included in Appendix B.
Runoff Volume (VR):

The runoff volumes were first calculated at each sampling station for each of the
four (4) percent runoff categories. This was accomplished by multiplying the
drainage area by the percent runoff (Cr) and rainfall amount (R). The value was
then converted to cubic feet.

The runoff volume calculations are included in the loading calculations located

within Appendix A of this report.
Runoff Mass Loading (Mg):

The mass loadings were calculated by multiplying the water quality concentration
(Cong) by the runoff volume (Vg). The total runoff mass loading is the sum of all

percent runoff category loadings.

The runoff mass loading calculations are included in the loading calculations
located within Appendix A of this report.

Discharge Calculations:
Water Quality Concentration (Conp):
The average of the sampling concentrations at the outfall.
Discharge Volume (Vp):

The discharge volume was calculated using the recorded upstream stages at the
outfall structure and the orifice/weir flow equations. The geometry of the outfall
structures and the head recorded at each time interval were used to calculate the

discharge from the system.
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The discharge volume calculations are included in Appendix C.
Discharge Mass Loading (Mp):

The mass loadings were calculated by multiplying the water quality concentration
(Conp) by the discharge volume (Vp). The discharge mass loading is the sum of

all rainfall amounts.
The discharge mass loading calculations are provided in Appendix A.
Load Reduction Calculations:
Removal:

The concentration and mass removed by the stormwater management systems
were calculated by subtracting the total lake discharge (Conp; Mp) from the total
flowing into the lakes (Cong. MR).

Percent Removal:

The percent removal was calculated by dividing the removed concentration or
mass by the total concentration or mass flowing into the lakes (in).

The supporting documentation and results of the calculations are summarized in Appendix A.

7.0 RESULTS

Generally, the Wal-Mart and Brooks surface water management systems functioned well, with
reductions in mass and concentrations for all parameters except chlorophyll-a concentration and
cadmium concentration at the Brooks. The Laguna Lakes surface water management system did
not perform as well. The system experienced increases in concentration and mass loading for
numerous parameters, including copper, total nitrogen, chlorophyll-a and total phosphorus. A

summary of these results are included in following table.
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Table 3 - Removal Efficiencies

Removal Efficiency
Parameter Laguna Lakes Wal-Mart Brooks

Mass Conc. Mass Conc. Mass Conc.
Chlorophyll-a -30% 1% 59% 34% 33% -45%
Total Nitrogen, Kjeldahl -20% 1% 60% 36% 72% 40%
Ammonia 64% 63% 74% 58% 95% 89%
Total Phosphorus -36% -10% 79% 66% 86% 69%
Nitrate + Nitrite 84% 85% 86% 76% 92% 83%
Total Suspended Solids -1% 12% 81% 68% 85% 68%
Ortho Phosphorus 76% 82% 99% 98% 99% 97%
Copper -80% -40% 7% 62% 91% 80%
Cadmium -20% 2% 48% 15% 65% 26%
Copper, Dissolved -56% -20% 55% 26% 89% 77%
Cadmium, Dissolved -22% -2% 42% 6% 48% -11%
Total Nitrogen -49% -26% 56% 28% 66% 27%

The results have also been summarized on line and bar graphs located in Appendices D & E,
respectively, for ease of comparison. The line graphs compare the inflow and outflow
concentration for each site. There are two line graphs, one for concentration removal efficiency
and the second for mass removal efficiency. These graphs provide a visual comparison among

the three sites.

The bar graphs compare the concentration, the total mass and the total mass per acre of runoff
from each site to the concentration, the total mass and the total mass per acre that discharges
from the wet detention system at each site. The total mass per acre graph was included to allow
a better comparison between different sized sites. This provides a consistent scale for all three
sites. These graphs show the total concentrations, mass and mass/acre loading, not a percent
reduction. This allows for a better comparison of the actual loadings instead of a percent
reduction. This better accounts for different loadings between land uses. A site could produce
double the concentration or mass loading of a second site and provide 50% removal efficiency
and the second site could provide 10% removal efficiency. If one only looked at the removal
efficiency, the first site would look better. However, in reality the second site would actually be
better because there was a lower amount of pollutant discharged from that site. This occurred for
several of the parameters including, total Kjeldahl nitrogen, ammonia, total phosphorus, copper,

dissolved copper and total nitrogen.
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Determining the exact reasons for this low performance for Laguna Lakes is outside the scope of
this project. However, during data collection, the application of reclaimed water for irrigation
and excessive aquatic weed growth within the lakes were noted. This could explain the increase
in nutrient and copper concentrations and mass loadings within the system. The reclaimed water
may have introduced additional nutrients into the lakes (that were not included in the tested
runoff) that increased nutrients within the water management system and promoted aquatic plant
growth. The increase in copper concentrations may be attributed to herbicides used to control

the aquatic plants.

It was also noted that the total calculated volume of water that flows out of the Laguna Lakes
surface water management system is over 20% greater than the calculated volume of water that
discharges into the system. The other two sites showed a reduction in flow from the inflow to
outflow of 29% and 59% for Wal-Mart and The Brooks, respectively. The increased discharge
volume could be due the project having a control elevation lower than the wet season water
table. This would allow the lakes to discharge a net surplus of groundwater along with surface
water through the outfall structure. This additional flow would increase the total mass loading
that discharges from the system and could account for the increase in several parameters.
Additional monitoring would be required to determine if the control elevation is lower than the

surrounding wet season water table.

Additionally, the Laguna Lakes site has the lowest control elevation of the three sites monitored
and is located closest to tidal water. As a result, the water levels in the lake system do not recede
as much as those in systems with higher control elevations that are located farther inland.
Consequently, there is less storage available at the beginning of the wet season to retain surface
water runoff water before it reaches a level that allows discharges through the control structure.

To understand first the parameters and their concentrations, it is important to view them in
context with water quality standards. The following Table 4 summarizes some of the known
water quality standards for the parameters included within this study. To understand how the
water quality concentrations may affect receiving waters, it is important to understand first how

the concentrations obtained within this study compare to the applicable water quality standards.
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Table 4 - Parameter Water Quality Standards

FDEP
Class 111 Fresh Lake
Water Quality | Threshold | Typical Value for
Parameter Units Standard Value Florida's Lakes***
Total Kjeldahl Nitrogen mg/L no numeric value no value no value
Nitrate + Nitrite mg/L no numeric value no value no value
Total Nitrogen mg/L no numeric value 1.7 1.4
Ammonia - N mg/L no numeric value no value no value
mg/m3
Chlorophyll-a (ug/L) 20 ug/L* no value 18.5
Total Phosphorus mg/L no numeric value 0.11 0.07
Dissolved Phosphorus mg/L no numeric value no value no value
Total Suspended Solids mg/L no standard no value 8
Total Copper ug/L (2.85 - 30.50)** no value no value
Total Cadmium ug/L (0.10 - 0.76)** no value no value
Dissolved Copper ug/L no standard no value no value
Dissolved Cadmium ug/L no standard no value no value

*Ch 62-303.351 Nutrients in Streams

**Based on total hardness values ranging from 25 mg/L - 400 mg/L
***"Typical Water Quality Values for Florida's Lakes, Streams and Estuaries”, (Hand,1989)

In general, the development’s runoff concentrations and concentrations discharging from the
stormwater management systems compare favorably to the water quality standards and lake
threshold values, which are routinely referenced in FDEP water quality basin assessment reports.
The lake threshold values represent the 70" percentile values from the Hand,1989 document,

which are used by FDEP as screening level values for the Impaired Waters Rule Assessment.
Laguna Lakes:

Total Nitrogen — Both the runoff and discharge concentrations are below the FDEP lake
threshold. The discharge is approximately equal to the concentration for a typical
Florida lake. The runoff is less than that of a typical Florida lake.
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Chlorophyll-a — Both the runoff and discharge concentration are below the concentration

for a typical Florida lake.

Total Phosphorus — The runoff concentration is approximately equal to the FDEP lake
threshold. The discharge concentration is above the FDEP lake threshold. Both
concentrations are above the typical Florida lake concentration.

TSS — Both the runoff and discharge concentration are below the concentrations for a

typical Florida lake.

Total Copper — Both the runoff and discharge concentrations are at the low end of the

Class Il standard range.

Total Cadmium — Both the runoff and discharge concentrations are at the low end of the

Class Il standard range.
Wal-Mart:

Total Nitrogen — Both the runoff and discharge concentrations are below the FDEP lake

threshold and typical Florida lake concentration.

Chlorophyll-a — Both the runoff and discharge concentration are below the concentration

for a typical Florida lake.

Total Phosphorus — Both the runoff and discharge concentrations are below the FDEP
threshold. The discharge concentration is below the typical Florida lake
concentration. The runoff concentration is above the typical Florida lake

concentration.

TSS - The discharge concentration is below the typical Florida lake concentration. The

runoff concentration is above the typical Florida lake concentration.

Total Copper — Both runoff and discharge concentrations are below the Class 111 standard

range.
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Total Cadmium — Both runoff and discharge concentrations are near the middle of the
Class 111 standard range.

Brooks:

Total Nitrogen — Both the runoff and discharge concentrations are below the FDEP
threshold. The discharge concentration is below the typical Florida lake

concentration. The runoff is above the typical Florida lake concentration.

Chlorophyll-a — Both the runoff and discharge concentrations are below the typical

Florida lake concentration.

Total Phosphorus — The runoff concentration is above the FDEP threshold. The
discharge concentration is below the FDEP threshold.

TSS - The runoff concentration is above the typical Florida lake concentration. The

discharge is below the typical Florida lake concentration.

Total Copper — The runoff concentration is at the low end of Class Il standard range.
The discharge concentration is below the Class 111 standard range.

Total Cadmium — Both the runoff and discharge concentrations are near the middle of the

Class Il water quality standard range.

The concentrations (total nitrogen and phosphorus), runoff volumes, mass loadings (total
nitrogen and phosphorus) and removal efficiencies identified for each site in this report were
compared to the same values calculated using the Evaluation of Stormwater Criteria
methodology. The inflow and outfall volumes, loadings and removal efficiencies measured as
part of this report (BMP Report), and the volumes, loadings and removal efficiencies calculated
using the Evaluation of Stormwater Criteria methodology (Evaluation) are summarized below.
The detailed calculations utilizing the Evaluation of Stormwater Criteria methodology are
included in Appendix M.
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Table 5 - Laguna Lakes Nutrient Mass Loading Comparison

Annual Inflow to Lake Annual Discharge from Percent Removal
Parameter BMP Report| Evaluation [ BMP Report| Evaluation BMP Report| Evaluation
kglyear kglyear kglyear kglyear
Total Nitrogen 237.6 375.9 361.4 154.8 -52% 59%
Total Phosphorus 23.5 66.1 32.5 4.3 -39% 93%
Table 6 - Wal-Mart Nutrient Mass Loading Comparison
Annual Inflow to Lake Annual Discharge from Percent Removal
Parameter BMP Report| Evaluation | Evaluation | Evaluation .
BMP Report| Evaluation
kglyear kglyear kglyear kglyear
Total Nitrogen 76.9 174.4 34.2 96.8 56% 44%
Total Phosphorus 8.7 25.1 1.8 15.3 79% 39%
Table 7 - Brooks Nutrient Mass Loading Comparison
Annual Inflow to Lake Annual Discharge from Percent Removal
Parameter BMP Report| Evaluation | Evaluation | Evaluation BMP Report| Evaluation
kglyear kglyear kglyear kglyear
Total Nitrogen 237.6 293.0 210.7 54.7 70% 81%
Total Phosphorus 101.9 45.8 12.9 2.1 87% 95%
Table 8 — Concentration Comparison
Laguna Lakes Wal-Mart Brooks
Multi-Family Single Family Commercial Golf/Residential
Parameter BMP . BMP . BMP . BMP .
Evaluation Evaluation Evaluation Evaluation
Report Report Report Report
(mg/1) (mg/l) (mg/l) (mg/l) (mg/l) (mg/1) (mg/1) (mg/l)
Total N 1.221 2.320 1.086 2.070 0.898 2.400 1.598 2.070
Total P 0.100 0.520 0.121 0.327 0.101 0.345 0.234 0.327
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Table 9 — Annual Runoff Volume

Laguna Lakes Wal-Mart Brooks
Parameter
(ac-ft/year) (ac-ftlyear) (ac-ftlyear)
BMP Report 169 69 353
Evaluation of 143 59 115

Stormwater Criteria

The relative closeness between this report and the calculated flows varied significantly for both
sites and parameter. The following is a summary of how the results of this report compare to the

values obtained using the Evaluation of Stormwater Criteria methodology.

Concentrations - The Evaluation of Stormwater Criteria methodology over estimated
both parameters at all three site by 30% to 418%. Generally the concentrations
derived using the two methods were closest for the Brooks, with over estimates of

30% and 40% for total nitrogen and total phosphorus, respectively.

Annual Runoff - The Evaluation of Stormwater Criteria methodology under estimated

the runoff volume for all three sites by 15% to 64%.

Mass Loading to Lakes - The Evaluation of Stormwater Criteria methodology over
estimated the loading at all three sites for all parameters except total phosphorus
at the Brooks. The over estimated loadings ranged from 23% to 182%. The

Brooks total phosphorus loading was under estimated by 50%.

Mass Loading Discharging from Lakes - The Evaluation of Stormwater Criteria
methodology under estimated the discharge from all sites for all parameters
except total nitrogen at Wal-Mart. The under estimated loadings ranged from

57% to 87%. The over estimate for total nitrogen loading at Wal-Mart was 183%.

Treatment Efficiency - The Evaluation of Stormwater Criteria methodology over

estimated the removal efficiency for all parameters are all three locations except
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total nitrogen at Wal-Mart. The over estimated loadings ranged from 10% to
132% and the under estimate for total nitrogen at Wal-Mart was 11%.

8.0 CONCLUSIONS

State (CH 62-40 F.A.C.) water quality standards include stormwater treatment system goals of an
80% reduction in pollutants. The Brooks system achieved this mass removal efficiency with
seven (7) out of the twelve (12) analyzed parameters and four (4) of the concentrations. The
Wal-Mart system only achieved the 80% reduction for two (2) mass parameters and one (1)
concentration parameter. The Laguna Lakes system achieved the reduction goal for one (1) mass
parameter and two (2) concentration parameters. The wet detention systems evaluated in this
study showed the best removal efficiencies for nitrate + nitrite and ortho phosphorus. All three
sites demonstrated removal efficiency near or above 80% for these parameters, with only the
Laguna Lakes’ ortho phosphorus mass and Wal-Mart’s nitrate + nitrite concentration below
80%, both at 76%. None of the sites were able to achieve 80% removal for chlorophyll-a, total

Kjeldahl nitrogen, total cadmium, dissolved cadmium or total nitrogen.

Due to the relatively small sampling of developed sites and stormwater BMPs, it is difficult to
make definitive comparisons with the methodology outlined in the Evaluation of Stormwater
Criteria.  Additional sampling sites would be required to more thoroughly evaluate the
performance of actual systems compared to the information presented in Evaluation of
Stormwater Criteria. The results of this report indicate the Evaluation of Stormwater Criteria
methodology may over estimate runoff concentrations and under estimate runoff volumes. The
relatively closeness of fit for mass loading and removal efficiency are much more variable, as the
Evaluation of Stormwater Criteria methodology over estimated some parameters in some

locations and under estimated others.

The report included both wet and dry season sampling. The parameter concentrations for the two
dry season samples taken at Laguna Lakes and the Brooks didn’t vary significantly from the

samples taken during the wet season. The concentrations were generally within the range of
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values obtained during the wet season. There did not appear to be a buildup of pollutants during

the extended dry periods during the dry season.

The site that experienced the lowest concentration and mass removal efficiency (Laguna Lakes)
utilizes reclaimed water for irrigation. The extent of the impact that the use of reclaimed water
for irrigation had on the parameter concentrations and loads at Laguna Lakes is not know. It
would be beneficial to expand this study or create a new study to evaluate whether the reclaimed
water may contribute to the increased loadings and investigate ways to better utilize reclaimed
water for irrigation without increasing nutrient loadings and reducing the efficiency of on-site
BMPs.
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Laguna Lakes
Removal Efficiency Calculations

Station LLIN1
Total Drainage Area (ac) = 25.8
Total Rainfall Amount (in)= 119.14
wQ < 0.05 inch rainfall >0.05 in < 0.5 in rainfall >0.5in <1.5 in Rainfall >1.5 in Rainfall
Parameters Concentration Total Rainfall (in) = 1.97 Total Rainfall (in) = 27.11 Total Rainfall (in) = 57.60 Total Rainfall (in) = 32.46
Units WQ Conc. - - - - Total Mass
(avg. conc. Runof(f \f/)olume IE/IV:\allzs(l:.oadm;(g Runof(f \f/)olume ’EAV?I??S lc-oad"l? Runof(f \f/)olume IE/IV:\allzs(l:.oadm;(g Runof(f \f/)olume ’EAV?I??S lc-oad";? Loading
cf onc. c onc. cf onc. c onc.
tested) % Runoff (area x rainfall x| Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x| Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) ko)
runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 3.563 0% 0 0.000 55% 1.393E+06 0.140 69% 3.716E+06 0.375 72% 2.182E+06 0.220 0.735
Pheophytin mg/M3 1.663 0% 0 0.000 55% 1.393E+06 0.066 69% 3.716E+06 0.175 72% 2.182E+06 0.103 0.343
Nitrogen, Kjeldahl, Total mg/L as N 1.298 0% 0 0.000 55% 1.393E+06 51.224 69% 3.716E+06 136.622 72% 2.182E+06 80.200 268.046
Ammonia, Automated Phenate mg/L as N 0.478 0% 0 0.000 55% 1.393E+06 18.845 69% 3.716E+06 50.262 72% 2.182E+06 29.504 98.610
Phosphorus, Total mg/L as P 0.100 0% 0 0.000 55% 1.393E+06 3.963 69% 3.716E+06 10.571 72% 2.182E+06 6.205 20.739
Nitrate + Nitrite mg/L as N 0.861 0% 0 0.000 55% 1.393E+06 33.985 69% 3.716E+06 90.643 72% 2.182E+06 53.209 177.837
Total Suspended Solids mg/L 5.390 0% 0 0.000 55% 1.393E+06 212.689 69% 3.716E+06 567.276 72% 2.182E+06 333.000 1112.965
Phosphorus, Ortho mg/L as P 0.130 0% 0 0.000 55% 1.393E+06 5.142 69% 3.716E+06 13.715 72% 2.182E+06 8.051 26.908
Copper, AA furnace technique ug/L 1.923 0% 0 0.000 55% 1.393E+06 0.076 69% 3.716E+06 0.202 72% 2.182E+06 0.119 0.397
Cadmium, AA furnace technique ug/L 0.280 0% 0 0.000 55% 1.393E+06 0.011 69% 3.716E+06 0.029 72% 2.182E+06 0.017 0.058
Copper, Dissolved, AA furnace technique ug/L 1.353 0% 0 0.000 55% 1.393E+06 0.053 69% 3.716E+06 0.142 72% 2.182E+06 0.084 0.279
Cadmium, dissolved, AA furnace ug/L 0.375 0% 0 0.000 55% 1.393E+06 0.015 69% 3.716E+06 0.039 72% 2.182E+06 0.023 0.077
Nitrogen, Total mg/L as N 1.221 0% 0 0.000 55% 1.393E+06 48.190 69% 3.716E+06 128.532 2% 2.182E+06 75.450 252.172
Station LLIN2
Total Drainage Area (ac) = 81.31
Rainfall Amount (in)= 119.14
wQ < 0.05 inch rainfall >0.05 in < 0.5 in rainfall >0.5 in <1.5 in Rainfall >1.5 in Rainfall
Parameters Conceqtration WQ Conc Total Rainfall (in) = 1.97 Total Rainfall (in) = 27.11 Total Rainfall (in) = 57.60 Total Rainfall (in) = 32.46 Total Mass
Units (avg conc. Runof(f \f/)olume IE/Iass Loading Runof(f \f/)olume lz/lass Loading Runof(f \f/)olume IE/Iass Loading Runof(f \f/)olume lz/lass Loading Loading
X : (5 WQ Conc. X ci WQ Conc. X (& WQ Conc. X (& WQ Conc. X
tested) % Runoff (area x rainfall x| Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) (ka)
runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 6.558 0% 0 0.000 24% 1.904E+06 0.353 26% 4.462E+06 0.828 45% 4.278E+06 0.794 1.98
Pheophytin mg/M3 2.078 0% 0 0.000 24% 1.904E+06 0.112 26% 4.462E+06 0.262 45% 4.278E+06 0.252 0.63
Nitrogen, Kjeldahl, Total mg/L as N 1.363 0% 0 0.000 24% 1.904E+06 73.500 26% 4.462E+06 172.265 45% 4.278E+06 165.164 410.93
Ammonia, Automated Phenate mg/L as N 0.147 0% 0 0.000 24% 1.904E+06 7.898 26% 4.462E+06 18.511 45% 4.278E+06 17.748 44.16
Phosphorus, Total mg/L as P 0.121 0% 0 0.000 24% 1.904E+06 6.519 26% 4.462E+06 15.278 45% 4.278E+06 14.649 36.45
Nitrate + Nitrite mg/L as N 0.481 0% 0 0.000 24% 1.904E+06 25.923 26% 4.462E+06 60.756 45% 4.278E+06 58.252 144.93
Total Suspended Solids mg/L 3.879 0% 0 0.000 24% 1.904E+06 209.134 26% 4.462E+06 490.154 45% 4.278E+06 469.951 1169.24
Phosphorus, Ortho mg/L as P 0.335 0% 0 0.000 24% 1.904E+06 18.052 26% 4.462E+06 42.308 45% 4.278E+06 40.564 100.92
Copper, AA furnace technique ug/L 3.061 0% 0 0.000 24% 1.904E+06 0.165 26% 4.462E+06 0.387 45% 4.278E+06 0.371 0.92
Cadmium, AA furnace technique ug/L 0.300 0% 0 0.000 24% 1.904E+06 0.016 26% 4.462E+06 0.038 45% 4.278E+06 0.036 0.09
Copper, Dissolved, AA furnace technique ug/L 2.214 0% 0 0.000 24% 1.904E+06 0.119 26% 4.462E+06 0.280 45% 4.278E+06 0.268 0.67
Cadmium, dissolved, AA furnace ug/L 0.365 0% 0 0.000 24% 1.904E+06 0.020 26% 4.462E+06 0.046 45% 4.278E+06 0.044 0.11
Nitrogen, Total mg/L as N 1.086 0% 0 0.000 24% 1.904E+06 58.540 26% 4.462E+06 137.201 45% 4.278E+06 131.546 327.29
Total Input To Lake
Total Mass LLOUT Removal
Loading to .
wQ Total Discharge - -
Parameters Concentration | Weighted WQ L?g:d(itu?l to Lake (LLIN1 M\;SS Loading Mass Concentration
Units Conc. In 9 Runoff + LLIN2 | WQ Conc. (avg. Discharge ( Q Cone. X Mass % Removal % Removal
LLIN2 Discharge Conc.
. Runoff) (cf) conc. tested) Volume (cf) (In - Out) (Removed / (Removed /
Loading) Volume) (ka) Total) (In - Out) Total)
(kg) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 5.837 2.71 1.79E+07 5.743 2.203E+07 3.58 -0.87 -32% 0.09 2%
Pheophytin mg/M3 1.978 0.97 1.79E+07 3.171 2.203E+07 1.98 -1.01 -104% -1.19 -60%
Nitrogen, Kjeldahl, Total mg/L as N 1.348 678.98 1.79E+07 1.334 2.203E+07 831.83 -152.86 -23% 0.01 1%
Ammonia, Automated Phenate mg/L as N 0.226 142.77 1.79E+07 0.086 2.203E+07 53.55 89.21 62% 0.14 62%
Phosphorus, Total mg/L as P 0.116 57.19 1.79E+07 0.127 2.203E+07 79.35 -22.17 -39% -0.01 -10%
Nitrate + Nitrite mg/L as N 0.572 322.77 1.79E+07 0.086 2.203E+07 53.47 269.30 83% 0.49 85%
Total Suspended Solids mg/L 4.243 2282.20 1.79E+07 3.761 2.203E+07 2345.79 -63.59 -3% 0.48 11%
Phosphorus, Ortho mg/L as P 0.286 127.83 1.79E+07 0.050 2.203E+07 31.46 96.38 75% 0.24 82%
Copper, AA furnace technigue ug/L 2.787 1.32 1.79E+07 3.895 2.203E+07 2.43 -1.11 -84% -1.11 -40%
Cadmium, AA furnace technique ug/L 0.295 0.15 1.79E+07 0.289 2.203E+07 0.18 -0.03 -22% 0.01 2%
Copper, Dissolved, AA furnace technique ug/L 2.007 0.95 1.79E+07 2.404 2.203E+07 1.50 -0.55 -58% -0.40 -20%
Cadmium, dissolved, AA furnace ug/L 0.367 0.19 1.79E+07 0.375 2.203E+07 0.23 -0.05 -25% -0.01 -2%
Nitrogen, Total mg/L as N 1.118 579.46 1.79E+07 1.413 2.203E+07 881.29 -301.83 -52% -0.29 -26%

1. Water quality concentrations are averages of the individual sample event concentrations.

2. % Runoff coefficients are the average of the event runoff coefficients as calculated using the drainage area, flow and rainfall amount.

3. Calculations do not account for possible submergence of the outfall structure. However, field measurements were taken and accounting for submerged flow would change the discharged volume by less than 1%
4. Data from May 4, 2006 to October 10, 2008 (890 days; 2.44 years)

5. Areas used in the calcualtions do not include lakes. Any loadings to the lakes are considered part of the treatment efficiency for the lake.
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Wal-Mart
Removal Efficiency Calculations

Station WMIN1

Total Drainage Area (ac) = 10.06
] ____Rainfall Amount (in)= 12917 _ _
wQ < 0.05 inch rainfall >0.05 in < 0.5 in rainfall >0.5in <1.5 in Rainfall >1.5 in Rainfall
Parameters Concentration Total Rajnfall (in) = 3.61 Total Rainfall (in) = 34.51 Total Rainfall (in) = 53.82 Total Rainfall (in) = 37.23
Units WQ Conc Annual Volume | Mass Loading Runoff Volume | Mass Loading Runoff Volume | Mass Loading Runoff Volume | Mass Loading Ti‘;g?:g‘s
. (cf) (WQ Conc. X (cf) (WQ Conc. X (cf) (WQ Conc. X (cf) (WQ Conc. X
% Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) (kg)
runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 4.064 0% 0 0.000 72% 9.081E+05 0.104 76% 1.496E+06 0.172 86% 1.171E+06 0.135 0.41
Pheophytin mg/M3 2.836 0% 0 0.000 72% 9.081E+05 0.073 76% 1.496E+06 0.120 86% 1.171E+06 0.094 0.29
Nitrogen, Kjeldahl, Total mg/L as N 0.791 0% 0 0.000 72% 9.081E+05 20.334 76% 1.496E+06 33.494 86% 1.171E+06 26.231 80.06
Ammonia, Automated Phenate mg/L as N 0.179 0% 0 0.000 72% 9.081E+05 4.607 76% 1.496E+06 7.588 86% 1.171E+06 5.943 18.14
Phosphorus, Total mg/L as P 0.054 0% 0 0.000 2% 9.081E+05 1.387 76% 1.496E+06 2.284 86% 1.171E+06 1.789 5.46
Nitrate + Nitrite mg/L as N 0.116 0% 0 0.000 72% 9.081E+05 2.974 76% 1.496E+06 4.899 86% 1.171E+06 3.836 11.71
Total Suspended Solids mg/L 7.165 0% 0 0.000 72% 9.081E+05 184.259 76% 1.496E+06 303.504 86% 1.171E+06 237.691 725.45
Phosphorus, Ortho mg/L as P 0.013 0% 0 0.000 2% 9.081E+05 0.338 76% 1.496E+06 0.557 86% 1.171E+06 0.436 1.33
Copper, AA furnace technigue ug/L 1.839 0% 0 0.000 72% 9.081E+05 0.047 76% 1.496E+06 0.078 86% 1.171E+06 0.061 0.19
Cadmium, AA furnace technique ug/L 0.317 0% 0 0.000 72% 9.081E+05 0.008 76% 1.496E+06 0.013 86% 1.171E+06 0.011 0.03
Copper, Dissolved, AA furnace technigue ug/L 1.136 0% 0 0.000 72% 9.081E+05 0.029 76% 1.496E+06 0.048 86% 1.171E+06 0.038 0.12
Cadmium, dissolved, AA furnace ug/L 0.400 0% 0 0.000 72% 9.081E+05 0.010 76% 1.496E+06 0.017 86% 1.171E+06 0.013 0.04
Nitrogen, Total mg/L as N 0.905 0% 0 0.000 72% 9.081E+05 23.273 76% 1.496E+06 38.335 86% 1.171E+06 30.022 91.63
Station WMIN2
Total Drainage Area (ac)= 10.06
Rainfall Amount (in)= 129.17
wQ < 0.05 inch rainfall >0.05 in < 0.5 in rainfall >0.5in <1.5 in Rainfall >1.5 in Rainfall
Parameters Concentration Total Rajnfall (in) = 3.61 Total Rainfall (in) = 34.51 Total Rainfall (in) = 53.82 Total Rainfall (in) = 37.23
Units WOQ Conc Runoff Volume | Mass Loading Runoff Volume | Mass Loading Runoff Volume | Mass Loading Runoff Volume | Mass Loading Ti?ellc’i\/ilr?gs
: (cf) (WQ Conc. X (cf) (WQ Conc. X (cf) (WQ Conc. X (cf) (WQ Conc. X
% Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) % Runoff (area x rainfall x | Runoff Volume) (kg)
runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 7.107 0% 0 0.000 64% 8.099E+05 0.163 82% 1.606E+06 0.323 94% 1.275E+06 0.256 0.74
Pheophytin mg/M3 2.238 0% 0 0.000 64% 8.099E+05 0.051 82% 1.606E+06 0.102 94% 1.275E+06 0.081 0.23
Nitrogen, Kjeldahl, Total mg/L as N 0.881 0% 0 0.000 64% 8.099E+05 20.217 82% 1.606E+06 40.095 94% 1.275E+06 31.820 92.13
Ammonia, Automated Phenate mg/L as N 0.095 0% 0 0.000 64% 8.099E+05 2.179 82% 1.606E+06 4.321 94% 1.275E+06 3.430 9.93
Phosphorus, Total mg/L as P 0.148 0% 0 0.000 64% 8.099E+05 3.403 82% 1.606E+06 6.749 94% 1.275E+06 5.356 15.51
Nitrate + Nitrite mg/L as N 0.757 0% 0 0.000 64% 8.099E+05 17.361 82% 1.606E+06 34.432 94% 1.275E+06 27.326 79.12
Total Suspended Solids mg/L 9.487 0% 0 0.000 64% 8.099E+05 217.600 82% 1.606E+06 431.560 94% 1.275E+06 342.491 991.65
Phosphorus, Ortho mg/L as P 0.472 0% 0 0.000 64% 8.099E+05 10.819 82% 1.606E+06 21.458 94% 1.275E+06 17.029 49.31
Copper, AA furnace technigue ug/L 3.729 0% 0 0.000 64% 8.099E+05 0.086 82% 1.606E+06 0.170 94% 1.275E+06 0.135 0.39
Cadmium, AA furnace technique pg/L 0.386 0% 0 0.000 64% 8.099E+05 0.009 82% 1.606E+06 0.018 94% 1.275E+06 0.014 0.04
Copper, Dissolved, AA furnace technique ug/L 1.739 0% 0 0.000 64% 8.099E+05 0.040 82% 1.606E+06 0.079 94% 1.275E+06 0.063 0.18
Cadmium, dissolved, AA furnace ug/L 0.448 0% 0 0.000 64% 8.099E+05 0.010 82% 1.606E+06 0.020 94% 1.275E+06 0.016 0.05
Nitrogen, Total mg/L as N 0.891 0.00 0 0.000 64% 8.099E+05 20.430 82% 1.606E+06 40.518 94% 1.275E+06 32.155 93.10
Total Input To Lake
Total Mass WMOUT Removal
Loading to ;
wQ Total Discharge - :
Parameters Concentration | Weighted WQ LaII; Z((j\i/ngLNl to Lake (WMIN1 mst égigmg Mass Concentration
Units Conc. In Runoff + WMIN2| WQ Conc. (avg. Discharge . i Mass % Removal % Removal
WMIN2 Discharge Conc.
X Runoff) conc. tested) Volume (cf) (In - Out) (Removed / (Removed /
Loading) Volume) (kg) Total) (In - Out) Total)
(kg) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 5.586 1.15 7.27E+06 3.714 4.468E+06 0.47 0.68 59% 1.87 34%
Pheophytin mg/M3 2.537 0.52 7.27E+06 2.136 4.468E+06 0.27 0.25 48% 0.40 16%
Nitrogen, Kjeldahl, Total mg/L as N 0.836 172.19 7.27E+06 0.539 4.468E+06 68.14 104.05 60% 0.30 36%
Ammonia, Automated Phenate mg/L as N 0.137 28.07 7.27E+06 0.058 4.468E+06 7.36 20.71 74% 0.08 58%
Phosphorus, Total mg/L as P 0.101 20.97 7.27E+06 0.034 4.468E+06 4.34 16.63 79% 0.07 66%
Nitrate + Nitrite mg/L as N 0.436 90.83 7.27E+06 0.104 4.468E+06 13.18 77.65 85% 0.33 76%
Total Suspended Solids mg/L 8.326 1717.10 7.27E+06 2.633 4.468E+06 333.08 1384.03 81% 5.69 68%
Phosphorus, Ortho mg/L as P 0.242 50.64 7.27E+06 0.006 4.468E+06 0.73 49.90 99% 0.24 98%
Copper, AA furnace technigue ug/L 2.784 0.58 7.27E+06 1.071 4.468E+06 0.14 0.44 76% 1.71 62%
Cadmium, AA furnace technique pg/L 0.351 0.07 7.27E+06 0.300 4.468E+06 0.04 0.03 48% 0.05 15%
Copper, Dissolved, AA furnace technigue ug/L 1.438 0.30 7.27E+06 1.057 4.468E+06 0.13 0.16 55% 0.38 26%
Cadmium, dissolved, AA furnace pg/L 0.424 0.09 7.27E+06 0.400 4.468E+06 0.05 0.04 42% 0.02 6%
Nitrogen, Total mg/L as N 0.898 184.73 7.27E+06 0.649 4.468E+06 82.15 102.58 56% 0.25 28%

1. Water quality concentrations are averages of the individual sample event concentrations.
2. % Runoff coefficients are the average of the event runoff coefficients as calculated using the drainage area, flow and rainfall amount.
3. Calculations do not account for possible submergence of the outfall structure. However, field measurements were taken and accounting for submerged flow would change the discharged volume by less than 1%
4. Data from May 17, 2006 to October 10, 2008 (877 days; 2.40 years)
5. Areas used in the calcualtions do not include lakes. Any loadings to the lakes are considered part of the treatment efficiency for the lake.
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The Brooks
Removal Efficiency Calculations

Station BRIN
Total Drainage Area (ac) = 139.0
Rainfall Amount (in)= 124.96
WQ < 0.05 inch rainfall >0.05 in < 0.5 in rainfall >0.5 in <1.5 in Rainfall >1.5 in Rainfall
Parameters Concentration Total Rainfall (in) = 2.94 Total Rainfall (in) = 37.99 Total Rainfall (in) = 59.30 Total Rainfall (in) = 24.73
Units WQ Cone Runoff Volume | Mass Loading Runoff Volume | Mass Loading Runoff Volume | Mass Loading Runoff Volume | Mass Loading TOL?AQ?:SS
: cf (WQ Conc. X c WQ Conc. X cf WQ Conc. X c WQ Conc. X
% Runoff (area )E r;infall x | Runoff Volume) % Runoff (area >E rZinfaII X R(unoff Volume) % Runoff (area )E r;infall X R(unoff Volume) % Runoff (area >E rZinfaII X R(unoff Volume) (kg)
runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg) runoff coef.) (kg)
Chlorophyll a, corrected for Pheophytin mg/M3 7.343 0% 0 0.00 44% 8.421E+06 1.75 61% 1.822E+07 3.79 76% 9.506E+06 1.98 7.51
Pheophytin mg/M3 5.412 0% 0 0.00 44% 8.421E+06 1.29 61% 1.822E+07 2.79 76% 9.506E+06 1.46 5.54
Nitrogen, Kjeldahl, Total mg/L as N 1.801 0% 0 0.00 44% 8.421E+06 429.58 61% 1.822E+07 929.23 76% 9.506E+06 484.94 1843.75
Ammonia, Automated Phenate mg/L as N 0.600 0% 0 0.00 44% 8.421E+06 143.20 61% 1.822E+07 309.75 76% 9.506E+06 161.65 614.61
Phosphorus, Total mg/L as P 0.234 0% 0 0.00 44% 8.421E+06 55.76 61% 1.822E+07 120.61 76% 9.506E+06 62.94 239.31
Nitrate + Nitrite mg/L as N 0.486 0% 0 0.00 44% 8.421E+06 115.96 61% 1.822E+07 250.84 76% 9.506E+06 130.91 497.72
Total Suspended Solids mg/L 11.194 0% 0 0.00 44% 8.421E+06 2669.52 61% 1.822E+07 5774.48 76% 9.506E+06 3013.59 11457.59
Phosphorus, Ortho mg/L as P 0.367 0% 0 0.00 44% 8.421E+06 87.62 61% 1.822E+07 189.53 76% 9.506E+06 98.91 376.05
Copper, AA furnace technigue ug/L 5.593 0% 0 0.00 44% 8.421E+06 1.33 61% 1.822E+07 2.89 76% 9.506E+06 1.51 5.72
Cadmium, AA furnace technique ug/L 0.404 0% 0 0.00 44% 8.421E+06 0.10 61% 1.822E+07 0.21 76% 9.506E+06 0.11 0.41
Copper, Dissolved, AA furnace technique pg/L 4.376 0% 0 0.00 44% 8.421E+06 1.04 61% 1.822E+07 2.26 76% 9.506E+06 1.18 4.48
Cadmium, dissolved, AA furnace pg/L 0.401 0% 0 0.00 44% 8.421E+06 0.10 61% 1.822E+07 0.21 76% 9.506E+06 0.11 0.41
Nitrogen, Total mg/L as N 1.598 0% 0 0.00 44% 8.421E+06 381.09 61% 1.822E+07 824.34 76% 9.506E+06 430.20 1635.63
Total Input To Lake
BROUT Removal
Total Mass
we Loading to | Total Discharge Mass Loadin Mass Concentration
Parameters Concentration | Weighted WQ 9
Units Conc. In Lake (.BRIN to Lake (BRIN WQ Conc. (av Discharge (WQ Conce. X M %R I % R I
loading) Runoff) . (avg. g Discharge ass % Removal Conc. % Removal
(kg) conc. tested) Volume (cf) Volume) (In - Out) (Removed / (in - out) (Removed /
(kg) Total) Total)
(ka)
Chlorophyll a, corrected for Pheophytin mg/M3 7.343 7.51 3.61E+07 10.623 1.686E+07 5.07 2.44 33% -3.28 -45%
Pheophytin mg/M3 5.412 5.54 3.61E+07 4.031 1.686E+07 1.92 3.61 65% 1.38 26%
Nitrogen, Kjeldahl, Total mg/L as N 1.801 1843.75 3.61E+07 1.089 1.686E+07 519.99 1323.76 72% 0.71 40%
Ammonia, Automated Phenate mg/L as N 0.600 614.61 3.61E+07 0.065 1.686E+07 30.81 583.80 95% 0.54 89%
Phosphorus, Total mg/L as P 0.234 239.31 3.61E+07 0.071 1.686E+07 34.08 205.23 86% 0.16 69%
Nitrate + Nitrite mg/L as N 0.486 497.72 3.61E+07 0.080 1.686E+07 38.41 459.31 92% 0.41 83%
Total Suspended Solids mg/L 11.194 11457.59 3.61E+07 3.566 1.686E+07 1702.46 9755.13 85% 7.63 68%
Phosphorus, Ortho mg/L as P 0.367 376.05 3.61E+07 0.012 1.686E+07 5.55 370.51 99% 0.36 97%
Copper, AA furnace technigue pg/L 5.593 5.72 3.61E+07 1.117 1.686E+07 0.53 5.19 91% 4.48 80%
Cadmium, AA furnace technique pa/L 0.404 0.41 3.61E+07 0.300 1.686E+07 0.14 0.27 65% 0.10 26%
Copper, Dissolved, AA furnace technigue pg/L 4.376 4.48 3.61E+07 1.014 1.686E+07 0.48 4.00 89% 3.36 77%
Cadmium, dissolved, AA furnace pa/L 0.401 0.41 3.61E+07 0.446 1.686E+07 0.21 0.20 48% -0.04 -11%
Nitrogen, Total mg/L as N 1.598 1635.63 3.61E+07 1.165 1.686E+07 555.98 1079.65 66% 0.43 27%

1. Water quality concentrations are averages of the individual sample event concentrations.

2. % Runoff coefficients are the average of the event runoff coefficients as calculated using the drainage area, flow and rainfall amount.

3. Calculations do not account for possible submergence of the outfall structure. However, field measurements were taken and accounting for submerged flow would change the discharged volume by less than 1%
4. Data from May 4, 2006 to December 22, 2008 (963 days; 2.64 years)

5. Areas used in the calcualtions do not include lakes. Any loadings to the lakes are considered part of the treatment efficiency for the lake.
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APPENDIX B - PERCENT RUNOFF CALCULATIONS




Laguna Lakes Runoff Calculations

LLIN1 (Multi-Family)

LLINZ2 (Single Family)

Event

Drainage

Event Drainage
Event Date Rainfall Inflow 2 Areag % Runoff Avg. %
. (cf) Runoff
(in) (ac)
12/23/2006f 0.12 129 2.7 11% 24%
8/12/2008| 0.19 753 2.7 40%
4/10/2007| 0.24 215 2.7 9%
4/10/2007| 0.34 413 2.7 12%
7/6/2006] 0.46 1359 2.7 30%
6/18/2006| 0.48 1866 2.7 40%
6/25/2006| 0.53 1387 2.7 27% 26%
8/5/2008| 0.62 1715 2.7 28%
6/25/2006] 0.80 1738 2.7 22%
5/16/2007| 1.15 3143 2.7 28%
8/14/2007| 1.50 5861 2.7 40% 45%
9/2/2007] 1.55 6496 2.7 43%
7/2/2006] 2.09 10513 2.7 51%
6/1/2007| 1.78 2605 2.7 15%

Event Date [ Rainfall Inflow 1 Area % Runoff Avg. %
. (cf) Runoff
(in) (ac)
8/12/2008| 0.13 1009 3.8 56% 55%
6/11/2006] 0.14 960 3.8 50%
6/16/2006| 0.17 1,260 3.8 54%
6/18/2006| 0.37 3,564 3.8 70%
6/12/2006] 0.40 3,648 3.8 66%
8/5/2008( 0.41 2891 3.8 51%
7/6/2006] 0.43 2,688 3.8 45%
9/20/2007|  0.48 3108 3.8 47%
7/6/2006] 0.60 4,524 3.8 55% 69%
9/13/2006| 0.63 5,536 3.8 64%
4/10/2007( 0.70 5,430 3.8 56%
8/14/2006| 0.71 6,696 3.8 68%
7/22/2006] 0.72 7,128 3.8 72%
6/25/2006] 0.80 9,528 3.8 86%
7/7/2006] 1.05 11,196 3.8 77%
7/22/2006] 1.08 10,632 3.8 71%
7/20/2006] 1.37 12,612 3.8 67%
9/2/2007| 1.48 14,785 3.8 72%
7/31/2007] 1.58 16,219 3.8 74% 72%
7/2/2006] 2.30 21,924 3.8 69%

- Not included in calculations due to apparent instrument malfunction
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Wal-Mart Runoff Calculations

WMIN2
Event Drainage
Event Date Rainfall Inflow 2 Areag % Runoff Avg. %
: (cf) Runoff
(in) (ac)

6/11/2008 0.12 499 3.7 31% 64%

6/5/2008 0.16 1315 3.7 61%

1/25/2007 0.21 1,015 3.7 36%

6/11/2006 0.28 3,672 3.7 98%

6/3/2008 0.44 5656 3.7 96%
12/25/2006 0.59 8,980 3.7 113%
9/20/2007 0.66 12506 3.7 141%
8/14/2006 0.99 13,851 3.7 104%

7/9/2007 0.84 8,483 3.7 75% 82%
712712007 0.84 11,173 3.7 99%

6/8/2008 1.01 12068 3.7 89%

6/7/2006 1.11 14,634 3.7 98%

6/25/2006 1.18 9,369 3.7 59%

7/11/2006 1.39 13,095 3.7 70%

8/19/2006 1.84 22,032 3.7 89% 94%

7/2/2006 2.55 33,723 3.7 98%

7/20/2006 1.72 27,675 3.7 120%

WMIN1
Event Drainage
Event Date | Rainfall Inf(lg;/)v 1 Area % Runoff AR\lngnc:)f/?
(in) (ac)

6/26/2006|] 0.14 2,522 2.8 177%
8/30/2006 0.14 551 2.8 39% 72%
8/12/2008 0.18 1446 2.8 79%
6/11/2006 0.27 2,452 2.8 89%
6/10/2006 0.29 2,695 2.8 91%
6/12/2006 0.38 3,008 2.8 78%

7/8/2008 0.40 2282 2.8 56%
8/15/2006| 0.58 6,410 2.8 109%
5/16/2007 0.57 2,858 2.8 49% 76%
7/16/2008 0.64 2962 2.8 46%
9/20/2007 0.68 6239 2.8 90%
6/25/2006 0.79 6,161 2.8 77%
7127/2007 0.79 7,400 2.8 92%
7/31/2007 0.98 5,936 2.8 60%
9/13/2006 1.02 8,390 2.8 81%
8/14/2006 1.13 10,147 2.8 88%
7/21/2007 1.16 10,237 2.8 87%
6/24/2006 1.33 11,740 2.8 87%
6/17/2006 1.39 13,225 2.8 94%
7/11/2006 1.39 8,975 2.8 64%

9/2/2007 1.78 18,243 2.8 101%
7/20/2006 1.81 21,697 2.8 118%

7/2/2006| 2.57 26,746 2.8 102%
8/19/2008 3.52 30841 2.8 86% 86%

- Not included in calculations due to apparent instrument malfunction
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The Brooks Runoff Calculations

BRIN
Event Drainage
Event Date | Rainfall Inflow 1 Areag % Runoff Avg. %
: (cf) Runoff
(in) (ac)
8/6/2007| 0.11 104 2.81 9% 44%
8/5/2007| 0.15 526 2.81 34%
8/5/2007| 0.15 526 2.81 34%
7/20/2007| 0.18 1,372 2.81 75%
6/26/2006| 0.27 594 2.81 22%
7/26/2007| 0.29 1,036 2.81 35%
1/25/2007| 0.32 1,229 2.81 38%
7/25/2006| 0.34 1,188 2.81 34%
6/13/2006] 0.42 3,478 2.81 81%
10/6/2008| 0.43 1683 2.81 38%
7/7/2006] 0.49 4,120 2.81 82%
7/31/2006| 0.50 2,160 2.81 42% 61%
6/17/2006| 0.54 2,145 2.81 39%
7/9/2008| 0.64 4537 2.81 69%
8/7/2006| 0.73 3,997 2.81 54%
6/30/2006| 0.86 4,750 2.81 54%
6/16/2006| 1.00 5,163 2.81 51%
7/23/2006] 1.02 8,006 2.81 77%
7/27/2007| 1.20 7,111 2.81 58%
9/29/2008| 1.21 9092| 281 74%
7/21/2007| 1.30 9,739 2.81 73%
8/14/2006| 1.42 8,745 2.81 60%
6/25/2006| 1.47 11,811 2.81 79%
6/24/2006] 1.61 9,887 2.81 60% 76%
7/15/2008| 1.73 14872 2.81 84%
9/10/2008| 2.10 18008 2.81 84%
8/19/2008| 5.47 51264| 2.81 92%

- Not included in calculations due to apparent instrument malfunction
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APPENDIX C - OUTFALL DISCHARGE CALCULATIONS




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(f) (f) (cfs) (cf)
5/4/06 12:00 PM -1.69 0.00 0.0 0.0
Data range not printed - WSEL below invert for entire range
6/17/06 6:00 PM -0.14 0.00 0.0 0.0
6/17/06 7:00 PM 0.59 0.00 0.8 2908.5
6/17/06 8:00 PM 0.69 0.00 13 3736.2
6/17/06 9:00 PM 0.69 0.00 13 4546.6
6/17/06 10:00 PM 0.68 0.00 1.2 4495.2
6/17/06 11:00 PM 0.68 0.00 1.2 44442
6/18/06 12:00 AM 0.67 0.00 1.2 4344.8
6/18/06 1:00 AM 0.67 0.00 1.2 4214.3
6/18/06 2:00 AM 0.66 0.00 11 4119.6
6/18/06 3:00 AM 0.66 0.00 11 4005.4
6/18/06 4:00 AM 0.65 0.00 11 3908.8
6/18/06 5:00 AM 0.65 0.00 11 3858.5
6/18/06 6:00 AM 0.65 0.00 11 3816.4
6/18/06 7:00 AM 0.64 0.00 1.0 3741.9
6/18/06 8:00 AM 0.64 0.00 1.0 3662.7
6/18/06 9:00 AM 0.64 0.00 1.0 3612.6
6/18/06 10:00 AM 0.63 0.00 1.0 3558.8
6/18/06 11:00 AM 0.63 0.00 1.0 3507.5
6/18/06 12:00 PM 0.63 0.00 1.0 3485.5
6/18/06 1:00 PM 0.62 0.00 1.0 3455.6
6/18/06 2:00 PM 0.63 0.00 1.0 3445.2
6/18/06 3:00 PM 0.63 0.00 1.0 3485.9
6/18/06 4:00 PM 0.67 0.00 1.2 3868.6
6/18/06 5:00 PM 0.68 0.00 1.2 4303.6
6/18/06 6:00 PM 0.68 0.00 1.2 4335.9
6/18/06 7:00 PM 0.67 0.00 1.2 4270.4
6/18/06 8:00 PM 0.67 0.00 1.2 4230.0
6/18/06 9:00 PM 0.67 0.00 11 4158.9
6/18/06 10:00 PM 0.66 0.00 11 4073.1
6/18/06 11:00 PM 0.66 0.00 11 3997.4
6/19/06 12:00 AM 0.65 0.00 11 3923.4
6/19/06 1:00 AM 0.65 0.00 11 3879.9
6/19/06 2:00 AM 0.65 0.00 11 3830.5
6/19/06 3:00 AM 0.65 0.00 1.0 3768.3
6/19/06 4:00 AM 0.64 0.00 1.0 3721.2
6/19/06 5:00 AM 0.64 0.00 1.0 3681.9
6/19/06 6:00 AM 0.64 0.00 1.0 3637.4
6/19/06 7:00 AM 0.63 0.00 1.0 3594.2
6/19/06 8:00 AM 0.63 0.00 1.0 3564.2
6/19/06 9:00 AM 0.63 0.00 1.0 3541.0
6/19/06 10:00 AM 0.63 0.00 1.0 3512.9
6/19/06 11:00 AM 0.63 0.00 1.0 3475.4
6/19/06 12:00 PM 0.62 0.00 1.0 3444.8
6/19/06 1:00 PM 0.62 0.00 0.9 3329.8
6/19/06 2:00 PM 0.62 0.00 0.9 3316.4
6/19/06 3:00 PM 0.62 0.00 0.9 3412.4




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
6/19/06 4:00 PM 0.62 0.00 0.9 3315.3
6/19/06 5:00 PM 0.62 0.00 0.9 3208.4
6/19/06 6:00 PM 0.62 0.00 1.0 3314.3
6/19/06 7:00 PM 0.62 0.00 0.9 3336.1
6/19/06 8:00 PM 0.61 0.00 0.9 3208.5
6/19/06 9:00 PM 0.61 0.00 0.9 3143.9
6/19/06 10:00 PM 0.61 0.00 0.9 3090.6
6/19/06 11:00 PM 0.60 0.00 0.8 3043.2
6/20/06 12:00 AM 0.60 0.00 0.8 2991.0
6/20/06 1:00 AM 0.60 0.00 0.8 2954.7
6/20/06 2:00 AM 0.60 0.00 0.8 2944.4
6/20/06 3:00 AM 0.59 0.00 0.8 2923.9
6/20/06 4:00 AM 0.59 0.00 0.8 2898.4
6/20/06 5:00 AM 0.59 0.00 0.8 2878.0
6/20/06 6:00 AM 0.59 0.00 0.8 2857.8
6/20/06 7:00 AM 0.59 0.00 0.8 2832.6
6/20/06 8:00 AM 0.58 0.00 0.8 2807.5
6/20/06 9:00 AM 0.58 0.00 0.8 2782.6
6/20/06 10:00 AM 0.58 0.00 0.8 2752.8
6/20/06 11:00 AM 0.58 0.00 0.8 2747.9
6/20/06 12:00 PM 0.58 0.00 0.8 2733.2
6/20/06 1:00 PM 0.58 0.00 0.8 2713.5
6/20/06 2:00 PM 0.58 0.00 0.7 2703.7
6/20/06 3:00 PM 0.57 0.00 0.7 2669.6
6/20/06 4:00 PM 0.57 0.00 0.7 2640.6
6/20/06 5:00 PM 0.57 0.00 0.7 2645.4
6/20/06 6:00 PM 0.58 0.00 0.8 2723.7
6/20/06 7:00 PM 0.58 0.00 0.7 2743.2
6/20/06 8:00 PM 0.57 0.00 0.7 2655.3
6/20/06 9:00 PM 0.57 0.00 0.7 2621.4
6/20/06 10:00 PM 0.57 0.00 0.7 2611.8
6/20/06 11:00 PM 0.56 0.00 0.7 2564.3
6/21/06 12:00 AM 0.56 0.00 0.7 2531.2
6/21/06 1:00 AM 0.56 0.00 0.7 2521.8
6/21/06 2:00 AM 0.56 0.00 0.7 2507.7
6/21/06 3:00 AM 0.56 0.00 0.7 2489.1
6/21/06 4:00 AM 0.55 0.00 0.7 2461.3
6/21/06 5:00 AM 0.55 0.00 0.7 2438.3
6/21/06 6:00 AM 0.55 0.00 0.7 2424.5
6/21/06 7:00 AM 0.55 0.00 0.7 2401.7
6/21/06 8:00 AM 0.55 0.00 0.7 2383.5
6/21/06 9:00 AM 0.55 0.00 0.7 2374.5
6/21/06 10:00 AM 0.54 0.00 0.6 2347.5
6/21/06 11:00 AM 0.54 0.00 0.6 2320.6
6/21/06 12:00 PM 0.54 0.00 0.6 2311.7
6/21/06 1:00 PM 0.54 0.00 0.6 2298.3
6/21/06 2:00 PM 0.54 0.00 0.6 2293.9
6/21/06 3:00 PM 0.54 0.00 0.7 2320.6
6/21/06 4:00 PM 0.54 0.00 0.6 2338.4




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
6/21/06 5:00 PM 0.53 0.00 0.6 2268.0
6/21/06 6:00 PM 0.55 0.00 0.7 2308.7
6/21/06 7:00 PM 0.54 0.00 0.6 2374.7
6/21/06 8:00 PM 0.54 0.00 0.6 2320.6
6/21/06 9:00 PM 0.54 0.00 0.6 2293.9
6/21/06 10:00 PM 0.53 0.00 0.6 2258.7
6/21/06 11:00 PM 0.54 0.00 0.6 2241.1
6/22/06 12:00 AM 0.53 0.00 0.6 2219.5
6/22/06 1:00 AM 0.53 0.00 0.6 2189.1
6/22/06 2:00 AM 0.53 0.00 0.6 2184.8
6/22/06 3:00 AM 0.53 0.00 0.6 2176.2
6/22/06 4:00 AM 0.53 0.00 0.6 2163.4
6/22/06 5:00 AM 0.53 0.00 0.6 2159.1
6/22/06 6:00 AM 0.53 0.00 0.6 2150.6
6/22/06 7:00 AM 0.52 0.00 0.6 2137.8
6/22/06 8:00 AM 0.52 0.00 0.6 21335
6/22/06 9:00 AM 0.52 0.00 0.6 2108.3
6/22/06 10:00 AM 0.52 0.00 0.6 2070.5
6/22/06 11:00 AM 0.52 0.00 0.6 2049.8
6/22/06 12:00 PM 0.51 0.00 0.6 2037.4
6/22/06 1:00 PM 0.52 0.00 0.6 2041.5
6/22/06 2:00 PM 0.52 0.00 0.6 2066.4
6/22/06 3:00 PM 0.52 0.00 0.6 2074.7
6/22/06 4:00 PM 0.52 0.00 0.6 2062.2
6/22/06 5:00 PM 0.52 0.00 0.6 2053.9
6/22/06 6:00 PM 0.51 0.00 0.6 2029.2
6/22/06 7:00 PM 0.51 0.00 0.6 2012.7
6/22/06 8:00 PM 0.51 0.00 0.5 1988.4
6/22/06 9:00 PM 0.51 0.00 0.6 1992.5
6/22/06 10:00 PM 0.50 0.00 0.5 1980.4
6/22/06 11:00 PM 0.50 0.00 0.5 1931.8
6/23/06 12:00 AM 0.50 0.00 0.5 1911.9
6/23/06 1:00 AM 0.50 0.00 0.5 1892.1
6/23/06 2:00 AM 0.50 0.00 0.5 1880.3
6/23/06 3:00 AM 0.50 0.00 0.5 1864.6
6/23/06 4:00 AM 0.50 0.00 0.5 1856.8
6/23/06 5:00 AM 0.49 0.00 0.5 1849.0
6/23/06 6:00 AM 0.49 0.00 0.5 1841.2
6/23/06 7:00 AM 0.49 0.00 0.5 1822.0
6/23/06 8:00 AM 0.49 0.00 0.5 1802.7
6/23/06 9:00 AM 0.49 0.00 0.5 1791.2
6/23/06 10:00 AM 0.49 0.00 0.5 1776.0
6/23/06 11:00 AM 0.49 0.00 0.5 1779.8
6/23/06 12:00 PM 0.48 0.00 0.5 1764.7
6/23/06 1:00 PM 0.49 0.00 0.5 1783.9
6/23/06 2:00 PM 0.49 0.00 0.5 1821.9
6/23/06 3:00 PM 0.49 0.00 0.5 1814.2
6/23/06 4:00 PM 0.49 0.00 0.5 1787.5
6/23/06 5:00 PM 0.48 0.00 0.5 1757.1




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
6/23/06 6:00 PM 0.49 0.00 0.5 1795.4
6/23/06 7:00 PM 0.48 0.00 0.5 1758.2
6/23/06 8:00 PM 0.48 0.00 0.5 1708.6
6/23/06 9:00 PM 0.48 0.00 0.5 1715.9
6/23/06 10:00 PM 0.47 0.00 0.5 1671.6
6/23/06 11:00 PM 0.47 0.00 0.5 1646.0
6/24/06 12:00 AM 0.47 0.00 0.5 1638.8
6/24/06 1:00 AM 0.47 0.00 04 1628.0
6/24/06 2:00 AM 0.47 0.00 04 1613.6
6/24/06 3:00 AM 0.47 0.00 04 1602.8
6/24/06 4:00 AM 0.47 0.00 04 1588.6
6/24/06 5:00 AM 0.47 0.00 04 1581.5
6/24/06 6:00 AM 0.46 0.00 0.4 1567.4
6/24/06 7:00 AM 0.46 0.00 04 1546.3
6/24/06 8:00 AM 0.46 0.00 0.4 1528.9
6/24/06 9:00 AM 0.46 0.00 0.4 1525.4
6/24/06 10:00 AM 0.46 0.00 0.4 1518.5
6/24/06 11:00 AM 0.46 0.00 0.4 1508.1
6/24/06 12:00 PM 0.46 0.00 0.4 1511.6
6/24/06 1:00 PM 0.46 0.00 0.4 1525.4
6/24/06 2:00 PM 0.46 0.00 04 1528.9
6/24/06 3:00 PM 0.46 0.00 0.4 1539.4
6/24/06 4:00 PM 0.46 0.00 0.4 1567.3
6/24/06 5:00 PM 0.46 0.00 0.4 1556.8
6/24/06 6:00 PM 0.49 0.00 0.5 1652.0
6/24/06 7:00 PM 0.54 0.00 0.6 2027.0
6/24/06 8:00 PM 0.55 0.00 0.7 2334.2
6/24/06 9:00 PM 0.55 0.00 0.7 2374.5
6/24/06 10:00 PM 0.54 0.00 0.6 2351.9
6/24/06 11:00 PM 0.54 0.00 0.6 2329.5
6/25/06 12:00 AM 0.54 0.00 0.6 2320.6
6/25/06 1:00 AM 0.54 0.00 0.6 2298.4
6/25/06 2:00 AM 0.54 0.00 0.6 2285.1
6/25/06 3:00 AM 0.54 0.00 0.6 2267.5
6/25/06 4:00 AM 0.53 0.00 0.6 2236.8
6/25/06 5:00 AM 0.53 0.00 0.6 2228.1
6/25/06 6:00 AM 0.53 0.00 0.6 2219.4
6/25/06 7:00 AM 0.53 0.00 0.6 2197.7
6/25/06 8:00 AM 0.53 0.00 0.6 2180.5
6/25/06 9:00 AM 0.53 0.00 0.6 2167.6
6/25/06 10:00 AM 0.53 0.00 0.6 2154.8
6/25/06 11:00 AM 0.52 0.00 0.6 2142.0
6/25/06 12:00 PM 0.53 0.00 0.6 2137.8
6/25/06 1:00 PM 0.52 0.00 0.6 2133.6
6/25/06 2:00 PM 0.52 0.00 0.6 2120.9
6/25/06 3:00 PM 0.53 0.00 0.6 2163.7
6/25/06 4:00 PM 0.53 0.00 0.6 2215.0
6/25/06 5:00 PM 0.58 0.00 0.7 2459.1
6/25/06 6:00 PM 0.59 0.00 0.8 2763.2




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)

6/25/06 7:00 PM 0.60 0.00 0.8 2909.2
6/25/06 8:00 PM 0.60 0.00 0.8 3006.6
6/25/06 9:00 PM 0.62 0.00 0.9 3134.3
6/25/06 10:00 PM 0.64 0.00 1.0 3417.2
6/25/06 11:00 PM 0.64 0.00 1.0 3612.6
6/26/06 12:00 AM 0.64 0.00 1.0 3637.2
6/26/06 1:00 AM 0.64 0.00 1.0 3612.6
6/26/06 2:00 AM 0.64 0.00 1.0 3594.0
6/26/06 3:00 AM 0.63 0.00 1.0 3582.1
6/26/06 4:00 AM 0.63 0.00 1.0 3546.8
6/26/06 5:00 AM 0.63 0.00 1.0 3512.9
6/26/06 6:00 AM 0.63 0.00 1.0 3480.5
6/26/06 7:00 AM 0.62 0.00 1.0 3454.6
6/26/06 8:00 AM 0.62 0.00 1.0 3444.6
6/26/06 9:00 AM 0.62 0.00 0.9 3430.7
6/26/06 10:00 AM 0.62 0.00 1.0 3425.9
6/26/06 11:00 AM 0.62 0.00 0.9 3425.9
6/26/06 12:00 PM 0.62 0.00 0.9 3416.7
6/26/06 4:00 PM 0.63 0.00 1.0 13985.4
6/26/06 8:00 PM 0.63 0.00 1.0 14081.3
6/27/06 12:00 AM 0.62 0.00 0.9 13356.9
6/27/06 4:00 AM 0.61 0.00 0.9 12683.2
6/27/06 8:00 AM 0.60 0.00 0.8 12320.9
6/27/06 12:00 PM 0.60 0.00 0.8 12026.4
6/27/06 4:00 PM 0.60 0.00 0.8 12005.5
6/27/06 8:00 PM 0.59 0.00 0.8 11861.5
6/28/06 12:00 AM 0.58 0.00 0.8 11312.9
6/28/06 4:00 AM 0.57 0.00 0.7 10835.0
6/28/06 8:00 AM 0.57 0.00 0.7 10486.5
6/28/06 12:00 PM 0.56 0.00 0.7 10256.7
6/28/06 4:00 PM 0.57 0.00 0.7 10352.2
6/28/06 8:00 PM 0.55 0.00 0.7 9982.6
6/29/06 12:00 AM 0.54 0.00 0.6 9389.9
6/29/06 4:00 AM 0.54 0.00 0.6 9176.1
6/29/06 8:00 AM 0.53 0.00 0.6 8895.6
6/29/06 12:00 PM 0.52 0.00 0.6 8619.7
6/29/06 4:00 PM 0.53 0.00 0.6 8551.3
6/29/06 8:00 PM 0.52 0.00 0.6 8467.2
6/30/06 12:00 AM 0.50 0.00 0.5 7989.9
6/30/06 4:00 AM 0.50 0.00 0.5 7521.9
6/30/06 8:00 AM 0.49 0.00 0.5 7288.1
6/30/06 12:00 PM 0.48 0.00 0.5 7089.1
6/30/06 4:00 PM 0.49 0.00 0.5 7028.2
6/30/06 8:00 PM 0.48 0.00 0.5 6968.3
7/1/06 12:00 AM 0.47 0.00 0.5 6731.1

7/1/06 4:00 AM 0.47 0.00 0.4 6483.4

7/1/06 8:00 AM 0.46 0.00 0.4 6326.0
7/1/06 12:00 PM 0.46 0.00 0.4 6199.4

7/1/06 4:00 PM 0.46 0.00 0.4 6171.2




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
7/1/06 8:00 PM 0.45 0.00 04 5953.6
7/2/06 12:00 AM 0.44 0.00 0.4 5641.1
7/2/06 4:00 AM 0.43 0.00 04 5433.0
7/2/06 8:00 AM 0.43 0.00 0.4 5177.3
7/2/06 12:00 PM 0.42 0.00 0.3 5039.7
7/2/06 4:00 PM 0.44 0.00 04 5230.1
7/2/06 8:00 PM 0.86 0.00 25 21076.6
7/3/06 12:00 AM 0.82 0.00 2.2 33862.4
7/3/06 4:00 AM 0.78 0.00 1.9 29219.2
7/3/06 8:00 AM 0.76 0.00 1.7 26052.2
7/3/06 12:00 PM 0.74 0.00 1.6 23698.3
7/3/06 4:00 PM 0.73 0.00 15 22500.0
7/3/06 8:00 PM 0.74 0.00 1.6 22500.0
7/4/06 12:00 AM 0.72 0.00 15 21793.9
714/06 4:00 AM 0.71 0.00 14 20395.8
7/4/06 8:00 AM 0.70 0.00 1.3 19467.5
7/4/06 12:00 PM 0.70 0.00 13 18923.0
7/4/06 4:00 PM 0.68 0.00 1.2 18296.3
7/4/06 8:00 PM 0.68 0.00 1.2 17445.3
7/5/06 12:00 AM 0.67 0.00 11 16733.6
7/5/06 4:00 AM 0.66 0.00 11 16141.0
7/5/06 8:00 AM 0.65 0.00 11 15667.0
7/5/06 12:00 PM 0.65 0.00 1.0 15238.9
7/5/06 4:00 PM 0.66 0.00 11 15382.5
7/5/06 8:00 PM 0.64 0.00 1.0 15301.8
7/6/06 12:00 AM 0.63 0.00 1.0 14491.9
7/6/06 4:00 AM 0.62 0.00 1.0 13925.8
7/6/06 8:00 AM 0.71 0.00 1.4 16841.9
7/6/06 12:00 PM 0.70 0.00 1.3 19467.5
7/6/06 4:00 PM 0.68 0.00 1.2 18437.2
7/6/06 8:00 PM 0.68 0.00 1.2 17810.5
7/7/06 12:00 AM 0.74 0.00 1.6 20524.7
717106 4:00 AM 0.74 0.00 1.6 22987.1
7/7/06 8:00 AM 0.73 0.00 15 22104.0
7/7/06 12:00 PM 0.78 0.00 1.9 24234.0
7/7/06 4:00 PM 0.82 0.00 2.2 29138.9
7/7/06 8:00 PM 1.04 0.00 4.3 46351.3
7/8/06 12:00 AM 1.02 0.00 4.0 59508.1
7/8/06 4:00 AM 0.98 0.00 3.6 54602.0
7/8/06 8:00 AM 0.94 0.00 3.3 49246.5
7/8/06 12:00 PM 0.91 0.00 3.0 44790.4
7/8/06 4:00 PM 0.93 0.00 3.1 43884.1
7/8/06 8:00 PM 0.91 0.00 2.9 43719.5
7/9/06 12:00 AM 0.89 0.00 2.8 41142.0
7/9/06 4:00 AM 0.88 0.00 2.7 39104.0
7/9/06 8:00 AM 0.86 0.00 25 37373.0
7/9/06 12:00 PM 0.85 0.00 25 35978.6
7/9/06 4:00 PM 0.85 0.00 24 35163.9
7/9/06 8:00 PM 0.84 0.00 2.3 34260.0




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
7/10/06 12:00 AM 0.82 0.00 2.2 32729.0
7/10/06 4:00 AM 0.82 0.00 2.2 31413.7
7/10/06 8:00 AM 0.81 0.00 2.1 30601.7
7/10/06 12:00 PM 0.80 0.00 2.1 29892.6
7/10/06 4:00 PM 0.80 0.00 2.0 29193.2
7/10/06 8:00 PM 0.81 0.00 2.1 29380.7
7/11/06 12:00 AM 0.80 0.00 2.0 29426.8
7/11/06 4:00 AM 0.79 0.00 1.9 28455.2
7/11/06 8:00 AM 0.78 0.00 1.9 27546.7
7/11/06 12:00 PM 0.77 0.00 1.8 26563.9
7/11/06 4:00 PM 1.06 0.00 4.4 44943.9
7/11/06 8:00 PM 1.03 0.00 4.2 61904.6
7/12/06 12:00 AM 1.00 0.00 3.8 57163.0
7/12/06 4:00 AM 0.97 0.00 35 52184.8
7/12/06 8:00 AM 0.94 0.00 3.2 48252.7
7/12/06 12:00 PM 0.91 0.00 3.0 44782.7
7/12/06 4:00 PM 0.90 0.00 2.9 42281.1
7/12/06 8:00 PM 0.88 0.00 2.7 40227.1
7/13/06 12:00 AM 0.86 0.00 25 37690.6
7/13/06 4:00 AM 0.85 0.00 24 35522.9
7/13/06 8:00 AM 0.83 0.00 2.3 33813.6
7/13/06 12:00 PM 0.84 0.00 2.3 33314.1
7/13/06 4:00 PM 0.83 0.00 2.3 33215.9
7/13/06 8:00 PM 0.92 0.00 3.0 38324.6
7/14/06 12:00 AM 0.90 0.00 2.9 42831.8
7/14/06 4:00 AM 0.89 0.00 2.8 40815.5
7/14/06 8:00 AM 0.87 0.00 2.6 38788.9
7/14/06 12:00 PM 0.86 0.00 25 37214.4
7/14/06 4:00 PM 0.85 0.00 24 35929.5
7/14/06 8:00 PM 0.84 0.00 2.3 34461.2
7/15/06 12:00 AM 0.83 0.00 2.3 33118.8
7/15/06 4:00 AM 0.82 0.00 2.2 31801.6
7/15/06 8:00 AM 0.81 0.00 2.1 30696.7
7/15/06 12:00 PM 0.80 0.00 2.1 29939.8
7/15/06 4:00 PM 0.80 0.00 2.0 29285.5
7/15/06 8:00 PM 0.79 0.00 1.9 28229.7
7/16/06 12:00 AM 0.78 0.00 1.9 27230.4
7/16/06 4:00 AM 0.77 0.00 1.8 26607.1
7/16/06 8:00 AM 0.77 0.00 18 25816.9
7/16/06 12:00 PM 0.76 0.00 1.7 24995.6
7/16/06 4:00 PM 0.76 0.00 1.8 24952.4
7/16/06 8:00 PM 0.74 0.00 1.6 24283.7
7/17/06 12:00 AM 0.74 0.00 1.6 22866.0
7/17/06 4:00 AM 0.73 0.00 15 22179.8
7/17/06 8:00 AM 0.72 0.00 15 21509.0
7/17/06 12:00 PM 0.71 0.00 1.4 20773.5
7/17/06 4:00 PM 0.72 0.00 15 20773.5
7/17/06 8:00 PM 0.71 0.00 14 20474.3
7/18/06 12:00 AM 0.69 0.00 1.3 19008.6




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
7/18/06 4:00 AM 0.68 0.00 1.2 17947.7
7/18/06 8:00 AM 0.68 0.00 1.2 17411.6
7/18/06 12:00 PM 0.67 0.00 1.2 16921.3
7/18/06 4:00 PM 0.67 0.00 1.2 16792.3
7/18/06 8:00 PM 0.66 0.00 11 16452.2
7/19/06 12:00 AM 0.65 0.00 11 15783.9
7/19/06 4:00 AM 0.65 0.00 1.0 15295.8
7/19/06 8:00 AM 0.64 0.00 1.0 14810.5
7/19/06 12:00 PM 0.63 0.00 1.0 14402.7
7/19/06 4:00 PM 0.64 0.00 1.0 14427.9
7/19/06 8:00 PM 0.64 0.00 1.0 14475.5
7/20/06 12:00 AM 0.63 0.00 1.0 14168.5
7/20/06 4:00 AM 0.62 0.00 0.9 13825.9
7/20/06 8:00 AM 0.61 0.00 0.9 13174.7
7/20/06 12:00 PM 0.61 0.00 0.9 12639.6
7/20/06 4:00 PM 0.90 0.00 2.8 26757.6
7/20/06 8:00 PM 0.86 0.00 25 38755.7
7/21/06 12:00 AM 0.83 0.00 2.3 34682.3
7/21/06 4:00 AM 0.81 0.00 2.1 31426.0
7/21/06 8:00 AM 0.79 0.00 2.0 29106.9
7/21/06 12:00 PM 0.78 0.00 1.8 27369.8
7/21/06 4:00 PM 0.78 0.00 1.8 26605.9
7/21/06 8:00 PM 0.76 0.00 1.7 25693.1
7/22/06 12:00 AM 0.78 0.00 1.9 26005.0
7/22/06 4:00 AM 0.94 0.00 3.2 36903.4
7/22/06 8:00 AM 1.05 0.00 4.4 54809.2
7/22/06 12:00 PM 1.06 0.00 4.5 63619.0
7/22/06 4:00 PM 1.02 0.00 4.0 61161.2
7/22/06 8:00 PM 1.02 0.00 4.0 57877.9
7/23/06 12:00 AM 0.98 0.00 3.6 54958.5
7/23/06 4:00 AM 1.02 0.00 4.1 55392.6
7/23/06 8:00 AM 1.03 0.00 4.2 59185.7
7/23/06 12:00 PM 1.00 0.00 3.8 57342.5
7/23/06 4:00 PM 0.98 0.00 3.6 53371.0
7/23/06 8:00 PM 1.02 0.00 4.0 54718.2
7/24/06 12:00 AM 0.99 0.00 3.7 55555.2
7/24/06 4:00 AM 0.96 0.00 35 51705.9
7/24/06 8:00 AM 0.94 0.00 3.3 48363.6
7/24/06 12:00 PM 0.92 0.00 3.1 45676.7
7/24/06 4:00 PM 0.92 0.00 3.0 43823.3
7/24/06 8:00 PM 0.91 0.00 2.9 42608.4
7/25/06 12:00 AM 0.88 0.00 2.7 40446.5
7/25/06 4:00 AM 0.87 0.00 2.6 38206.5
7/25/06 8:00 AM 0.86 0.00 25 36955.7
7/25/06 12:00 PM 0.85 0.00 24 35674.0
7/25/06 4:00 PM 0.85 0.00 24 34759.8
7/25/06 8:00 PM 0.85 0.00 24 34608.6
7/26/06 12:00 AM 0.83 0.00 2.3 33715.4
7/26/06 4:00 AM 0.82 0.00 2.2 32285.1




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)

7/26/06 8:00 AM 0.81 0.00 2.1 31223.0
7/26/06 12:00 PM 0.80 0.00 2.0 29896.5
7/26/06 4:00 PM 0.79 0.00 2.0 28685.1
7/26/06 8:00 PM 0.79 0.00 2.0 28270.6
7/27/06 12:00 AM 0.78 0.00 1.9 27728.2
7127106 4:00 AM 0.77 0.00 18 26608.6
7/27/06 8:00 AM 0.76 0.00 1.7 25557.0
7/27/06 12:00 PM 0.75 0.00 1.7 24654.3
7/27/06 4:00 PM 0.75 0.00 1.7 24271.8
7/27/06 8:00 PM 0.74 0.00 1.6 23527.2
7/28/06 12:00 AM 0.73 0.00 15 22262.4
7/28/06 4:00 AM 0.72 0.00 15 21468.7
7/28/06 8:00 AM 0.71 0.00 1.4 20774.4
7/28/06 12:00 PM 0.71 0.00 1.4 20203.9
7/28/06 4:00 PM 0.70 0.00 1.4 19758.8
7/28/06 8:00 PM 0.90 0.00 2.8 30137.2
7/29/06 12:00 AM 0.87 0.00 2.6 38804.8
7/29/06 4:00 AM 0.84 0.00 2.3 35229.4
7/29/06 8:00 AM 0.82 0.00 2.2 32488.2
7/29/06 12:00 PM 0.81 0.00 2.1 30651.2
7/29/06 4:00 PM 0.83 0.00 2.2 31134.7
7/29/06 8:00 PM 0.82 0.00 2.2 31656.2
7/30/06 12:00 AM 0.80 0.00 2.0 30226.7
7/30/06 4:00 AM 0.79 0.00 1.9 28733.4
7/30/06 8:00 AM 0.78 0.00 1.9 27457.5
7/30/06 12:00 PM 0.77 0.00 1.8 26430.9
7/30/06 4:00 PM 0.77 0.00 1.8 26033.4
7/30/06 8:00 PM 0.76 0.00 1.8 25685.9
7/31/06 12:00 AM 0.75 0.00 1.6 24490.4
7/31/06 4:00 AM 0.74 0.00 1.6 23274.9
7/31/06 8:00 AM 0.73 0.00 15 22461.5
7/31/06 12:00 PM 0.73 0.00 15 21782.9
7/31/06 4:00 PM 0.73 0.00 15 217431
7/31/06 8:00 PM 0.72 0.00 15 21510.0
8/1/06 12:00 AM 0.75 0.00 1.7 22614.0

8/1/06 4:00 AM 0.74 0.00 1.6 23525.7

8/1/06 8:00 AM 0.73 0.00 15 223425
8/1/06 12:00 PM 0.72 0.00 15 21353.8

8/1/06 4:00 PM 0.71 0.00 1.4 20507.5

8/1/06 8:00 PM 0.70 0.00 1.3 19723.4
8/2/06 12:00 AM 0.70 0.00 1.3 19031.7

8/2/06 4:00 AM 0.69 0.00 1.3 18396.9

8/2/06 8:00 AM 0.68 0.00 1.2 17679.4
8/2/06 12:00 PM 0.67 0.00 1.2 17083.0

8/2/06 4:00 PM 0.67 0.00 1.1 16697.8

8/2/06 8:00 PM 0.66 0.00 1.1 16294.1
8/3/06 12:00 AM 0.65 0.00 11 15755.3

8/3/06 4:00 AM 0.65 0.00 1.0 15267.3

8/3/06 8:00 AM 0.64 0.00 1.0 14810.5




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
8/3/06 12:00 PM 0.63 0.00 1.0 14402.7
8/3/06 4:00 PM 0.63 0.00 1.0 14187.4
8/3/06 8:00 PM 0.62 0.00 1.0 13948.3
8/4/06 12:00 AM 0.62 0.00 0.9 13295.3
8/4/06 4:00 AM 0.61 0.00 0.9 12661.5
8/4/06 8:00 AM 0.61 0.00 0.8 12362.8
8/4/06 12:00 PM 0.60 0.00 0.8 12130.8
8/4/06 4:00 PM 0.60 0.00 0.8 11902.1
8/4/06 8:00 PM 0.59 0.00 0.8 11695.7
8/5/06 12:00 AM 0.58 0.00 0.8 11352.4
8/5/06 4:00 AM 0.58 0.00 0.8 10952.5
8/5/06 8:00 AM 0.57 0.00 0.7 10679.1
8/5/06 12:00 PM 0.57 0.00 0.7 10409.2
8/5/06 4:00 PM 0.56 0.00 0.7 10237.9
8/5/06 8:00 PM 0.59 0.00 0.8 10866.9
8/6/06 12:00 AM 0.58 0.00 0.8 11291.9
8/6/06 4:00 AM 0.58 0.00 0.7 10913.1
8/6/06 8:00 AM 0.57 0.00 0.7 10602.0
8/6/06 12:00 PM 0.56 0.00 0.7 10276.2
8/6/06 4:00 PM 0.56 0.00 0.7 10200.1
8/6/06 8:00 PM 0.56 0.00 0.7 10069.4
8/7/06 12:00 AM 0.55 0.00 0.7 9717.1
8/7/06 4:00 AM 0.54 0.00 0.6 9408.3
8/7/06 8:00 AM 0.54 0.00 0.6 9158.3
8/7/06 12:00 PM 0.54 0.00 0.6 9017.1
8/7/06 4:00 PM 0.53 0.00 0.6 8809.2
8/7/06 8:00 PM 0.52 0.00 0.6 8501.0
8/8/06 12:00 AM 0.51 0.00 0.6 8249.3
8/8/06 4:00 AM 0.51 0.00 0.5 8002.4
8/8/06 8:00 AM 0.50 0.00 0.5 7775.7
8/8/06 12:00 PM 0.49 0.00 0.5 7429.8
8/8/06 4:00 PM 0.49 0.00 0.5 7272.6
8/8/06 8:00 PM 0.49 0.00 0.5 7242.1
8/9/06 12:00 AM 0.48 0.00 0.5 6954.1
8/9/06 4:00 AM 0.47 0.00 0.5 6672.1
8/9/06 8:00 AM 0.47 0.00 0.4 6454.7
8/9/06 12:00 PM 0.46 0.00 0.4 6283.7
8/9/06 4:00 PM 0.46 0.00 0.4 6185.2
8/9/06 8:00 PM 0.45 0.00 0.4 5979.1
8/10/06 12:00 AM 0.44 0.00 0.4 5694.6
8/10/06 4:00 AM 0.44 0.00 0.4 5471.3
8/10/06 8:00 AM 0.43 0.00 0.4 5290.8
8/10/06 12:00 PM 0.43 0.00 04 5151.9
8/10/06 4:00 PM 0.43 0.00 0.4 5076.8
8/10/06 8:00 PM 0.40 0.00 0.3 4720.5
8/11/06 12:00 AM 0.37 0.00 0.2 3958.4
8/11/06 4:00 AM 0.35 0.00 0.2 3294.2
8/11/06 8:00 AM 0.33 0.00 0.2 2834.6
8/11/06 12:00 PM 0.31 0.00 0.2 2495.6
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
8/11/06 4:00 PM 0.31 0.00 0.2 2342.2
8/11/06 8:00 PM 0.29 0.00 0.1 2107.1
8/12/06 12:00 AM 0.27 0.00 0.1 1731.6
8/12/06 4:00 AM 0.26 0.00 0.1 1492.1
8/12/06 8:00 AM 0.24 0.00 0.1 1336.3
8/12/06 12:00 PM 0.24 0.00 0.1 1221.6
8/12/06 4:00 PM 0.22 0.00 0.1 1100.1
8/12/06 8:00 PM 0.22 0.00 0.1 988.2
8/13/06 12:00 AM 0.20 0.00 0.1 857.6
8/13/06 4:00 AM 0.19 0.00 0.0 706.3
8/13/06 8:00 AM 0.18 0.00 0.0 614.7
8/13/06 12:00 PM 0.17 0.00 0.0 559.7
8/13/06 4:00 PM 0.16 0.00 0.0 502.8
8/13/06 8:00 PM 0.16 0.00 0.0 436.9
8/14/06 12:00 AM 0.14 0.00 0.0 360.6
8/14/06 4:00 AM 0.13 0.00 0.0 285.7
8/14/06 8:00 AM 0.12 0.00 0.0 2415
8/14/06 12:00 PM 0.13 0.00 0.0 247.8
8/14/06 4:00 PM 0.16 0.00 0.0 348.3
8/14/06 8:00 PM 0.31 0.00 0.2 1320.8
8/15/06 12:00 AM 0.31 0.00 0.2 2288.5
8/15/06 4:00 AM 0.32 0.00 0.2 2405.4
8/15/06 8:00 AM 0.32 0.00 0.2 2485.3
8/15/06 12:00 PM 0.33 0.00 0.2 2567.2
8/15/06 4:00 PM 0.33 0.00 0.2 2684.5
8/15/06 8:00 PM 0.34 0.00 0.2 2804.4
8/16/06 12:00 AM 0.35 0.00 0.2 2992.2
8/16/06 4:00 AM 0.35 0.00 0.2 3137.1
8/16/06 8:00 AM 0.35 0.00 0.2 3118.6
8/16/06 12:00 PM 0.35 0.00 0.2 3090.8
8/16/06 4:00 PM 0.36 0.00 0.2 3175.1
8/16/06 8:00 PM 0.36 0.00 0.2 3240.5
8/17/06 12:00 AM 0.35 0.00 0.2 3165.4
8/17/06 4:00 AM 0.35 0.00 0.2 3118.5
8/17/06 8:00 AM 0.35 0.00 0.2 3090.9
8/17/06 12:00 PM 0.35 0.00 0.2 3026.7
8/17/06 4:00 PM 0.35 0.00 0.2 3008.5
8/17/06 8:00 PM 0.34 0.00 0.2 2990.4
8/18/06 12:00 AM 0.34 0.00 0.2 2910.0
8/18/06 4:00 AM 0.33 0.00 0.2 2813.0
8/18/06 8:00 AM 0.33 0.00 0.2 2726.7
8/18/06 12:00 PM 0.33 0.00 0.2 2650.3
8/18/06 4:00 PM 0.33 0.00 0.2 2633.4
8/18/06 8:00 PM 0.33 0.00 0.2 2616.8
8/19/06 12:00 AM 0.32 0.00 0.2 2526.3
8/19/06 4:00 AM 0.32 0.00 0.2 2429.2
8/19/06 8:00 AM 0.31 0.00 0.2 2365.7
8/19/06 12:00 PM 0.31 0.00 0.2 2311.2
8/19/06 4:00 PM 0.32 0.00 0.2 2382.7
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
8/19/06 8:00 PM 0.59 0.00 0.8 7018.9
8/20/06 12:00 AM 0.59 0.00 0.8 11431.4
8/20/06 4:00 AM 0.58 0.00 0.8 11131.1
8/20/06 8:00 AM 0.57 0.00 0.7 10815.3
8/20/06 12:00 PM 0.57 0.00 0.7 10505.5
8/20/06 4:00 PM 0.57 0.00 0.7 10313.6
8/20/06 8:00 PM 0.56 0.00 0.7 10106.9
8/21/06 12:00 AM 0.55 0.00 0.7 9735.7
8/21/06 4:00 AM 0.55 0.00 0.7 9534.0
8/21/06 8:00 AM 0.54 0.00 0.6 9284.0
8/21/06 12:00 PM 0.53 0.00 0.6 8999.6
8/21/06 4:00 PM 0.53 0.00 0.6 8947.1
8/21/06 8:00 PM 0.54 0.00 0.6 9034.8
8/22/06 12:00 AM 0.53 0.00 0.6 8982.7
8/22/06 4:00 AM 0.53 0.00 0.6 8722.5
8/22/06 8:00 AM 0.52 0.00 0.6 8517.5
8/22/06 12:00 PM 0.52 0.00 0.6 8332.5
8/22/06 4:00 PM 0.52 0.00 0.6 8298.9
8/22/06 8:00 PM 0.51 0.00 0.6 8183.7
8/23/06 12:00 AM 0.50 0.00 0.5 7777.2
8/23/06 4:00 AM 0.50 0.00 0.5 7505.6
8/23/06 8:00 AM 0.49 0.00 0.5 7350.0
8/23/06 12:00 PM 0.49 0.00 0.5 7226.1
8/23/06 4:00 PM 0.49 0.00 0.5 7287.9
8/23/06 8:00 PM 0.49 0.00 0.5 7318.6
8/24/06 12:00 AM 0.48 0.00 0.5 7090.1
8/24/06 4:00 AM 0.47 0.00 0.5 6775.2
8/24/06 8:00 AM 0.47 0.00 04 6555.4
8/24/06 12:00 PM 0.47 0.00 0.5 6482.9
8/24/06 4:00 PM 0.47 0.00 0.5 6497.3
8/24/06 8:00 PM 0.45 0.00 0.4 6189.7
8/25/06 12:00 AM 0.45 0.00 0.4 5841.6
8/25/06 4:00 AM 0.44 0.00 0.4 5707.8
8/25/06 8:00 AM 0.44 0.00 0.4 5562.1
8/25/06 12:00 PM 0.44 0.00 0.4 5509.6
8/25/06 4:00 PM 0.44 0.00 0.4 5470.6
8/25/06 8:00 PM 0.43 0.00 0.4 5254.2
8/26/06 12:00 AM 0.42 0.00 0.3 5002.9
8/26/06 4:00 AM 0.41 0.00 0.3 4832.6
8/26/06 8:00 AM 0.41 0.00 0.3 4688.8
8/26/06 12:00 PM 0.41 0.00 0.3 4583.0
8/26/06 4:00 PM 0.41 0.00 0.3 4618.5
8/26/06 8:00 PM 0.41 0.00 0.3 4700.5
8/27/06 12:00 AM 0.41 0.00 0.3 4595.1
8/27/06 4:00 AM 0.40 0.00 0.3 4432.8
8/27/06 8:00 AM 0.39 0.00 0.3 4274.5
8/27/06 12:00 PM 0.39 0.00 0.3 4141.0
8/27/06 4:00 PM 0.39 0.00 0.3 4141.0
8/27/06 8:00 PM 0.39 0.00 0.3 4076.1
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
8/28/06 12:00 AM 0.37 0.00 0.2 3770.0
8/28/06 4:00 AM 0.37 0.00 0.2 3512.9
8/28/06 8:00 AM 0.36 0.00 0.2 3394.7
8/28/06 12:00 PM 0.36 0.00 0.2 3288.3
8/28/06 4:00 PM 0.35 0.00 0.2 3212.1
8/28/06 8:00 PM 0.35 0.00 0.2 3155.8
8/29/06 12:00 AM 0.36 0.00 0.2 3232.0
8/29/06 4:00 AM 0.35 0.00 0.2 3250.6
8/29/06 8:00 AM 0.35 0.00 0.2 3127.9
8/29/06 12:00 PM 0.35 0.00 0.2 3045.1
8/29/06 4:00 PM 0.34 0.00 0.2 2954.5
8/29/06 8:00 PM 0.36 0.00 0.2 3103.7
8/30/06 12:00 AM 0.36 0.00 0.2 3316.9
8/30/06 4:00 AM 0.36 0.00 0.2 3297.8
8/30/06 8:00 AM 0.35 0.00 0.2 3175.1
8/30/06 12:00 PM 0.42 0.00 0.3 3985.6
8/30/06 4:00 PM 0.43 0.00 0.4 5028.6
8/30/06 8:00 PM 0.47 0.00 0.4 5779.7
8/31/06 12:00 AM 0.47 0.00 0.4 6411.3
8/31/06 4:00 AM 0.47 0.00 0.4 6397.1
8/31/06 8:00 AM 0.47 0.00 0.5 6483.7
8/31/06 12:00 PM 0.48 0.00 0.5 6701.1
8/31/06 4:00 PM 0.47 0.00 0.5 6672.1
8/31/06 8:00 PM 0.47 0.00 0.4 6497.5
9/1/06 12:00 AM 0.46 0.00 0.4 6340.5
9/1/06 4:00 AM 0.46 0.00 0.4 6185.3
9/1/06 8:00 AM 0.46 0.00 0.4 6129.4
9/1/06 12:00 PM 0.46 0.00 04 6074.0
9/1/06 4:00 PM 0.46 0.00 04 6101.9
9/1/06 8:00 PM 0.45 0.00 0.4 6060.8
9/2/06 12:00 AM 0.45 0.00 0.4 5802.0
9/2/06 4:00 AM 0.44 0.00 0.4 5588.5
9/2/06 8:00 AM 0.44 0.00 0.4 5483.6
9/2/06 12:00 PM 0.44 0.00 0.4 5509.8
9/2/06 4:00 PM 0.46 0.00 04 5804.1
9/2/06 8:00 PM 0.45 0.00 0.4 5977.8
9/3/06 12:00 AM 0.44 0.00 0.4 5775.1
9/3/06 4:00 AM 0.44 0.00 0.4 5601.5
9/3/06 8:00 AM 0.44 0.00 0.4 5496.8
9/3/06 12:00 PM 0.44 0.00 04 5418.8
9/3/06 4:00 PM 0.46 0.00 04 5698.6
9/3/06 8:00 PM 0.58 0.00 0.8 8412.8
9/4/06 12:00 AM 0.57 0.00 0.7 10621.6
9/4/06 4:00 AM 0.56 0.00 0.7 10257.4
9/4/06 8:00 AM 0.55 0.00 0.7 9901.9
9/4/06 12:00 PM 0.54 0.00 0.6 9499.0
9/4/06 4:00 PM 0.56 0.00 0.7 9572.6
9/4/06 8:00 PM 0.54 0.00 0.7 9608.4
9/5/06 12:00 AM 0.54 0.00 0.6 9229.5
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
9/5/06 4:00 AM 0.53 0.00 0.6 8930.5
9/5/06 8:00 AM 0.53 0.00 0.6 8756.4
9/5/06 12:00 PM 0.52 0.00 0.6 8636.7
9/5/06 4:00 PM 0.52 0.00 0.6 8534.2
9/5/06 8:00 PM 0.51 0.00 0.6 8333.6
9/6/06 12:00 AM 0.51 0.00 0.5 7954.1
9/6/06 4:00 AM 0.50 0.00 0.5 7616.9
9/6/06 8:00 AM 0.74 0.00 1.6 15080.0
9/6/06 12:00 PM 0.74 0.00 1.6 22620.6
9/6/06 4:00 PM 0.75 0.00 1.6 23112.9
9/6/06 8:00 PM 0.71 0.00 1.4 22057.7
9/7/06 12:00 AM 0.69 0.00 13 19551.9
9/7/06 4:00 AM 0.68 0.00 1.2 18158.3
9/7/06 8:00 AM 0.66 0.00 11 16667.5
9/7/06 12:00 PM 0.66 0.00 1.1 15751.4
9/7/06 4:00 PM 0.69 0.00 13 16998.1
9/7/06 8:00 PM 0.66 0.00 11 17087.3
9/8/06 12:00 AM 0.64 0.00 1.0 15344.8
9/8/06 4:00 AM 0.63 0.00 1.0 14279.9
9/8/06 8:00 AM 0.61 0.00 0.9 13184.9
9/8/06 12:00 PM 0.63 0.00 1.0 13226.6
9/8/06 4:00 PM 0.66 0.00 1.1 14788.4
9/8/06 8:00 PM 0.61 0.00 0.9 14051.6
9/9/06 12:00 AM 0.60 0.00 0.8 12154.0
9/9/06 4:00 AM 0.59 0.00 0.8 11554.8
9/9/06 8:00 AM 0.58 0.00 0.7 11032.6
9/9/06 12:00 PM 0.58 0.00 0.8 10873.7
9/9/06 4:00 PM 0.62 0.00 0.9 11882.0
9/9/06 8:00 PM 0.57 0.00 0.7 11687.2
9/10/06 12:00 AM 0.58 0.00 0.8 10757.3
9/10/06 4:00 AM 0.55 0.00 0.7 10306.7
9/10/06 8:00 AM 0.54 0.00 0.7 9516.5
9/10/06 12:00 PM 0.54 0.00 0.6 9282.5
9/10/06 4:00 PM 0.58 0.00 0.8 10053.0
9/10/06 8:00 PM 0.63 0.00 1.0 12561.3
9/11/06 12:00 AM 0.61 0.00 0.9 13360.5
9/11/06 4:00 AM 0.60 0.00 0.8 12196.0
9/11/06 8:00 AM 0.59 0.00 0.8 11615.6
9/11/06 12:00 PM 0.58 0.00 0.8 11250.2
9/11/06 4:00 PM 0.62 0.00 0.9 11959.4
9/11/06 8:00 PM 0.68 0.00 1.2 15138.6
9/12/06 12:00 AM 0.69 0.00 1.3 17951.3
9/12/06 4:00 AM 0.68 0.00 1.2 17754.0
9/12/06 8:00 AM 0.66 0.00 1.1 16581.2
9/12/06 12:00 PM 0.66 0.00 11 15988.5
9/12/06 4:00 PM 0.68 0.00 1.2 16652.3
9/12/06 8:00 PM 0.66 0.00 11 16652.3
9/13/06 12:00 AM 0.64 0.00 1.0 15263.9
9/13/06 4:00 AM 0.63 0.00 1.0 14427.9
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
9/13/06 8:00 AM 0.62 0.00 0.9 13556.0
9/13/06 12:00 PM 0.61 0.00 0.9 12704.5
9/13/06 4:00 PM 0.63 0.00 1.0 13313.4
9/13/06 8:00 PM 0.69 0.00 13 16095.2
9/14/06 12:00 AM 0.74 0.00 1.6 20572.1
9/14/06 4:00 AM 0.72 0.00 15 22188.7
9/14/06 8:00 AM 0.71 0.00 1.4 20480.2
9/14/06 12:00 PM 0.82 0.00 2.2 25463.3
9/14/06 4:00 PM 0.98 0.00 3.7 42040.4
9/14/06 8:00 PM 0.92 0.00 3.0 47988.3
9/15/06 12:00 AM 0.85 0.00 24 39238.5
9/15/06 4:00 AM 0.83 0.00 2.2 33676.7
9/15/06 8:00 AM 0.79 0.00 2.0 30294.2
9/15/06 12:00 PM 0.81 0.00 2.1 29431.4
9/15/06 4:00 PM 0.82 0.00 2.2 30696.2
9/15/06 8:00 PM 0.78 0.00 1.9 29129.4
9/16/06 12:00 AM 0.75 0.00 1.6 25416.4
9/16/06 4:00 AM 0.74 0.00 1.6 23071.4
9/16/06 8:00 AM 0.72 0.00 15 217515
9/16/06 12:00 PM 0.71 0.00 14 20658.6
9/16/06 4:00 PM 0.75 0.00 1.6 21978.5
9/16/06 8:00 PM 0.73 0.00 15 22594.0
9/17/06 12:00 AM 0.70 0.00 1.3 20271.7
9/17/06 4:00 AM 0.69 0.00 1.3 18537.9
9/17/06 8:00 AM 0.67 0.00 1.2 17423.0
9/17/06 12:00 PM 0.67 0.00 1.2 16728.6
9/17/06 4:00 PM 0.70 0.00 1.3 17772.3
9/17/06 8:00 PM 0.99 0.00 3.7 36089.7
9/18/06 12:00 AM 111 0.00 5.0 62730.4
9/18/06 4:00 AM 1.07 0.00 4.5 68793.6
9/18/06 8:00 AM 1.01 0.00 3.9 60882.7
9/18/06 12:00 PM 0.96 0.00 3.4 52750.2
9/18/06 4:00 PM 0.92 0.00 3.1 46829.5
9/18/06 8:00 PM 0.91 0.00 3.0 43602.9
9/19/06 12:00 AM 0.86 0.00 25 39425.4
9/19/06 4:00 AM 0.84 0.00 2.3 34622.3
9/19/06 8:00 AM 0.82 0.00 2.2 32097.2
9/19/06 12:00 PM 0.82 0.00 2.2 31462.0
9/19/06 4:00 PM 0.83 0.00 2.2 32137.9
9/19/06 8:00 PM 0.82 0.00 2.2 31944.8
9/20/06 12:00 AM 0.85 0.00 24 33285.5
9/20/06 4:00 AM 0.83 0.00 2.3 33917.1
9/20/06 8:00 AM 0.82 0.00 2.1 31852.8
9/20/06 12:00 PM 0.85 0.00 24 32846.5
9/20/06 4:00 PM 0.85 0.00 24 35012.0
9/20/06 8:00 PM 0.83 0.00 2.3 33871.5
9/21/06 12:00 AM 0.79 0.00 1.9 30169.7
9/21/06 4:00 AM 0.78 0.00 1.8 27233.4
9/21/06 8:00 AM 0.75 0.00 1.7 25187.5
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(f) (f) (cfs) (cf)
9/21/06 12:00 PM 0.75 0.00 1.6 23686.1
9/21/06 4:00 PM 0.78 0.00 1.9 25416.4
9/21/06 8:00 PM 0.77 0.00 1.8 26609.6
9/22/06 12:00 AM 0.73 0.00 15 24064.2
9/22/06 4:.00 AM 0.72 0.00 1.5 21589.6
9/22/06 8:00 AM 0.70 0.00 13 20071.0
9/22/06 12:00 PM 0.70 0.00 13 19101.7
9/22/06 4:00 PM 0.72 0.00 1.4 19917.5
9/22/06 8:00 PM 0.75 0.00 1.6 22209.7
9/23/06 12:00 AM 0.74 0.00 1.6 23112.9
9/23/06 4:00 AM 0.72 0.00 15 21828.7
9/23/06 8:00 AM 0.71 0.00 1.4 20437.4
9/23/06 12:00 PM 0.70 0.00 1.4 19647.0
9/23/06 4:00 PM 0.71 0.00 1.4 19573.4
9/23/06 8:00 PM 0.71 0.00 1.4 19683.6
9/24/06 12:00 AM 0.68 0.00 1.2 18566.6
9/24/06 4:.00 AM 0.66 0.00 1.1 16803.2
9/24/06 8:00 AM 0.65 0.00 11 15817.9
9/24/06 12:00 PM 0.65 0.00 11 15321.3
9/24/06 4:00 PM 0.67 0.00 1.2 16143.1
9/24/06 8:00 PM 0.66 0.00 11 16670.4
9/25/06 12:00 AM 0.63 0.00 1.0 15095.8
9/25/06 4:.00 AM 0.62 0.00 0.9 13442.9
9/25/06 8:00 AM 0.61 0.00 0.9 12621.2
9/25/06 12:00 PM 0.62 0.00 0.9 12944.6
9/25/06 4:00 PM 0.64 0.00 1.0 14090.7
9/25/06 8:00 PM 0.62 0.00 1.0 14125.7
9/26/06 12:00 AM 0.59 0.00 0.8 12506.5
9/26/06 4:.00 AM 0.58 0.00 0.8 11091.8
9/26/06 8:00 AM 0.57 0.00 0.7 10584.1
9/26/06 12:00 PM 0.57 0.00 0.7 10370.9
9/26/06 4:.00 PM 0.60 0.00 0.8 11081.6
9/26/06 8:00 PM 0.59 0.00 0.8 11593.8
9/27/06 12:00 AM 0.55 0.00 0.7 10603.1
9/27/06 4:.00 AM 0.55 0.00 0.7 9643.4
9/27/06 8:00 AM 0.53 0.00 0.6 9249.6
9/27/06 12:00 PM 0.54 0.00 0.6 9017.2
9/27/06 4:.00 PM 0.58 0.00 0.7 9921.7
9/27/06 8:00 PM 0.56 0.00 0.7 10468.7
9/28/06 12:00 AM 0.54 0.00 0.6 9651.8
9/28/06 4:.00 AM 0.53 0.00 0.6 8930.9
9/28/06 8:00 AM 0.52 0.00 0.6 8586.0
9/28/06 12:00 PM 0.53 0.00 0.6 8517.5
9/28/06 4:00 PM 0.55 0.00 0.7 9095.3
9/28/06 8:00 PM 0.52 0.00 0.6 8910.3
9/29/06 12:00 AM 0.49 0.00 0.5 7798.6
9/29/06 4:.00 AM 0.49 0.00 0.5 7211.7
9/29/06 8:00 AM 0.48 0.00 0.5 6894.3
9/29/06 12:00 PM 0.47 0.00 0.5 6642.6
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
9/29/06 4:00 PM 0.49 0.00 0.5 6944.5
9/29/06 8:00 PM 0.47 0.00 0.5 6930.1
9/30/06 12:00 AM 0.45 0.00 0.4 6217.7
9/30/06 4:00 AM 0.45 0.00 0.4 5801.7
9/30/06 8:00 AM 0.44 0.00 04 5549.9
9/30/06 12:00 PM 0.44 0.00 04 5418.8
9/30/06 4:00 PM 0.45 0.00 04 5589.5
9/30/06 8:00 PM 0.45 0.00 04 5801.2
10/1/06 12:00 AM 0.42 0.00 0.3 5355.6
10/1/06 4:00 AM 0.41 0.00 0.3 4772.4
10/1/06 8:00 AM 0.40 0.00 0.3 4549.2
10/1/06 12:00 PM 0.40 0.00 0.3 4421.1
10/1/06 4:00 PM 0.41 0.00 0.3 4467.0
10/1/06 8:00 PM 0.39 0.00 0.3 4343.2
10/2/06 12:00 AM 0.39 0.00 0.3 4076.1
10/2/06 4:00 AM 0.38 0.00 0.3 3903.6
10/2/06 8:00 AM 0.36 0.00 0.2 3568.8
10/2/06 12:00 PM 0.35 0.00 0.2 3166.7
10/2/06 4:00 PM 0.37 0.00 0.2 3304.2
10/2/06 8:00 PM 0.36 0.00 0.2 3444.8
10/3/06 12:00 AM 0.34 0.00 0.2 3122.2
10/3/06 4:00 AM 0.33 0.00 0.2 2788.8
10/3/06 8:00 AM 0.33 0.00 0.2 2633.4
10/3/06 12:00 PM 0.32 0.00 0.2 2583.6
10/3/06 4:00 PM 0.33 0.00 0.2 2591.9
10/3/06 8:00 PM 0.32 0.00 0.2 2551.2
10/4/06 12:00 AM 0.31 0.00 0.2 2351.7
10/4/06 4:00 AM 0.30 0.00 0.1 2196.8
10/4/06 8:00 AM 0.30 0.00 0.1 2100.7
10/4/06 12:00 PM 0.29 0.00 0.1 1951.3
10/4/06 4:00 PM 0.29 0.00 0.1 1901.7
10/4/06 8:00 PM 0.28 0.00 0.1 1828.7
10/5/06 12:00 AM 0.27 0.00 0.1 1695.1
10/5/06 4:00 AM 0.27 0.00 0.1 1619.5
10/5/06 8:00 AM 0.25 0.00 0.1 1480.2
10/5/06 12:00 PM 0.25 0.00 0.1 1385.9
10/5/06 4:00 PM 0.24 0.00 0.1 1287.3
10/5/06 8:00 PM 0.23 0.00 0.1 1129.6
10/6/06 12:00 AM 0.22 0.00 0.1 1011.9
10/6/06 4:00 AM 0.22 0.00 0.1 951.1
10/6/06 8:00 AM 0.22 0.00 0.1 933.0
10/6/06 12:00 PM 0.21 0.00 0.1 906.4
10/6/06 4:00 PM 0.22 0.00 0.1 910.9
10/6/06 8:00 PM 0.21 0.00 0.1 898.0
10/7/06 12:00 AM 0.20 0.00 0.1 833.3
10/7/06 4:00 AM 0.20 0.00 0.1 787.8
10/7/06 8:00 AM 0.19 0.00 0.0 732.5
10/7/06 12:00 PM 0.19 0.00 0.0 693.8
10/7/06 4:00 PM 0.19 0.00 0.0 675.2

17




Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
10/7/06 8:00 PM 0.17 0.00 0.0 601.8
10/8/06 12:00 AM 0.15 0.00 0.0 471.8
10/8/06 4:00 AM 0.15 0.00 0.0 395.0
10/8/06 8:00 AM 0.15 0.00 0.0 376.6
10/8/06 12:00 PM 0.15 0.00 0.0 374.0
10/8/06 4:00 PM 0.18 0.00 0.0 470.3
10/8/06 8:00 PM 0.16 0.00 0.0 489.3
10/9/06 12:00 AM 0.15 0.00 0.0 382.9
10/9/06 4:00 AM 0.14 0.00 0.0 322.1
10/9/06 8:00 AM 0.13 0.00 0.0 287.5
10/9/06 12:00 PM 0.13 0.00 0.0 272.0
10/9/06 4:00 PM 0.15 0.00 0.0 306.7
10/9/06 8:00 PM 0.13 0.00 0.0 311.0
10/10/06 12:00 AM 0.11 0.00 0.0 232.0
10/10/06 4:00 AM 0.11 0.00 0.0 169.4
10/10/06 8:00 AM 0.10 0.00 0.0 151.8
10/10/06 12:00 PM 0.10 0.00 0.0 147.3
10/10/06 4:00 PM 0.12 0.00 0.0 179.2
10/10/06 8:00 PM 0.10 0.00 0.0 172.1
10/11/06 12:00 AM 0.09 0.00 0.0 111.3
10/11/06 4:00 AM 0.08 0.00 0.0 86.2
10/11/06 8:00 AM 0.07 0.00 0.0 711
10/11/06 12:00 PM 0.08 0.00 0.0 67.1
10/11/06 4:00 PM 0.08 0.00 0.0 71.7
10/11/06 8:00 PM 0.07 0.00 0.0 63.7
10/12/06 12:00 AM 0.06 0.00 0.0 48.1
10/12/06 4:00 AM 0.06 0.00 0.0 36.7
10/12/06 8:00 AM 0.05 0.00 0.0 29.9
10/12/06 12:00 PM 0.06 0.00 0.0 325
10/12/06 4:00 PM 0.11 0.00 0.0 101.8
10/12/06 8:00 PM 0.10 0.00 0.0 158.0
10/13/06 12:00 AM 0.10 0.00 0.0 137.4
10/13/06 4:00 AM 0.09 0.00 0.0 116.9
10/13/06 8:00 AM 0.09 0.00 0.0 100.9
10/13/06 12:00 PM 0.08 0.00 0.0 90.4
10/13/06 4:00 PM 0.10 0.00 0.0 103.8
10/13/06 8:00 PM 0.09 0.00 0.0 109.4
10/14/06 12:00 AM 0.08 0.00 0.0 87.6
10/14/06 4:00 AM 0.07 0.00 0.0 61.7
10/14/06 8:00 AM 0.06 0.00 0.0 44.8
10/14/06 12:00 PM 0.06 0.00 0.0 39.2
10/14/06 4:00 PM 0.06 0.00 0.0 36.5
10/14/06 8:00 PM 0.05 0.00 0.0 31.3
10/15/06 12:00 AM 0.04 0.00 0.0 19.5
10/15/06 4:00 AM 0.03 0.00 0.0 10.1
10/15/06 8:00 AM 0.03 0.00 0.0 5.9
10/15/06 12:00 PM 0.02 0.00 0.0 34
10/15/06 4:00 PM 0.02 0.00 0.0 2.4
10/15/06 8:00 PM 0.01 0.00 0.0 1.9
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(f) (f) (cfs) (cf)
10/16/06 12:00 AM 0.00 0.00 0.0 0.5
10/16/06 4:00 AM 0.00 0.00 0.0 0.0
10/16/06 8:00 AM 0.00 0.00 0.0 0.0
10/16/06 12:00 PM -0.01 0.00 0.0 0.0
10/16/06 4:00 PM 0.01 0.00 0.0 0.2
10/16/06 8:00 PM -0.01 0.00 0.0 0.2
10/17/06 12:00 AM -0.02 0.00 0.0 0.0
Data range not printed - WSEL below invert for entire range
7/28/07 8:00 AM -0.02 2.45 0.0 0.0
7/28/07 12:00 PM 0.00 2.45 0.0 0.0
7/28/07 4:00 PM -0.01 2.44 0.0 0.0
7/28/07 8:00 PM 0.01 2.43 0.0 0.0
7/29/07 12:00 AM -0.01 2.43 0.0 0.0
7/29/07 4:00 AM 0.00 2.43 0.0 0.0
7/29/07 8:00 AM 0.01 242 0.0 0.0
7/29/07 12:00 PM -0.01 242 0.0 0.0
7/29/07 4:00 PM 0.03 241 0.0 4.6
7/29/07 8:00 PM 0.00 2.39 0.0 4.6
7/30/07 12:00 AM 0.01 2.39 0.0 0.3
7/30/07 4:00 AM 0.01 2.39 0.0 0.6
7/30/07 8:00 AM 0.02 2.40 0.0 1.7
7/30/07 12:00 PM 0.02 2.40 0.0 2.2
7/30/07 4:00 PM 0.04 2.40 0.0 9.7
7/30/07 8:00 PM 0.03 2.39 0.0 115
7/31/07 12:00 AM 0.03 2.39 0.0 6.3
7/31/07 4:00 AM 0.03 2.39 0.0 7.2
7/31/07 8:00 AM 0.04 2.39 0.0 9.4
7/31/07 12:00 PM 0.03 2.39 0.0 9.4
7/31/07 4:00 PM 0.04 2.39 0.0 12.4
7/31/07 8:00 PM 0.05 2.39 0.0 19.3
8/1/07 12:00 AM 0.07 2.39 0.0 41.8
8/1/07 4:00 AM 0.08 2.38 0.0 66.2
8/1/07 8:00 AM 0.23 2.39 0.1 579.1
8/1/07 12:00 PM 0.37 2.38 0.2 2290.6
8/1/07 4:00 PM 0.38 2.39 0.3 3655.9
8/1/07 8:00 PM 0.40 2.38 0.3 4080.2
8/2/07 12:00 AM 0.42 2.38 0.3 4562.7
8/2/07 4:00 AM 0.42 2.38 0.3 4832.2
8/2/07 8:00 AM 0.45 2.38 0.4 5327.3
8/2/07 12:00 PM 0.46 2.38 0.4 5937.9
8/2/07 4:00 PM 0.46 2.38 0.4 6101.6
8/2/07 8:00 PM 0.43 2.38 0.4 5589.2
8/3/07 12:00 AM 0.44 2.38 0.4 5267.2
8/3/07 4:00 AM 0.44 2.37 0.4 5457.6
8/3/07 8:00 AM 0.44 2.37 0.4 5509.8
8/3/07 12:00 PM 0.46 2.37 0.4 5776.6
8/3/07 4:00 PM 0.45 2.35 0.4 5882.7
8/3/07 8:00 PM 0.43 2.35 0.4 5475.5
8/4/07 12:00 AM 0.42 2.34 0.3 5028.6
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Laguna Lake Outfall Discharge Calculations

Date WSEL Above Invert | Downstream WSEL Flow Incremental Volume
(ft) (ft) (cfs) (cf)
8/4/07 4:00 AM 0.42 2.34 0.3 4880.4
8/4/07 8:00 AM 0.43 2.34 0.4 4978.6
8/4/07 12:00 PM 0.44 2.34 0.4 5228.4
8/4/07 4:00 PM 0.43 2.34 0.4 5228.4
8/4/07 8:00 PM 0.41 2.33 0.3 4789.1
8/5/07 12:00 AM 0.40 2.34 0.3 4376.6
8/5/07 4:00 AM 0.40 2.34 0.3 4296.5
8/5/07 8:00 AM 0.40 2.34 0.3 43415
8/5/07 12:00 PM 0.39 2.34 0.3 4252.2
8/5/07 4:00 PM 0.41 2.34 0.3 4378.7
8/5/07 8:00 PM 0.38 2.33 0.3 4248.9
8/6/07 12:00 AM 0.37 2.33 0.3 3778.5
8/6/07 4:00 AM 0.37 2.33 0.2 3573.2
8/6/07 8:00 AM 0.38 2.33 0.3 3614.3
8/6/07 12:00 PM 0.38 2.33 0.3 3735.8
8/6/07 4:00 PM 0.37 2.33 0.2 3654.2
8/6/07 8:00 PM 0.34 2.32 0.2 3241.2
8/7/07 12:00 AM 0.34 2.32 0.2 2909.7
8/7/07 4:00 AM 0.34 2.32 0.2 2909.7
8/7/07 8:00 AM 0.35 2.32 0.2 2981.9
8/7/07 12:00 PM 0.34 2.32 0.2 2981.9
8/7/07 4:00 PM 0.32 2.31 0.2 2681.3
8/7/07 8:00 PM 0.32 2.31 0.2 2485.3
8/8/07 12:00 AM 0.32 2.31 0.2 2517.7
8/8/07 4:00 AM 0.32 2.30 0.2 2485.3
8/8/07 8:00 AM 0.32 2.30 0.2 2485.3
8/8/07 12:00 PM 0.32 2.30 0.2 2542.3
8/8/07 4:00 PM 0.32 2.29 0.2 2509.9
8/8/07 8:00 PM 0.31 2.29 0.2 2358.9
8/9/07 12:00 AM 0.30 2.29 0.1 2204.6
8/9/07 4:00 AM 0.30 2.29 0.1 2144.4
8/9/07 8:00 AM 0.30 2.29 0.1 2144.4
8/9/07 12:00 PM 0.31 2.29 0.2 2235.5
8/9/07 4:00 PM 0.32 2.28 0.2 2357.9
8/9/07 8:00 PM 0.31 2.28 0.2 2357.9
8/10/07 12:00 AM 0.30 2.28 0.1 2177.2
8/10/07 4:00 AM 0.29 2.28 0.1 1999.5
8/10/07 