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EXECUTIVE SUMMARY

This report is intended to provide the necessary guidance to the local governing bodies within the
Ashley Valley to ensure that the Valley will be protected from future large flooding events. The
project was commissioned in 2006 by the governmental entities within the Ashley Valley:

Vernal City, Naples City, and Uintah County. The region is currently experiencing rapid growth.
This growth is continually encroaching upon natural stream channels and other previously
undeveloped portions of the Valley. This study is intended to provide guidelines to ensure that
development is regulated in a manner that will provide adequate protection from large storm
events.

The purpose of the study is to:
1) Evaluate the major components of the existing storm water network based on existing
conditions as well as determine how the existing network will behave with future

planned development;

2) Determine deficiencies within the system and portions of the Valley that are at risk of
flooding currently as well as areas that may be at risk in the future;

3) Provide a comprehensive plan to control storm water now and in the future.

EVALUATIONS

The first step in the evaluation process is to determine the major components that comprise the
storm water management system and determine the adequacy of the existing system. Through
meeting with the local staff, field investigations and research of previous studies, the major
components of the existing storm water conveyance system were determined to consist of natural
drainage channels throughout the basin, a series of irrigation canals, roadside swales, culverts,
and a few storm drain pipes throughout the highly developed regions of the basin.

Using advanced modeling techniques, the existing system was modeled under the 10-, 25-, 50-,
100-, and 500-year storm events. The evaluation of the existing system indicated:

1) Natural flood channels have been modified and/or filled throughout the basin;
2) The irrigation canals could not safely convey storm water during large storm events;
3) Portions of the Valley are at risk of flooding during a 25-year or larger storm event;

4) The capacity of Upper Ashley Creek and the major bridges were inadequate above
the 50-year event;
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5) Existing regulations were not sufficient to provide adequate flooding and water
quality protection with the growing population;

6) Peak velocities in many of the stream channels are likely to cause erosion, degraded
water quality, and potential migration of the stream channels.

Once the existing system evaluation was complete and deficiencies noted, the modeling process
was repeated assuming the Valley continues to grow in accordance with the current zoning and
building standards. Results of the future conditions evaluation indicated that the existing
problems would be exacerbated by additional development and some portions of the new
anticipated growth would also be at risk of flooding.

RECOMMENDED IMPROVEMENTS

After evaluating the existing system and determining a number of deficiencies, improvement
methodologies were evaluated and compared to the existing standards throughout the Ashley
Valley. Three possible methodologies were identified: 1) do nothing, 2) preserve the drainages,
and 3) divert and protect. Through numerous discussions with the elected officials and staff, a
hybrid improvement methodology was identified. The hybrid methodology focused on
preserving the natural drainages wherever possible, and diverting water around existing highly
developed regions only when natural drainages could not be restored.

Using the selected improvement methodology, a series of potential improvements were input
into the model and evaluated for potential benefit, cost, and risk. Through an iterative trial and
error process a total of 100 recommendations were developed. The recommendations consist of
preserving natural drainages, which are identified in this report, converting existing irrigation
canals into storm water channels, building new storm water channels, upgrading stream
crossings, as well as constructing a series of detention and debris basins.

OPINION OF PROBABLE COSTS

Each recommendation provided in this report includes an estimated cost to design and construct
the improvement. The total improvement costs to correct the deficiencies along Ashley Creek
are estimated to be $189,658,000 which includes the construction of two dams to regulate the
flow. The proposed improvements to Ashley Creek will not only provide flood protection but
will also provide many acres of wetlands, as well as valuable open space for the community to
enjoy. An additional $15,366,813 will be required to construct the debris / detention basins as
well as new channels to divert storm water. Finally, this report recommends that over 60
crossings be upgraded to ensure that critical transportation corridors remain passable during large
storm events. Crossing upgrades are estimated to cost $4,418,063 for an average protection to
the 25-year storm event. These costs are based on 2008 construction cost estimates at an
Engineering News Record construction cost index of 8,184.94.
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Chapter 1 INTRODUCTION

This study provides a comprehensive evaluation of current and future storm water conditions of
the Ashley Valley (Valley), including a short history of the area, potential areas of development,
and historical, current and projected storm water flows. This study includes a review of the
current storm water management practices as well as recommendations for future storm water
management strategies. The report also identifies the major capital improvements within the
Valley that will be required to manage future storm water runoff effectively.

Each of the recommended capital improvement projects has been identified to provide flood
protection for certain hydrologic conditions that are anticipated to only occur once every 10, 25,
50, 100, or 500 years depending on the structure. The recommended improvements will not
protect the Valley from all flood damage during all flood events. Rather, the recommendations
are intended to greatly minimize flooding during typical large precipitation events and lessen the
damage that will occur during the most extreme precipitation events. Additionally, this report
focuses on the large-scale flooding concerns throughout the Valley. This study does not examine,
evaluate, or provide recommendations to prevent or minimize localized flooding. In summary,
the recommendations in this report are intended to manage the risks associated with large
precipitation events and reduce flooding damage, but will not protect the entire Valley from all
precipitation events.

1.1 HISTORY

Valley is located in north-central Uintah County in eastern Utah, approximately 175 miles east of
Salt Lake City and in close proximity to the Colorado state line. It is bordered on the north by
the Uintah Mountains, one of the few mountain ranges in the world which lies in an east-west,
rather than the more common north-south, direction. The Book Cliff Mountains lie to the south
and Blue Mountain to the east. The Valley, and Ashley Creek, a major water course in the
Valley, are named after William H. Ashley, an early fur trader who entered the area in 1825 via
the Green River. In 1861, President Abraham Lincoln set the area aside as the Uintah Indian
Reservation, and appointed Captain Dodds as Indian agent for this reservation.

When Dodds retired, he moved to Valley to raise livestock, along with other agency workers.
They arrived on February 14, 1873 and settled on the banks of Ashley Creek. Dodds built the
first cabin in the Valley, located about four miles northwest of present day Vernal. Many
trappers, prospectors, and home seekers moved in and out of the Valley until 1878. Alva Hatch
came to the Valley looking for a place to homestead in May 1978. He returned later with his
family and his father, Jeremiah Hatch. The fall of 1879 brought many settlers to the Valley.

As the Valley was settled, large portions of the basin developed into crop lands. The arid climate
severely limited the type and quantity of crops that could be grown. To increase the agricultural

P
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productivity of the area, a series of irrigation canals were constructed to provide water to the
crops. Today, modern irrigation channels traverse the entire basin providing water to the large
majority of crops. Most of these canals capture large volumes of storm water during rain and
snow events. The current irrigation system within the Valley has a dual purpose: to convey
essential water to the crops and to safely route storm water through the basin.

The first town in the basin, Vernal, was incorporated in 1897. In 1948, Vernal had its first oil
boom, and from that time on it has been a boom and bust town. Naples was the second
incorporated area in the Valley, named after the prominent city in Italy. A thriving tourist
business located near the popular Dinosaur National Monument, combined with livestock and
agriculture production, have helped to diversify the local economy and in turn keep Vernal,
Naples and the surrounding area prosperous.

Maeser is an unincorporated community of the Valley, located approximately three miles
northwest of Vernal. The community was named after an educator by the name of Karl G.
Maeser. The community of Maeser has a total area of approximately 6.5 miles and is located
north of State Route 121 on the west side of the Valley.

1.2 THE NEeED FOR STORM DRAIN MASTER PLAN

Presently, the majority of land within the Valley is open space or has been developed for
agricultural purposes. However, as the local economy continues to diversify, the Valley is
becoming increasingly urbanized as agricultural fields and open space are transformed into
incorporated towns and cities. This increased development will affect the storm water runoff
patterns within the region. Without a master plan, individual developments will be solely
responsible for storm water run-on and run-off management strategies. This microscopic
approach to storm water management often leads to costly and ineffective management styles.
In some cases, different storm water mitigation approaches within the same basin can conflict
with one another, creating potentially hazardous results.

1.3 PURPOSE

Currently, the Valley does not have a comprehensive basin-wide master plan. The existing storm
water facilities are currently owned by numerous entities, including: Vernal City, Naples, various
irrigation companies, and Uintah County. As the region continues to grow, the affects of
development will intensify and the need for these networks to work together will increase
dramatically. This master plan is intended to identify the existing backbone for the storm water
conveyance and detention network throughout the basin and provide a list of the capital facilities
that will be required to ensure the networks work together and effectively manage future storm
water flows.

1.4 METHODOLOGY

This master plan begins by identifying the study area and defining the drainage boundaries of the
Valley. Critical hydrologic parameters such as inflow, rainfall intensity, duration, and frequency
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(“design storm”), land use, soil type, and contour elevation data were collected as a basis for the
analysis. This data was then compiled into a geospatial database, or Geographic Information
System (GIS), to perform advanced computations and spatial analysis, described in more detail
later in this report.

The design storms used in this study are established based upon the intensity/duration/frequency
(IDF) curves that are generated by the National Oceanic and Atmospheric Administration
(NOAA) for the Vernal Airport weather station. Land use, soil types, and contour elevation data
are gathered from county, state, and federal agencies, as appropriate.

Drainage basins within the study area are identified intelligently to provide sufficient detail,
while not over-complicating the modeling process. A hydrologic model, utilizing the defined
parameters, is then used to determine the runoff potential from the individual basins by routing
the flows through a series of irrigation canals, natural ditches and creeks, pipes and detention
facilities.

Areas and types of future development are identified and the modeling process repeated to
observe the affects of the anticipated development. Where the model indicates future flooding
will occur, flows are re-routed or conveyance capacities increased to alleviate the problems.
From the model, a list of the required capital facilities necessary to prevent future flooding is
provided as well as the estimated cost of each improvement.

1.5 OBJECTIVES OF THE STUDY

The objectives of this study include the evaluation of the existing storm water facilities and the
recommendation of improvements to be made in the existing storm water conveyance network to
correct existing deficiencies as well as to convey future flows. These objectives will be
accomplished by evaluating the effectiveness of the current faculties through advanced
modeling.

1.6 LIMITATIONS OF THE STUDY

This study provides an extensive storm water evaluation of the entire Valley, and is designed to
provide details inherent to the storm water system as a whole. As such, this model should be
used in conjunction with site-specific hydrology studies; it is not designed to replace such
studies.

The Valley encompasses an area of approximately 55 square miles; many of the storm events
only affect a portion of the area or affect different regions of the basin uniquely. This study
assumes a uniform rainfall distribution over the entire Valley. It is assumed that this form of
modeling will provide accurate or slightly conservative estimates of storm water runoff for the
large design storms.

C/Epic Engineering 11 June 2008



Ashley Valley Storm Water Master Plan

The best calibration was achieved with a zero flow from the Steinaker Dam. This study does not
attempt to delineate flooding that would result from a breach of the dam and assumes that flows
that may result from controlled discharges are properly regulated and controlled. This study
does, however, assume that the Steinaker Feeder Canal to the reservoir does not divert any water
away from the flood during the storm events which produce flows in Ashley Creek in excess of
what gauging stations have recorded to date.

Due to the size of the study area, the majority of the drainage basins were delineated using a two-
meter digital elevation model (DEM), or aerial topology, that was provided by Uintah County,
instead of traditional ground surveying methodology. Information regarding the location,
capacity, and discharge points for major canals within the Valley is based on information
obtained from operational personnel. Knowledge from City and County staff was used to
determine existing known problem areas and other pertinent information in order to calibrate the
model effectively.
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Chapter 2 STUDY AREA CHARACTERISTICS

2.1 INTRODUCTION

The purpose of this chapter is to describe the pertinent physical, environmental, hydrologic, and
land use characteristics of the study area to provide a basis for storm water flows outlined in this
report. This chapter identifies the study area and drainage basin boundaries for the hydrologic
analysis. It also describes the land use and soil data used to calculate runoff coefficients, and it
outlines the hydrologic patterns that form the basis for the selection of IDF curves.

2.2 STUDY AREA BOUNDARIES AND COMPOSITION

The study area encompasses the city limits of Naples to the east, extends past Vernal to the
bench on the west, and includes the Valley area between 3500 South to the south and Steinaker
Reservoir to the north, for a total area of approximately 55 square miles. To ensure complete
and accurate results, the drainage basins were extended to the ridgelines surrounding the Valley
as shown in Figure 2-1. The full drainage area of Ashley Creek was not modeled due to the large
contributing areas and numerous control structures along the stream course. Instead, stream
gauge data located in the northwest corner of the Valley was utilized to provide accurate inflow
data, as described in more detail later in this report.

The majority of the Valley consists of rural undeveloped lands or developed lands used for

agricultural purposes. Portions of the central Valley have developed into cities that include
commercial and industrial land uses. It is anticipated that the majority of future growth will
result from the cities expanding from the center of the Valley into the outlying farmlands.
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2.3 GEOGRAPHICAL SETTING

The Valley is located in Uintah County in northeastern Utah near the Colorado border, north of

the Green River and south of Flaming Gorge Reservoir. The region is a high-elevation (+5,000

feet) arid basin surrounded by mountains that are part of the larger Uinta Mountain Range to the
north and extend over 1,500 feet above the Valley floor.

2.3.1 TOPOGRAPHY AND DRAINAGE

Ashley Creek provides the major drainage through the Valley, which is located within the greater
Lower Ashley Creek watershed in the Ashley Creek/ Steinaker Reservoir/ Coal Mine Basin-
Ashley Creek sub-basins. Ashley Creek generally flows in a southeasterly direction from the
Ashley National Forest to the northwest, meanders through the Valley and exits at the southeast
corner of the study area, eventually reaching the Green River.

Flows from Ashley Creek are diverted at numerous locations along the river for irrigation needs
and other purposes. To provide for adequate water supply year-round, the Steinaker Dam and
Reservoir were constructed in 1968 to store and distribute the excess spring flows of Ashley
Creek. Water from Ashley Creek is diverted by Fort Thornburgh Diversion Dam, located
approximately four miles northwest of Vernal and stored by the Steinaker Dam and Reservoir,
located off-stream in Steinaker Draw about 3.5 miles north of Vernal. From the diversion dam,
the water is conveyed eastward to the reservoir through the 2.8 mile-long Steinaker Feeder
Canal. Reservoir water is released to Steinaker Service Canal and conveyed south 11.6 miles to
other canals and ditches. Steinaker Reservoir has a total capacity of 38,173 acre-feet, and a
surface area of 820 acres.

The Valley floor ranges in elevation from 5,000 feet to 5,600 feet. The basin is surrounded by

mountains as high as 7,000 feet. The Valley topography and major drainage features are shown
in Figure 2-2.
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2.3.2 SOILS

The type of soil can have a great affect on the quantity of storm water runoff in an area. Tightly
bound clay soils generally have very high runoff potential while loose, well-graded sands
generally have very low runoff potential. Based on the USDA Natural Resources Conservation
Service (NRCS) soil maps, the Valley contains approximately 80 different soil types. For the
purposes of quantifying storm water runoff it is not necessary to treat each soil type individually.
Instead, the soils can be grouped with other soils that share similar hydrologic properties. The
NRCS, formerly the Soils Conservation Service (SCS), classifies soils into four hydrologic soil
groups. This classification system will be used for the purposes of this study, and is based on the
soil’s runoff potential as defined below:

Group A is sand, loamy sand or sandy loam types of soils. These soils have low runoff potential
and high infiltration rates even when thoroughly wetted. They consist primarily of deep, well to
excessively drained sands or gravels and have a high rate of water transmission.

Group B soils are silt loam or loam. These soils have a moderate infiltration rate when
thoroughly wetted and primarily consist of moderately drained soils with moderately fine to
moderately coarse textures.

Group C soils are sandy clay loam. These soils have low infiltration rates when thoroughly
wetted and primarily consist of soils with a layer that impedes downward movement of water
and soils with moderately fine to fine structure.

Group D soils are clay loam, silty clay loam, sandy clay, silty clay or clay. These soils have the
highest runoff potential and very low infiltration rates when thoroughly wetted. They primarily
consist of clay soils with a high swelling potential and/or soils with a permanent high water
table.

Figure 2-3 shows the soil classification groups throughout the Valley. The majority of soils in the
Valley are classified as types C and D with moderate to high runoff potential.

C/Epic Engineering 17 June 2008



FIGURE 2-3
SOIL CLASSIFICATIONS
ASHLEY VALLEY
UINTAH COUNTY, UTAH

JUNE 2008

Major Road

Major River or Canal

|:| Municipal Boundary

Hydrologic Soil Group

|:| C - Moderate to High runoff potential

-:'__' ate ) Mg X : U P |:| D - High runoff potential

ayt

o
[l

il = A : - 0 5,000 10,000 Feet
- NAPRLUES S\ | ey —
1INCH =5,000 FEET

3341 SOUTH 4000 WEST
/. WEST VALLEY CITY, UTAH 84120

s:\proj\ashley-valley\gis\maps\report_figures\soil_classifications.mxd

HEBER CITY, UTAH 84032

Engineering "l




Ashley Valley Storm Water Master Plan

2.3.3 VEGETATION

In addition to soils, the type of vegetation throughout an area can have a large affect on how
rainfall is captured and the resulting runoff rates. Dense vegetation will generally trap a portion
of rainfall as well as slow the rate at which the water can run off the basin and into channels.
Conversely, bare soils or soils with little vegetation will generally hold less water and runoff
velocities will be higher.

Vegetation in the Valley is widely varied. Being an arid desert, the region consisted primarily of
prairie grasses and brush prior to development, except near the natural water courses where the
vegetation is generally dense compared to the rest of the area. As the Valley was settled,
however, large sections of the region were developed into irrigated crop lands. Mature crop lands
generally provide dense vegetation while new crops or tilled fields between seasons will provide
very little, if any, vegetation. The perimeter of the Valley is bounded by mountains with steep
slopes. The mountainsides are largely un-vegetated hillsides, and as a result, have a high runoff
potential.

2.4 CLIMATE

The Valley is a high desert with an arid climate. On average, the Valley receives less than 9
inches of rainfall annually. The climate is characterized by hot, dry summers, moderate
autumns, cold winters with intermittent snow storms, and relatively wet springs during which the
majority of rainfall occurs. Table 2-1 shows the average monthly temperature range and average
precipitation for the area.

Table 2-1 Climate Data

Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual

Average Max.
Temperature (F) 30 37 |51 |62 |73 82 |90 |87 |78 |64 |46 |33 |61.2

Average Min.
Temperature (F) 4.9 11 |22 |30 |39 45 |52 |50 [41 |31 |20 [9.3 | 295

Average Total
Precipitation (in.) 0.5 05 (07 |08|08 [07]05|07 |09 |11 |06 |06 |831

Average Total

Snowfall (in.) 4.7 29 |16 |02 |0 0 0 0 0 03109 [46 |153
Average Snow
Depth (in.) 1 1 0 0 0 0 0 0 0 0 0 0 0

2.5 HYDROLOGY

Storm water master planning and the design of drainage facilities are highly dependent upon the
selection of the “design storm”. This storm, typically expressed in terms of its expected
recurrence interval (e.g., 10 years), is used to determine rainfall intensity. The recurrence
interval, also called a return period or event frequency, is the length of time expected to elapse
between rainfall events of equal or greater magnitude. For example, a 10-year recurrence
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interval represents a storm event that is expected to occur once every 10 years, on average. This
does not imply that two storm events of that same size will not occur in the same year, nor does
it mean that the next storm event of that size will not occur for another 10 years. Rather, there is
a 10-percent chance of occurrence in any given year. The length of the design storm also affects
storm flows and runoff. For the purposes of this study, the 24-hour duration storm has been
selected from the intensity/duration/frequency (IDF) data.

The IDF curves are created from precipitation records collected by the National Oceanic and
Atmospheric Administration (NOAA). The precipitation station with the longest history, and the
greatest amount of data, within the Valley is the Vernal Airport Station (Station 42-9111). The
resulting rainfall depths and intensities for a range of durations for each return period are shown
in Figure 2-4 and Table 2-2.

Table 2-2 Intensity Duration Frequency Data, Vernal Airport

Precipitation Frequency Estimates (inches)

Storm Duration

5 10 15 30 60 120 | 3 6 12 24 48 4 7 10 20 30 45 60
min [ min | min | min [ min | min | hr Hr hr hr hr day | day | day | day | day | day [ day
1 0.1 0.15 [ 0.19 | 0.26 | 0.32 | 0.38 | 0.43 [ 0.55 | 068 | 0.83 | 0.92 | 1.03 [ 1.16 | 1.31 [ 1.63 | 1.96 | 2.35 | 2.74
@ 2 0.13 | 0.2 0.24 | 0.33 [ 041 | 048 | 0.54 | 0.69 | 0.85 | 1.03 | 1.15 | 1.28 | 1.44 | 1.63 | 2.02 | 242 | 2.91 | 3.38
g 5 0.18 | 0.27 | 0.34 [ 0.46 | 0.56 | 0.65 [ 0.71 | 0.88 | 1.06 | 1.28 | 1.43 | 1.58 | 1.77 | 2.0 247 | 293 | 35 4.03
'Oa 10 0.23 1 0.34 | 043 [ 058 | 0.71 | 0.8 087 | 1.04 | 1.24 [ 15 1.66 | 1.82 | 2.04 | 2.3 2.82 | 331 | 394 [ 45
il 25 0.3 0.46 | 0.57 [ 0.77 | 095 | 1.05 [ 1.11 | 1.29 | 15 1.8 198 | 2.16 | 241 | 2.69 | 3.27 | 3.8 4.49 | 5.08
gf 50 0.37 | 0.56 | 0.7 094 | 1.16 [ 1.28 | 1.33 | 1.49 | 1.72 | 2.04 | 224 | 243 | 271 | 3.0 3.61 | 416 [ 4.89 | 5.49
c 100 045 1 069 | 0.85 [ 1.14 | 1.42 | 155 [ 159 | 1.73 | 1.95 | 2.3 251 | 271 | 3.01 | 3.31 | 3.95 | 451 | 5.27 | 5.87
% 200 054 1083|102 (138 ] 171 | 1.88 | 1.9 201 | 221 | 258 [ 279 | 299 | 3.33 [ 3.63 | 428 | 485 [ 5.63 | 6.22
14 500 069 | 1.05 | 1.3 1.76 | 217 | 24 242 | 252 | 2.67 | 296 | 3.19 | 3.37 [ 3.75 | 404 | 472 | 5.28 | 6.07 | 6.62
1000 | 0.82 | 1.25 [ 155 | 2.09 [ 259 | 2.88 | 289 | 299 | 3.12 [ 3.28 | 3.51 [ 3.68 | 4.08 | 437 | 5.04 | 559 [ 6.38 | 6.9
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Figure 2-4 Intensity Duration Frequency Graph
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2.6 MAJOR DRAINAGE BASINS

In order to model storm water flows in the Valley, a series of drainage basins are required that
accurately reflect the true drainage boundaries of the area. The Valley was delineated
intelligently into 200 basins using a high-resolution digital elevation model. Each of the basins
contains an outlet which routes the flows from each basin into existing channels, pipes, natural

streams or other drainages.

2.7 EXISTING LAND USE

The majority of the Valley is rural and currently used for grazing or agricultural purposes.
Approximately 21% of the Valley has been developed into cities including commercial,

industrial and other land intensive uses. Figure 2-5 shows the current land uses in the Valley,
divided into the following five categories: irrigated/cultivated, residential, riparian, urban, and
water. The open land currently used for agricultural purposes currently allows much of the storm

water to infiltrate into the soil.
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2.8 EXISTING SYSTEMS

As development occurred in the Valley, numerous structures were built which altered the historic
storm water flow patterns. Irrigation canals have been constructed throughout the Valley which
capture and convey storm water runoff and divert them to agricultural fields.

The central portion of the Valley has been developed into the cities of Vernal and Naples. These
and other developed regions (i.e. Maeser) have increased the amount of impervious surface and,
consequently, the amount of storm water runoff from these areas. To convey and control the
increased storm water runoff, Vernal has installed a number of pipes that are networked
throughout the city. In the unincorporated areas, development under Uintah County code
required the construction of retention basins to retain storm water runoff in most of the large-
scale developments within the Valley.

2.8.1 STORM DRAIN PIPE NETWORK

The majority of the drainages in the Valley are natural channels and irrigation canals. Small
portions of the Valley have closed-conduit, piped, storm water conveyance to move storm water
from the heart of the developed areas to the perimeter. The existing pipe networks generally
convey water within the defined basins; the pipe networks do not currently move significant
volumes of storm water between defined basins.

2.8.2 STORM DRAIN DETENTION FACILITIES

Uintah County requires complete retention of all storm water up to the 100-year event for all
large developments located outside of the incorporated areas (i.e. Vernal or Naples City). This
has resulted in a large number of local retention basins that minimize the volume of storm water
that exits the site so long as the basins are properly maintained. The existing system also has a
number of “natural detention basins” in the form of wetlands along natural channels within the
Valley.

2.8.3 IRRIGATION CANALS

Meetings were held with the major irrigation companies to identify canals that affect the storm
water runoff. Canal capacity and emergency turnout points were identified to improve the
accuracy of the runoff flow rates. For the purposes of determining the worst case flooding
potential, the analyses contained in this report assume the irrigation canals are full at the
beginning of the storm event. The worst case flooding is then defined as the storm event plus the
maximum turn out capacity within each basin.

2.8.4 NATURAL STREAMS

The natural stream channels throughout the basin provide the primary drainage mechanism to
move water through the basin toward Ashley Creek. The natural channels vary from small
depressions in the upper reaches of the basin to year round streams in the lower portions of the
basin. Portions of the streams have been channelized as the basin developed. In places, the
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streams are routed through culverts or other structures. The minor culverts and ditch
constructions were not accounted for in this macro-scale model. The larger structures such as
major culverts, raised roadbeds or long sections of channelized stream were incorporated into the
model. Figure 2-6 highlights the major natural stream channels throughout the basin.
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2.8.4.1 Ashley Creek Inflow

Similar to the irrigation turnouts, the inflow from Ashley Creek into the Valley is modeled as a
steady state point flow. The inflow rate was established through statistical analysis of the
recorded peak flows at the USGS gauging station (09266500) “sign of the main”. The record
contains the annual peak flows for approximately 96 years which were used to produce a
cumulative distribution curve (CDF) of the flow exceedance probability. Linear interpolation
and extrapolation algorithms were then used to determine the peak inflow at the upper reaches of
the Valley. The CDF curve is shown in Figure 2-7 and the inflow results for each storm intensity
are shown in Table 2-3.

Table 2-3 Ashley Creek Inflow Rate Summary

Probability | Return Interval CFS Calculation
0.2% 500 4,655 Extrapolation
1.0% 100 4,134 Extrapolation
2.0% 50 3,560 Interpolation
4.0% 25 2,618 Interpolation

10.0% 10 1,970 Interpolation
50.0% 2 1,195 Interpolation

* Flows were extrapolated when insufficient data was available for interpolation
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Figure 2-7 Upper Ashley Creek Non-Exceedance Probability Distribution Function
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Chapter 3 STUDY AREA GROWTH

3.1 OVERVIEW

The Valley has been experiencing recent population growth. This growth is expected to continue
through the next 50 years as the local economy continues to diversify and local oil production
increases. Many portions of the Valley are developing to house and serve this increasing
population. This section presents the historic population trends as well as the population
projections based on the Utah Governors Office of Planning and Budgets 2005.

3.2 HISTORIC POPULATION TRENDS

The majority of the Valley’s population resides within the cities of Vernal and Naples.
Furthermore, the growth projections of the cities are likely indicative of the growth throughout
the adjoining unincorporated areas of the Ashley Valley. The population within Vernal and
Naples has grown by more then 500 people from 2000 to 2006 according to the State Governors
office. Local officials indicate the growth rate has been much higher. Below, Table 3-2 presents
the Governors population estimates for the cities of Vernal and Naples.

Table 3-1 Historic Population Growth
2000 2001 2002 2003 2004 2005 2006
Naples City 1300 1343 1384 1413 1439 1466 1502
Vernal City 7714 7746 7856 7845 7912 7999 8163
City Population | 9014 9089 9240 9258 9351 9465 9665
Growth Rate % 0.9% | 1.66% | 0.19% 1.0% | 1.22% | 2.11%
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Figure 3-1 Historic Population Trend
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3.3 POPULATION GROWTH PROJECTIONS

Table 3-2 and Figure 3-2 below represent the population growth projections through the year
2050.

Table 3-2 Population Projections

2010 2020 2030 | 2040 2050
Naples City 1,453 | 1572| 1,644| 1,696 1,746
Vernal City 8,125| 8,790 | 9,196 | 9,488 9,765
City Population 9,577 | 10,362 | 10,840 | 11,184 | 11,511
Growth Rate % | 0.57% | 0.79% | 0.45% | 0.31% | 0.29%
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Figure 3-2 Population Projections
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3.4 AREAS OF FUTURE GROWTH

In order to provide for future population growth it is anticipated that the developed areas of the
Valley will continue to expand into areas currently used for agricultural and other undeveloped
purposes. As this development continues, the area available for storm water to infiltrate
naturally will decrease, artificially increasing the magnitude of runoff during future events.

In order to model the future runoff potential throughout the basin, this report assumes that the
current zoning map, shown in Figure 3-3, represents how the Valley will eventually be
developed at build-out.
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Chapter 4 STORM DRAINAGE MODELING METHODOLOGY

4.1 INTRODUCTION

The primary purpose of the storm water modeling is to develop criteria applicable to the design
of the drainage facilities. This chapter discusses the modeling methods used and design criteria
established to govern the modeling and establish the Level of Service (LOS) requirements for the
existing and future build-out storm drain networks.

4.2 DESIGN CRITERIA
The following design criteria are used to complete the storm drain modeling:

1) The Level of Service for storm drain piping is to convey 110% of the 10-year storm event
flows contributing to the pipe;

2) The Level of Service for irrigation ditches and artificial channels is to convey 100% of
the 100-year event;

3) The Level of Service for natural channels is to convey 100% of the 100-year storm event;

4) The Level of Service for detention basins is to provide sufficient detention volume to
contain the 100-year storm event with a peak outflow of less then pre-development
levels;

5) The slope of the pipes is generally assumed to not be steeper than the slope of the ground
surface above the pipe;

6) All closed conduit pipes are assumed to have a friction coefficient of 0.013;

7) Natural channels are initially assumed to have a friction coefficient of 0.035. During the
calibration process, open channel friction coefficients may be adjusted to match field
data;

8) Acrtificial channels are initially assumed to have a friction coefficient of 0.03.

4.3 HYDROLOGY MODEL

Given a number of parameters, the hydrology model predicts the volume of flow generated at
any point in the watershed from the defined rainfall event. For this study, the soil conservation
service (SCS) methods were selected to estimate the potential runoff. The SCS method is a
series of empirical equations that were originally designed to compute the potential runoff from
agricultural fields and other rural environments with similar characteristics to the Valley. This
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method has since been modified for use in both urban and rural settings and is the most effective
method to estimate runoff from the drainage basins within the Valley.

The precipitation events of concern in this study are the extreme runoff events usually caused by
cloudburst type storms that are characterized by short periods of high intensity rainfall. The SCS
type 11 24-hour storm distribution most closely reflects this type of event and is used to simulate
the rainfall distribution within the model. Runoff from the drainage basins is computed using the
SCS equation shown below and the runoff hydrograph. Peak discharge is estimated using
simulated curvilinear hydrographs defined by the SCS TR-55 method. These methods account
for the soil type, ground cover, ground slope, time of travel, and other parameters to accurately
estimate the discharge hydrograph from each of the basins within the model.

_ (P_ Ia)2
Q= (P—1,)+S
Where:

Q = Runoff depth (inches)

P = Precipitation (inches)

la = Initial abstraction

S = Storage or maximum retention

The discharge hydrographs from each of the basins are routed in the model to the lowest point in
the basin, or the outlet node. The outlet nodes are then connected via hydraulic links which route
the flow through the system to the bottom of the Valley drainage area.

4.4 HYDRAULIC MODELS

Each of the watershed discharge nodes are connected via hydraulic links. These links are pipes,
ditches or natural channels. The depth of flow in each of the hydraulic links is calculated using
Manning’s equations for open channel flow shown below.

2

Q:g*A*(Aj&S%
N P

Where:

Q = Flow in cubic feet per second

N = Friction coefficient

A = Area of flow

P = Wetted perimeter

S = Slope

The wetted perimeter and area of the natural channels are based on irregular channel shapes and
cross-sections that are typical of those at the hydraulic link, or outlet node, location. The channel
cross-sections are assumed to be uniform throughout the length of each hydraulic segment, and
are typically modeled as trapezoidal channel sections.
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Detention basins are also incorporated into the model to simulate the effect of the basins on the
hydraulic routing. Inflow to the ponds is based on the routed basin discharge hydrographs. The
outflow is based on the outlet structure type and depth in the pond. A series of time steps are
used to calculate the flow differential through the pond to estimate the storage during the rainfall
event.

4.5 MODEL IMPLEMENTATION

To reasonable model an area the size of the Valley while requires a large number of individual
drainage basins to be identified. For the purpose of this study 200 drainages were defined
throughout the Valley. The defined basins are shown in Figure 4-1. The basins vary in size from
100 acres to 1,470 acres with an average size of 490 acres. The flow path lengths of the basins
vary from 1.3 to 32 miles in length with an average flow path of 5.9 miles. Modeling storm
water runoff from 200 basins through a complex system of pipes, canals, streams, and ponds
would be extremely difficult without the use of computer-based modeling software. The first
step in creating a model is to calculate all of the input parameters that will be used to determine
end results and evaluate various scenarios. A Geographic Information System (GIS) is best
suited to accurately calculate all of the necessary input parameters for a model as large as the
Valley. ESRI’s ArcView™ 9.2 software program was utilized to delineate the drainage basins
from a highly accurate digital elevation model, and process the numerous variables discussed
above.
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Once these parameters were calculated, a storm and sanitary sewer modeling program called
SewerGEMS™ Version 8 was utilized to model the storm water runoff and routing throughout
the Valley. SewerGEMS™ was selected for several reasons, including its ability to (1) fully
integrate with the GIS model, and (2) to provide calculation engines for runoff, open channel
flow, pipe flow, and detention basin routing. Combining ArcView GIS software with the
SewerGEMS modeling package results in an integrated, accurate, numerically robust model that
can be efficiently updated to reflect future changing conditions as needed.

The first step in developing the model is to assemble a GIS database containing the relevant data,
including: topography, soil type, land use, vegetation, hydrographic and other base map features.
From the detailed topography, a series of drainage basins were developed. These basins were
then verified through field observations and finalized through manual data entry. Next the soil
type, land use, and vegetation layers were queried to determine a runoff coefficient for each of
the defined basins, along with the average slope, flow path length and other critical information
necessary for the hydrology model.

The information from the GIS is then compiled into the SewerGEMS model and the storm water
runoff hydrograph for each basin is computed. Within the model, each basin was linked via
stream channels or pipe segments to route the hydrographs through the system. To accurately
model the natural stream channels “irregular cross sections” were selected as the channel type.
Typical cross sections for the natural channels were entered manually from the detailed GIS data
at key points in the system. The irrigation canals and other major ditches were modeled as
“trapezoidal channels.” Detention facilities were inserted and modeled as part of the system
where detention basins were known to exist and along wide portions of the natural streams to
simulate the natural stream attenuation processes.

Once the model for the existing system was completed and calibrated, the results were queried to
determine the maximum depth and peak flow in each channel segment. Segments that appear as
over capacity are flagged as potential problems. Various alternatives are then modeled to find
potential solutions to any existing problems identified by the initial model.

Once the existing system is considered satisfactory, the GIS data is reprocessed to calculate new
runoff coefficients (CN values) based on the future land use types. These future values are used
to produce future basin hydrographs which are then routed through the system. Problem areas
and high water lines are recorded. Necessary improvements are made within the model until the
system components are operating at their respective LOS discussed in the previous chapter.
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Chapter 5 EXISTING STORM DRAINAGE SYSTEM ANALYSIS

5.1 StorM WATER MODEL

The majority of the storm drain network for the existing model consisted of 155 natural stream
channels, 200 drainage basins and 4 point inflows to represent irrigation and basin inflows. The
storm water model is considered a “trunkline model” whereby the major storm water conveyance
channels are modeled on a macro scale that does not require precise input of every minor
collector, roadway and catch basin. This type of model is able to accurately determine major
drainage issues and aid in planning purposes without incurring the cost associated with an overly
detailed analysis. Major drainages that are flagged as potential problems can then be analyzed
individually on a more detailed level. Irrigation canals were assumed to be full at the beginning
of the rainfall event and therefore unable to convey storm water. Based on discussions with the
major irrigation canal companies, a series of turnout gates are typically opened when heavy rains
occur in an effort to minimize canal over topping. The locations of the major turnouts have been
included in the model to simulate the full effects of the storm plus the flow from the irrigation
canal diversions. The typical inflow from Ashley Creek during large storm events was also
simulated to ensure the worst case flooding was evaluated.

5.1.1 SIMULATED CONDITIONS

This section describes the conditions which were simulated to approximate a 10-, 25-, 50-, 100-
and 500-year flood event throughout the entire Valley using assumptions that are both realistic
and conservative.

5.1.1.1 Drainage Basins

As noted in previous sections, the Valley has been divided into 200 individual drainage areas. In
order to accurately estimate the timing and magnitude of storm water runoff, knowledge of the
longest length of flow, slope, soil group, land use, and vegetation parameters for each basin are
required. These parameters were determined through a series of advanced queries within the
GIS database.

These data were then used to calculate the time to concentration (Tc) and curve number (CN)
values. Tc is a measure of the length of time that is required for a rain drop that lands on the
highest point within a drainage basin to reach the outlet. CN values effectively determine what
percentage of the total rainfall will contribute to runoff, and what component will infiltrate into
the soil. Higher values of CN indicate basins with higher runoff potential. The methods used to
calculate these parameters are described below.
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Time to Concentration Calculations

The time to concentration Tc is a measure of the time required for a water droplet that is released
at the upper most point of a basin to travel to the outlet of the basin. The Tc for each basin
determines the magnitude and outflow hydrograph for each basin. For this report, Tc is
calculated as the sum of the following three components: overland flow, channel flow, and
stream flow. The overland flow component of Tc (Tcl) is used for the first portion of the
drainage where the water is flowing across open fields. Tcl is calculated using the USBR
modified Kirpich equation shown below.

Tel=11.8* %0_385

Where: L is the length of the longest flow path or the maximum allowed overland flow length
S is the average slope of the flow path
Tcl is the time of flow in hours

The channel and stream flow components Tc2 and Tc3, respectively, are calculated using the
Chezy channel flow equation.

*80.5

_L
Tc2 = 15

Teg=L/ x5

Where: L is the length of the stream or channel flow component
Tc2 and Tc3 are time of flow in seconds

After modifying the units, the sum of the Tcs were calculated to determine the basin’s Tc value.
The maximum length of the overland flow and channel flow were determined as part of the
calibration process. A maximum overland flow length of 1,500 ft and a maximum channel
length of 74,000 feet were selected as parameters that resulted in the best calibrated model.

Curve Number Calculations

Curve numbers (CN) are empirically determined values that represent the fraction of rainfall that
contributes to runoff. Higher CN values indicate greater runoff potential. The Soil Conservation
Service has determined CN values for a wide variety of soil conditions. The CN values used in
this report are shown in Table 5-1. Well vegetated areas were assumed over most of the Valley
floor and poorly vegetated values were assumed on the slopes surrounding the Valley. Curve
numbers were also increased where large portions of the basins were already developed.
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Table 5-1 Existing Curve Numbers
Well Poorly
Soil Type vegetated | vegetated
A 68 39
B 61 79
C 74 86
D 80 89

The time to concentration calculations and the curve number ranges are presented in Table 5-2
below. Complete lists of the parameters for each basin are included in the appendix.

Area Tc
(acres) (hours) CN
Min 102 2.8 65
Average 491 11.7 84
Max 1473 51.7 89
SD 264 12.7 5

Table 5-2 Summary of Drainage Basin Input Parameters

5.1.1.2 Stream Channels

The stream channels in the model connect the basin outlet points to simulate storm water moving
through the Valley. To accurately represent the flow width, depth, and velocity, an irregular
cross-section for each segment was input. The model then used Manning’s equation along with
stream routing algorithms to calculate the flow rate at each segment over time. The model also
determines the flow depth, width and other critical parameters used in determining stability and
flooding concerns.

5.1.2 CALIBRATION

A key part of any complex storm water model is to verify that the simulated results match actual
historic flows in the major stream channels. After the initial model simulations, the input
parameters of time to concentration and Manning’s n values are adjusted such that the simulated
results better reflect the field data.

The basin contains a series of stream gauges on Ashley Creek and many of the tributary
drainages. All of the stream gauge data were used in the calibration process, however, the
irrigation channels often divert all or a large portion of the storm flows away from key drainages,
thereby artificially decreasing the flow. In the model it is assumed that the irrigation channels
are full prior to the rainfall event and therefore do not have capacity to carry storm water. The
discrepancy between what has historically occurred throughout the basin and the model
assumptions complicated the calibration process on the tributary stream level. The simulated
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flows generally exceed the recorded flows on the tributary streams; these results are expected
given the conservative modeling assumptions. Table 5-3 indicates the USGS stations within the
Valley along with peak flow and type of information available. The locations of the Stream
Gauges are shown in Figure 5-1.
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Table 5-3 Ashley Valley Stream Gauges

Location Peak Flow Record Length
Site .
Site Name Lat Long Date CFS To From | Years

Number
POT CREEK ABOVE
DIVERSIONS, NEAR May 10,

9235600 | VERNAL, UTAH 40°46'05" | 109°19'06 | 1973 286 | 1958 | 1993 35
BIG BRUSH CREEK (AB

9261500 | CAVE) NR VERNAL, UTAH | 40°42'15 | 109°35'45" 1947 | 1955 8
BIG BRUSH CRK ABV
RED FLEET RES, NR May 22,

9261700 | VERNAL, UT 40°35'20" | 109°27'53" | 2005 423 | 1980 | 2006 26
BIG BRUSH CREEK NEAR July 12,

9262000 | VERNAL,UTAH 40°34'54" | 109°26'03" [ 1962 543 | 1940 | 1979 39
LT BRUSH CR BL E PK

9262500 | RES NR VERNAL UT 40°45'30" | 109°32'00" 1950 | 1955 5
LITTLE BRUSH CREEK May 30,

9263000 | NR VERNAL, UT 40°42'58" | 109°30'18" | 1950 608 | 1946 | 1952 6
ASHLEY C BELOW
TROUT C NR VERNAL, May 19,

9264000 | UTAH 40°44'00" | 109°40'40" | 1948 630 | 1944 | 1954 10
SOUTH FORK ASHLEY C June 18,

9264500 | NR VERNAL, UTAH 40°44'00" | 109°42'10" | 1949 460 | 1944 | 1955 11
OAKS PARK CANAL

9265000 | NEAR VERNAL, UTAH 40°44'36" | 109°37'18" 1946 | 1959 13
ASHLEY CREEK ABOVE
RED PINE CREEK NR June 10,

9265300 | VERNAL, UT 40°40'47" | 109°39'37" | 1965 7,400 | 1965 | 1975 10
ASHLEY CR ABV SP NR

9265500 | VERNAL UT 40°35'20" | 109°37'20" 1941 | 1945 4
ASHLEY CR SPRING NR

9266000 | VERNAL UT 40°35'10" | 109°37'20" 1943 | 1955 12
ASHLEY CREEK NEAR June 15,

9266500 | VERNAL, UT 40°34'39" | 109°37'17" | 1995 4,100 | 1914 | 2006 92
ASHLEY CREEK ABOVE
DRY FORK, NR VERNAL, May 20,

9267100 | UTAH 40°32'16" | 109°36'33" [ 1970 920 | 1969 | 1972 3
ASHLEY C, SIGN OF THE
MAINE, NR VERNAL, June 11,

9271000 | UTAH 40°31'02" | 109°35'45" [ 1965 4,110 | 1939 | 1965 26
ASHLEY CREEK NEAR

9271400 | NAPLES, UT 40°26'01" | 109°27'56" 2000 | 2003 3
ASHLEY CREEK BL
SADLIER DRAW, NEAR

9271450 | NAPLES, UT 40°23'53" | 109°25'44" 1999 | 2003 4

C/Epic Engineering 44 June 2008



http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09235600&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09261500&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09261700&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09262000&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09262500&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09263000&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09264000&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09264500&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09265000&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09265300&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09265500&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09266000&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09266500&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09267100&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09271000&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09271400&amp;
http://waterdata.usgs.gov/ut/nwis/inventory/?site_no=09271450&amp;

Ashley Valley Storm Water Master Plan

While the tributary stream gauging stations were able to provide only a qualitative calibration, a
series of stream gauges along Ashley Creek were also analyzed to determine the total outflow
from the basin. Evaluating the entire basin outflow provides a macro scale calibration of the
model. The peak flow statistics from USGS stream gauge 9271500 (Ashley Creek near Jensen,
Utah) is located below the study area and has recorded peak flows from approximately 1946 to
1983. This data was used to produce the cumulative distribution curve presented in Figure 5-2.
The cumulative distribution curve is then used to statistically determine the 10-, 25-, 50-, 100-
and 500-year historic flows. These flood flows are then compared to the simulated peak
outflows and the model parameters adjusted through the calibration process. Statistically
determined outflows as well as the calibrated model outflows are presented in Table 5-4.

Table 5-4 Outflow Calibration

Stream Valley Generated . .
Gauge Data Flowy(canals full) Difference % diff
Probability | Return Interval CFS CFS CFS

0.2% 500 6167 11,824 5,657 48%
1.0% 100 4599 7,697 3,098 40%
2.0% 50 3923 6,314 2,391 38%
4.0% 25 3248 4,924 1,676 34%
10.0% 10 2355 3,414 1,059 31%

The results of the peak flow analysis indicate that the model produces similar, but slightly
elevated flows during the 10- and 25-year events. The elevated simulated peak flows are
expected for two reasons. First, the model assumptions do not allow storm water to be routed
through the irrigation canals. The irrigation canals increase the time to concentration and thereby
artificially reduce the peak flows. Second, the tributary stream gauging data indicate that most
storms affect only a portion of the Valley. The model simulates a basin-wide storm event. The
basin-wide storm should produce elevated levels in Ashley Creek as all of the tributaries are
contributing flow at the same time. Basin-wide storm events will result in less conformity to the
statistical flows during large events, which is consistent with the calibration results presented in
Table 5-4. By adjusting the Time to Concentration and Manning’s n values, the model is
adequately calibrated and appears to be producing conservatively realistic flows under the
simulated conditions.
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Figure 5-2 Estimated Ashley Valley Outflow Peak Values
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5.2 EXISTING MODEL FINDINGS

The following section presents the results of the modeling analysis described above. The peak flow
rates from the 10-, 25-, 50-, 100- and 500-year flows are presented. Based on these calculated flows,
the following parameters were identified: the capacity of the major culverts in the area, channel
stability under flood conditions, and developed areas that may become inundated. The predicted
flood flows throughout the Valley are shown in Figure 5-3, Figure 5-4, Figure 5-5, Figure 5-6, and
Figure 5-7 for the 10-, 25-, 50-, 100- and 500-year storm events, respectively. In general, the
modeling indicates that the majority of the Valley will be able to transport storm water flows that are
likely to result from storms up to the 100-year event. The 500-year storm is modeled for comparison
considerations. However, it is generally not economically viable to construct storm water protection
above the 100-year event except for the most critical structures. The modeling also indicated a
number of potential concerns where flooding is likely to occur. These potential concerns are
discussed in detail in the following sections.
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5.2.1 MAJOR CULVERT ANALYSIS

In an effort evaluate the general condition of the culvert crossings throughout the Valley, seventeen
(17) culverts were selected for analysis in areas where the modeling predicted relatively high flows
and the culverts appeared to be relatively small. Of the 17 culverts that were analyzed, 14 culverts
were determined to have insufficient capacity to convey the 10-year event, 15 culverts will become
overwhelmed in a 25-year event, and a total of 16 culverts are insufficient to prevent flooding during
a 50-year event. Based on discussions with Naples, Vernal City and Uintah County personnel, it is
recommended that all culverts be designed to capacitate the 25-year event at a minimum and that
culverts under critical roadways be designed for a minimum of the 50-year event. The results of
the culvert analyses are presented in Table 5-5. Flows and approximate recommended sizing for the
major culverts throughout the Valley are identified later in this report.

Table 5-5 Culvert Capacities

Simulated Flows (cfs)
Current 10 25 50
Culvert Capacity year year year
A 584 500 704 893
B 549 14 22 29
C 16 67 100 128
D 41 67 100 128
E 27 162 248 326
F 45 162 248 326
G 133 162 248 326
H 31 167 256 335
I 26 31 49 66
J 38 80 120 157
K 26 80 120 157
L 30 89 138 185
M 540 341 503 658
N 160 341 503 658
O] 44 68 80 92
P 38 68 80 92
Q 27 68 80 92

*Yellow cells denote simulated flows in excess of the culvert capacity
*Orange cells denote simulated flows in excess of 2x the culvert capacity

5.2.2 CHANNEL STABILITY

As part of the modeling effort, the maximum stream velocity in each channel reach was determined
for each storm event. Channels can become unstable when the water velocity reaches sufficient
speed to cause large-scale bank erosion and destabilization of the channels. For the purposes of this
report, peak flood velocities below 7 feet per second (fps) are not considered to be at risk of
destabilization. Channels where the peak velocity is calculated to be in excess of 7 fps are more
likely to become destabilized. Maximum stream velocities for the 10-, 25-, 50-, 100- and 500-year
storm events are highlighted in Figure 5-8, Figure 5-9, Figure 5-10, Figure 5-11, and Figure 5-12,
respectively.
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ESTIMATED EXISTING 50-YEAR
CHANNEL VELOCITIES
ASHLEY VALLEY
UINTAH COUNTY, UTAH

JUNE 2008

Legend
Major Road

|:| Municipal Boundary

Storm Event Maximum Velocity (ft/s)

<1.0

11-20
2.1-3.0
31-4.0
41-50

5.1-6.0

6.1-7.0
7.1-120
12.1-20.0
> 20

5,000 10,000 Feet

1INCH =5,000 FEET

3341 SOUTH 4000 WEST
WEST VALLEY CITY, UTAH 84120

a
7ZAN
2 (80‘\) 955-5605
N2 .
Eﬁc 50 EAST 100 SOUTH

s:\proj\ashley-valley\gis\maps\report_figures\existing_channel_velocities.mxd

HEBER CITY, UTAH 84032

Engineering "l




FIGURE 5-11
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FIGURE 5-12
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5.2.3 INUNDATED ZONES

The Federal Emergency Management Administration (FEMA) generally requires that all major
structures be constructed above the 100-year flood elevation. The majority of structures throughout
the basin are above this minimum flood elevation and should not be inundated by flood waters under
normal circumstances. Figure 5-13 highlights the zones throughout the basin that will likely become
inundated during the 100-year event, based on the modeling results presented in this report. EXisting
structures within these zones should be closely evaluated and the construction of future structures
limited or disallowed. Some of the areas of highest concern include the areas immediately north and
south of Vernal City and through Naples. These areas are of high concern at this time because
growth from the cities is rapidly encroaching upon these flood plains. At the time of this report
FEMA is in the process up updating the current flood plain maps for Uintah County. When the final
revisions are complete it is recommended that Figure 5-13 in this report be replaced with the
basin wide FEMA map and the flooding recommendations updated accordingly.
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Chapter 6 FUTURE STORM DRAIN CAPACITY ANALYSIS

6.1 FUTURE STORM WATER MODEL

As the Valley continues to develop, the network of systems used to control and direct storm water
runoff safely through the Valley will become increasingly important. The developed lands will have
a higher runoff potential. New development may also encroach on the historic flood plains reducing
the Valleys capacity to efficiently transmit storm water through the Valley. The combination of
higher runoff and smaller channels to carry the flow has the potential to create numerous and
expensive flooding problems throughout the Valley. The purpose of this chapter is to identify the
potential problem areas that will most likely result from additional development before they occur.
Through proactive thinking and proper planning, the majority of future potential flooding can be
prevented.

6.1.1 FUTURE DRAINAGE BASIN CONFIGURATION

The existing basin configuration is utilized for the future modeling. Using the same basin
configuration requires that the future development will not affect the macro scale drainage basins
throughout the Valley. Given the size of the delineated basins and minimal influence the existing
basins have had on the natural flow, this is a reasonable assumption to make at this time.

While the basin configuration remains the same between the existing and future models, the CN
values for each basin were recalculated to reflect the anticipated developed land use shown in Figure
3-3. The curve number assigned to each basin was calculated as an area weighted average of the soil
types and zoning within each basin. The curve numbers assigned to each soil type and land use pair
are shown in Table 6-1. For basins where development is not anticipated (i.e. the hill sides
surrounding the Valley), the historic CN values were retained in the future analysis.

Table 6-1 Future CN values

Soil Group
Land Use A B c D
Commercial /industrial/ 89 92 94 95
governmental
Developed Open 49 69 79 84
Spaces / parks
Residential <1/8 acre 77 85 90 92
lots
Residential 1/3 acre 57 72 81 86
lots
Residential 1/2 acre 54 70 80 85
lots
Residential >1 acre 51 68 79 84
lots

The time to concentration calculations for the future modeling were also re-evaluated. Time to
concentration values are typically much shorter in developed areas than in undeveloped areas.
However, the Valley currently requires storm water mitigation through retention or detention basins.
This future simulation assumes that the existing basins combined with similar requirements for all
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future development will generally prevent the macro scale Tc values from decreasing. When
detention basins are sized and constructed properly, they function to keep the future peak flow at or
below the historical flows. Retention basins capture a large portion of the storm event and then
overflow beyond their capacity. To account for these basins throughout the future developed areas
the Tc values were adjusted (increased) such that the peak storm event for the 100-year storm were
not increased by more then 20%. This assumption provides conservative, yet realistic, flow
predictions for the larger events where some basins may fail, others will prematurely overtop and
others will function correctly. The Tc values that were used to model future conditions are included
in the appendix.

6.2 ANALYSIS OF THE EXISTING SYSTEM UNDER FUTURE CONDITIONS

The following sections present the results of the future modeling effort, as well as highlight the areas
of future concern as the Valley develops. The following chapter presents recommended
modifications to zoning, ordinances, and resolutions, as well as capital improvement projects that
will protect the Valley from flooding as development continues.

6.2.1 FUTURE PREDICTED FLOWS

This section presents the anticipated future flows for the 10-, 25-, 50-, 100-, and 500-year storm
events. The predicted future flows throughout the Valley are presented in Figure 6-1, Figure 6-2,
Figure 6-3, Figure 6-4, and Figure 6-5 and discussed below.
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Generally, the peak flows entering the Valley from the mountains are equal in magnitude and
duration, as expected with limited to no development in those areas. Similarly, flows immediately
downstream from existing developments are comparable as the conditions are not greatly altered.
The major changes between the simulations occur immediately downstream of areas that are
anticipated to develop. Future peak flows may be slightly higher (see Tc assumptions above). More
importantly, the storm hydrographs from the future developed areas are longer and the total volume
of water to be conveyed is greater. The increased volume of water, even with a lower peak flow,
may result in additional flooding, and potentially more stream channel erosion. The modified
hydrographs must also be carefully considered when designing regional detention areas as a larger
volume will be required to achieve the same reduction in flow. Figure 6-6 demonstrates the existing
and predicted flows at a location East of Naples. In the figure the peak flow is actually decreased
slightly as a result of local detention retention basins, however, the duration of the flow is increased
by 20% to 30%.

Figure 6-6 Example Hydrograph
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6.2.2 FUTURE PREDICTED VELOCITIES

The maximum stream velocity in each channel reach was determined for each storm event under the
future conditions using a similar process described in Chapter 5. Channels can become unstable
when the water velocity reaches sufficient speed to cause large-scale bank erosion and
destabilization of the channels. For the purposes of this report, peak flood velocities below 7 feet
per second (fps) are not considered to be at risk of destabilization. Channels where the peak velocity
is calculated to be in excess of 7 fps are more likely to become destabilized. Maximum stream
velocities for the 10-, 25-, 50-, 100- and 500-year storm events under the future conditions are
highlighted in Figure 6-7, Figure 6-8, Figure 6-9, Figure 6-10, and Figure 6-11, respectively.
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6.2.3 CAPACITY OF EXISTING DRAINAGE FACILITIES

A number of concerns were identified in the previous chapter under the existing simulated
conditions. Future simulation indicates that all of the existing problems will likely be exacerbated
through development. Additionally, the future simulation indicates that additional problems will
occur if modifications to the drainages are not properly managed. Areas throughout the Valley
where roads and utilities cross drainage channels are of high concern. In the previous chapter, a
number of culverts were identified as unable to pass the 10-year event. Under the future conditions
model, it appears that most of the major crossings are ill-equipped to pass the 25-year or larger
event. While some roadway flooding may be permissible during large flooding events, it is
imperative that major utility corridors and evacuation routes remain operable during even the most
extreme events. The necessary upgrades to correct both the existing and future flooding concerns are
discussed in detail in the following chapter.
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Chapter 7 RECOMMENDED UPGRADES

A number of existing and potential storm water concerns have been identified in the previous
chapters. This chapter presents a series of recommendations to mitigate the existing and potential
flooding concerns. The methodology behind the recommended capital improvements as well as the
estimated costs for the improvements is also presented below.

7.1 IMPROVEMENT METHODOLOGY SELECTION

Identifying storm water problems is a complex process, but it is also one that relies on technical
expertise and proven scientific methods. Identifying alternatives to mitigate the identified problems
can be far more challenging. In addition to requiring sound engineering and technical knowledge to
identify effective solutions, a number of factors must be evaluated, including:

e Cost/ Fundability e Water users /Water rights
e Effectiveness e Environmental effects

e Sustainability e Community acceptance

e Liability e Property rights

e Community Impact e Future land uses

[

Political Climate

With few exceptions, the list above does not include technical or easily quantifiable items.
Therefore, involvement of the political entities is required to effectively implement the
recommended improvements. To that end, Epic Engineering staff attended numerous city and
county meetings as well as meeting with governmental planning staff in an effort to understand the
communities needs and desires as well as inform them of the flooding concerns and work
collectively to develop the recommendations methodology herein. It is our hope that by including
the governmental entities throughout the process, the recommendations will be implemented by the
respective entities and the Valley protected from future flooding events.

The sections below detail three recommendation selection methodologies that were discussed
throughout the process. Each of the methodologies has strengths and weaknesses and none of the
methodologies provide a perfect solution to all of the problems. After numerous discussions, a
hybrid of the three methodologies was selected to provide the most optimal list of recommended
improvements.

7.1.1 DO NOTHING METHODOLOGY

The “do nothing’, or the ‘don’t do anything new’ methodology is founded on the basis that flooding
is a natural process and structures within the flood plain are not necessary the responsibility of the
government to protect. With this logic, new development is responsible for managing the storm
water on-site, and the local entities will not be responsible for flooding in the future.

At first glance this alternative appears to be the least costly since it does not require major

improvements. However, damage costs associated with the ‘do nothing’ methodology after a large
storm event could far exceed the costs of the other alternatives.
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7.1.2 HISTORIC DRAINAGE RESTORATION AND PRESERVATION

Methodology behind preserving (or restoring where necessary) the natural drainages throughout the
basin is based on the concept that water has naturally established the most effective flow paths over
time. Allowing the storm water to follow its natural course provides two primary benefits. First, the
stream channels are already defined and will require little improvement. Second, since the flows are
naturally occurring, governing entities can designate the channels as un-developable more easily
than if flooding occurred through artificial diversions.

The primary shortfall of this methodology is that a number of drainages have already been filled,
developed, or altered to the point that it is not feasible or economically possible to restore the
channel to its natural condition.

7.1.3 STORM WATER BASIN DIVERSION AND STORAGE

Divert, store and protect methodology is fundamentally opposite from the ‘do nothing’ strategy. The
strategy behind diverting, storing and protecting is to construct artificial storm channels and
detention or debris basins in an effort to minimize the floodplains throughout the Valley. Storm
events of all sizes will be managed through a series of pipes, canals, and diversions.

Applying this methodology to the entire basin would be extremely costly. Additionally, operation
and maintenance of such a complex system would be labor intensive and the liability associated with
a mechanical failure higher then with the other possible methodologies. The advantage to this
methodology is that the floodplains would be minimized and could potentially allow for higher
density developments closer to or within the low lying areas.

7.1.4 RECOMMENDED METHODOLOGY

After many discussions with the local municipalities it was determined that a hybrid of preservation
and diversion methodologies was best suited for the Valley. The concept behind the recommended
methodology is to preserve the natural drainage channels where possible, restore the natural channels
when there are only minor encroachments and, finally, divert storm water from the highly developed
areas where restoration of the natural channels is not feasible. This alternative is intended to
minimize the cost and liability associated with implementation while providing adequate protection
of the Valley. Additionally, preserving the natural drainages will provide open space for the
community that can also serve as recreational corridors.

7.2 RECOMMENDED UPGRADE PROJECTS

The following sections describe the recommended alternatives based on the methodology described
above. The upgrades have been classified into debris basins, detention basins to treat the storm
water and remove storm water peaks, storm water canals to divert water away from developed areas,
recommended road and utility crossing upgrades to ensure emergency ingress/egress is maintained,
as well as the channels that should be protected and resorted to provide adequate capacity in the less
developed areas. Proposed locations of these recommended improvement projects are shown in
Figure 7-1 and Figure 7-2.
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7.2.1 RECOMMENDED CROSSING UPGRADES

The following section describes the major recommended improvements that are required to divert
flow around or reduce peak flow through developed areas of the Valley. A summary of the
recommended improvements are listed in Table 7-1.

Analysis of numerous road and utility crossings throughout the basin indicates that many of the
crossings are not currently equipped to be safely passable during the 10-year or larger event. During
high flow events it is critical that key evacuation routes and utilities be maintained for the safety of
the community. To that end, this report recommends that key crossings throughout the basin be
improved to ensure they will remain operable. Additional road and utility corridor crossings should
be upgraded to withstand a minimum of a 25-year or larger event to protect the Valley from frequent
washouts and high replacement costs. It is recommended that the upgrades highlighted in Table 7-1
be constructed to ensure that utilities remain in operable condition and ingress / egress is maintained
during extreme precipitation events. Note that that the recommended culvert crossing upgrades
consistently recommend two or more parallel culverts.

During large storm events it is common for smaller crossings, such as culverts, to become blocked
with debris even with well designed debris racks. Installing parallel culverts provides a level of
redundancy to ensure that storm water will be conveyed even when partially blocked. It is
recommended that multiple culverts with upstream trash racks, similar to Figure 7-3, be installed
at all major existing and future crossings.

Figure 7-3 Example Trash Rack

INSTALL 1 12 X 1 /4 TRASHRADK

m?um /_ GRATE WITH €7 SPACING VERTICAL
AT 7N
)
Le

FRONT ELEVATION

CROSS PLAN VIEW

SECTICN
For the purposes of this report culverts were sized based on the flow and the nearest round culvert(s)
that would provide the required capacity. While this concept provides an excellent idea of the
required culvert size it is not intended to be all inclusive. When the crossing upgrades are designed
it is recommended that site specific considerations be evaluated and a variety of culvert types
considered including box culverts, squash pipe and bridges.
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Table 7-1 Recommended Crossing Upgrades

Storm Event Recommended Sizing and Barrels for Respective Storm Event
10 | 25 | 50 [100 10 25 50 100
Size Size Size Size
ltem Location Flow (cfs) (in) Barrels (in) [ Barrels [ (in) | Barrels | (in) Barrels
4105 W State 121 @
1 future canal 216 319 408 509 54 2 60 2 66 2 60 3
3850 W 1500 N @ future
2 canal 386 562 693 829 66 2 66 3 66 3 66 4
2000 N 3500 W @ future

3 canal 814 1190 1528 1821 60 5 72 5 78 5 78 5
4 1750 N 3500 W 17 24 31 39 24 2 24 2 24 2 30 2
5 1250 N 3500 W 1 2 3 4 18 2 18 2 18 2 18 2
6 550 N 3500 W 19 28 36 45 24 2 24 2 30 2 30 2
7 400 N 3500 W 78 113 145 179 36 2 42 2 48 2 48 2
8 500 S 3500 W 216 319 408 509 54 2 60 2 66 2 72 2
9 2750 W 1500 N 17 24 31 39 24 2 24 2 24 2 30 2
10 2450 N 2500 W 3 4 6 7 18 2 18 2 18 2 24 2
11 1800 N 2500 W 17 24 31 39 24 2 24 2 24 2 30 2
12 1500 N 2500 W 17 24 31 39 24 2 24 2 24 2 30 2
13 1200 N 2500 W 12 17 22 28 24 2 24 2 24 2 24 2
14 750 N 2500 W 20 30 39 49 24 2 24 2 30 2 30 2
15 100 S 2500 W 78 113 145 179 36 2 42 2 48 2 48 2
16 250 S 2500 W 78 113 145 179 36 2 42 2 48 2 48 2
17 500 S 2500 W 78 113 145 179 36 2 42 2 48 2 48 2
18 1100 S 2500 W 78 113 145 179 36 2 42 2 48 2 48 2
19 2200 N 1500 W 3 4 6 7 18 2 18 2 18 2 24 2
20 1200 N 1500 W 17 24 31 39 24 2 24 2 24 2 30 2
21 1000 N 1500 W 12 17 22 28 18 2 24 2 24 2 24 2
22 900 N 1500 W 19 30 39 49 24 2 24 2 30 2 30 2
23 450 S 1500 W 152 222 284 359 48 2 54 2 60 2 60 2
24 600 S 1400 W 147 213 259 299 48 2 54 2 54 2 60 2
25 1150 S 1500 W 84 126 162 203 36 2 42 2 48 2 48 2
26 2100 S 1500 W 84 126 162 203 36 2 42 2 48 2 48 2
27 900 W 1500 S 68 111 149 158 36 2 42 2 48 2 48 2
28 1000 N 500 W 3 4 6 8 18 2 18 2 18 2 18 2
29 750 N 500 W 45 67 86 108 30 2 36 2 36 2 42 2
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Storm Event

Recommended Sizing and Barrels for Respective Storm Event

10 25 | 50 | 100 10 25 50 100
Size Size Size Size
Item Location Flow (cfs) (in) Barrels (in) Barrels (in) [ Barrels | (in) Barrels
30 700 S 500 W 141 176 200 222 42 2 48 2 48 2 54 2
31 1580 S 500 W 81 124 161 202 36 2 42 2 48 2 48 2
32 2800 S 500 W 110 163 208 260 42 2 48 2 54 2 54 2
33 3500 S 500 W 110 163 208 260 42 2 48 2 54 2 54 2
34 2600 N Vernal Ave 25 39 52 67 24 2 30 2 30 2 36 2
35 2000 N Vernal Ave 3 4 6 7 18 2 18 2 18 2 24 2
36 750 N Vernal Ave 48 71 92 115 30 2 36 2 36 2 42 2
37 400 N Vernal Ave 84 116 143 172 36 2 42 2 48 2 48 2
38 900 S Vernal Ave 140 174 198 221 42 2 48 2 48 2 54 2
39 1750 S Vernal Ave 90 138 180 224 36 2 42 2 48 2 54 2
40 2250 S Vernal Ave 110 163 208 260 42 2 48 2 54 2 54 2
41 2500 S Vernal Ave 110 163 208 260 42 2 48 2 54 2 54 2
42 3300 S Vernal Ave 110 163 208 260 42 2 48 2 54 2 54 2
43 1100 S500 E 158 209 242 276 48 2 54 2 54 2 54 2
44 1580 S 500 E 110 166 215 272 42 2 48 2 54 2 54 2
45 2100 S 500 E 3 37 61 93 18 2 30 2 36 2 36 2
46 360 E 2500 S 3 37 61 93 18 2 30 2 36 2 36 2
47 2800 S500 E 3 37 61 93 18 2 30 2 36 2 36 2
48 3300 S 500 E 110 163 208 260 42 2 48 2 54 2 54 2
49 250 N 1500 E 76 104 131 160 36 2 42 2 42 2 48 2
50 1500 E Main 25 35 44 53 24 2 30 2 30 2 30 2
51 1200 S Airport 127 180 211 248 42 2 48 2 54 2 54 2
52 1550 S Airport 86 147 192 236 36 2 48 2 48 2 54 2
53 US-40, 2500 S 3 37 61 93 18 2 30 2 36 2 36 2
54 3200 S 1500 E 110 163 208 260 42 2 48 2 54 2 54 2
55 1200 S 2000 E 120 160 199 238 42 2 48 2 48 2 54 2
56 1750 S 2000 E 89 185 254 329 36 2 48 2 54 2 60 2
57 2300 E State 121 578 822 1065 1262 66 3 66 4 72 4 72 5
58 2500 E State 121 176 250 307 375 48 2 54 2 60 2 66 2
59 | HWY 40 and 1200 South 120 160 199 238 42 2 48 2 48 2 54 2
60 | HWY 40 and 1700 South 89 185 254 329 36 2 48 2 54 2 60 2
61 | HWY 40 and 3625 South 120 160 199 238 42 2 48 2 48 2 54 2
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Ashley Valley
Ashley Creek Ashley Creek & Recommendation
only rainfall
ltem Location 100 | 500 100 | 500
Flow (cfs)
62 2500 West and Ashley Creek 4,134 | 4,655 | 4,717.46 | 5,542.40 Bridge
63 1500 West and Ashley Creek 4,134 | 4,655 | 4,717.46 | 5,542.40 Bridge
64 500 West and Ashley Creek 4,134 | 4,655 | 4,767.13 | 5,625.10 Bridge
65 HWY 191 and Ashley Creek 4,134 | 4,655 | 4,767.13 | 5,625.10 Bridge
66 500 East and Ashley Creek 4,134 | 4,655 | 4,770.97 | 5,631.73 Bridge
67 500 North and Ashley Creek 4,134 | 4,655 | 6,838.95 | 8,658.80 Bridge
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Table 7-1 provides recommended sizes for culverts to safely pass the 10- through 100-year event. On
average it is recommend that these crossings be sized to pass a minimum of the 25-year event.
However, at key locations such as primary roadways, the 50- and 100-year flows should be
considered. Larger flows should also be considered in cases where backing up storm water would
result in flooding. Where the impoundment of storm water could result in damage to structures the
crossings should be designed to pass a minimum of the 100-year event. The crossing upgrades should
be ranked as a medium priority.

7.2.2 RECOMMENDED CONTROL AND DIVERSION IMPROVEMENTS

The following table describes the major recommended control and diversion improvements that are
required to divert flow around or reduce peak flow through developed areas of the Valley. A summary
of the recommended improvements are listed in Table 7-2.

Table 7-2 Recommended Control and Diversion Improvements

Item Approximate Location Recommended Action Units | Unit | Priority*
68 4000 West, 1500 North (Coalmine Basin) Construct Large Debris Basin 160 AF A
69 4000 West and 2000 North Construct Large Debris Basin 112 AF A
70 1500 South above Highline Canal Construct Small Debris Basin 5 AF B
71 3000 South above Highline Canal Construct Small Debris Basin 5 AF B
72 3300 South above Highline Canal Construct Small Debris Basin 5 AF B
73 3700 South above Highline Canal Construct Small Debris Basin 5 AF B
74 4000 South above Upper Ashley Canal Construct Small Debris Basin 5 AF B
75 5000 South above Upper Ashley Canal Construct Small Debris Basin 5 AF B
76 3300 North, 750 East Construct Large Debris Basin 130 AF B
77 1200 East, 2900 North Construct Large Debris Basin 90 AF B
78 2850 East, 1500 North Construct Large Debris Basin 95 AF B
79 500 South, 3200 East Construct Large Debris Basin 120 AF B
80 1400 South, 3900 East Construct Large Debris Basin 75 AF B
81 2400 West and 700 North Construct Detention Pond 24 EA B
82 1750 West and 350 South Construct Detention Pond 25 EA B
83 1200 West and 1000 North Construct Detention Pond 20 EA B
84 1580 West and 475 South Construct Detention Pond 15 EA B
85 1560 West and 300 South Construct Detention Pond 20 EA B
86 Ashley Central CanaéloztttﬁZOO West and 1200 Construct Detention Pond 10 EA B
87 Ashley Central Cangl)ﬁzh:soo West and 2700 Construct Detention Pond 40 EA B
88 800 East and 1100 South Construct Detention Pond 50 EA B
89 800 East and 1600 South Construct Detention Pond 45 EA B
90 HWY 40 and 1200 South Construct Detention Pond 45 EA B
91 HWY 40 and 1700 South Construct Detention Pond 40 EA B
92 2000 East and 1200 South Construct Detention Pond 50 EA B
93 2000 East and 1750 South Construct Detention Pond 100 EA B
94 Highline / Upper Asﬂ%ggnal from US-191 to Construct Storm Water Canal 50,000 | LF C
95 Ashley Central Canal from 300 S to 2500 S Construct Storm Water Canal 15,000 | LF C
96 US-191 & 4000 W to 3000 W & Ashley Creek Construct Storm Water Canal 20,000 | LF C
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Item Approximate Location Recommended Action Units | Unit | Priority*

Miscellaneous Restore Natural Channel 10,000 | LF A

* Priority A: Short-term, B: Intermediate-term, C: Long-term

7.2.2.1 Debris Basins

Debris basins are recommended on the outskirts of the Valley where major drainages from the
hillsides enter the Valley flats. As the name implies, the purpose of debris basins is to capture debris
that flows down the mountain channels during high-flow events. Due to the nature of the local
topology, the higher regions of the Valley are steep, resulting in high-energy storm water runoff which
often mobilizes large debris such as rocks and tree limbs. When this debris enters the flat, lower
energy Valley, the debris settles out and can potentially block key flow paths during flooding events.
To ensure that the waterways remain free flowing during high-flow events, it is important that as much
debris as possible be removed from the flow in a controlled manner. It is recommended that debris
basins be constructed at the base of the major drainage basins.

7.2.2.2 Detention Basins

Detention basins are recommended in numerous locations throughout the Valley. The purpose of the
detention basin is to alter the storm water hydrograph. Existing flows generally result in high
intensity, short duration peak flows that can cause large amounts of erosion and require a fairly large
floodplain. Detention basins store the highest portion of the peak flow and instead release a smaller,
controlled flow over a longer period of time. By constructing detention basins along the major
drainages, the flows can be controlled to be less damaging, and allow for smaller, less costly
downstream improvements to provide adequate protection. It is recommended that detention basins
be constructed throughout the major channels within the Valley to minimize the peak flow and
protect downstream channels and structures.

7.2.2.3 Storm Water Canals

Construction of two major storm water canals is recommended in order to divert water around Vernal
City and the community of Maeser. The first canal is located in the northwest corner of the Valley.
The canal will divert water from the drainage near US-121 and from Coal Mine Basin north to Ashley
Creek following an alignment generally between the Highline Canal and the Upper Ashley Canal.
Working in tandem with debris basins, this canal will divert the majority of storm water that currently
threatens Maeser and the northern portions of Vernal City.

The second recommended canal will follow the existing alignments of the Highline Canal and the
Upper Ashley Canal beginning at US-121 and running south around the Valley and either diverting
storm water into adjacent canals or carrying flow all the way to the Green River. This canal will
collect the highest runoff of the Valley and serve to collect much of the debris that currently runs off
the hillsides. The canal will also provide a means to divert some storm water away from channels that
may be experiencing capacity limitations or have not yet been fully upgraded. It is recommended that
two canals be constructed to divert storm water around the key development areas of Maeser and
Vernal City.
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7.2.3 ASHLEY CREEK IMPROVEMENTS

As stated previously, the major drainage through the Valley is Ashley Creek. Over the years, portions
of this drainage have been modified in an attempt to increase channel capacity, limit flooding, divert
flows for irrigation and to provide transportation and utility crossings. *The largest single change to
Ashley Creek occurred in the 1960’s when the Army Corps channelized and straightened a reach of
Ashley Creek from the Thornburgh Diversion to approximately the golf course. The intent of this
project was to increase the capacity and reduce flooding of the main channel. Providing additional
capacity in the main channel allowed the historic meanders of Ashley Creek (the north and south
channels) to be developed for agricultural and urbanization. The project increased the bed slope by
approximately 50%, removed the meanders and provided sufficient capacity for approximately the 50
year event. The increased main channel capacity resulted in increased erosion, and ultimately, stream
instability.

A detailed study of the stability of Ashley Creek was conducted in 1998 and 2000 by Mussetter
Engineering Incorporated (MEI). The study indicated that the increased sediment transport and
subsequent downstream deposition will likely continue to modify the river channel and may result in
increased flooding potential near and below the golf course. Additionally, excessive erosion between
the Thornburgh Diversion and the golf course will eventually result in channel migration and threaten
existing structures. The bridges across Ashley Creek are also noted as undersized, which results in
local flooding and sediment deposition.

Also, in May 2000 MEI and Franson Noble & Assoicates, Inc published a Stabilization/Restoration
Report based on the MEI analysis. The alternatives for stream rehabilitation ranged from no changes
to complete restoration of the entire channel reach. Erosion control measures, debris basins, and dam
construction were also evaluated as part of the study. The study also considered diverting high water
flows into the irrigation canals to relieve the peak flow from Ashley Creek. The basin-wide flood
analysis contained herein suggests that the canals will fill with storm water from sources other than
Ashley Creek, and as development of the Valley continues, locations to turn out the water will become
more limited. It is recommended that the irrigation canals not be used as part of the Ashley Creek
flood control project so that they can be used to control other flooding concerns throughout the
Valley.

Each of the proposed alternatives in the May 2000 report was compared to the flood protection
methodology recommended in this report, “to protect and restore drainages where possible, and divert
where necessary.” The Ashley Creek improvement project alternative that is most closely aligned
with the recommended methodology is alternative 9. This alternative consists of the following
parameters and specific major projects described in Table 7-3:

1) Creek management to develop a monitoring and maintenance program;

2) Bridge enlargement (discussed in the previous section);

3) Soft Bank Stabilization to control erosion;

! Historic information summarized from Hydraulic and Geomorphic Analyses May 2000 MEI
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4) Riparian restoration to reduce stream velocities and provide numerous other desirable
benefits;

5) Provide upstream storage to minimize peak flows and provide water to future riparian

Zones.
Table 7-3 Recommended Ashley Creek Improvements
Item Approximate Location Recommended Action Units Unit | Priority*
g7 | Ashley Creek from Thornburgh Restore Natural Channel 330,000 | LF C
Diversion to Golf Course
Trout Creek Dam ConstrucF Spring Creek (or 1 EA C
98 equivalent) Dam
Spring Creek Drainage above Construct Spring Creek (or 1 EA C
99 Ashley Creek equivalentl) Dam
0
20% of area aboye Thornburg Watershed management 30,000 AC B
100 Diversion

* Priority A: Short-term, B: Intermediate-term, C: Long-term

It is recommended that the modified version of alternative 9 be implemented to restore Ashley Creek
and mitigate future flooding concerns and minimize sediment transport.

Providing additional storage reservoir(s) above the Valley may become a controversial and
environmentally challenging project to obtain funding and the necessary permits. While it is the
preferred alternative in this report it may not be a feasible flood protection alternative. In the event
that upstream storage cannot be constructed, the next best alternative for Ashley Creek would be to
provide a series of small in-stream debris basins and deepen the channel to provide additional capacity
through the developed areas of the Valley.

7.2.4 IRRIGATION CANALS

As discussed previously in this document there are a number of locations throughout the Valley where
storm water is directed into the irrigation network. As the cities grow this co-mingled water can cause
diminished water quality. It is recommended that future construction projects be required to
maintain separate conduits for irrigation and storm water, and that existing storm water discharge
into irrigation channels be modified to maintain the required separation as future improvements
are constructed throughout the region.
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7.3 OPINION OF PROBABLE IMPROVEMENT COST

The following section provides a cost estimate to construct the projects described in the sections
above. These costs are based on estimates for excavation, engineered fill, storm water piping and
other construction activities obtained from 2007 and 2008, in addition to engineering judgment.
Additional detail describing the basis for these costs is provided in the Appendix. The costs provided
are intended to provide an approximate funding price tag. These costs do not include property
acquisition (with the exception of detention basins), replacement of other utilities, or costs not directly
associated with the design and construction of the recommended improvement. The opinion of
probable costs is presented in 2008 U.S. dollars, ENR cost index 8,184.94; no attempt to project the
future cost of these improvements is presented herein. Table 7-4 below presents the estimated unit
costs to construct the general types of improvements described above.
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Table 7-4 Opinion of Probable Unit Construction Costs

Base Cost Incremental Cost
Improvement Unit Cost Unit Unit Cost Unit
*Canal Construction /
Reconstruction $ 51.00 | LF |$ 0.20 | CFS-LF
*Concrete Levee
Construction $ 54100 |LF |$ - -
*Earth Levee Construction $ 39300 (LF [|$ - -

*Detention Basin
Construction

*Debris Basin Construction
**Bridge Replacement
**Stream Rehabilitation
**Spring Creek Dam
**Watershed Management
Increase Culvert — 18 in.
Increase Culvert — 21 in.
Increase Culvert — 24 in.
Increase Culvert — 27 in. 109.80 | LF
Increase Culvert — 30 in. 122.00 | LF

$ 42,621.00 | EA
$
$
$
$
$
$
$
$
$
$
Increase Culvert — 36 in. $ 146.40 | LF
$
$
$
$
$
$
$
$
$
$
$

282,710.00 | EA
320,000.00 | EA
120.00 | LF
38,000,000.00 | EA
500.00 | AC
106.75 | LF

9150 | LF

97.60 | LF

2,640.00 AF
2,640.00 AF

Increase Culvert — 42 in. 183.01 | LF
Increase Culvert — 48 in. 231.81 | LF
Increase Culvert — 54 in. 27451 | LF
Increase Culvert — 60 in. 301.96 | LF
Increase Culvert — 66 in. 305.01 | LF
Increase Culvert — 72 in. 366.01 | LF
Increase Culvert — 78 in. 47581 | LF
Increase Culvert — 84 in. 640.52 | LF
Increase Culvert — 90 in. 869.27 | LF
Increase Culvert — 96 in. 1,098.03 | LF
Increase Culvert — 102 in. 1,296.29 | LF

* Costs do not include land acquisition
** Costs from Franson-Noble & Associates, Inc May 2000 report Table 4-1 Cost Estimates for Components plus 3% annual inflation

F|P| PR |PR| P[RR P|R|R|P| PR PR |R|R|R R R|H
1
1

In addition to the estimated direct construction costs, the design, construction management, legal, and
administrative costs must also be considered. This report assigns overhead costs as a percentage of the
raw construction cost estimates as shown in Table 7-5.
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Table 7-5 Administrative Fees

Percent of
Item Construction
Cost
Engineering 8%
Construction Management 7%
and Survey
Administration 2%
Legal 1%
Contingency 15%
Total 33%

Based on the unit costs described above, an estimated cost for each of the recommended construction
projects are shown in Table 7-7, Table 7-6, and Table 7-8 below.
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Table 7-6 Opinion of Probable Crossing Improvement Cost

Storm Event

Iltem Location 10 25 50 100
1 | AMO0SW Stitaenﬁl @future | o 257337 | $ 8287233 | $ 106,853.81 | $ 124,308.49
2 3850w 1igga'\l' @future | ¢ 10685381 | $ 16028072 | $ 16028072 | $ 213707.63
3 2000N 35(3%?}3’ @future | ¢ 50718082 | $ 336,898.86 | $ 417,059.95 | $ 417,059.95
4 1750 N 3500 W $ 719840 | $ 7,19840 | $ 7,19840 | $ 13,051.57
5 1250 N 3500 W $ 334246 | $ 334246 | $ 3,34246 | $  3,342.46
6 550 N 3500 W $ 7,9840 | $ 7,19840 | $ 13,5157 | $ 13,051.57
7 400 N 3500 W $ 21,2330 | $ 3201383 | $ 4570701 | $ 45707.01
8 500 S 3500 W $ 6257337 | $ 82,87233 | $ 106,853.81 | $ 134,759.54
9 2750 W 1500 N $ 719840 | $ 7,19840 | $ 7,19840 | $ 13,051.57
10 2450 N 2500 W $ 334246 | $ 334246 | $ 334246 | $  7,198.40
11 1800 N 2500 W $ 7,9840 | $ 7,19840 | $ 7,19840 | $ 13,051.57
12 1500 N 2500 W $ 719840 | $ 7,19840 | $ 7,19840 | $ 13,051.57
13 1200 N 2500 W $ 719840 | $ 7,19840 | $ 7,19840 | $  7,198.40
14 750 N 2500 W $ 7,19840 | $ 7,19840 | $ 13,05157 | $ 13,051.57
15 100 S 2500 W $ 2122330 | $ 3201383 | $ 4570701 | $ 45707.01
16 250 S 2500 W $ 2122330 | $ 32,01383 | $ 45707.01 | $ 45,707.01
17 500 S 2500 W $ 2122330 | $ 32,01383 | $ 4570701 | $ 45,707.01
18 1100 S 2500 W $ 21,2330 | $ 3201383 | $ 4570701 | $ 45,707.01
19 2200 N 1500 W $ 334246 | $ 334246 | $ 334246 | $  7,198.40
20 1200 N 1500 W $ 719840 | $ 7,19840 | $ 7,198.40 | $ 13,051.57
21 1000 N 1500 W $ 334246 | $ 7,19840 | $ 7,19840 | $  7,198.40
22 900 N 1500 W $ 7,19840 | $ 7,19840 | $ 13,05157 | $ 13,051.57
23 450 S 1500 W $ 4570701 | $ 6257337 | $ 8287233 | $ 82,872.33
24 600 S 1400 W $ 4570701 | $ 6257337 | $ 6257337 | $ 8287233
25 1150 S 1500 W $ 2122330 | $ 32,01383 | $ 4570701 | $ 45,707.01
26 2100 S 1500 W $ 21,2330 | $ 3201383 | $ 4570701 | $ 45,707.01
27 900 W 1500 S $ 2122330 | $ 3201383 | $ 4570701 | $ 45707.01
28 1000 N 500 W $ 334246 | $ 3,342.46 | $ 3,342.46 | $  3,342.46
29 750 N 500 W $ 1305157 | $ 21,22330 | $ 2122330 | $ 32,013.83
30 700 S 500 W $ 3201383 | $ 4570701 | $ 4570701 | $ 62,573.37
31 1580 S 500 W $ 2122330 | $ 3201383 | $ 4570701 | $ 45707.01
32 2800 S 500 W $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
33 3500 S 500 W $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
34 2600 N Vernal Ave $ 719840 | $ 1305157 | $ 1305157 | $ 21,223.30
35 2000 N Vernal Ave $ 334246 | $ 334246 | $ 334246 | $  7,198.40
36 750 N Vernal Ave $ 1305157 | $ 21,22330 | $ 21,2330 | $ 32,013.83
37 400 N Vernal Ave $ 2122330 | $ 32,01383 | $ 45707.01 | $ 45,707.01
38 900 S Vernal Ave $ 3201383 | $ 4570701 | $ 4570701 | $ 62,573.37
39 1750 S Vernal Ave $ 2122330 | $ 3201383 | $ 4570701 | $ 62,573.37
40 2250 S Vernal Ave $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
41 2500 S Vernal Ave $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
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Storm Event

Item Location 10 25 50 100
42 3300 S Vernal Ave $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
43 1100 S 500 E $ 4570701 | $ 6257337 | $ 6257337 | $ 62,573.37
44 1580 S 500 E $ 3201383 | $ 4570701 | $ 6257337 | $ 62573.37
45 2100 S 500 E $ 334246 | $ 1305157 | $ 2122330 | $ 21,223.30
46 360 E 2500 S $ 334246 | $ 1305157 | $ 2122330 | $ 21,223.30
47 2800 S 500 E $ 334246 | $ 1305157 | $ 2122330 | $ 21,223.30
48 3300 S 500 E $ 3201383 | $ 4570701 | $ 6257337 | $ 62573.37
49 250 N 1500 E $ 2122330 | $ 3201383 | $ 32,013.83 | $ 45,707.01
50 1500 E Main $ 719840 | $ 1305157 | $ 1305157 | $ 13,051.57
51 1200 S Airport $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
52 1550 S Airport $ 2122330 | $ 4570701 | $ 4570701 | $ 62573.37
53 US-40, 2500 S $ 334246 | $ 1305157 | $ 21,22330 | $ 21,223.30
54 3200 S 1500 E $ 3201383 | $ 4570701 | $ 6257337 | $ 62,573.37
55 1200 S 2000 E $ 3201383 | $ 4570701 | $ 4570701 | $ 62,573.37
56 1750 S 2000 E $ 2122330 | $ 4570701 | $ 6257337 | $ 8287233
57 2300 E State 121 $ 160,280.72 | $ 213,707.63 | $ 269,519.08 | $ 336,898.86
58 2500 E State 121 $ 4570701 | $ 6257337 | $ 8287233 | $ 106,853.81
59 HWY 40 and 1200 South | $ 32.013.83 | $ 45,707.01 | $ 45707.01 | $ 62573.37
60 HWY 40 and 1700 South | $ 21,22330 | $ 45,707.01 | $ 6257337 | $ 82,872.33
61 HWY 40 and 3625 South | $ 32,013.83 | $ 45,707.01 | $ 45,707.01 | $ 62,573.37
Ashley Creek only Ashley Creek & rainfall
Storm Event Storm Event
100 500 100 500
62 2500 Weg:eaerl‘(d Ashley $ 320,000.00 | $ 320,000.00 | $ 320,000.00 | $ 320,000.00
63 1500 We(':S:eae’I‘(d Ashley $ 320,000.00 | $ 320,000.00 | $ 320,000.00 | $ 320,000.00
64 | 500 West and Ashley Creek | $ 320,000.00 | $ 320,000.00 | $ 320,000.00 | $ 320,000.00
65 | HWY 191 and Ashley Creek | $ 320,000.00 | $ 320,000.00 | $ 320,000.00 | $ 320,000.00
66 | 500 Eastand Ashley Creek | $ 320,000.00 | $ 320,000.00 | $ 320,000.00 | $ 320,000.00
67 | 500 North and Ashley Creek | $ 320,000.00 | $ 320,000.00 | $ 320,000.00 | $ 320,000.00

Totals

$ 3,607,643.44

$4,418,062.91

$5,028,597.71

$ 5,482,387.32
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Table 7-7 Opinion of Probable Control and Diversion Improvement Cost

Item Approximate Location Recommended Action Estimated Cost
68 4000 Wes@, 1500 _North Construct Large Debris Basin $ 937,796.30
(Coalmine Basin)
69 4000 West and 2000 North Construct Large Debris Basin $ 769,258.70
70 | 1500 SO“tgggg}’e Highline Construct Small Debris Basin $ 31,727.48
71 | 3000 SO“tgggg}’e Highline Construct Small Debris Basin $ 31,727.48
72 | 3300 SO“tggﬁg}’e Highline Construct Small Debris Basin $ 31,727.48
73 | 3700 SO“tggﬁg}’e Highline Construct Small Debris Basin $ 31,727.48
74 | 4000 South above Upper Construct Small Debris Basin $ 31,727.48
Ashley Canal
75 | 9000 South above Upper Construct Small Debris Basin $ 31,727.48
Ashley Canal
76 3300 North, 750 East Construct Large Debris Basin $ 832,460.30
77 1200 East, 2900 North Construct Large Debris Basin $ 692,012.30
78 2850 East, 1500 North Construct Large Debris Basin $ 709,568.30
79 500 South, 3200 East Construct Large Debris Basin $ 797,348.30
80 1400 South, 3900 East Construct Large Debris Basin $ 639,344.30
81 2400 West and 700 North Construct Detention Pond $ 140,954.73
82 1750 West and 350 South Construct Detention Pond $ 144,465.93
83 1200 West and 1000 North Construct Detention Pond $ 126,909.93
84 1580 West and 475 South Construct Detention Pond $ 109,353.93
85 1560 West and 300 South Construct Detention Pond $ 126,909.93
Ashley Central Canal at .
86 1200 West and 1200 South Construct Detention Pond $ 91,797.93
Ashley Central Canal at 300 ;
87 West and 2700 South Construct Detention Pond $ 197,133.93
88 800 East and 1100 South Construct Detention Pond $ 232,245.93
89 800 East and 1600 South Construct Detention Pond $ 214,689.93
90 HWY 40 and 1200 South Construct Detention Pond $ 214,689.93
91 HWY 40 and 1700 South Construct Detention Pond $ 197,133.93
92 2000 East and 1200 South Construct Detention Pond $ 232,245.93
93 2000 East and 1750 South Construct Detention Pond $ 407,805.93
Highline / Upper Ashley
94 Canal from US191 to~ 4000 Construct Storm Water Canal $ 3,391,766.00
S
Ashley Central Canal from
95 300 S to 2500 S Construct Storm Water Canal $ 1,017,556.40
96 US-191 & 4000 W to 3000 W Construct Storm Water Canal $ 1,356,999.00
& Ashley Creek
Misc. *Restore Natural Channel $ 1,596,000.00
Total $ 15,366,812.69
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Table 7-8 Opinion of Probable Ashley Creek Improvement Cost

Item Approximate Location Recommended Action Estimated Cost
g7 | Ashley Creek from Thornburgh *Restore Natural Channel $  52,668,000.00
Diversion to Golf Course
98 Trout Creek Dam Construct Sp””nggfek (or equivalent) $  50,540,000.00
99 Spring Creek Drainage above * Construct Spring Creek (or equivalent) $ 66,500,000.00
Ashley Creek Dam
0,
100 | 20% of area above Thornburg Watershed Management $  19,950,000.00
Diversion
Total $ 189,658,000.00

7.4 RECOMMENDED STORM WATER POLICIES

A number of policy changes will be required to protect the Valley from flooding. The most important
policy change is to require that all of the remaining natural drainages be preserved. Other policy
issues that should be evaluated are the requirements for storm water management under conditions of
new development. These policy issues are discussed in more detail below.

7.4.1 DESIGNATED FLOODWAY PROTECTION / RESTORATION

In addition to the recommended improvements discussed above, the key component to ensuring that
both existing and future developments are protected from flooding is to ensure that the remaining
natural channels be preserved. Currently, there are no clearly defined policies in place to prevent the
development of a historic floodway. For the plan proposed herein it is imperative that each of the
three major governing entities within the Valley adopt policies that do not allow development within
or modification of natural floodways, and prohibit the rebuilding of existing structures within
floodways. The major channels are highlighted in Table 7-2 above.

The second and potentially more difficult portion of the recommended methodology is to restore
drainages where possible. There are a number of drainages throughout the basin that are largely intact
and can be preserved for future flows. However, in one or two locations these channels have been
modified and developed. It is recommended that the channels shown in Table 7-2 as preserve and
protect be restored or reconstructed as required to maintain the historic channel capacity. One
example of a floodway that has been developed is along the drainage channel south of Vernal near
500E. The channel in this location has been filled and the historic drainage capacity significantly
diminished.

It is recommended that each governing adjacencies modify their zoning code and ordinances, etc.,
to reflect the following actions:

e Prohibit development within existing flood channels highlighted in Table 7-2;
e Prohibit the modification, including piping, of major drainage channels;

e Prohibit the reconstruction of developments currently within the existing flood channels.
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7.4.2 FUTURE DEVELOPMENT REQUIREMENTS

In addition to preventing development in flood channels it is imperative that the flood channels are not
obstructed or filled through future roadways or similar development.

7.4.2.1 Onsite Detention / Retention

One of the key assumptions throughout the modeling is that the local municipalities will continue to
require detention or retention for each new development. Continuing to require local retention /
detention will preserve the existing flow patterns which will keep the high water flows in the banks. of
the existing channels. The regional detention basins described above are intended to reduce the peak
flows and velocities through key areas. They are not intended to replace or diminish the requirements
for local detention basins.

It is recommended that each municipality adopt or continue to include requirements on new
development that:

e Require local detention/ retention of storm water for all new development;

e Require that each detention/ retention basin contain an overflow designed to safely
discharge the 100-year flow into a natural stream channel;

e That the basins be designed such that the final discharge is less then historical peak flows
for the 10-, 50-, and 100-year storm events.

7.4.2.2 Parks, Open Space and Trail System

To offset the costs, monetary and otherwise by requiring the flood channels be preserved, it is
recommended that the preserved flood corridors be preserved through open space credits and to
potentially provide trail corridors and parks.

7.5 SIMULATED PEAK FLOWS WITH IMPROVEMENTS

Once the recommended improvements were identified and conceptually designed, they were entered
into the model to determine: 1) the size required for each improvement, 2) the downstream flows with
the recommended system working and 3) to ensure that large storm events will pass through the
communities without major flooding when the recommended improvements are in place. Figure 7-4,
Figure 7-5, Figure 7-6, Figure 7-7 and Figure 7-8 below indicate the anticipated modified peak flows
from the respective storm events utilizing the recommended improvements.
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FIGURE 7-5
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FIGURE 7-7
ESTIMATED FUTURE MODIFIED
100-YEAR CHANNEL FLOWS
ASHLEY VALLEY
UINTAH COUNTY, UTAH

JUNE 2008

Legend
A Debris Basin

© Detention Pond
Major Road

|:| Municipal Boundary

Storm Event Maximum Flow (cfs)

<25

26 - 50
51-100
101 - 200
201 - 300
301 - 500

501 - 700
701 - 1,000
1,001 - 1,500
1,501 - 3,000
3,001 - 6,000
> 6,000

channel_flows.mxd

5,000 10,000 Feet

1INCH =5,000 FEET

3341 SOUTH 4000 WEST
WEST VALLEY CITY, UTAH 84120

e
/AN
2 (80‘\) 955-5605
N B
eJ Ep1c 50 EAST 100 SOUTH

s:\proj\ashley-valley\gis\maps\report_figures\futuremodified

HEBER CITY, UTAH 84032

ngineering sl

i L
AG




FIGURE 7-8
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7.6 SIMULATED PEAK VELOCITIES WITH IMPROVEMENTS

As with the existing and future model output the peak velocities for each channel were once again
computed with the major improvements integrated. Note that through the majority of the Valley the
peak storm events, especially for the 10- year and 25- year storms the peak velocities are greatly
reduced over existing conditions. The reduced velocities should improve channel stability. The
improved channel stability will help maintain the current channel alignment in the future to aid their
preservation. The peak channel velocities with the improvements are shown in Figure 7-9, Figure
7-10, Figure 7-11, Figure 7-12, and Figure 7-13, respectively.
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FIGURE 7-10
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FIGURE 7-13
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Chapter 8 PERMITTING REQUIREMENTS AND FUTURE
REGULATIONS

8.1 STORM WATER PERMITTING

Storm water permitting dates back to 1972 when the federal Water Pollution Control Act (also
known as the Clean Water Act [CWA]) was amended to provide that the discharge of pollutants to
waters of the United States from any point source is unlawful unless the discharge is in compliance
with a National Pollutant Discharge Elimination System (NPDES) permit. The 1987 amendments to
the CWA added section 402(p), which established a framework for regulating storm water
discharges under the NPDES Program. Subsequently, in 1990, the U.S. Environmental Protection
Agency (EPA) promulgated regulations for permitting storm water discharges from industrial sites
(including construction sites that disturb five acres or more) and from Municipal Separate Storm
Sewer Systems (MS4s) serving a population of 100,000 people or more. These regulations, known
as the Phase I regulations, require operators of medium and large MS4s to obtain storm water
permits from the EPA or State, where equivalent State regulations are adopted. On December 8,
1999, the EPA promulgated regulations, known as Phase |1, requiring similar permits for storm
water discharges from Small MS4s and from construction sites disturbing between one and five
acres of land.

An “MS4” is a conveyance or system of conveyances (including roads with drainage systems,
municipal streets, catch basins, curbs, gutters, ditches, man-made channels, or storm drains): (i)
designed or used for collecting or conveying storm water; (ii) which is not a combined sewer; and
(iii) which is not part of a Publicly Owned Treatment Works (POTW). [See Title 40, Code of
Federal Regulations (40 CFR) §122.26(b)(8).]

A “Small MS4” is an MS4 that is not permitted under the municipal Phase | regulations, and which
is “owned or operated by the United States, a State, City, Town, borough, County, Parish, District,
association, or other public body (created by or pursuant to State law) having jurisdiction over
disposal of sewage, industrial wastes, storm water, or other wastes, including special districts under
State law such as a sewer district, flood control district or drainage district, or similar entity...” (40
CFR 8122.26(b)(16)).

The State of Utah has adopted the NPDES permitting requirements through the ratification of the
Utah Water Quality Act in 1994. This act created the Utah Pollutant Discharge Elimination System
(UPDES) as an equivalent to the NPDES. The UPDES is operated by the State Division of Water
Quality (DWQ) of the Department of Environmental Quality.

Federal and State regulations allow two permitting options for storm water discharges (individual
permits and general permits). The State has elected to adopt a statewide general permit for Small
MS4s in order to efficiently regulate numerous storm water discharges under a single permit. When
governmental entities within the Valley conduct improvement projects involving storm drains and/or
surface improvements that have the potential to affect State receiving waters, a Notice of Intent
(NOI) to comply with the terms of this general permit should be submitted.
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Activities involving storm drains within the Valley should fall under one of two types of permits: a
construction permit or a Small Municipal Separate Storm Sewer Systems (MS4) General Permit.

8.1.1 CONSTRUCTION PERMIT

A construction permit must be secured prior to breaking ground on construction that will disturb
more than one acre of land. The UPDES General Permit for Storm Water Discharges Associated
with Construction Activity (General Construction Permit) requires all dischargers where
construction activity disturbs one acre or more to:

1. Develop and implement a Storm Water Pollution Prevention Plan (SWPPP) which specifies
Best Management Practices (BMPs) that will prevent all construction pollutants from
contacting storm water and with the intent of keeping all products of erosion from moving
off-site into receiving waters.

2. Eliminate or reduce non-storm water discharges to storm sewer systems and other waters of
the U.S.

3. Develop and implement a monitoring program.

4, Perform inspections of all BMPs.

8.1.2 SMALL MS4 GENERAL PERMIT

According to the General Construction Permit, the SWPPP shall emphasize the use of appropriately
selected, correctly installed and maintained pollution reduction BMPs. All dischargers are required
to prepare and implement a SWPPP prior to disturbing a site, and the SWPPP shall remain on the
site at all times and shall be implemented to protect water quality at all times throughout the life of
the project.

The SWPPP has two major objectives: (1) to help identify the potential sources of sediment and
other pollutants that affect the quality of storm water discharges and (2) to describe and ensure the
implementation of BMPs to reduce or eliminate sediment and other pollutants from storm water, as
well as non-storm water, discharges.

The SWPPP shall include BMPs which address source control and, if necessary, shall also include
BMPs which address pollutant control.

The following elements are required in a SWPPP:

1. Site description addressing the elements and characteristics specific to the site;

2. Descriptions of BMPs for erosion and sediment controls;

3. BMPs for construction waste handling and disposal;

4. Implementation of approved local plans;

5. Proposed post-construction controls, including description of local post-construction erosion
and sediment control requirements;

6. Non-storm water management.

8.1.3 MONITORING PROGRAM

The General Construction Permit requires development and implementation of a monitoring
program. Dischargers are required to inspect the construction site prior to anticipated storm events
and after actual storm events. During extended storm events, inspections must be made during each
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24-hour period. Inspections will identify areas contributing to a storm water discharge and evaluate
whether measures to reduce pollutant loadings identified in the SWPPP are adequate and properly
installed and functioning in accordance with the terms of the General Permit. In addition,
inspections will determine whether additional control practices or corrective maintenance activities
are needed.

8.2 SMALL MS4 GENERAL PERMIT

Upon completion of development, or at an appropriate time as determined through communications
with State DWQ staff, the local governing body will likely require a municipal permit. Small MS4s
may be identified through the following methods:

1. Automatically designated by U.S. EPA pursuant to 40 CFR section 122.32(a)(1) because it is
located within an urbanized area defined by the Bureau of the Census.
2. Traditional Small MS4s that serve Cities, Counties, and unincorporated areas that are
designated by DWQ after consideration of the following factors:
a. High population density — an area with greater than 1,000 residents per square mile,
potentially created by a non-residential population, such as tourists or commuters.
b. High growth or growth potential — Growth of more than 25 percent between 1990 and
2000, or anticipated growth of more than 25 percent over a 10-year period ending
prior to the end of the first permit term.

C. Significant contributor of pollutants to an interconnected permitted MS4.
d. Discharge to sensitive water bodies.
e. Significant contributor of pollutants to waters of the U.S.

Based on the above criteria, portions of the Valley are likely subject to MS4 permit regulations. As
development occurs, additional portions of the Valley will also be expected to conform. It is
recommended that all governing bodies adopt these criteria in the near future regardless of their
current designation under the MS4 discharge permit.

The MS4 permit requires dischargers to develop and implement a Storm Water Management
Program (SWMP) that describes the best management practices, measurable goals, and time
schedules of implementation as well as assigns responsibility of each task. Also, as required by the
Small MS4 General Permit, the SWMP must be available for public review and must be approved by
the State prior to permit coverage commencing. This information is provided to facilitate the
process of an MS4 obtaining Small MS4 General Permit coverage. The Storm Water Management
Plan is completed as a separate document and can be obtained from the City by the public for
review.

8.2.1 STORM WATER MANAGEMENT PLAN

The General Permit requires permittees to develop and implement a SWMP designed to reduce the
discharge of pollutants through their MS4s to the Maximum Extent Practicable (MEP). The General
Permit requires the SWMP to be fully implemented by the end of the permit term (or five years after
designation for those designated subsequent to General Permit adoption). Once DWQ staff has
reviewed a SWMP and, in light of meeting the MEP standard, recommends approval of coverage,
the public may review the SWMP and request a public hearing if necessary. The SWMP will be
made available for public review for a minimum of 60 days.
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Federal and State regulations require operators of MS4s to develop a five-year work plan with
associated performance measures and budgeting to address six Minimum Control Measures
(MCMs). The MCMs to be addressed include:

Public Outreach and Education;

Public Participation and Involvement;
Ilicit Discharge Elimination;
Construction Site BMPs Over One Acre;
Post-Construction BMPs; and

Municipal Activities.

S~ wh P

For each MCM, measurable BMPs should be developed, and a schedule and budget provided for
completion of the BMP.

8.2.2 STORM WATER POLLUTION PREVENTION REGULATION

To ensure BMPs are followed, each entity should implement a storm water pollution prevention
ordinance. The ordinance should describe the BMPs described in this section and as well as other
relevant BMPs as the entity deems necessary or prudent. The ordinances should be worded such that
most of the physical BMPs for new construction are a requirement of approval to ensure they will be
properly constructed and maintained.

8.3 BEST MANAGEMENT PRACTICES

The best management practices for the following types of potential contamination sources are
described below. Additional detail on each of the proposed BMPs can be found in the Appendix of
this report.

8.3.1 NEw CONSTRUCTION

All new construction projects in excess of one acre or those projects which pose a potential risk to

storm water pollutants should be required to submit a Storm Water Pollution Prevention Plan

(SWPPP). At a minimum, the SWPPP should include the following components:

1. Site description addressing the elements and characteristics specific to the site;

2 Descriptions of BMPs for erosion and sediment controls;

3. BMPs for construction waste handling and disposal;

4. Implementation of approved local plans;

5 Proposed post-construction controls, including description of local post-construction erosion
and sediment control requirements;

6. Non-storm water management.

Examples of BMPs that may be part of a SWPPP include:
1) Straw bales or gravel bags around inlets and along new ditches.
2) Detention or settling ponds prior to discharge off-site.
3) Phased construction to minimize exposed sediment.

It is recommended that all new development and large construction projects be required to submit
and follow a SWPPP plan prior to commencing work.
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8.3.2 EXISTING DEVELOPMENT

Controlling the quality of storm water runoff from existing development generally requires public
involvement and education. Informing the community of the importance of clean water and ways to
avoid or minimize behaviors that typically cause polluted storm water is imperative to maintaining
reasonably clean runoff from existing developments. Three typical sources of pollution are Oil and
grease, fertilizer, and trash. Oil and grease as well as fertilizer often affect water quality throughout
the region. Through education and proper management these contaminates can be minimized and the
water quality of the region preserved. Trash can also affect water quality but more often than not it
clogs key storm culverts and grates and diminishes capacity. Education and street cleaning to
prevent trash from entering the storm water system can prevent or minimize flooding during major
rainfall events.

Since not all pollution from existing developments can be eliminated through public education it is
also important to provide treatment of storm water through detention basin, screening manholes, or
oil water separators throughout existing communities whenever practical.

8.3.3 ROADWAY MAINTENANCE

Roadways in general have high potential to contribute large amount of pollutants into storm water
for a variety of reasons, including:
1) Roadways cover a large portion of the land, and often are constructed through sensitive
areas.
2) Curbs and gutters catch and store debris, fuel, oil and grease from automobiles.
3) Winter operations introduce salts and sands throughout the roadway network.
4) Pavement design creates high runoff volumes, while increasing contact time between
storm water and contaminates.

As regions such as the Valley continue to develop, additional roadways and the associated storm
water pollutant potential will increase. The pollutants generated from roadways can be mitigated by
implementing best management practices. There are a series of best management practices to reduce
roadway generated polluted storm water.

The following BMPs are recommended for use within the Valley:

e Develop roadway salting and sanding protocols to minimize the use of salt and sand on the
roadways throughout the winter. Consider using alternative de-icing formulas
throughout the Valley and especially near environmentally sensitive areas.

e Site future O&M facilities, such as sand storage, away from natural water ways and storm
channels.

e Store winter salt and sand piles under cover to prevent contact with wind and precipitation.
Construct evaporation ponds for storm water in and around these sites where possible.

e Divert all existing storm water and require that future storm water runoff from roadways
be treated prior to discharge into natural channels. Treatment may include grassy swales,
settling ponds, and oil water separators.

she

e
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Appendix A: CURVE NUMBER CALCULATIONS
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Existing Conditions CN Basis
Pasture, Range, Meadow (well vegetated)

1 *1.36 *1.5 Cultivated / Bare
Soil Type <2% 2% to 10% >10% Soil Type <2% 2% to 10% >10%
Clay 0.40 0.55 0.60 Clay 0.60 0.75 0.80
Clay loam 0.38 0.53 0.57 Clay loam 0.58 0.73 0.77
Silty clay loam 0.35 0.47 0.53 Silty clay loam 0.55 0.67 0.73
Silty clay 0.32 0.40 0.48 Silty clay 0.52 0.60 0.68
Silt loam 0.30 0.36 0.45 Silt loam 0.50 0.56 0.65
Loam 0.28 0.34 0.42 Loam 0.48 0.54 0.62
Loamy fine sand 0.24 0.30 0.35 Loamy fine sand 0.44 0.50 0.55
Loamy sand 0.19 0.25 0.29 Loamy sand 0.39 0.45 0.49
Sandy clay loam 0.15 0.21 0.22 Sandy clay loam 0.35 0.41 0.42
Sandy loam 0.10 0.16 0.15 Sandy loam 0.30 0.36 0.35
Fine sandy loam 0.09 0.14 0.13 Fine sandy loam 0.29 0.34 0.33
Fine sand 0.07 0.12 0.11 Fine sand 0.27 0.32 0.31
Sand 0.06 0.10 0.09 Sand 0.26 0.30 0.29
Coarse sand 0.05 0.07 0.08 Coarse sand 0.25 0.30 0.28

SCS curve number proceedure

Soil Soil Type  Soil Type Good Poor

Clay D D 80 89

Clay loam D C 74 86

Silty clay loam D B 61 79

Silty clay D A 68 39

Silt loam D

Loam D

Loamyfinesand  C  |CN = Al39(v,)+68(L-V,)]+ B[6L(V, ) + 79(1-V, )]+ C[74(V,) + 86(L-V.)]+ D[BO(V, ) + 89—V, )
Loamy sand C Where

Sandy clay loam C CN Composite SCS Curve Number

Sandy loam C A,B,C,D %(decimal) area of each soil type

Fine sandy loam B \% %(decimal) area of vegetation in each soil type
Fine sand B

Sand B

Coarse sand B

Water A

Rock D

Cobbly loam D

*CN values base on pasture/range type land use




Data from GIS

Basin ID Area (Acres) avg slope (ft/ft) Length of water course (ft)

Max 1505.73661 0.128246 172471.4566
Min 102.493531  0.000154007 6685.695536
Average 490.712735 0.032382817 31032.10071
Basin ID AREA (AC) SLOPE FLOW LENGTH FT
1 896 8.26% 22594
2 837 10.14% 20210
3 764 11.30% 18567
4 865 8.01% 15911
5 391 6.66% 8821
6 146 1.30% 31701
7 865 4.01% 18550
8 1473 4.62% 24784
9 934 11.41% 16506
10 717 5.04% 15737
13 353 2.70% 25320
14 498 9.09% 11761
15 723 2.13% 42419
16 845 8.03% 15627
17 311 9.83% 10913
18 351 2.51% 19101
19 754 6.11% 15997
20 272 6.50% 6686
23 345 6.25% 8721
25 269 3.43% 11051
26 102 2.83% 20485
27 285 0.85% 28540
29 859 4.36% 20122
31 536 1.21% 38789
32 792 2.69% 17378
33 384 9.96% 10536
34 290 10.12% 8099
35 1057 2.73% 27359
36 941 10.00% 20250
37 459 5.35% 11691
38 784 12.08% 15781
39 460 5.63% 13168
40 849 5.12% 19931
41 539 4.32% 20149
43 428 5.13% 14811
44 614 5.36% 12424
45 337 9.40% 9008
46 659 6.51% 21255
a7 329 8.08% 12222
48 444 0.63% 54166
49 429 5.29% 10688
50 522 4.35% 14067
51 553 4.17% 17249
52 337 1.25% 18723
53 282 0.39% 53369
54 211 0.83% 24997
55 1076 2.81% 40208
56 1234 3.38% 27390
57 706 2.02% 16387
61 208 0.94% 25661
62 268 7.61% 15560
63 979 5.15% 24976
64 260 8.07% 9524
65 523 3.55% 13222
66 263 6.45% 10860
67 377 4.10% 21791
68 402 6.86% 7297
69 368 6.45% 10041
71 347 3.29% 12243
72 755 5.90% 23915

74 1062 3.56% 19066

4.28
3.83
3.52
3.01
1.67
6.00
3.51
4.69
3.13
2.98
4.80
2.23
8.03
2.96
2.07
3.62
3.03
1.27
1.65
2.09
3.88
541
3.81
7.35
3.29
2.00
1.53
5.18
3.84
2.21
2.99
2.49
3.77
3.82
2.81
2.35
1.71
4.03
231
10.26
2.02
2.66
3.27
3.55
10.11
4.73
7.62
5.19
3.10
4.86
2.95
4.73
1.80
2.50
2.06
4.13
1.38
1.90
2.32
4.53
3.61

% veg
100%
0%
37%

FLOW LENGTH MI Veg

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
1%
4%
0%
37%
0%
0%
0%
50%
0%
12%
2%
0%
0%
0%
0%
0%
34%
88%
0%
0%
0%
15%
4%
0%
64%
4%
10%
0%
0%

10
7
8.904303

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00

9.97

9.89
10.00

8.88
10.00
10.00
10.00

8.51
10.00

9.65

9.93
10.00
10.00
10.00
10.00
10.00

8.99

7.37
10.00
10.00
10.00

9.55

9.88
10.00

8.07

9.89

9.70
10.00
10.00

Tc (hr)

50.00
2.74
12.03

3.78
3.39
3.18
3.44
3.24
10.16
4.65
4.83
3.06
4.06
6.64
3.05
9.53
3.42
2.92
6.12
3.80
3.14
3.31
4.56
5.98
11.62
4.61
11.65
5.75
2.89
2.74
6.84
3.41
3.71
2.96
3.73
4.32
4.63
3.97
3.75
2.86
4.03
3.21
19.23
3.66
4.18
4.48
8.18
23.64
10.98
8.18
6.24
6.36
10.57
3.48
4.64
3.06
471
341
4.85
3.11
3.35
4.76
4.35
5.28

Average

Velocity (ft/s)
1.66
0.27
0.85

1.66
1.66
1.62
1.29
0.76
0.87
111
1.43
1.50
1.08
1.06
1.07
1.24
1.27
1.04
0.87
117
0.59
0.73
0.67
0.95
0.68
121
0.93
0.84
1.01
0.82
111
1.65
0.88
1.48
0.98
1.28
121
1.04
0.92
0.87
1.46
1.06
0.78
0.81
0.93
1.07
0.64
0.63
0.63
1.37
1.22
0.72
0.67
1.24
1.49
0.87
0.78
0.89
1.25
0.65
0.83
0.71
1.53
1.00



75
77

80
81
82

84
85
86

88
89
90

92
93
94

97

99
100
102
103
104
105
107
109
110
113
114
115
116
117
118
119
120
121
122
124
126
127
128
129
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
147
148
149
151
152
153
154
155
156
159
160

818
666
987
349
382
203
486
342
575
267
260
259
723
644
469
630
519
376
302
290
271
200
416
486
493
212
727
761
140
448
539
175
266
274
269
339
202
264
331
642
653
250
368
686
888
239
491
295
583
143
979
151
293
845
410
400
340
833
429
204
538
298
329
367
194
799
1023
574
269
141

11.57%
3.21%
0.98%
0.97%
0.61%
0.81%

12.82%
3.72%
4.98%
4.52%
4.11%
4.29%
1.40%
2.56%
3.38%
4.58%
1.38%
1.70%
5.68%
0.69%
3.65%
0.19%
1.09%
1.86%
0.40%
0.21%
2.75%
4.10%
0.22%
1.60%
0.33%
0.21%
1.49%
0.16%

10.31%
0.26%
0.21%
3.45%
4.60%
1.81%
0.80%
0.36%
8.64%
0.37%
1.39%
0.99%
0.44%
4.20%
6.03%
0.70%
4.30%
1.91%

10.39%
1.85%
1.35%
1.31%
0.36%
1.39%
6.85%
0.18%
1.95%
0.35%
1.19%
2.94%
0.54%
0.34%
1.90%
1.33%
0.66%
0.07%

15282
15191
50008
38244
65605
27237
13763
13829
23907

9766

9867
13027
32309
19934
21923
18992
23333
15488

9133
31504
12068
58141
11554
23084
54715
76100
16738
14653
37274
20848
80719
70170
13233
85428
10339
77524
63704
10600

9504
21723
39159
54714
10803
88800
21498
33015
43189
14216
17162
39518
28879
20950

9779
17156
20655
18804
31211
17219
17443
94798
14206
32140
24812
14149
38750
45537
21768
20535
13861
49421

2.89
2.88
9.47
7.24
12.43
5.16
2.61
2.62
4.53
1.85
1.87
2.47
6.12
3.78
4.15
3.60
4.42
2.93
1.73
5.97
2.29
11.01
2.19
4.37
10.36
14.41
3.17
2.78
7.06
3.95
15.29
13.29
251
16.18
1.96
14.68
12.07
2.01
1.80
411
7.42
10.36
2.05
16.82
4.07
6.25
8.18
2.69
3.25
7.48
5.47
3.97
1.85
3.25
3.91
3.56
5.91
3.26
3.30
17.95
2.69
6.09
4.70
2.68
7.34
8.62
4.12
3.89
2.63
9.36

0%
7%
92%
22%
84%
79%

0%

6%

0%

0%

0%

0%

0%
66%
59%

0%

0%

100%
0%
100%
35%
100%
100%
83%
98%
100%
0%
0%
100%
99%
95%
100%
100%
100%

0%
79%

100%
37%

0%

0%
15%

100%

0%
76%
36%

0%

0%

0%

6%

0%
80%

0%
44%

0%
67%
60%
25%
66%
56%
73%

0%
87%
63%
40%
22%
54%
85%
34%

0%
67%

10.00
7.70
7.24
9.34
7.48
7.63

10.00
9.83

10.00

10.00

10.00

10.00

10.00
8.01
8.24

10.00

10.00
7.00

10.00
7.00
8.96
7.00
7.00
7.50
7.07
7.00

10.00

10.00
7.00
7.02
7.14
7.00
7.00
7.00

10.00
7.62
7.00
8.90

10.00

10.00
9.55
7.00

10.00
7.73
8.92

10.00

10.00

10.00
9.83

10.00
7.60

10.00
8.68

10.00
7.98
8.21
9.26
8.01
8.33
7.80

10.00
7.38
8.11
8.81
9.33
8.38
7.44
8.97

10.00
7.98

2.98
5.12
14.89
12.78
22.20
11.60
2.79
4.68
4.63
3.82
3.97
4.13
9.91
6.17
5.68
4.44
8.56
6.71
3.46
13.36
4.55
35.32
7.39
7.49
23.78
40.30
5.63
4.33
24.44
7.68
33.33
38.49
6.76
47.88
2.84
36.82
35.81
4.51
3.78
7.40
14.10
25.05
3.06
33.09
8.25
11.69
19.61
4.25
3.89
15.11
5.26
7.13
2.80
6.71
8.21
8.03
17.80
7.58
3.73
47.53
6.17
18.21
9.38
5.19
16.79
22.80
7.26
8.25
9.61
49.28

1.43
0.82
0.93
0.83
0.82
0.65
1.37
0.82
1.43
0.71
0.69
0.88
0.91
0.90
1.07
1.19
0.76
0.64
0.73
0.66
0.74
0.46
0.43
0.86
0.64
0.52
0.83
0.94
0.42
0.75
0.67
0.51
0.54
0.50
1.01
0.58
0.49
0.65
0.70
0.82
0.77
0.61
0.98
0.75
0.72
0.78
0.61
0.93
1.23
0.73
1.53
0.82
0.97
0.71
0.70
0.65
0.49
0.63
1.30
0.55
0.64
0.49
0.73
0.76
0.64
0.55
0.83
0.69
0.40
0.28



162
163
164
165
166
167
170
171
174
175
176
178
179
180
181
182
183
184
185
187
188
189
190
191
192
193
194
195
196
197
198
199
201
202
203
204
205
206
207
209
211
212
213
214
215
218
219
220
221
222
223
224
225
229
230
231
232
233
234
235
236
237
238
240
241
242
243
244
246

317
350
470
290
323
239
77
566
672
527
683
226
301
586
659
497
188
316
486
151
328
399
961
264
242
353
178
1152
287
265
382
385
604
496
974
489
537
230
368
483
147
538
832
427
869
391
163
524
287
676
200
398
1107
354
118
870
488
361
459
315
396
613
144
146
1506
893
326
109
551

0.23%
1.66%
1.87%
10.48%
6.85%
0.11%
0.73%
0.34%
1.38%
1.56%
0.42%
0.15%
2.58%
3.99%
1.29%
0.16%
0.07%
2.08%
1.28%
0.29%
2.45%
1.61%
4.22%
6.16%
0.29%
0.15%
1.10%
1.13%
2.57%
0.43%
0.15%
1.63%
5.32%
5.81%
4.50%
2.76%
1.62%
0.81%
1.81%
0.82%
0.37%
0.72%
5.77%
5.90%
2.09%
1.90%
0.09%
3.42%
3.23%
1.94%
0.14%
2.81%
3.60%
0.58%
0.49%
1.11%
2.27%
6.50%
3.27%
0.15%
6.05%
2.15%
0.08%
0.10%
1.69%
1.64%
1.50%
0.02%
1.23%

101385
13286
12623

9742
13690
53984
39248
50019
15547
21318
66506

107535

9767
19820
11589

116782
48302
10754
15416
50923
10638
12511
21565

9494
54578

122497
21572
45997
12148
59251

132203
14908
18261
15158
17717
13634
16723
18832
11697
30756
34929
46053
17622
17018
23243
16669

141733
11581
11991
21101

144086
10971
35657
45951
35348
31872
13106
13798
10912

152002
12408
18022

154357

160303
30251
21645
12063

172471
15901

19.20
2.52
2.39
1.85
2.59

10.22
7.43
9.47
2,94
4.04

12.60

20.37
1.85
3.75
2.19

22.12
9.15
2.04
2.92
9.64
2.01
2.37
4.08
1.80

10.34

23.20
4.09
8.71
2.30

11.22

25.04
2.82
3.46
2.87
3.36
2.58
3.17
3.57
2.22
5.83
6.62
8.72
3.34
3.22
4.40
3.16

26.84
2.19
2.27
4.00

27.29
2.08
6.75
8.70
6.69
6.04
2.48
2.61
2.07

28.79
2.35
3.41

29.23

30.36
5.73
4.10
2.28

32.67
3.01

56%
97%
0%
22%
42%
1%
100%
86%
97%
90%
86%
36%
100%
83%
0%
71%
0%
0%
100%
0%
0%
100%
25%
39%
0%
32%
100%
100%
0%
2%
69%
100%
62%
24%
62%
12%
100%
100%
100%
100%
100%
100%
62%
38%
99%
100%
100%
13%
34%
75%
100%
29%
44%
57%
5%
44%
0%
28%
34%
91%
28%
17%
94%
59%
8%
18%
80%
98%
64%

8.33
7.09
10.00
9.35
8.75
9.97
7.00
7.43
7.08
7.29
7.41
8.93
7.00
7.50
10.00
7.87
10.00
10.00
7.00
10.00
10.00
7.00
9.24
8.83
10.00
9.03
7.00
7.00
10.00
9.95
7.92
7.00
8.13
9.29
8.13
9.65
7.00
7.00
7.00
7.00
7.00
7.00
8.15
8.86
7.02
7.00
7.00
9.62
8.98
7.75
7.00
9.13
8.68
8.28
9.86
8.67
9.99
9.17
8.99
7.26
9.17
9.48
7.17
8.23
9.77
9.47
7.60
7.05
8.08

43.94
6.46
6.06
2.79
3.50

43.36

14.74

24.15
7.34
7.81

26.69

50.00
4.98
5.10
6.90

50.00

49.01
5.56
7.55

26.53
5.19
6.44
4.78
3.38

27.45

50.00
9.15

13.26
5.26

24.41

50.00
6.76
4.15
3.81
4.38
5.27
7.03
9.84
6.02

12.25

18.76

16.27
3.98
3.91
7.15
6.57

50.00
4.62
4.77
7.09

50.00
4.94
6.88

17.99

16.55

10.91
5.66
3.58
4.64

50.00
3.58
6.40

50.00

50.00
8.83
7.70
6.56

50.00
7.77

0.64
0.57
0.58
0.97
1.09
0.35
0.74
0.58
0.59
0.76
0.69
0.60
0.55
1.08
0.47
0.65
0.27
0.54
0.57
0.53
0.57
0.54
1.25
0.78
0.55
0.68
0.66
0.96
0.64
0.67
0.73
0.61
1.22
1.10
112
0.72
0.66
0.53
0.54
0.70
0.52
0.79
1.23
121
0.90
0.70
0.79
0.70
0.70
0.83
0.80
0.62
1.44
0.71
0.59
0.81
0.64
1.07
0.65
0.84
0.96
0.78
0.86
0.89
0.95
0.78
0.51
0.96
0.57



Future Conditions CN Basis

Land uses Classes A
C2 Commercial

cc1 Commercial

CP2 Commercial

F1 Commercial

HC1 Commercial

11 Commercial

R1 Residential <1/8 acre lots
R2 Residential 1/3 acre lots

R3 Residential 1/3 acre lots

R4 Residential 1/2 acre lots
RA1 Residential 1 acre lots

RA2 Residential >1 acre lots

% impervic Group A

85 Commercial

0 Open Spaces
65 Residential <1/8 acre lots
30 Residential 1/3 acre lots
25 Residential 1/2 acre lots
20 Residential >1 acre lots

89
89
89
89
89
89
77
61
57
54
51
51

89
49
77
57
54
51

Soil Type

92
92
92
92
92
92
85
75
72
70
68
68

Soil Type

92
69
85
72
70
68

C

C

94
94
94
94
94
94
90
83
81
80
79
79

94
79
90
81
80
79

95
95
95
95
95
95
92
87
86
85
84
84

95
84
92
86
85
84




Future Basin Model CN calculations

Soil Group A Soil Group B
A-Commercial [A-Open Spaces |A-Residential <1/8 acre lots _|A-Residential 1/3 acre lots _|A-Residential 1/2 acre lots _[A-Residential >1 acre lots _|B-Commercial |B-Open Spaces [B-Residential <1/8 acre lots _|B-Residential 1/3 acre lots _[B-Residential 1/2 acre lots _|B-Resi ial >1 acre lots _[C-Commercial
Cn Value 89 49 7 57 54 51 92 69 85 72 70 68 94
Future Cn|Basin
88 1 0% 0% 0% 0% 0% 0% 0% 3% 0% 0% 0% 3% 0%
84 2 0%; 0% 0% 0%; 0% 0% 0% 22% 0% 0% 0% 25%: 0%
81 3 0% 0% 0% 0% 0% 0% 0% 82% 0% 0% 0% 0% 0%
87 4 0%; 0% 0% 0%; 0% 0% 0% 0%; 0%; 0% 0% 22% 0%
89 5 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 6| 0%; 0% 0% 0%; 0% 0% 0% 0%; 0%; 0% 0% 27% 0%
89 7 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 8| 0%; 0% 0% 0% 0% 0% 0% 0%; 0%; 0% 0% 0% 0%
82 9 0% 0% 0% 0% 0% 0% 0% 73%! 0% 0% 0% 0% 0%
89 10| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 13 0% 0% 0% 0% 0% 0% 0% 26%! 0% 0% 0% 4% 0%
89 14| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 15 0% 0% 0% 0% 0% 0% 0%, 0% 0% 0%, 0% 25% 0%
88 16 0% 0% 0% 0% 0% 0% 0% 8% 0% 0% 0% 1% 0%
89 17| 0% 0% 0% 0% 0%, 0% 0%, 0% 0% 0%, 0% 0% 0%
89 18| 0% 0%, 0%, 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88, 19| 0% 0% 0% 0% 0%, 0%, 0%, 6% 0% 0%, 0%, 0% 0%,
89 20 0% 0%, 0%, 0% 0% 0%, 0% 0% 0% 0% 0%, 0%, 0%,
89 23 0% 0% 0% 0% 0% 0%, 0%, 0%) 0%) 0%, 0%, 0% 0%,
88 25 0%) 0% 0% 0%) 0% 0%, 0% 8%) 0%) 0% 0%, 0% 0%,
89 26 0%) 0% 0% 0%) 0% 0%, 0% 0%) 0% 0% 0%, 0% 0%,
86 27 0%, 0%, 0%, 0%, 0% 0%, 0% 0%, 0% 0% 0% 28% 0%
87, 29, 0%) 0% 0% 0%) 0%) 0%, 0%) 7% 0%) 0% 0%, 13%) 0%,
89 31 0% 0% 0% 0%, 0%) 0% 0%) 0% 0% 0%) 0%] 0% 0%
80 32, 0%) 0% 0% 0%) 0%) 41%) 0%) 0%) 0%) 0%) 0%] 0% 0%
88 33 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 34 0%) 0% 0% 0%) 0%) 0%) 0%) 0% 0%) 0%) 0% 0% 0%]
89 35 0% 0% 0% 0% 0% 0%) 0% 0% 0% 0% 0%) 0% 0%)
87| 36 0% 0% 0% 0% 0%) 0%) 0%) 0% 0% 0%) 0%) 0% 0%)
89 37| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%)
87| 38| 0% 0% 0% 0% 0%) 0%) 0%) 0% 0% 0%) 0%) 0% 0%)
87| 39 0% 0%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 17%] 0%
88| 40 0% 0%) 0% 0% 0%) 0%) 0%) 0% 0% 0%) 1% 0%) 0%)
89 41 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88| 43 0% 0%) 0%) 0% 0% 0%) 0% 0% 0% 0% 0%) 0%) 0%)
82 44| 0% 0% 0% 0% 0%| 0% 0% 0% 0% 0% 18%] 2% 0%
88| 45) 0% 0%) 0%) 0% 0% 0% 0% 0% 0% 0% 0% 0%) 0%
88| 46 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 47, 0% 0%) 0%) 0% 0% 0% 0% 0% 0% 0% 0% 0%) 0%
84| 48| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 49| 0% 0%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88| 50| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0%
89 51 0% 0%)] 0%)] 0% 0% 0% 0% 0% 0% 0% 0% 0%)] 0%
83| 52| 0% 0% 0% 0% 0% 28%) 0% 0% 0% 0% 0% 2% 0%
73| 53] 0%)| 0%] 0%] 0%)| 0% 74%| 0% 0% 0%)| 0% 0% 0% 0%
76| 54 0% 0% 0% 0% 0% 62%| 0% 0% 0% 0% 0% 1% 0%
89| 55| 0%)| 0%] 0%] 0%)| 0% 0% 0% 0%)| 0%)| 0% 0% 0%] 0%
87| 56| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
83| 57| 0% 0% 0% 0% 0% 8% 0% 0% 0% 0% 2% 0% 0%
78 61 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 34% 0% 0%
89 62 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 63 0%; 0% 0% 0%; 0% 0% 0%, 0%; 0%; 0%, 0% 0% 0%
89 64| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
84 65 0%; 0% 0% 0%; 0% 0% 0% 0%; 0%; 0% 7% 25% 0%
89 66 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 67 0% 0% 0% 0% 0% 0% 0% 0% 0%; 0% 0% 0% 0%
86 68 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88| 69 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 71 0% 0% 0% 0% 0%, 0% 0% 0% 0% 0% 0% 0% 0%
89 72| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 74 0% 0% 0% 0% 0% 0% 0%, 0% 0% 0%, 0% 0% 0%
88 75 0% 0%, 0%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
82 77| 0% 0% 0% 0% 0%, 0%, 0%, 0% 0% 0%, 8% 0% 1%
76 78 0% 0%, 0%, 0% 0% 0% 0% 0% 0% 5% 42% 0% 0%
87, 80 0% 0% 0% 0% 0%, 0%, 0%, 0% 0% 0%, 0%, 0% 0%,
83 81 0%) 0%, 0%, 0%) 0% 3% 0% 0% 0% 1% 1% 0% 3%
85 82 0%) 0% 0% 0%) 0% 0%, 0% 0%) 0%) 0% 0%, 0% 0%
88 83 0%, 0% 0% 0%, 0% 0%, 0% 0%, 0%, 0% 0%, 0% 0%,
89 84 0%) 0% 0% 0%) 0% 0%, 0% 0%) 0%) 0% 0%, 0% 0%,
89 85 0%, 0% 0%, 0%, 0%) 0%, 0%) 0% 0%, 0%) 0%, 0%, 0%,
89 86 0%) 0% 0% 0%) 0% 0%] 0%) 0%) 0%) 0%) 0%] 0% 0%]
89 87, 0% 0% 0% 0% 0%) 0% 0%) 0% 0% 0%) 0% 0% 0%
88 88| 0%) 0% 0% 0%) 0%) 0% 0%) 0%) 0%) 0%) 0% 0% 0%
89 89 0% 0% 0% 0% 0% 0%) 0% 0% 0% 0% 0%) 0% 0%)
83 90| 0% 0% 0% 0% 0%) 0%) 0%) 0%) 0%) 3%) 0%) 0% 0%)
82, 91 0% 0% 0% 0% 0% 0% 0% 0% 0% 7% 0% 0% 0%
89 92| 0% 0% 0% 0% 0%) 0%) 0%) 0% 0% 0%) 0%) 0% 0%)
89 93] 0% 0% 0% 0% 0% 0%) 0% 0% 0% 0% 0%) 0% 0%
79 94 0% 0% 0% 0% 0%) 0%) 0%) 0% 0% 23%] 8%) 0% 0%)
88| 96 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%) 0%
76) 97| 0% 0% 0% 0% 0%] 0%)] 0% 0% 3% 65%) 0%) 0% 0%)]
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Future Basin Model CN calculations

Soil Group A Soil Group B
A-Commercial [A-Open Spaces |A-Residential <1/8 acre lots _|A-Residential 1/3 acre lots _|A-Residential 1/2 acre lots _|A-Residential >1 acre lots _[B-Commercial |B-Open Spaces [B-Residential <1/8 acre lots _|B-Residential 1/3 acre lots _[B-Residential 1/2 acre lots _[B-R >1 acre lots _|C-Commercial
Cn Value 89 49 7 57 54 51 92 69 85 72 70 68 94
Future Cn|Basin

86 99 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
83 100 0% 0% 0% 0% 0% 0% 0% 0% 0% 19% 0% 0% 0%
81 102 0% 0% 0% 1% 0% 0% 0% 0% 1% 16% 0% 0% 1%
83 103 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 0%
85 104 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
83 105 0% 0% 0% 0% 0% 0% 2% 0% 0% 18% 0% 0% 1%
89 107 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 109 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
82 110 0% 0% 0% 0% 0% 0% 2% 0% 3% 38% 0% 0% 21%
86 113 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 114 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
81 115 0% 0% 0% 0% 0% 0% 0% 0% 0% 34% 0% 0% 0%
80 116 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 0% 0% 0%
80 117 0% 0% 0% 0% 0% 0% 0% 0% 0% 42% 0% 0% 0%
88 118 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
82 119 0% 0% 0% 1% 0% 0% 2% 0% 7% 36% 0% 0% 1%
88 120 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 121 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 122 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 124 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 126 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 127 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 128 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
84 129 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 0%
89 131 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 7%
89 132 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 133 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 134 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 135 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 11% 0%
88 136 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%
85 137 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 138 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 139 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 140 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
90 141 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
89 142 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
90 143 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 7%
88 144 0% 0% 0% 0% 0% 0% 0% 1% 0% 5% 0% 0% 2%
86 145 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 147 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 148 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 149 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 151 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 13%
87 152 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
91 153 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 8%
87 154 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 155 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
90 156 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 14%
89 159 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 19%
87 160 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 162 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 163 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 164 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 165 0%; 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 4% 0%
82 166 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 0% 11% 0%
94 167 0%; 0% 0% 0%; 0%, 0% 0%, 0% 0%; 0% 0% 0% 3%
86 170 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 171 0%; 0% 0% 0% 0% 0% 0% 0% 0%; 0% 0% 0% 4%
90 174 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 15%
87 175 0%; 0% 0% 0%; 0% 0% 0% 0%; 0%; 0% 0% 0% 3%
87 176 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
85 178 0% 0% 0% 0% 0% 0% 0% 0% 0%; 0% 0% 0% 0%
86 179 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
84| 180] 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0% 0%
85 181 0% 0% 0% 0% 0% 16%| 0% 0% 0% 0% 0% 0% 0%
84 182 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
82 183] 0% 0% 0% 0% 0% 34% 0% 0% 0% 0% 0% 0% 0%
88 184/ 0% 0% 0% 0% 0% 4% 0% 0% 0% 0% 0% 0% 0%
86 185] 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 2%
88 187 0% 0% 0% 0% 0% 6% 0% 0% 0% 0% 0% 0% 0%
88, 188| 0% 0% 0% 0% 0%, 0% 0% 0% 0% 0% 0% 0% 0%
87, 189 0% 0% 0%) 0% 1% 0% 0% 0% 0% 0% 0% 0% 8%
86 190] 0% 0% 0% 0% 0% 0%, 0% 0% 0% 1% 0% 1% 1%
84 191 0% 0%, 0% 0% 0% 0% 0% 0% 0% 0% 7% 0% 0%
89 192 0% 0% 0% 0% 0%, 0%, 0%, 0% 0% 0%, 0%, 0% 0%,
83 193] 0% 0%, 0%, 0% 0% 9% 0% 0% 0% 0% 0%, 0%, 0%,
85 194 0% 0% 0% 0% 0%, 0%, 0%, 0% 0% 0% 0%, 0% 0%,
85 195] 0%) 0% 0%, 0%) 0% 0% 0% 0% 0% 1% 0% 0% 1%
89 196 0%) 0% 0% 0%) 0%] 0%, 0%] 0%) 0%) 0%] 0%, 0% 0%,
88 197] 0%, 0%, 0% 0%) 0% 0%, 0%] 0%) 0%) 0% 0%, 0% 0%,
84 198 0%) 0%) 0%) 0%) 0% 0%, 0% 0%) 0%) 0% 0%, 0%) 0%,
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Future Basin Model CN calculations

Soil Group A Soil Group B
A-Commercial [A-Open Spaces |A-Residential <1/8 acre lots _|A-Residential 1/3 acre lots _|A-Residential 1/2 acre lots _|A-Residential >1 acre lots _[B-Commercial |B-Open Spaces [B-Residential <1/8 acre lots _|B-Residential 1/3 acre lots _[B-Residential 1/2 acre lots _[B-R >1 acre lots _|C-Commercial
Cn Value 89 49 7 57 54 51 92 69 85 72 70 68 94
Future Cn|Basin

85 199 0% 0% 0% 0% 2% 0% 0% 0% 0% 0% 0% 0% 4%
86 201 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 202 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 203 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 204 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
84 205 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 2%
84 206 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 207 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 3% 0% 5%
85 209 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
89 211 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 23%
83 212 0% 0% 0% 0% 2% 0% 0% 0% 0% 0% 0% 0% 3%
84 213 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 214 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 215 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
86 218 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 2%
90 219 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 5%
88 220 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 221 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 222 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 19%
92 223 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 42%
86 224 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 225 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2%
91 229 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 18%
88 230 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
84 231 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 232 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 233 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%
86 234 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 235 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
82 236 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 35% 0%
87 237 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0%
85 238 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 240 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 241 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 242 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 243 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 244 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0%
85 246 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Future Basin Model CN calculations

Soil Group C Soil Group D
C-Open Spaces |C-Residential <1/8 acre lots _|C-Residential 1/3 acre lots _|C-Residential 1/2 acre lots _[C-R >1 acre lots__|D-Dommercial [D-Open Spaces [D-Residential <1/8 acre lots _[D-Residential 1/3 acre lots _[D-Resi ial 1/2 acre lots__|D-Residential >1 acre lots
Cn Value 79 90 81 80 79 95 84 92 86 85 84
Future Cn|Basin
88 1 0% 0% 0% 0% 0% 0% 17% 0% 0% 0% 7%
84 2 0%; 0%; 0%, 0% 0% 0% 15% 0% 0% 0% 38%,
81 3 0% 0% 0% 0% 0% 0% 15% 0% 0% 0% 3%
87 4 0% 0%; 0%, 0% 0% 0% 0% 0% 0% 0% 78%
89 5 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%:
86 6 0%; 0%; 0% 0% 0% 0% 0% 0% 0% 0% 73%!
89 7 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%:
89 8 0% 0% 0% 0% 2% 0% 0% 0% 0% 0% 98%
82 9 0% 0% 0% 0% 0% 0% 271% 0% 0% 0% 0%
89 10 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%
86 13 0% 0% 0% 0% 0% 0% 63% 0% 0% 0% 7%
89 14| 0% 0% 0% 0% 10% 0% 0% 0% 0% 0% 90%!
87 15 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 75%!
88 16 0% 0% 0% 0% 0% 0% 91% 0% 0% 0% 1%
89 17 0% 0% 0% 0% 1%] 0% 0% 0% 0% 0% 99%!
89 18 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%:
88 19 4% 0% 0%, 0% 0% 0% 85%) 0%, 0% 0% 4%
89 20 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%:
89 23 0% 0% 0%, 0% 0% 0% 0% 0% 0% 0% 100%:
88 25 1%) 0% 0% 0%, 13%| 0%, 10%)| 0% 0% 0%) 68%
89 26 0% 0% 0%, 0%, 0% 0%, 0%, 0%, 0%, 0% 100%:
86 27 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 72%
87 29 0% 0% 0%, 0%, 5% 0%, 18% 0%, 0%, 0% 56%
89 31 0% 0% 0% 0%, 1%, 0%, 0% 0% 0%, 0%, 99%
80 32 0%) 0%) 0% 0%, 0% 0%, 0% 0%, 0%, 0% 59%
88 33 0%) 0%) 0% 0%, 26%) 0% 0% 0% 0% 0% 74%)
88 34 0%) 0%) 0% 0%, 33% 0%, 0% 0% 0%, 0% 67%
89 35 0%, 0%, 0% 0%, 11%| 0%, 0% 0% 0%, 0%, 89%
87 36 76% 0% 0% 0%, 0% 0%, 23% 0% 0%, 0% 0%
89 37 0%, 0%, 0% 0%, 0%, 0%, 0% 0% 0%, 0%, 100%)
87 38 53%] 0%) 0%) 0%, 0% 0%, 47%)| 0% 0%, 0% 0%)
87 39 0% 0%, 0%) 0%, 9% 0% 0% 0% 0% 0% 74%|
88 40 42% 0%) 0%) 0%] 0% 0% 55%) 0%) 0% 0% 2%
89 41 0% 0% 0%) 0%] 0% 0% 0%) 0%) 0% 5% 95%]
88 43 0%) 0%) 0%) 0% 22%) 0%] 0%) 0%) 0% 0% 78%)
82 44 1% 0% 0% 14%] 0% 0% 30%) 0% 0% 7% 27%|
88 45 28%) 0%) 0%) 0%) 0% 0%) 72% 0%) 0%] 0% 0%)
88 46 0% 0% 0% 0%) 40% 0%) 0% 0% 0%) 0% 60%)
89 47 3% 0% 0%) 0%) 0% 0%) 97%| 0%) 0%) 0% 0%
84 48 0% 0% 7% 0% 22%) 0% 0% 0% 5% 38%) 29%)
89 49 0% 0% 0%) 0%) 0% 0%) 0%) 0%) 0%) 5% 95%)
88 50 0% 0% 0% 6%) 0% 0% 0% 0% 0% 10%| 84%)
89 51 0% 0% 0% 0%) 2%) 0%) 0% 0% 0%) 3%) 95%)
83 52 0% 0% 0% 0% 13%| 0% 0% 0% 0% 0% 57%)
73 53 0% 0% 0% 0%) 0% 0%) 0% 0% 0%) 0% 26%)
76 54 0% 0% 0% 0% 3%) 0% 0% 0% 0% 0% 34%)
89 55 1% 0% 0% 0% 5% 0% 20%) 0% 0% 0%) 75%|
87 56 36%) 0% 0% 0% 41% 0% 15%] 0% 0% 0% 9%
83 57 0% 0% 0% 25%] 1% 0% 0% 0% 0% 36%) 29%)
78 61 0% 0% 0% 40% 0% 0% 0% 0% 0% 13%j 13%|
89 62 0% 0% 0% 0% 12% 0% 0% 0% 0% 0% 88%)
88 63 0% 0% 0% 0% 17% 0% 0% 0% 0% 0% 83%)
89 64 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%|
84 65 0% 0% 0% 7% 1%j 0% 0% 0% 0% 11%j 49%)
89 66 0% 0% 0% 0% 0% 0% 29%| 0% 0% 1% 69%|
89 67 0% 0% 0% 0% 14%i 0% 0% 0% 0% 0% 86%)
86 68 0% 0% 0% 5% 0% 9%| 0% 0% 0% 58%| 28%|
88 69 0% 0% 0% 1% 22%j 0% 0% 0% 0% 0% 77%
88 71 0% 0% 0% 0% 0% 0% 0% 0% 0% 13%] 87%
89 72 0% 0% 0% 0% 2%) 0% 3% 0% 0% 0% 94%i
89 74 0% 0% 0% 0% 4% 0% 0% 0% 0% 0% 96%|
88 75 19%i 0% 0% 0% 1% 0% 8% 0% 0% 0% 62%)
82 77 0% 0% 0% 49%| 1%] 1% 0% 0% 0% 20%] 20%j
76 78 0% 0% 15% 28%) 0% 0% 0% 0% 0% 7% 4%)
87 80 0% 0% 0% 0% 2% 0% 0% 0% 21%| 0% 76%)
83 81 0% 0% 1%, 40%) 0% 1% 0% 0% 0% 35%) 16%i
85 82 0% 0% 7% 0% 0% 0% 0% 0% 19%| 55%| 19%)
88 83 0% 0% 0% 0% 37%) 0% 0% 0% 0% 0% 63%)
89 84 0% 0% 0% 0% 0%] 0% 0% 0% 5% 0%] 95%)
89 85 0Y 0Y 0% 0% 2% 0% 0% 0% 0% 0% 98%)
89 86 0% 0% 0% 0% 2% 0% 0% 0% 0% 0%] 98%j
89 87 0% 0% 0% 0% 13%] 0% 0% 0% 0% 0% 87%
88 88 0% 0% 0% 0% 18%] 0% 0% 0% 0% 0%] 82%
89 89 0% 0% 0%| 0% 6% 0% 0%| 0% 0% 0% 94%
83 90 0% 0% 21%) 10%] 7%] 3% 0% 0% 4% 36%| 16%
82 91 0% 0% 35%) 0% 29%) 0% 0Y 0Y 17%) 0% 13%
89 92 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 99%
89 93 09 09 0% 0% 5% 0% 0% 0% 0% 0% 95%
79 94 0% 0% 47% 7% 0% 0% 0% 0% 15%) 0% 0%
88 96 0Y 0Y 2% 0%| 36%) 0%| 0% 0% 13%) 1% 47%
76 97 0% 0% 31% 0% 0% 0% 0% 0% 1% 0% 0%




Future Basin Model CN calculations

Soil Group C Soil Group D
C-Open Spaces |C-Residential <1/8 acre lots _|C-Residential 1/3 acre lots _|C-Residential 1/2 acre lots _[C-R >1 acre lots__|D-Dommercial [D-Open Spaces [D-Residential <1/8 acre lots _|D-Residential 1/3 acre lots _[D-R 1/2 acre lots__|D-Residential >1 acre lots
Cn Value 79 90 81 80 79 95 84 92 86 85 84
Future Cn|Basin
86 99 0% 0% 1% 0% 0% 0% 0% 0% 34% 0% 65%
83 100 0% 0% 22% 0% 0% 0% 0% 0% 60% 0% 0%
81 102 0% 2% 55% 0% 0% 0% 0% 0% 24% 0% 0%
83 103 0%; 0% 21% 0% 20%: 0% 0% 0% 55% 0% 0%
85 104 0% 0% 11% 0% 8% 0% 0% 0% 73% 0% 8%
83 105 0% 0%; 26% 0% 0% 3% 0%, 0% 50% 0% 0%
89 107 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%:
89 109 0%; 0%; 0% 1% 10% 0% 0% 0%, 0% 33%: 56%
82 110 0% 1% 29% 0% 0% 2% 0% 1% 4% 0% 0%
86 113 0% 0%; 4% 0% 2% 0% 0% 1% 92% 0% 0%;
85 114 0% 0% 38% 0% 0% 2% 0% 0% 53% 0% 5%
81 115 0%; 0%; 14% 0% 0% 0% 0% 0% 51% 0% 0%;
80 116 0% 0% 70% 0% 0% 0% 0% 0% 10% 0% 0%
80 117 0%; 0% 16% 0% 0% 0% 0% 0% 43% 0% 0%;
88 118 0% 0% 0% 0% 22% 0% 0% 0% 0% 0% 78%!
82 119 0% 4% 4% 0% 0% 2% 0% 7% 37%, 0% 0%
88 120 0% 0% 0% 0% 0% 0% 0% 20%)| 80% 0% 0%
86 121 0% 0% 0% 0% 0% 0% 0% 0% 94% 6% 1%
89 122 0% 0% 0% 5% 11% 0% 0% 0% 38% 45% 1%
89 124 0% 0% 0% 5% 2% 0% 0% 0% 0% 11% 81%:
87 126 0% 0% 0% 1% 6% 0% 0% 0% 4% 11% 78%!
87 127 0% 0% 0% 0% 0% 1% 0% 0% 99% 0% 0%
88 128 0% 0% 0% 0% 32% 0% 0% 0%, 0% 0% 68%!
84 129 1% 0% 30%) 0% 1% 0% 1% 0% 39% 0% 25%
89 131 0% 8% 3%, 0% 0% 9% 3%, 25%) 44% 0% 0%
89 132 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%:
89 133 0% 0% 0%, 0% 0% 0% 0% 0%, 0% 0% 100%:
89 134 0% 0% 0% 0%, 0%, 0%, 0% 0% 0% 0%, 100%:
87 135 0% 0% 0% 0%, 0% 0%, 0%, 0%, 4% 0% 84%!
88 136 0% 0% 0% 0%, 11% 0% 0% 0% 0% 14% 73%:
85 137 0% 0% 8% 0%, 6%) 0%, 0%, 0%, 72%) 0% 14%]
89 138 0%) 0% 0% 0%, 0%, 0%, 0% 0% 0%, 0%, 100%:
85 139 0% 0%) 0%, 0%, 0% 0%, 0%, 0%, 40% 0% 60%
89 140 0%) 0%) 0% 0%, 3% 0%, 0% 0% 0%, 0% 96%
90 141 0%) 3%) 1%] 0%, 0% 6% 0% 48%) 42% 0% 0%)
89 142 0% 0% 0% 0% 0% 13%) 0% 15% 70%) 0% 0%
90 143 0%) 0%) 2%) 0%, 0% 7% 0% 42%)| 42% 0% 0%)
88 144 2% 0% 7% 0% 0% 33%) 15% 1% 29%) 5% 0%
86 145 0%) 0% 6% 0%, 1% 0%, 0% 0%] 66%)| 0% 26%
85 147 0% 0% 2% 1% 6% 0% 1% 0% 26%) 15% 49%)
89 148 0%) 0%) 0%) 0%, 0% 0%, 0%) 0%] 0%, 0% 100%j
87 149 0% 0% 0% 0% 0% 0% 0% 17%] 83%) 0% 0%
89 151 0%) 1% 4%) 0%] 0% 18% 0%) 2%) 62%) 0% 0%)
87 152 0% 0% 3% 0% 0% 2% 0% 14%] 81%) 0% 0%
91 153 0%) 3% 3%) 0% 0% 24%) 0%) 30%, 33%) 0% 0%)
87 154 0% 0% 17%| 0% 0% 2%) 0%) 21% 60%) 0% 0%,
87 155 0%) 0%) 10%] 0% 0% 10% 0%) 3%) 76%)| 0% 0%)
90 156 1% 0% 13%| 1% 0% 42% 1% 0%) 22%) 6% 0%
89 159 11%] 8% 1% 0%] 0% 11%] 1% 13%] 36%) 0% 0%
87 160 0% 6% 12%| 0%) 0% 3%) 0% 7%) 72% 0% 0%
85 162 0% 0% 0%) 6%] 3% 0%) 0%) 0%) 0%) 78%) 13%]
86 163 0% 0% 8%) 7%) 0% 7%) 0% 0% 60% 18% 0%
89 164 0% 0% 0%] 0%] 3%) 0%] 0%] 0%] 0%] 0% 97%]
86 165 0% 0% 9%) 0% 2%) 0% 0% 0% 46%) 0% 39%]
82 166 0% 0% 21%] 0%] 0% 0%] 0% 0% 38% 0% 26%)
94 167 0% 0% 1% 0% 0% 81% 0% 1% 14%| 0% 0%
86 170 0% 3% 11%] 0% 0% 0% 0% 2% 79%) 4% 0%
87 171 0% 2%) 27%] 0% 0%) 15%] 0% 0% 52% 0% 0%
90 174 0% 1% 9% 0% 0% 14%] 0% 23%] 38%] 0% 0%
87 175 0% 0% 11%] 0% 0% 13%] 0% 0% 59%] 4% 0%
87 176 2% 1% 17%] 7% 0% 15%| 3%] 6% 35%| 12%] 0%
85 178 0% 0% 0% 3% 10%j 0% 0% 0% 0% 33% 54%)
86 179 0% 0% 11%) 3%] 0% 0% 0% 10%) 59%| 17%] 0%
84 180 0% 0% 19% 11%] 0% 0%) 0% 0% 16%] 49% 4%
85 181 0% 0% 0% 0% 6% 0% 0% 0% 0% 0% 78%|
84 182 0% 0% 0% 9% 12%j 0% 0% 0% 0% 62%i 18%|
82 183 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 66%|
88 184 0% 0% 0% 0% 10%i 0% 0% 0% 0% 0% 86%)
86 185 0% 0% 6% 9% 0% 5% 0% 0% 32%] 44%) 0%
88 187 0% 0% 0% 0% 2%) 0% 0% 0% 0% 0% 92%)
88 188 0% 0% 0% 0% 20% 0% 0% 0% 0% 0% 80%)|
87 189 0% 0% 7% 2% 0% 15% 0% 0% 38%j 29%i 0%
86 190 0% 1% 8% 3% 1% 13%] 0% 5% 23%| 16%] 26%|
84 191 0% 0% 0% 6% 0% 0% 0% 0% 1% 50%i 37%i
89 192 0% 0% 0% 0% 12%) 0% 0% 0% 0% 1% 88%|
83 193 0% 0% 0% 12%| 9% 0% 0% 0% 0% 43% 27%i
85 194 0% 0% 0% 15%| 0% 0% 0% 0% 0% 85%) 0%
85 195 0% 0% 19%) 11%) 0% 3% 0% 0% 42%) 24%) 0%
89 196 0% 0% 0% 0% 3% 0% 0% 0% 0% 0% 97%j
88 197 0% 0% 0% 2% 12%] 0% 0% 0% 0% 16%| 70%i
84 198 0% 0% 0% 6% 4% 0% 0% 0% 0% 61%| 9%




Future Basin Model CN calculations

Soil Group C Soil Group D
C-Open Spaces |C-Residential <1/8 acre lots _|C-Residential 1/3 acre lots _|C-Residential 1/2 acre lots _[C-Resi ial >1 acre lots _|D-Dommercial |D-Open Spaces |D-Residential <1/8 acre lots _[D-Residential 1/3 acre lots _|D-Ri 1/2 acre lots__|D-Residential >1 acre lots
Cn Value 79 90 81 80 79 95 84 92 86 85 84
Future Cn|Basin
85 199 0% 0% 0% 11% 0% 5% 0% 0% 0% 79% 0%
86 201 0% 0% 2% 1% 0% 0% 0% 0% 38% 43% 16%!
87 202 0% 0% 0% 8% 0% 0% 0% 0% 11% 52% 28%
85 203 0%; 0%; 0%, 3% 2% 0% 0%, 0% 3% 71% 21%
87 204 0% 0% 0% 0% 16% 0% 0% 0% 0% 13% 71%
84 205 0%; 0%; 41% 5% 0% 1% 0%, 0% 44% 6% 0%;
84 206 0% 0% 0% 24% 0% 0% 0% 0% 0% 76% 0%
85 207 0% 0% 0% 33% 0% 11% 0% 0%, 0% 46% 0%;
85 209 0% 0% 0% 23% 0% 1% 0% 0% 28% 46% 0%
89 211 0%; 0%; 0% 10% 9% 31% 0% 0% 0% 8% 18%!
83 212 0% 0% 0% 25% 6% 0% 0% 0% 0% 59% 5%
84 213 0%; 0% 0% 23% 2% 0% 0% 0% 0% 35% 40%
85 214 0% 0% 0% 17%] 0% 0% 0% 0% 0% 23% 60%!
87 215 0% 0% 0% 8% 0% 17% 0% 0% 0% 72% 1%
86 218 0% 0% 0% 10%| 5% 10%| 0% 0% 0% 67% 4%
90 219 0% 0% 0% 3% 0% 38%) 0% 0% 0% 54% 0%
88 220 0% 0% 0% 2% 0% 1% 0% 0% 0% 15% 82%
86 221 0% 0% 0% 0% 2% 3% 0% 0% 0% 32% 64%:
89 222 0% 0% 0%, 6%) 5% 23% 0%, 0%, 0% 40% 7%
92 223 0% 0% 0% 10% 0% 32%) 0% 0% 0% 16% 0%
86 224 0% 0% 0% 0% 0% 0% 0% 0% 0% 26% 73%!
85 225 0% 0% 0% 11% 0% 5% 0% 0% 0% 62%)| 19%
91 229 0% 0% 0% 1% 8% 46% 0%, 0%, 0%, 5% 21%!
88 230 0% 0% 0% 7% 25%) 19% 0% 0% 0% 12% 35%:
84 231 0% 0% 0%, 21%) 13%| 0%, 0%, 0%, 0%, 41%) 26%
88 232 0% 0% 0% 7% 21%) 0% 0% 0% 0% 8% 64%)|
86 233 0%) 0%) 0%, 5% 5% 0%, 0% 0% 0%, 18%) 71%)
86 234 0%) 0%) 0% 0%, 0% 0%, 0% 0% 0%, 55% 45%
86 235 0%) 0% 0% 0%, 0% 12%) 0% 0% 0%, 9% 79%
82 236 0%, 0%, 0% 8% 2% 0% 0% 0% 0% 7% 48%)
87 237 0% 0% 0%] 0%, 17%] 0%, 0% 0% 0%, 0% 83%
85 238 0%, 0%, 0% 0%, 0%, 0%, 0% 0% 0%, 45% 55%
85 240 0%) 0%) 0%) 13% 0% 0%, 0%] 0%] 0%, 87%)| 0%)
88 241 0% 0% 0% 2% 14% 0% 0% 0% 0% 4% 80%)
87 242 0%) 0%) 0%) 4% 13%) 0% 0%) 0%) 0%] 20%) 63%]
85 243 0% 0% 0%) 3%) 0% 0% 0%) 0%) 0% 96%) 0%
85 244 0%) 0%) 0%) 0% 0% 0% 0%) 0%) 0%] 99%) 0%)
85 246 0%) 0%) 0%) 15%] 0% 0% 0%) 0%) 0% 85%) 0%)
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Ashley Valley Storm Water Master Plan Appendices

Appendix B: TIME TO CONCENTRATION CALCULATIONS

C/Epic Engineering June 2008



Modulel - 1

Function tc(L, S, K) " Based on USBR modified Kirpich method for overland flow plus Chezy for channel
and stream flow

LOmax = 1500
LchMax = 75000
Kch = 15
Kst = 25
If L <= LOmax Then * Assume flow is all overland flow

tc = (11.9 * (L /7 5280) ~ 2 / S) ™ 0.385 "(hours)
End If

IFf L > LOmax And L <= LchMax Then "need overland and channel flows
"overland flow
ov = (11.9 * (LOmax / 5280) ~ 2 / S) ™ 0.385 "(hours)
"channel flow
ITS <= 0.04 Then " shallow slope equation applies
ch = ((L - LOmax) /7 (Kch * S~ 0.5)) *1/ 60 ~ 2 " (hours)
End IFf

ITS > 0.04 Then * steep slope equation applies
ch = (L - LOmax) /7 (Kch * (0.05247 + 0.6363 * S - 0.182 * Exp(-62.38 * S)) ~ 0.5) * (1 7/ €
0~ 2) "(sec)
End If
tc = (ov + ch) ~(hours)
End If

IT L > LchMax Then "need overland + Channel + stream flow
"overland flow
ov = (11.9 * (LOmax / 5280) ~ 2 / S) ™ 0.385 "(hours)
"channel flow
ITS <= 0.04 Then " shallow slope equation applies
ch = ((LchMax - LOmax) / (Kch * S ~ 0.5)) * 1/ 60 ~ 2 * (hours)
End IF

ITS > 0.04 Then " steep slope equation applies
ch = (LchMax - LOmax) / (Kch * (0.05247 + 0.6363 * S - 0.182 * Exp(-62.38 * S)) ™ 0.5) * (
1/ 60 ~ 2) "(sec)
End If
"stream flow
ITS <=0.04 Then " shallow slope equation applies
st = ((L - LchMax - LOmax) /7 (Kst * S ~ 0.5)) * 1/ 60 ™~ 2 * (hours)
End If

ITS > 0.04 Then * steep slope equation applies
st = (L - LchMax - LOmax) / (Kst * (0.05247 + 0.6363 * S - 0.182 * Exp(-62.38 * S)) ™ 0.5)
* (@ /7 60 "~ 2) "(sec)
End If

tc = (ov + ch + st) "(hours)
End IFf
End Function



Data from GIS

Basin ID Area (Acres) avg slope (ft/ft) Length of water course (ft)

Max 1505.73661 0.128246 172471.4566
Min 102.493531  0.000154007 6685.695536
Average 490.712735 0.032382817 31032.10071
Basin ID AREA (AC) SLOPE FLOW LENGTH FT
1 896 8.26% 22594
2 837 10.14% 20210
3 764 11.30% 18567
4 865 8.01% 15911
5 391 6.66% 8821
6 146 1.30% 31701
7 865 4.01% 18550
8 1473 4.62% 24784
9 934 11.41% 16506
10 717 5.04% 15737
13 353 2.70% 25320
14 498 9.09% 11761
15 723 2.13% 42419
16 845 8.03% 15627
17 311 9.83% 10913
18 351 2.51% 19101
19 754 6.11% 15997
20 272 6.50% 6686
23 345 6.25% 8721
25 269 3.43% 11051
26 102 2.83% 20485
27 285 0.85% 28540
29 859 4.36% 20122
31 536 1.21% 38789
32 792 2.69% 17378
33 384 9.96% 10536
34 290 10.12% 8099
35 1057 2.73% 27359
36 941 10.00% 20250
37 459 5.35% 11691
38 784 12.08% 15781
39 460 5.63% 13168
40 849 5.12% 19931
41 539 4.32% 20149
43 428 5.13% 14811
44 614 5.36% 12424
45 337 9.40% 9008
46 659 6.51% 21255
a7 329 8.08% 12222
48 444 0.63% 54166
49 429 5.29% 10688
50 522 4.35% 14067
51 553 4.17% 17249
52 337 1.25% 18723
53 282 0.39% 53369
54 211 0.83% 24997
55 1076 2.81% 40208
56 1234 3.38% 27390
57 706 2.02% 16387
61 208 0.94% 25661
62 268 7.61% 15560
63 979 5.15% 24976
64 260 8.07% 9524
65 523 3.55% 13222
66 263 6.45% 10860
67 377 4.10% 21791
68 402 6.86% 7297
69 368 6.45% 10041
71 347 3.29% 12243
72 755 5.90% 23915

74 1062 3.56% 19066

4.28
3.83
3.52
3.01
1.67
6.00
3.51
4.69
3.13
2.98
4.80
2.23
8.03
2.96
2.07
3.62
3.03
1.27
1.65
2.09
3.88
541
3.81
7.35
3.29
2.00
1.53
5.18
3.84
2.21
2.99
2.49
3.77
3.82
2.81
2.35
1.71
4.03
231
10.26
2.02
2.66
3.27
3.55
10.11
4.73
7.62
5.19
3.10
4.86
2.95
4.73
1.80
2.50
2.06
4.13
1.38
1.90
2.32
4.53
3.61

% veg
100%
0%
37%

FLOW LENGTH MI Veg

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
1%
4%
0%
37%
0%
0%
0%
50%
0%
12%
2%
0%
0%
0%
0%
0%
34%
88%
0%
0%
0%
15%
4%
0%
64%
4%
10%
0%
0%

10
7
8.904303

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00

9.97

9.89
10.00

8.88
10.00
10.00
10.00

8.51
10.00

9.65

9.93
10.00
10.00
10.00
10.00
10.00

8.99

7.37
10.00
10.00
10.00

9.55

9.88
10.00

8.07

9.89

9.70
10.00
10.00

Tc (hr)

50.00
2.74
12.03

3.78
3.39
3.18
3.44
3.24
10.16
4.65
4.83
3.06
4.06
6.64
3.05
9.53
3.42
2.92
6.12
3.80
3.14
3.31
4.56
5.98
11.62
4.61
11.65
5.75
2.89
2.74
6.84
3.41
3.71
2.96
3.73
4.32
4.63
3.97
3.75
2.86
4.03
3.21
19.23
3.66
4.18
4.48
8.18
23.64
10.98
8.18
6.24
6.36
10.57
3.48
4.64
3.06
471
341
4.85
3.11
3.35
4.76
4.35
5.28

Average

Velocity (ft/s)
1.66
0.27
0.85

1.66
1.66
1.62
1.29
0.76
0.87
111
1.43
1.50
1.08
1.06
1.07
1.24
1.27
1.04
0.87
117
0.59
0.73
0.67
0.95
0.68
121
0.93
0.84
1.01
0.82
111
1.65
0.88
1.48
0.98
1.28
121
1.04
0.92
0.87
1.46
1.06
0.78
0.81
0.93
1.07
0.64
0.63
0.63
1.37
1.22
0.72
0.67
1.24
1.49
0.87
0.78
0.89
1.25
0.65
0.83
0.71
1.53
1.00



75
77

80
81
82

84
85
86

88
89
90

92
93
94

97

99
100
102
103
104
105
107
109
110
113
114
115
116
117
118
119
120
121
122
124
126
127
128
129
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
147
148
149
151
152
153
154
155
156
159
160

818
666
987
349
382
203
486
342
575
267
260
259
723
644
469
630
519
376
302
290
271
200
416
486
493
212
727
761
140
448
539
175
266
274
269
339
202
264
331
642
653
250
368
686
888
239
491
295
583
143
979
151
293
845
410
400
340
833
429
204
538
298
329
367
194
799
1023
574
269
141

11.57%
3.21%
0.98%
0.97%
0.61%
0.81%

12.82%
3.72%
4.98%
4.52%
4.11%
4.29%
1.40%
2.56%
3.38%
4.58%
1.38%
1.70%
5.68%
0.69%
3.65%
0.19%
1.09%
1.86%
0.40%
0.21%
2.75%
4.10%
0.22%
1.60%
0.33%
0.21%
1.49%
0.16%

10.31%
0.26%
0.21%
3.45%
4.60%
1.81%
0.80%
0.36%
8.64%
0.37%
1.39%
0.99%
0.44%
4.20%
6.03%
0.70%
4.30%
1.91%

10.39%
1.85%
1.35%
1.31%
0.36%
1.39%
6.85%
0.18%
1.95%
0.35%
1.19%
2.94%
0.54%
0.34%
1.90%
1.33%
0.66%
0.07%

15282
15191
50008
38244
65605
27237
13763
13829
23907

9766

9867
13027
32309
19934
21923
18992
23333
15488

9133
31504
12068
58141
11554
23084
54715
76100
16738
14653
37274
20848
80719
70170
13233
85428
10339
77524
63704
10600

9504
21723
39159
54714
10803
88800
21498
33015
43189
14216
17162
39518
28879
20950

9779
17156
20655
18804
31211
17219
17443
94798
14206
32140
24812
14149
38750
45537
21768
20535
13861
49421

2.89
2.88
9.47
7.24
12.43
5.16
2.61
2.62
4.53
1.85
1.87
2.47
6.12
3.78
4.15
3.60
4.42
2.93
1.73
5.97
2.29
11.01
2.19
4.37
10.36
14.41
3.17
2.78
7.06
3.95
15.29
13.29
251
16.18
1.96
14.68
12.07
2.01
1.80
411
7.42
10.36
2.05
16.82
4.07
6.25
8.18
2.69
3.25
7.48
5.47
3.97
1.85
3.25
3.91
3.56
5.91
3.26
3.30
17.95
2.69
6.09
4.70
2.68
7.34
8.62
4.12
3.89
2.63
9.36

0%
7%
92%
22%
84%
79%

0%

6%

0%

0%

0%

0%

0%
66%
59%

0%

0%

100%
0%
100%
35%
100%
100%
83%
98%
100%
0%
0%
100%
99%
95%
100%
100%
100%

0%
79%

100%
37%

0%

0%
15%

100%

0%
76%
36%

0%

0%

0%

6%

0%
80%

0%
44%

0%
67%
60%
25%
66%
56%
73%

0%
87%
63%
40%
22%
54%
85%
34%

0%
67%

10.00
7.70
7.24
9.34
7.48
7.63

10.00
9.83

10.00

10.00

10.00

10.00

10.00
8.01
8.24

10.00

10.00
7.00

10.00
7.00
8.96
7.00
7.00
7.50
7.07
7.00

10.00

10.00
7.00
7.02
7.14
7.00
7.00
7.00

10.00
7.62
7.00
8.90

10.00

10.00
9.55
7.00

10.00
7.73
8.92

10.00

10.00

10.00
9.83

10.00
7.60

10.00
8.68

10.00
7.98
8.21
9.26
8.01
8.33
7.80

10.00
7.38
8.11
8.81
9.33
8.38
7.44
8.97

10.00
7.98

2.98
5.12
14.89
12.78
22.20
11.60
2.79
4.68
4.63
3.82
3.97
4.13
9.91
6.17
5.68
4.44
8.56
6.71
3.46
13.36
4.55
35.32
7.39
7.49
23.78
40.30
5.63
4.33
24.44
7.68
33.33
38.49
6.76
47.88
2.84
36.82
35.81
4.51
3.78
7.40
14.10
25.05
3.06
33.09
8.25
11.69
19.61
4.25
3.89
15.11
5.26
7.13
2.80
6.71
8.21
8.03
17.80
7.58
3.73
47.53
6.17
18.21
9.38
5.19
16.79
22.80
7.26
8.25
9.61
49.28

1.43
0.82
0.93
0.83
0.82
0.65
1.37
0.82
1.43
0.71
0.69
0.88
0.91
0.90
1.07
1.19
0.76
0.64
0.73
0.66
0.74
0.46
0.43
0.86
0.64
0.52
0.83
0.94
0.42
0.75
0.67
0.51
0.54
0.50
1.01
0.58
0.49
0.65
0.70
0.82
0.77
0.61
0.98
0.75
0.72
0.78
0.61
0.93
1.23
0.73
1.53
0.82
0.97
0.71
0.70
0.65
0.49
0.63
1.30
0.55
0.64
0.49
0.73
0.76
0.64
0.55
0.83
0.69
0.40
0.28



162
163
164
165
166
167
170
171
174
175
176
178
179
180
181
182
183
184
185
187
188
189
190
191
192
193
194
195
196
197
198
199
201
202
203
204
205
206
207
209
211
212
213
214
215
218
219
220
221
222
223
224
225
229
230
231
232
233
234
235
236
237
238
240
241
242
243
244
246

317
350
470
290
323
239
77
566
672
527
683
226
301
586
659
497
188
316
486
151
328
399
961
264
242
353
178
1152
287
265
382
385
604
496
974
489
537
230
368
483
147
538
832
427
869
391
163
524
287
676
200
398
1107
354
118
870
488
361
459
315
396
613
144
146
1506
893
326
109
551

0.23%
1.66%
1.87%
10.48%
6.85%
0.11%
0.73%
0.34%
1.38%
1.56%
0.42%
0.15%
2.58%
3.99%
1.29%
0.16%
0.07%
2.08%
1.28%
0.29%
2.45%
1.61%
4.22%
6.16%
0.29%
0.15%
1.10%
1.13%
2.57%
0.43%
0.15%
1.63%
5.32%
5.81%
4.50%
2.76%
1.62%
0.81%
1.81%
0.82%
0.37%
0.72%
5.77%
5.90%
2.09%
1.90%
0.09%
3.42%
3.23%
1.94%
0.14%
2.81%
3.60%
0.58%
0.49%
1.11%
2.27%
6.50%
3.27%
0.15%
6.05%
2.15%
0.08%
0.10%
1.69%
1.64%
1.50%
0.02%
1.23%

101385
13286
12623

9742
13690
53984
39248
50019
15547
21318
66506

107535

9767
19820
11589

116782
48302
10754
15416
50923
10638
12511
21565

9494
54578

122497
21572
45997
12148
59251

132203
14908
18261
15158
17717
13634
16723
18832
11697
30756
34929
46053
17622
17018
23243
16669

141733
11581
11991
21101

144086
10971
35657
45951
35348
31872
13106
13798
10912

152002
12408
18022

154357

160303
30251
21645
12063

172471
15901

19.20
2.52
2.39
1.85
2.59

10.22
7.43
9.47
2,94
4.04

12.60

20.37
1.85
3.75
2.19

22.12
9.15
2.04
2.92
9.64
2.01
2.37
4.08
1.80

10.34

23.20
4.09
8.71
2.30

11.22

25.04
2.82
3.46
2.87
3.36
2.58
3.17
3.57
2.22
5.83
6.62
8.72
3.34
3.22
4.40
3.16

26.84
2.19
2.27
4.00

27.29
2.08
6.75
8.70
6.69
6.04
2.48
2.61
2.07

28.79
2.35
3.41

29.23

30.36
5.73
4.10
2.28

32.67
3.01

56%
97%
0%
22%
42%
1%
100%
86%
97%
90%
86%
36%
100%
83%
0%
71%
0%
0%
100%
0%
0%
100%
25%
39%
0%
32%
100%
100%
0%
2%
69%
100%
62%
24%
62%
12%
100%
100%
100%
100%
100%
100%
62%
38%
99%
100%
100%
13%
34%
75%
100%
29%
44%
57%
5%
44%
0%
28%
34%
91%
28%
17%
94%
59%
8%
18%
80%
98%
64%

8.33
7.09
10.00
9.35
8.75
9.97
7.00
7.43
7.08
7.29
7.41
8.93
7.00
7.50
10.00
7.87
10.00
10.00
7.00
10.00
10.00
7.00
9.24
8.83
10.00
9.03
7.00
7.00
10.00
9.95
7.92
7.00
8.13
9.29
8.13
9.65
7.00
7.00
7.00
7.00
7.00
7.00
8.15
8.86
7.02
7.00
7.00
9.62
8.98
7.75
7.00
9.13
8.68
8.28
9.86
8.67
9.99
9.17
8.99
7.26
9.17
9.48
7.17
8.23
9.77
9.47
7.60
7.05
8.08

43.94
6.46
6.06
2.79
3.50

43.36

14.74

24.15
7.34
7.81

26.69

50.00
4.98
5.10
6.90

50.00

49.01
5.56
7.55

26.53
5.19
6.44
4.78
3.38

27.45

50.00
9.15

13.26
5.26

24.41

50.00
6.76
4.15
3.81
4.38
5.27
7.03
9.84
6.02

12.25

18.76

16.27
3.98
3.91
7.15
6.57

50.00
4.62
4.77
7.09

50.00
4.94
6.88

17.99

16.55

10.91
5.66
3.58
4.64

50.00
3.58
6.40

50.00

50.00
8.83
7.70
6.56

50.00
7.77

0.64
0.57
0.58
0.97
1.09
0.35
0.74
0.58
0.59
0.76
0.69
0.60
0.55
1.08
0.47
0.65
0.27
0.54
0.57
0.53
0.57
0.54
1.25
0.78
0.55
0.68
0.66
0.96
0.64
0.67
0.73
0.61
1.22
1.10
112
0.72
0.66
0.53
0.54
0.70
0.52
0.79
1.23
121
0.90
0.70
0.79
0.70
0.70
0.83
0.80
0.62
1.44
0.71
0.59
0.81
0.64
1.07
0.65
0.84
0.96
0.78
0.86
0.89
0.95
0.78
0.51
0.96
0.57



Future model Tc Values

Basin ID Tc (hours) Basin ID  Tc (hours) BasinID  Tc (hours) Basin ID  Tc (hours) Basin ID  Tc (hours)
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27
29
31
32
33
34
35
36
37
38
39
40
41
43
44
45
46
47
48
49

3.9
3.5
3.3
3.6
3.3
10.5
4.8
5.0
3.2
4.2
6.9
3.2
9.9
3.5
3.0
6.3
3.9
3.2
3.4
4.7
6.2
12.0
4.8
12.0
59
3.0
2.8
7.1
3.5
3.8
3.1
3.9
4.5
4.8
4.1
3.9
3.0
4.2
3.3
19.9
3.8

50
51
52
53
54
55
56
57
61
62
63
64
65
66
67
68
69
71
72
74
75
77
78
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
96
97
99

4.3
4.6
8.5
24.4
11.3
8.5
6.5
6.6
151
3.6
4.8
3.2
4.9
3.5
5.0
4.0
3.5
4.9
4.5
5.5
3.1
6.4
24.5
13.2
27.7
13.0
29
4.8
4.8
3.9
4.1
4.3
10.2
6.4
5.9
4.6
8.8
14.5
3.6
38.5
4.7

100
102
103
104
105
107
109
110
113
114
115
116
117
118
119
120
121
122
124
126
127
128
129
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
147
148
149

52.3
17.0
9.0
31.5
60.2
5.8
4.5
58.4
13.2
45.6
60.2
15.6
85.3
2.9
65.3
52.2
4.7
3.9
7.6
14.6
34.2
3.2
38.2
8.1
121
20.3
4.4
4.0
15.6
6.3
7.4
2.9
6.9
11.9
10.1
20.0
10.5
3.9
49.1
6.4
23.5

151
152
153
154
155
156
159
160
162
163
164
165
166
167
170
171
174
175
176
178
179
180
181
182
183
184
185
187
188
189
190
191
192
193
194
195
196
197
198
199
201

14.5
5.4
19.0
26.0
11.2
8.5
9.9
59.2
45.4
125
6.3
2.9
3.6
49.2
24.5
35.6
17.9
135
37.1
51.7
9.6
8.1
7.1
51.7
50.7
5.7
11.6
27.4
5.4
111
4.9
3.5
28.4
51.7
13.6
20.7
5.4
25.2
52.0
11.0
4.5

202
203
206
207

3.9
4.5
145
10.3
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Appendix C: IMPROVEMENT COST ESTIMATES

C/Epic Engineering June 2008



Base Cost Incremental Cost
Improvement Unit Cost Unit Unit Cost Unit

Canal Improvement Construction $ 51.00 |LF $ -

Adding capacity to an existing canal $ 51.00 [LF $ 0.20 |CFS-LF

Concrete Levee Construction $ 541.00 [LF $ -

Earth Levee Construction $ 393.00 [LF $ -

Detention Basin Construction $ 42,621.00 |ea $ 2,640.00 (AF

Debris Basin Construction $ 282,710.00 |Ea $ 2,640.00 (AF

*Cost Justification plus 25% for engineering, CM, Legal and admin

Piping / Culvert Improvement Costs |
Pipe Size 2006 Unit Cost| 2007 Unit Cost 2008 unit costs  |2008 Vernal

18 $ 87.50 | $ 90.13 | $ 92.83 | $ 106.75
21 $ 75.00 | $ 77.25 1 $ 7957 [ $ 91.50
24 $ 80.00 | $ 82.40 | $ 8487 [$ 97.60
27 $ 90.00 | $ 92.70 | $ 9548 [ $ 109.80
30 $ 100.00 | $ 103.00 | $ 106.09 | $ 122.00
36 $ 120.00 | $ 123.60 | $ 12731 | $ 146.40
42 $ 150.00 | $ 15450 | $ 159.14 [ $ 183.01
48 $ 190.00 | $ 195.70 [ $ 201.57 | $ 231.81
54 $ 225.00 | $ 231.75 | $ 238.70 | $ 274.51
60 $ 250.00 | $ 25750 | $ 265.23 | $ 301.96
66 $ 24750 | $ 25493 | $ 262.57 | $ 305.01
72 $ 300.00 | $ 309.00 | $ 318.27 | $ 366.01
78 $ 390.00 | $ 401.70 | $ 413.75 | $ 475.81
84 $ 525.00 | $ 540.75 | $ 556.97 | $ 640.52
90 $ 71250 | $ 733.88 | $ 755.89 | $ 869.27
96 $ 900.00 | $ 927.00 | $ 954.81 | $1,098.03
102 $ 1,062.50 | $ 1,094.38 | $ 1,127.21 | $1,296.29

* Assumes 3% annual cost increase + 15% location adjustment



o Date: April 3, 2008

f 2 Epic Engineering, P.C. Page: 1 of 4
C/ CIVIL MUNICIPAL PROJECT MANAGEMENT WATER RESOURCES By: GRT

Subject: Ashley Valley Storm Water

Master Plan Improvement Justification

|Cana| Improvement Construction Compacted Native Material
Assumptions natural

..... Engineered
Sections are Earth lined trapezoidal

3:1 side slopes

No upstream bank

Average of 1.5' of silt in bottom
Average depth of engineered fill 6'
Crossing or turn out structure ~1000 ft
1 overflow structure per 7500 ft
Variations in canal capacity will not greatly impact cost

Unit Cost Estimates

Excavate & recompact material = 5%$/yd

Import & Compact Engineered Fill = 25 $/yd

Turn out / crossing structure improvement cost = 25,000 $/each

e—— 10—

Concrete in place = 150 $/yd
Rip Rap = 5 $/SF
Calculations

Silt removal 10* 1.5'=15cf/If

Bank Excavation 4x6=10 cf/LF
Total Excavation 25 cf
Engineered Fill 4x6=10 cf/LF

Spillway

Concrete Overflow Structure
Average width = 20'
Average Length =30'
Concrete Thickness 1'
Energy Dissipation = 20 x 15 = 300SF of riprap
Total Concrete
20'x30'x1'=600 CF =~23 yd

Estimated Improvement Cost

Excavation & recompaction = 25 CF * 9 $/yd = $ 8.61 LF
Engineered Fill = 10 CF * 44 $/yd = 8 16.30 LF
Structure cost = 25,000 $/1000 If * 1000If = 25/If $ 25.00 LF
Concrete Cost = 23 YD * 230 $/yd / 7500 = $ 0.71 LF
Rip Rap cost = 300 SF * 9 $/sf / 7500 = $ 0.36 LF
Total Improvement Cost = $ 5097

Copy of Improvment Cost Justification.xlIs



s Date: _April 3, 2008

K 2 Epic Engineering, P.C. Page: 2 of 4
C/ CIVIL MUNICIPAL PROJECT MANAGEMENT WATER RESOURCES By: GRT

Subject: Ashley Valley Storm Water

Master Plan Improvement Justification

Engineered

Assumptions e
All enlarged canals will be improved
Capacity is directly proportional to

Area of flow
Average velocity is 3 ft/s
75% of the new flow area will require excavation

Costs:
Base Cleaning cost = $50.97 LF
Additional CFS Calculations
3 ft/s *1 cf / 0.75 = 4 CFS of capacity per 1 CF of soil excavated
or
1 CY/LF = 108 CFS
1CY per 108 CFS * 5 $/YD = 0.05 $/CFS

Additional cost for canal crossing and turnouts as a result of larger capacities

= 0.15 $/CFS

Total Cost:
Base Cleaning Cost =  $50.97 LF
Enlargements Cost = $ 0.15 LF/CFS

For New canals assume existing capacity is 0 CFS plus right of way costs
new canals are lined w/ rip rap

Property value: $ 100,000.00 per acre

Typical width : 100 ft

Rip Rap cost

$5.00/sf ~75 sf/lIf >>> $375/LF

Total new canal cost w/ rip rap $644.43/LF + $0.15/If-cfs

Copy of Improvment Cost Justification.xlIs



2. Epic Engineering, P.C.

CIVIL MUNICIPAL PROJECT MANAGEMENT WATER RESOURCES

Date: April 3, 2008

Page: 3 of 4
By: GRT

Subject: Ashley Valley Storm Water

Concrete Levee Construction

Assumptions

Average Height of Levee = 3'
Concrete Width = 2'

Concrete in place cost = 150 $/yd
Excavation & haul off Cost = 15 $/yd
Engineered Fill = 25 $/ yd

Calculations

Concrete Volume

2'x (3'+8') + 6x2 = 34 CF/LF

Excavation Volume 6'x 8' + 2(6x8/2) = 96 CF/LF

Engineered Fill

Costs
Concrete Volume 34 CF=*
Excavation Volume 96 CF *
Engineered Fill 25 CF=*
Rip Rap 5 Sk*
Permitting

Total

Earth Levee Construction

Assumptions

Average Height of Levee = 3'
Engineered Fill = 25 $/ yd
Side Slopes 3:1

Top width 12'

Calculations

Fill Volume Required
Earth removal

Rip Rap

Costs

117 cf
54 cf
13 SF

Fill Volume Required
Earth removal
Rip Rap
Permitting
Total

Copy of Improvment Cost Justification.xlIs

6'x2'=12 CF/LF

$

233.00 $/CY

44.00 $/CY
44.00 $/CY

9.00 $/SF

Flood Elevation

293.41
156.44
40.74
45.00
5.00
540.59 $/LF

$44.00
$44.00
$ 8.00
$ 5.00

12*3+((3*3)*3/2)*2 + (12+6)*3= 117 CF/LF
12+(3*2)*3= 54
3*3 +4=13 SF/LF

190.67
88.00
104.00
10.00
392.67 $/LF
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K 2 Epic Engineering, P.C.
C/ CIVIL MUNICIPAL PROJECT MANAGEMENT WATER RESOURCES

Date: April 3, 2008

Page: 4 of 4
By: GRT

Subject: Ashley Valley Storm Water

Debris / detention Basin Construction

Assumptions
Excavated Material Volume = 5 Times Storage Capacity
Excavated Material is suitable to be used for berm

Debris Basin
Typical Spillway 1'x50'x200' concrete
Typical outlet works 36" RCP ~300' long
Inlet & outlet structure w/ orifice
Air tube 18" RCP ~10' high
Rip Rap 50' x 200
Unit Cost Estimates
Excavate & recompact material = 8$/yd
Import & Compact Engineered Fill = 44 $/yd
Turn out / crossing structure improvement cost = 25,000 $/each
Concrete in place 230 $/yd
Rip Rap 8 $/SF

Estimated Debris Basin Improvement Cost

Fixed Costs
Concrete 1'x50'x200'= 370 yd X 233 $/yd
Rip Rap 50'x200'= 10,000 sf x 8  $/sf
RCP pipe 300 ft x 300 $/ft
Inlet structure
Airway 18" CMP x 10 X 200 $/ft
Total

Estimated Detention Basin Improvement Cost
Fixed Costs
Concrete 1'x20'x50'= 37 yd X 233 $/yd
Rip Rap 20x30= 500 sf x 8  $/sf
RCP pipe 100 ft X 200 $/ft

Inlet structure

Total
Storage sizing costs
excavated & recompacted soil @ 8 $/yd
Every 1 yd of soil = 5 yd of storage
| $1.00 per yd of storage or —2,640 $/AF

$

Detention Basin
1'x20'x50"

24" RCP ~100 ft
Rip Rap 20x30

$ 86,210.00
$ 80,000.00
$ 90,000.00
$ 25,000.00
$ 1,500.00
282,710.00

$  8,621.00
$  4,000.00
$ 20,000.00
$ 10,000.00
$

42,621.00

Copy of Improvment Cost Justification.xlIs
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1 Introduction
1.1 Scope

Existing guidance is available for assessing the effectiveness of stormwater best
management practices (EPA 1997, FHWA 2000). However, few existing documents
provide targeted practical assistance in conducting and reporting data from a water quality
based monitoring program that results in data that are useful for assessing BMP
effectiveness on a broader scale.

This guidance has been developed by integrating experience gleaned from field
monitoring activities conducted by members of ASCE’s Urban Water Resource Research
Council and through the development of the ASCE/EPA National Stormwater Best
Management Practices Database. The manual is intended to help achieve stormwater BMP
monitoring project goals through the collection of more useful and representative rainfall,
flow, and water quality information. Many of the recommended protocols (particularly
those for reporting monitoring, watershed, and design information) are directly related to
requirements of the National Stormwater Best Management Practices Database.

This manual is intended to improve the state of the practice by providing a recommended
set of protocols and standards for collecting, storing, analyzing, and reporting BMP
monitoring data that will lead to better understanding of the function, efficiency, and
design of urban stormwater BMPs. This manual provides insight into and guidance for
strategies, approaches, and techniques that are appropriate and useful for monitoring
BMPs.

This document addresses methods that were in use at the time it was written. As the state
of the practice and the design of monitoring equipment progress, new monitoring
approaches and techniques, more sensitive devices, and equipment based on new
technologies will likely be employed. Although the technology may change somewhat
from that described herein, most of the basic flow and water quality monitoring methods
discussed in this document have a long history of use and will most likely remain viable
even as new and different technologies emerge.

This manual focuses primarily on the collection, reporting, and analysis of water quantity
and quality measurements at the heart of quantitative BMP efficiency projects. It does not
address, in detail, sediment sampling methods and techniques, biological assessment,
monitoring of receiving waters, monitoring of groundwater, streambank erosion, channel
instability, channel morphology, or other activities that in many circumstances may be as,
or more, useful for measuring and monitoring water quality for assessing BMP efficiency.
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1.1.1 State of the Practice

Many studies have assessed the ability of stormwater treatment BMPs (e.g., wet ponds,
grass swales, stormwater wetlands, sand filters, dry detention, etc.) to reduce pollutant
concentrations and loadings in stormwater. Although some of these monitoring projects
conducted to date have done an excellent job of describing the effectiveness of specific
BMPs and BMP systems, there is a lack of standards and protocols for conducting BMP
assessment and monitoring work. These problems become readily apparent for persons
seeking to summarize the information gathered from a number of individual BMP
evauations. Inconsistent study methods, lack of associated design information, and
reporting protocols make wide-scale assessments difficult, if not impossible. (Strecker et
a. 2001; Urbonas 1998) For example, individual studies often include the analysis of
different constituents and utilize different methods for data collection and analysis, as well
as report varying degrees of information on BMP design and flow characteristics. The
differences in monitoring strategies and data evaluation alone contribute significantly to
the range of BMP “efficiency” that has been reported in literature to date.

1.1.2 The Need for Guidance

Municipal separate storm sewer system owners and operators need to identify effective
BMPs for improving stormwater runoff water quality. Because of the current state of the
practice, however, very little sound scientific data are available for making decisions about
which structural and non-structural management practices function most effectively under
what conditions; and, within a specific category of BMPs, to what degree design and
environmental static and state variables directly affect BMP efficiency. This guidance
addresses this need by helping to establish a standard basis for collecting water quality,
flow, and precipitation data as part of a BMP monitoring program. The collection, storage,
and analysis of this datawill ultimately improve BMP selection and design.

1.1.3 National Stormwater Best Management Practices Database

The National Stormwater BMP Database (Database) serves two key purposes. (1) to
define a standard set of data reporting protocols for use with BMP monitoring efforts; and
(2) to assemble and summarize historical and future BMP study data in a standardized
format. The software consists of a data entry module for reporting data on new BMP
studies and a search engine module to allow usersto retrieve data. The Database is a user-
friendly, menu-driven software program developed in a run-time version of Microsoft®
Access 97 and Access 2000. The software has been distributed on CD-ROM and is now
also accessible viathe Internet at www.bmpdatabase.org.

1.2 Format and Content of This Document
This document is broken down into two main sections following this introduction:

Section 2 provides an overview of BMP monitoring. Discussion is provided on the context
of BMP monitoring, difficulties in assessing BMP performance, and understanding the
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relationship between BMP study design and the attainment of monitoring program goals.
Useful analysis of data collected from BMP monitoring studies is essential for
understanding and comparing BMP monitoring study results. A summary of historical
and recommended approaches for data analysis is provided in this section to elucidate the
relationship between the details and subtleties of each analysis approach and the
assessment of performance.

Section 3 discusses the specifics of developing a monitoring program, selecting
monitoring methods and equipment, installing and using equipment, implementing
sampling approaches and techniques, and reporting information consistent with the
National Stormwater Best Management Practices Database.

In addition, four appendices have been included in this guidance document. The first
appendix describes methods for calculating expected errors in field measurements. The
second provides detailed information about the number of samples required to obtain
statically significant monitoring data. The third appendix includes charts for estimating
the number of samples required to observe a statically significant difference between two
populations for a various levels of confidence and power. The final appendix is atable for
estimating arithmetic descriptive dstatistics based on descriptive statistics of log-
transformed data
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2 BMP Monitoring Overview

This section provides an overview of BMP monitoring program context and execution,
including a discussion of approaches used for quantifying BMP efficiency.

2.1 Context of BMP Monitoring in the Regulatory Environment

BMP monitoring is conducted by researchers, public entities, and private companies for
meeting both regulatory and non-regulatory needs. This section briefly discusses some of
the regulatory programs that drive BMP monitoring programs.

A number of environmental laws exist for implementation of stormwater and BMP
monitoring programs including:

The Clean Water Act (CWA) of 1972:

Section 208 of 1972 CWA requires every state to establish effective BMPs to
control nonpoint source pollution. The 1987 Water Quality Act (WQA) added
section 402(p) to the CWA, which requires that urban and industrial stormwater
be controlled through the National Pollutant Discharge Elimination System
(NPDES) permit program.

Section 303(d) of WQA requires the states to list those water bodies that are not
attaining water quality standards including designated uses and identification of
relative priorities among the impaired water bodies. States must also develop
TMDLs (Total Maximum Daily Loads) that quantify the pollutant load or the
impairing pollutants that will bring the waterbody back into attainment.

The Endangered Species Act:

The Endangered Species Act of 1973 protects animal and plant species currently
in danger of extinction (endangered) and those that may become endangered in
the foreseeabl e future (threatened). It provides for the conservation of ecosystems
upon which threatened and endangered species of fish, wildlife, and plants
depend, both through Federal action and by encouraging the establishment of state
programs.

Coastal Zone Act Reauthorization Amendments (CZARA) of 1990:

CZARA was passed to help address nonpoint source pollution in coastal waters.
Each state with an approved coastal zone management program must develop and
submit to the EPA and National Oceanic and Atmospheric Administration
(NOAA) a Coastal Nonpoint Pollution Control Program (CNPCP), which
provides for the implementation of the most economically achievable
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management measures and BMPs to control the addition of pollutants to coastal
waters.

CZARA does not specifically require that states monitor implementation of
management measures and BMPs. They must, however, provide technical
assistance to loca governments and the public in the implementation of the
management measures and BMPs, which may include assistance to predict and
assess the effectiveness of such measures.

CZARA dso states that the EPA and NOAA shall provide technical assistance to
the states in developing and implementing the CNPCP, including methods to
predict and assess the effects of coastal land use management measures on coastal
water quality and designated uses:

1. Protection of stream and water body designated use (meet fishable and
swimmable goals)

2. Antidegradation policies designated to protect water quality when the
water quality already is higher than existing standards

3. Other state, county, and local regulations or ordinances

As regulations and the application and enforcement thereof change over time, details
about the above environmental laws and their implications for specific sites and
watersheds are best obtained from current EPA, state, county, and local resources.

2.2 BMP Monitoring Goals

BMP monitoring projects are initiated to address a broad range of programmatic,
management, regulatory, and research goals. Goal attainment is often focused on the
achievement of water quality objectives downstream of the BMP. However, there are
many other objectives that have been established as part of BMP implementation projects
that cannot be measured using a water quality monitoring approach aone. Table 2.1
below describes the relationship between BMP implementation objectives and the ability
of water quality monitoring studies to address the attainment of these objectives.

Studies directed at addressing the efficiency of BMPs in attaining water quality goals are
usualy conducted to obtain information to help answer one or more of the following
guestions:

What degree of pollution control or effluent quality does the BMP provide under
normal conditions?

How does this efficiency vary from pollutant to pollutant?
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How does this normal efficiency vary with large or small storm events?

How does this normal efficiency vary with rainfall intensity?

How do design variables affect efficiency?

How does efficiency vary with different operational and/or maintenance approaches?
Does efficiency improve, decay, or remain stable over time?

How does this BMP's efficiency compare with the efficiency of other BMPs?

The ability of a specific BMP monitoring program to answer these questions and
ultimately address the desire to measure goal attainment is a vital planning stage
component of setting up a meaningful BMP monitoring program.

Table 2.1: Objectives of BMP implementation projects and the ability of

comprehensive water quality monitoring studies to provide information useful for
determining performance and effectiveness

Ability to Evaluate

Category Goals of BMP Projects Performance and Effectiveness
Hydraulics Improve flow characteristics upstream and/or downstream
of BMP
Hydrology Flood mitigation, improve runoff characteristics (peak v
shaving)
Water Quality Reduce downstream pollutant loads and concentrations of v
pollutants
Improve/minimize downstream temperature impact v
Achieves desired pollutant concentration in outflow v
Removal of litter and debris -
Toxicity Reduce acute toxicity of runoff v
Reduce chronic toxicity of runoff v
Regulatory Compliance with NPDES permit -
Meet local, state, or federa water quality criteria vt
Implementation For non-structura BMPs, ability to function within
Feasibility management and oversight structure
Cost Capital, operation, and maintenance costs
Aesthetic Improve appearance of site
Maintenance Operate within maintenance, and repair schedule and
requirements
Ability of system to be retrofit, modified or expanded -
Longevity Long-term functionality v
Resources Improve downstream aquatic environment/erosion control -
Improve wildlife habitat
Multiple use functionality
Safety, Risk and Function without significant risk or liability
Liability Ability to function with minimal environmental risk
downstream
Public Information is available to clarify public understanding of v
Perception runoff quality, quantity and impacts on receiving waters

v' can be evaluated using water quality monitoring as primary source of information
v can be evaluated using water quality monitoring as the primary source of information combined with a secondary source of

comparative data

- cannot be directly evaluated using water quality monitoring, but in some cases may be supported by work associated with collecting
water quality information (i.e., detailed flow data)
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2.3 Physical and Chemical Characteristics of Stormwater Runoff

In this guidance manual, the term "stormwater” refers to more than just storm-driven
surface runoff. Here the term is expanded to cover water and other substances that are
transported through stormwater conveyance systems during, after, and between storm
events. In addition to the runoff from rainfall or snowmelt, a typical stormwater sample
may contain materials that were dumped, leaked, spilled, or otherwise discharged into the
conveyance system. The sample may also contain materials that settled out in the system
toward the end of previous storms and were flushed out by high flows during the event
being sampled. Stormwater aso can include dry weather flows such as pavement
washing, pavement cutting wash water, or irrigation. Loads from dry weather flows, in
some cases, can greatly exceed wet weather loads over the course of a year and must be
taken into account.

Stormwater quality tends to be extremely variable (EPA 1983; Driscoll et a. 1990). The
intensity (volume or mass of precipitation per unit time) of rainfal often varies
irregularly and dramatically. These variations in rainfall intensity affect runoff rate,
pollutant washoff rate, in-channel flow rate, pollutant transport, sediment deposition and
re-suspension, channel scour, and numerous other phenomena that collectively determine
the pollutant concentrations, pollutant forms, and stormwater flow rate observed at a
given monitoring location a any given moment. In addition, the transitory and
unpredictable nature of many pollutant sources and release mechanisms (e.g., spills,
leaks, dumping, construction activity, landscape irrigation runoff, vehicle washing
runoff), and differences in the time interval between storm events also contribute to
inter-storm variability. As a result, pollutant concentrations and other stormwater
characteristics at a given location should be expected to fluctuate greatly during a single
storm runoff event and from event to event.

In addition, the complexity of introducing a structural management practice can greatly
affect hydraulics and constituent concentrations in complex ways. For example, flows
from detention facilities are often not confined only to the period of wet weather, as drain
time can be significant.

Numerous studies conducted during the late 1970s and early 1980s show that stormwater
runoff from urban and industrial areas are a potentially significant source of pollution
(EPA 1983; Driscoll et a. 1990). As a result, federal, state and loca regulations have
been promulgated to address stormwater quality (see Section 2.1 above).

The impacts of hydrologic and hydraulic (physical as opposed to chemical) changes in
watersheds are increasingly being recognized as significant contributors to receiving
waters not meeting beneficial criteria.  These impacts include stream channel changes
(erosion, sedimentation, temperature changes) as well as wetland water level fluctuations.
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2.4 Stormwater Quality Monitoring Challenges

Information collected on the efficiency and design of BMPs serves a variety of goals and
objectives as discussed in Section 2.2. The principal challenge facing persons
implementing BMP monitoring programs is the great temporal and spatial variability of
stormwater flows and pollutant concentrations. Stormwater quality at a given location
varies greatly both between storms and during a single storm event, and thus a small
number of samples are not likely to provide a reliable indication of stormwater quality at
a given site or the effect of a given BMP. Therefore, collection of numerous samplesis
generally needed in order to accurately characterize stormwater quality at a site and BMP
efficiency (see Section 3.2.2).

Collecting enough stormwater samples to answer with a high level of satistical
confidence many of the common questions regarding BMP efficiency is generally
expensive and time-consuming. A poorly-designed monitoring program could lead to
erroneous conclusions and poor management decisions, resulting in misdirected or
wasted resources (e.g., staff time, funds, credibility, and political support). Therefore,
before one begins a BMP monitoring program, it is critical to clearly identify and
prioritize the goals of the project, determine the type and quality of information needed to
attain those goals, and then compare this list of needs to the resources available for
monitoring. If the available resources cannot support the scale of monitoring needed to
provide the quality of information deemed necessary, then consider the following options
to obtain useful results within your resource limitations (e.g., funds, personnel, time):

A phased approach wherein you address only a subset of the overall geographic area,
or only the most important stormwater questions.

Limiting the number of constituents evaluated as an alternative to reducing the
number of samples collected.

Utilizing available data from other locations to support decision-making.

The key question should be: "Will the information provided from the monitoring program
| am considering (and would be able to implement) significantly improve my
understanding of the effectiveness of the BMP being monitored?' If the answer is no,
reconsider the monitoring program.
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2.5 Complexities Specific to BMP Monitoring

Monitoring BMPs introduces a number of specific difficulties into the already complex
task of monitoring stormwater runoff water quality.

In many ways a structural BMP system is best viewed as an environmental unit process
with a large number of static and state variables affecting functionality of the process.
For example, static variables that can directly affect BMP system function include:

BMP design (e.g., length, width, height, storage volume, outlet design, upstream
bypass, model number, etc.)

Geographical location.
Watershed size.
Percent imperviousness.
V egetative canopy.
Sail type.
Watershed slopes.
Compaction of soils.
State variables that directly affect BMP function may include:
Rainfall intensity.
Flow rate.
Season.
V egetation.
Upstream non-structural controls.
Inter-event timing.
Settings for control structures such as gates, valves, and pumps.

M aintenance of the BMP.
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The inconsistent use of language in reporting BMP information can compound the
difficult task of assessing physically complex systems. In order to provide a consistent
context for discussion of monitoring approaches in this guidance, the following
definitions are provided:

Best Management Practice (BMP) - A device, practice, or method for removing,
reducing, retarding, or preventing targeted stormwater runoff constituents, pollutants,
and contaminants from reaching receiving waters.

BMP System - A BMP system includes the BMP and any related bypass or overflow.
For example, the efficiency (see below) can be determined for an offline retention
(Wet) Pond either by itself (as a BMP) or for the BMP system (BMP including
bypass).

Performance - measure of how well a BMP meets its goals for stormwater that the
BMP is designed to trest.

Effectiveness - measure of how well a BMP system meets its goals in relation to all
stormwater flows.

Efficiency - measure of how well a BMP or BMP system removes or controls
pollutants.

Researchers often want to determine efficiency of BMPs and BMP systems and to
elucidate relationships between design and efficiency. Efficiency has typically been
quantified by “percent removal”. As is discussed in the following sections, “percent
remova” aoneis not avalid measure of the functional efficiency of a BMP (Strecker et
al. 2001). Asaresult the definition of “efficiency” in this manual can mean any measure
of how well a BMP or BMP system removes or controls pollutants and is not restricted
by the historical use of the term referring to “ percent removal.”

2.5.1 Considerations for Evaluating BMP Effectiveness

Load Versus Water Quality Status M onitoring

The choice between monitoring either (a) the status or condition of the water resource or
(b) the pollutant load and event mean concentrations discharged to the water resource
should be made with care (Coffey and Smolen 1990). Monitoring of loads and event
mean concentrations is focused on obtaining quantitative information about the amount
of pollutants transported to the receiving water from overland, channel and pipe,
tributary, or groundwater flow. Load and concentration monitoring can be used to
evaluate pollutant export at a stormwater BMP.
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Water Quality Status Monitoring
Water quality status can be evaluated in a number of ways, including:
Evaluating “designated use” attainment™.
Evaluating Water Quality Standards violations.
Assessing ecological integrity.
Monitoring an indicator parameter.

Monitoring water quality status includes measuring a physical attribute, chemical
concentration, or biological condition, and may be used to assess baseline conditions,
trends, or the impact of treatment on the receiving water. Monitoring water quality status
may be the most effective method to evauate the impact of the management measure
implemented, but sensitivity may be low (Coffey and Smolen 1990). When the
probability of detecting a trend in water quality status is low, load monitoring may be
necessary.

When deciding between measuring load or water quality status (i.e., it is not clear
whether abatement can be detected in the receiving resource), a pollutant budget may
help to make the decision (Coffey and Smolen 1990). The budget should account for
mass balance of pollutant input by source, all output, and changes in storage. Sources of
error in the budget should aso be evaluated (EPA 1993a).

Pollutant L oad and Event Mean Concentration Monitoring

Load monitoring requires considerable effort and should include the protocols that are the
primary intent of this document. Because of potentially high variability of discharge and
pollutant concentrations in watersheds impacted by both point and non-point sources,
collecting accurate and sufficient data from a significant number of storm events and base
flows over a range of conditions (e.g., season, land cover) is important. This manual
describes several methods for collecting and analyzing meaningful pollutant loading and
event concentration data. Most of these methods are also applicable to water quality
status monitoring where specific chemical concentrations must be monitored.

Monitoring for designated use attainment or standards violations should focus on those
parameters or criteria specified in state water quality standards. Where the monitoring
objective includes relating improvements in water quality to the pollution control
activities, it isimportant that the parameters monitored are connected to the management

! See Clean Water Act, Section 303(c)(2)
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measures implemented. For violations of standards, the choice of variable is specified by
the state water quality standard (EPA 1993a).

Consider ation of Parametersfor Monitoring

Many studies have been conducted to assess the effectiveness of stormwater treatment
BMPs to reduce pollutant concentrations and loads in stormwater runoff. Unfortunately,
inconsistent study methods and reporting make assessment and comparison of BMP
efficiency studies difficult. The studies often analyze different constituents with varying
methods for data collection and analysis. These differences can contribute considerably
to the range of BMP effectiveness observed (Strecker 1994).

Several protocols for parameter selection have been used in the past. The most widely
applied was developed as a part of the Nationwide Urban Runoff Program (NURP).
NURP adopted consistent data collection techniques and analytical parameters so that

meaningful comparisons of gathered data could be made. NURP adopted the following
constituents as “ standard pollutants characterizing urban runoff” (EPA 1983):

SSC — Suspended Solids Concentration
BOD — Biochemical Oxygen Demand
COD - Chemical Oxygen Demand

CU — Copper

Pb — Lead

Zn—-27Zinc

TP — Total Phosphorous

SP — Soluble Phosphorous

TKN — Tota Kjeldahl Nitrogen

NO, + NOsz—Nitrate + Nitrite

The following factors were considered for including a parameter in the list of
recommended monitoring constituents (Strecker 1994):

The pollutant has been identified as prevalent in typical urban stormwater at
concentrations that could cause water quality impairment.
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The analytical test used can be related back to potential water quality impairment.

Sampling methods for the pollutant are straight forward and reliable for a moderately
careful investigator.

Analysis of the pollutant is economical on awidespread basis.
Treatment is aviable option for reducing the load of the pollutant.

Similar considerations should go into the planning of water quality constituents and
analytical methods to be used in monitoring the effectiveness of stormwater BMPs. The
NURP parameters are a starting point and may or may not represent constituents of
concern for discharges from specific BMPs. As mentioned previously, there is often a
tradeoff between the breadth and depth of a monitoring program given a fixed cost and,
as a result, narrowing the list of constituents monitored can dramatically improve the
ability to quantify the efficiency of the BMP.

Large volumes of data have been collected over the past 20 years on the performance of
many structural stormwater BMPs, with most of the data relating to the performance of
detention basins, retention ponds, and wetlands. Less data are available on the
effectiveness of other types of BMPs (Urbonas 1994). Many of the reported results do
not demonstrate a clear relationship between the efficiency of similar BMPs among the
sites in which they were investigated. Sufficient parametric data has generally not been
reported with the performance data to permit a systematic analysis of the data collected
(Urbonas 1994).

There are a number of important parameters that need to be measured and reported
whenever BMP performance is monitored (Urbonas 1994). A detailed discussion on this
subject is provided in Section 3.4 of this manual.

2.6 BMP Types and Implications for Calculation of Efficiency

The issues involved in selecting methods for quantifying efficiency, performance, and
effectiveness are complex. It would be difficult, at best, to find one method that would
cover the data analysis requirements for the widely varied collection of BMP types and
designs avallable. When analyzing efficiency, it is convenient to classify BMPs
according to one of the following four distinct categories:

BMPs with well-defined inlets and outlets whose primary treatment depends upon
extended detention storage of stormwater, (e.g., retention (wet) and detention (dry)
ponds, wetland basins, underground vaults).

BMPs with well-defined inlets and outlets that do not depend upon significant storage
of water, (e.g., sand filters, swales, buffers, structural “flow-through” systems).
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BMPs that do not have a well-defined inlet and/or outlet (e.g., full retention,
infiltration, porous pavement, grass swales where inflow is overland flow aong the
length of the swale).

Widely distributed (scattered) BMPs where studies of efficiency use reference
watersheds to evaluate effectiveness, (e.g., catch basin retrofits, education programs,
source control programs).

Any of the above can also include evaluations where the BMP's efficiency was measured
using before and after or paired watershed comparisons of water quality.

The difficulty in selecting measures of efficiency stems not only from the desire to
compare a wide range of BMPs, but also from the large number of methods currently in
use. There is much variation and disagreement in the literature about what measure of
efficiency is best applied in specific situations, however it is generally accepted that event
mean concentrations and long-term loading provide the best means for observing the
effects of the BMP respectively on acute and chronic pollution.

It has been suggested that intra-storm monitoring could be used to establish paired
inflow/outflow samples during the storm based upon average travel times. However, this
method would only be valid if a BMP were functioning as a perfect plug-flow reactor,
which israrely the case.

2.7 Relationship Between Monitoring Study Objectives and Data Analysis
In selecting a specific method for quantifying BMP efficiency, it is helpful to look at the
objectives of previous studies seeking such agoal. BMP studies are usually conducted to
obtain information regarding one or more of the following objectives:

What degree of pollution control does the BMP provide under typical operating
conditions?

How does effectiveness vary from pollutant to pollutant?
How does effectiveness vary with various input concentrations?

How does effectiveness vary with storm characteristics such as rainfall amount,
rainfall density, and antecedent weather conditions?

How do design variables affect performance?

How does effectiveness vary with different operational and/or maintenance
approaches?
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Does effectiveness improve, decay, or remain stable over time?

How does the BMP's efficiency, performance, and effectiveness compare to other
BMPs?

Does the BMP reduce toxicity to acceptable levels?
Does the BMP cause an improvement in or protect downstream biotic communities?

Does the BMP have potential downstream negative impacts?

The monitoring efforts implemented most typically seek to answer a small subset of the
above questions. This approach often leaves larger questions about the efficiency,
performance and effectiveness of the BMP, and the relationship between design and
efficiency, unanswered. This document recommends monitoring approaches consistent
with protocols established as part of the National Stormwater Best Management Practices
Database project and useful for evaluating BMP data such that some or all of the above
guestions about BMP efficiency can be assessed.

2.8 Physical Layout and Its Effect on Efficiency and Its Measure

The estimation of the efficiency of BMPs is often approached in different ways based on
the goals of the researcher. A BMP can be evaluated by itself or as part of an overall
BMP system. The efficiency of a BMP when bypass or overflow are not considered may
be dramatically different than the efficiency of an overall system. Bypasses and
overflows can have significant effects on the ability of a BMP to remove constituents and
appreciably reduce the efficiency of the system as a whole.  Researchers who are
interested in comparing the efficiency of an offline wet pond and an offline wetland may
not be concerned with the effects of bypass on a receiving water. On the other hand,
another researcher who is comparing offline wet ponds with online wet ponds would be
very interested in the effects of the bypass. Often in past study reports detailed
information about the bypass flows is not available. In some cases, comprehensive
inflow and outflow measurements allow for the calculation of a mass balance that can be
used to estimate bypass flow volumes. Estimations of efficiency of a BMP system can be
based on these mass bal ance cal culations coupled with sampling data.

The effect of devices in series is often neglected in the analyses of BMPs. BMPs are
often used in conjunction with a variety of upstream controls. For example detention
ponds often precede wetlands, and sand filters typically have upstream controls for
sediment removal such as a forebay or a structural separator or settling device.
Depending on the approach used to quantify BMP efficiency, the effects resulting from
upstream controls can have a sizable impact on the level of treatment observed.
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The efficiency of a BMP system or a BMP can be directly affected by the way in which
an operator chooses to physically manage the system. This is the case where parameters
of adesign can be adjusted (e.g., adjustments to the height of an overflow/bypass weir or
gate). These adjustments can vary the efficiency considerably. In order to analyze a
BMP or BMP system thoroughly, all static and state variables of the system must be
known and documented for each monitoring period. The protocols established for the
National Stormwater Best Management Practices Database (Database) provide a
framework for reporting the static and state variables thought to most strongly contribute
to BMP efficiency and provide flexibility for non-standard situations.

2.9 Relevant Period of Impact

The period of analysis used in carrying out a monitoring program is important. The
period used should take into account how the parameter of interest varies with time. This
allows for observation of relevant changes in the efficiency of the BMP on the time scale
in which these changes occur. For example, in a wetland it is often observed that during
the growing season effluent quality for nutrients improves. The opposite effect may be
observed during the winter months or during any period where decaying litter and plant
material may contribute significantly to export of nutrients and, potentially, other
contaminants. Therefore, monitoring observations may need to be analyzed differently
during different seasons. This variation of performance and more specifically efficiency
on a temporal scale is extremely important in understanding how a specific BMP
functions,

In addition to observing how factors such as climate affect BMP efficiency as a function
of time, it is important to relate the monitoring period to the potential impact a given
constituent would have on the receiving water. For example, it may not be useful to
study the removal of some heavy metals (e.g., mercury) for a short period of record when
the negative impacts of such a contaminant are generally expressed over along time scale
(accumulation in sediments and biota). Likewise, some parameters (e.g., temperature,
BOD, DO, pH, TSS and metals) may have a significant impact in the near term.

Toxicity plays a major role in evaluating the type of monitoring conducted at a site as
well as the time period that should be used to analyze efficiency. Specific constituents
that are acutely toxic may require a short-term analysis on an “intra-storm” basis. Where
dilution is significant and/or a constituent is toxic on a chronic basis, long-term analysis
that demonstrates removal of materials on a sum of loads or average EMC basis may be
more appropriate. Many contaminants may have both acute and chronic effects in the
aguatic environment. These contaminants should be evaluated over both periods of time.
Similarly, hydraulic conditions merit both short and long-term examination. Event peak
flows are examples of short-term data, while seasonal variations of the hydrologic budget
due to the weather patterns are examples of long-term data. Examples of water quality
parameters and their relationship to the time scale over which they are most relevant are
givenin Table 2.2.
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Table 2.2: Examples of water quality parameters and relevant monitoring period

Time Scalefor Analysis Water Quality Parameter

Short-term BOD, DO

Long-term Organics, Carcinogens

Both Short- and Long-term Metals, TSS, Nitrogen,
Phosphorous, Temperature,
pH, Pesticides

2.9.1 Concentrations, Loads, and Event Mean Concentrations

A variety of tools are available for assessing and quantifying the amount of pollutant
conveyed to and from a BMP. Three primary measures are used most commonly:
concentrations of stormwater at some point in time, the total load conveyed over a
specified duration, or the event mean concentration (EMC).

29.1.1 Concentrations

Concentrations measured at a point in time can be useful for BMP efficiency evaluation
in anumber of circumstances. Concentrations resulting from samples collected at specific
times during an event allow the generation of a pollutograph (i.e., a plot of the
concentration of pollutants as a function of time). The generation of pollutographs
facilitates the analysis of intra-event temporal variations in runoff concentration. For
example, pollutographs can be used to determine if the “first-flush” phenomenon was
observed for a specific event. Detailed concentration data is one of the approaches for
assessing concentrations of pollutants that have acutely toxic effects, particularly where
runoff from storm events constitutes a significant proportion of downstream flow. Under
some circumstances, reduction of peak effluent concentrations may be more important
than event mean concentration reduction. The cost of implementing a monitoring
program that collects sufficient data to evaluate the temporal variation in runoff and BMP
effluent concentration can be high. The trade-off between collecting data from a larger
number of events versus collecting detailed concentration data from intra-storm periods
often limits the utility of studies that collect detailed concentration data. This type of
detailed monitoring is best focused on outflow monitoring rather than inflow and
outflow.

29.1.2 Loads

Loads are typically calculated by the physical or mathematical combination of a number
of individual concentration measurements, which have been assigned by some means an
associated flow volume. A variety of methods are available for estimation of loads. The
method employed is dependent on the sampling and flow measurement techniques used.
Sampling approaches include collection of either timed samples, flow weighted samples,
or some combination of both. Likewise, flow can be collected continuously,
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intermittently, or modeled from other hydrologic information such as rain gauge
information, or gauging conducted in a nearby watershed. Many BMP monitoring studies
focus efforts on water quality sample collection and neglect flow measurement. Accurate
flow measurement or well-calibrated flow modeling is essential for loading
determination.

Loads are often most useful for assessing the impact of a BMP where receiving waters
are lakes or estuaries where long-term loadings can cause water quality problems outside
of storms. Where the effluent flow rate from a particular BMP is small compared to the
flow rate of the receiving water body, potential downstream impairments are typically not
dependent on concentrations, but the absolute load of pollutant reaching the receiving
water. For example, loads are the central issue in BMP studies that have direct links to
receiving water bodies that are regulated under the Total Maximum Daily Load (TMDL)
program, particularly where the concern is pollutants deposited in slow moving systems.

Dry weather flows can also contribute substantially to long-term loading. In addition,
“on-line” BMPs (ponds and possibly filters) that have appreciable dry weather flows
passing through them, may have reduced “capacity” for storage of wet weather
pollutants. For example, pond performance may also be affected by the amount of water
in the pond before the event, and filters may have some of their adsorption capacity
consumed by pollutants and other constituents during dry weather flows.

2.9.1.3 Event Mean Concentrations

The term event mean concentration (EMC) is a statistical parameter used to represent the
flow-proportional average concentration of a given parameter during a storm event. Itis
defined as the total constituent mass divided by the total runoff volume. The calculation
of EMCs from discrete observations is discussed in detail in Section 2.5.3. When
combined with flow measurement data, the EMC can be used to estimate the pollutant
loading from a given storm. The EMC approach to understanding BMP efficiency is
primarily aimed at wet weather flows.

Under most circumstances, the EMC provides the most useful means for quantifying the
level of pollution resulting from a runoff event. Collection of EMC data has been the
primary focus of the National Stormwater Best Management Practices Database Project.

2.9.2 Measures of BMP Efficiency

The efficiency of stormwater BMPs (how well a BMP or BMP system removes
pollutants or results in acceptable effluent quality) can be evaluated in a number of ways.
An understanding of how BMP monitoring data will be anayzed and evauated is
essential to establishing a useful BMP monitoring study. The different methods used to
date are explained in this section to illustrate historical approaches and provide context
for the method recommended in this manual (Effluent Probability Method), which is
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presented at the end of this section. The following table (Table 2.3) summarizes al of the
methods examined by this guidance.
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Table 2.3: Summary of historical, alternative, and recommended methods for BMP water
guality monitoring data analysis

Category Method Name Recommendation Comments
Historical Efficiency Ratio (ER) Not recommended as | Most commonly used method to
Methods astand-alone date. Most researchers assume this
assessment of BMP is the meaning of “percent
performance. More removal”. Typical approach does
meaningful when not consider statistical significance
statistical approachis | of result.
used.
Summation of Loads Not recommended as | Utilizestotal loads over entire
(SOL) a stand-alone study. May be dominated by a
assessment of BMP small number of large events.
performance. More Results are typically similar to ER
meaningful when method. Typical approach does not
statistical approachis | consider statistical significance of
used. result.

Regression of |oads Do not use Very rarely are assumptions of the

(ROL) method valid. Cannot be
universally applied to monitoring
data.

Mean Concentration Do not use Difficult to “track” slug of water
through BMP without extensive
tracer data and hydraulic study.
Results are only for one portion of
the pollutograph.

Efficiency of Individual | Do not use Storage of pollutantsis not taken

Storm Loads into account. Gives equal weight to
all storm event efficiencies

Alternative Percent Removal Not recommended — | Typically only applicable only for
Methods Exceeding Irreducible May be useful in individual eventsto demonstrate

Concentration or some circumstances | compliance with standards.

Relative to WQ

Standards/Criteria

Relative Efficiency Not recommended — | Typically only applicable only for

May be useful in individual eventsto demonstrate
some circumstances | how well a BMP perfoms relative
to how well it would perform if it

“Lines of Comparative | Do nhot use Spurious self-correlation. Method

Performance®©” isnot valid.

Multi-Variate and Non- | Possible future use Additional development of

Linear Models methodol ogy based on more
complete data sets than are
currently available.

Recommended | Effluent Probability Recommended Provides a statistical view of
Method M ethod M ethod influent and effluent quality.

Thisisthe method recommended
in this guidance manual.
Benefits over other approaches
that are described in this section
of the Guidance.
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2.9.2.1 Historical Approaches
A variety of pollutant removal methods have been utilized in BMP monitoring studies to
evaluate efficiency. This section describes and gives examples of methods employed by
different investigators. Historically, one of six methods has been used by investigators to
calculate BMP efficiency:

Efficiency ratio

Summation of loads

Regression of loads

Mean concentration

Efficiency of individual storm loads

Reference watersheds and before/after studies
Although use of each of these methods provides a single number that summarizes
efficiency of the BMP in removing a particular pollutant, they are not designed to look at
removal statistically, and thus, do not provide enough information to determine if the

differencesin inflow and outflow water quality measures are statistically significant.

Efficiency Ratio

Definition

The efficiency ratio is defined in terms of the average event mean concentration (EMC) of
pollutants over some time period:

average outlet EMC _ averageinlet EMC - average outlet EMC
average inlet EMC average inlet EMC

ER=1-

EMCs can be either collected as flow weighted composite samples in the field or
calculated from discrete measurements. The EMC for an individual event or set of field
measurements, where discrete samples have been collected, is defined as:
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where,
V: volume of flow during period i
C: average concentration associated with period i
n: total number of measurements taken during event

The arithmetic average EMC is defined as:

averageEMC =

where,
m: number of events measured

In addition, the log mean EMC can be calculated using the logarithmic transformation of
each EMC. This transformation allows for normalization of the data for statistica
purposes.

Log(EMC, )

Qos

j=1

Mean of theLog EMCs = -

m

Estimates of the arithmetic summary statistics of the population (mean, median, standard
deviation, and coefficient of variation) should be based on their theoretical relationships
(Appendix A) with the mean and standard deviation of the transformed data. Computing
the mean and standard deviation of log transforms of the sample EMC data and then
converting them to an arithmetic estimate often obtains a better estimate of the mean of
the population due to the more typical distributional characteristics of water quality data.
This value will not match that produced by the simple arithmetic average of the data.
Both provide an estimate of the population mean, but the approach utilizing the log-
transformed data tends to provide a better estimator, as it has been shown in various
investigations that pollutant, contaminant, and constituent concentration levels tend to be
well described by a log-normal distribution (EPA 1983). As the sample size increases,
the two values converge.
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Assumptions

This method:

Weights EMCs from all storms equally regardless of relative magnitude of storm.
For example, a high concentration/high volume event has equal weight in the average
EMC as alow concentration/low volume event. The logarithmic data transformation
approach tends to minimize the difference between the EMC and mass balance
calculations.

Is most useful when loads are directly proportional to storm volume. For work
conducted on nonpoint pollution (i.e., inflows), the EMC has been shown to not vary
significantly with storm volume. Accuracy of this method will vary based on the
BMP type.

Minimizes the potential impacts of smaller/’cleaner” storm events on actual
performance calculations. For example, in a storm by storm efficiency approach, a
low removal value for such an event is weighted equally to alarger value.

Allows for the use of data where portions of the inflow or outflow data are missing,
based on the assumption that the inclusion of the missing data points would not
significantly impact the calculated average EMC.

Comments

This method is taken directly from non-point pollution studies and does a good job
characterizing inflows to BMPs but fails to take into account some of the
complexities of BMP design. For example, some BMPs may not have outflow EMCs
that are normally distributed (e.g., media filters and other BMPs that treat to a
relatively constant level that isindependent of inflow concentrations).

This method also assumes that if all storms at the site had been monitored, the
average inlet and outlet EM Cs would be similar to those that were monitored.

Under al circumstances this method should be supplemented with an appropriate
non-parametric (or if applicable parametric) statistical test indicating if the
differences in mean EMCs are statistically significant (it is better to show the actual
level of significance found, than just noting if the result was significant, assuming a
0.05 level).
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Example

The example calculations given below are for the Tampa Office Pond using arithmetic

average EMCs in the efficiency ratio method.

Table 2.4: Example of ER Method results for TSS in the Tampa Office Pond

Period of Record AverageEMC In | AverageEMC Out | Efficiency Ratio
1990 27.60 11.18 59%
1993-1994 34.48 12.24 64%
1994-1995 131.43 6.79 95%

ER is rounded, but the other numbers were not (to prevent introduction of any rounding errorsin the cal cul ations)

Summation of L oads

Definition

The summation of loads method defines the efficiency based on the ratio of the
summation of all incoming loads to the summation of all outlet loads, or:

sum of outlet loads

SOL =1- -
sum of inlet loads

The sum of outlet loads are calculated as follows:
sumof loads= 3 €4 CV, 2= § EMC, ¥/,
j=1€i=1 g j=a

Assumptions

Removal of material is most relevant over entire period of analysis.

Monitoring data accurately represents the actual entire total loads in and out of the
BMP for a period long enough to overshadow any temporary storage or export of
pollutants.

Any significant storms that were not monitored had a ratio of inlet to outlet loads
similar to the storms that were monitored.
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No materials were exported during dry periods, or if they were, the ratio of inlet to
outlet loads during these periods was similar to the ratio of the loads during the
monitored storms.

Comments

A small number of large storms typically dominate efficiency.

If toxics are a concern then this method does not account for day-to-day releases,
unless dry weather loads in and out are also accounted for. In many cases long-term
dry weather loads can exceed those resulting from wet weather flows.

Under all circumstances this method should be supplemented with an appropriate
non-parametric (or if applicable parametric) statistical test indicating if the
differences in loads are statistically significant (it would be better to show the actual
level of significance found, rather than just noting if the result was significant,
assuming a 0.05 level).

Example

The example calculations given in Table 2.5 are for the Tampa Office Pond using a mass
bal ance based on the summation of loads.

Table 2.5: Example of SOL Method results for TSS in the Tampa Office Pond.

Period of Record Sum of Loads Sum of Loads SOL Efficiency
In (kg) Out (kg)
1990 134.60 39.67 71%
1993-1994 404.19 138.44 66%
1994-1995 2060.51 130.20 94%
SOL Efficiency is rounded, but the other numbers were not (to prevent introduction of any rounding errorsin the cal culations)

Regression of Loads (ROL)

Definition

The regression of loads method as described by Martin and Smoot (1986) defines the
regression efficiency as the slope (b) of aleast squares linear regression of inlet loads and
outlet loads of pollutants, with the intercept constrained to zero. The zero intercept is
specified as an “engineering approximation that allows calculation of an overal
efficiency and meets the general physical condition of zero loads-in (zero rainfall) yield
zero loads-out”. The equation for the ROL efficiency is:
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Loadsout
Loadsin

Loadsout=b - Loadsin=b -

The percent reduction in loads across the BMP is estimated as:

Loads out
Loadsin

Percent Removal =1- b =1-

Due to the nature of stormwater event monitoring, it israre that all of the assumptions for
this method are valid, particularly requirements for regression analysis. The example
calculations and plots provided in this section are from one of the better studies available
at the time this manual was written, and as can be seen from the ROL plots, the data does
not meet the requirements for proper smple linear regression analysis.

Assumptions

Any significant storms that were not monitored had a ratio of inlet to outlet loads
similar to the storms that were monitored. The slope of the regression line would not
significantly change with additional data.

No materials were exported during dry periods, or if they were, the ratio of inlet to
outlet loads during these periods was similar to the ratio of the loads during the
monitored storms.

The datais well represented by aleast squares linear regression, that is:
0 Thedatais“evenly” spaced along the x-axis.

0 Using an anaysis of variance on the regression, the slope coefficient is
significantly different from zero (the p value for the coefficient should
typically be less than 0.05, for example).

0 A check of the residuals shows that the data meets regression requirements.
The residuals should be random (a straight line on probability paper) and the
residuals should not form any trend with predicted value or with time (i.e.,
they form aband of random scatter when plotted).
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Comments

A few data points often control the slope of the line due to clustering of loads about
the mean storm size. Regressions are best used where data is equally populous
through the range to be examined. This is readily observed in the examples that
follow (See Figures 2.1 through 2.3).

The process of constraining the intercept of the regression line to the origin is
guestionable and in some cases could significantly misrepresent the data. It may be
more useful to apply the Regression of Loads method over some subset of the data
without requiring that the intercept be constrained to the origin. The problem with
this alternative approach is that a large number of data points are required in order to
get a good fit of the data. Often a meaningful regression cannot be made using the
data that was collected. Thisiswell illustrated by the very low R? valuesin the table
below. Forcing the line through the origin, in these cases, provides a regression line
even where no useful trend is present.

There is sufficient evidence that this first order polynomial (straight line) fit is not
appropriate over alarge range of loadings. Very small events are much more likely to
demonstrate low efficiency where larger events may demonstrate better overall
efficiency depending on the design of the BMP.

Table 2.6: Example of ROL Method results for TSS in the Tampa Office Pond.

Period of Record Slope of R? Per cent Removal
Regression
Line
1990 0.21 0.06 79%
1993-1994 0.18 -0.06 82%
1994-1995 0.05 0.46 95%
Percent Removal is rounded, but the other numbers were not (to prevent introduction of any rounding errors in the calculations)

The regressions used to arrive at the above slopes are given in Figures 2.1-2.3.
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Figure 2.1:

Figure 2.2:
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ROL Plot for use in Calculating Efficiency for TSS using the Tampa Office
Pond (1990) (Slope = 0.2135, R? = 0.0563, Standard Error in Estimate =
2.176, one point is considered an outlier with a Studentized Residual of
3.304). All points were used for regression. Method is not valid due to
failure of simple linear regression assumptions.
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ROL Plot for use in Calculating Efficiency for TSS using the Tampa Office
Pond (1993-1994) (Slope = 0.1801, R®> = -0.0562, Standard Error in
Estimate = 10.440, one point is considered an outlier with a Studentized
Residual of 13.206 and one point has a high Leverage of 0.323). All points
were used for regression. Method is not valid due to failure of simple linear
regression assumptions.
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Figure2.3: ROL Plot for use in Calculating Efficiency for TSS using the Tampa Office
Pond (1994-1995) (Slope = 0.0492, R? = 0.4581, Standard Error in Estimate
= 5.260, three points are considered outliers (Studentized Residuals of
3.724, 8.074, and —4.505, the point to the far right on the graph has large
Leverage (0.724) and Influence, Cook Distance = 36.144). All points were
used for regression. Method is not valid due to failure of simple linear
regression assumptions.

M ean Concentr ation

Definition

The mean concentration method defines the efficiency as unity minus the ratio of the
average outlet to average inlet concentrations. The equation using this method is:

average outlet concentration
average inlet concentration

Mean Concentration =1-

This method does not require that concentrations be flow weighted. This method might
have some value for evaluating grab samples where no flow weighted data is available or
where the period of record does not include the storm volume.

Assumptions

The flows from which the samples were taken are indicative of the overall event.
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Comments

This method might be useful for calculating BMP's effectiveness in reducing acute
toxicity immediately downstream of the BMP. This is due to the fact that acute
toxicity is measured as a threshold concentration value of a specific constituent in the
effluent at or near the point of discharge.

This methods weights individua samples equally. Biases could occur due to
variations in sampling protocols or sporadic sampling (i.e., collecting many samples
close in time and others less frequently). The sample collection program specifics are
not accounted for in the method and estimated efficiencies are often not comparable
between studies.

There is appreciable lag time for most BMPs between when a slug of water enters a
BMP and when the slug leaves the BMP. Unless this lag time is estimated (e.g.,
through tracer studies) results from this approach can be quite inaccurate. Results of
this method may be particularly difficult to interpret where lag time isignored or not
aggressively documented.

This method does not account for storage capacity. Typically BMPs will have an
equal or lesser volume of outflow than of inflow. On a mass basis this affects
removal, since volume (or flow) is used with concentration to determine mass for a
storm event,

CotVou 5 1. average outlet concentration

C.V average inlet concentration

inYin

1

where,

Cin.  Concentration In
Cot:  Concentration Out
Vin:  Volumeln

Vor. Volume Out

In this respect, it is often more conservative (i.e., lower removal efficiency stated) to use
a concentration rather than mass-based removal approach.

Efficiency of Individual Storm L oads

Definition

The Efficiency of Individual Storm Loads (ISL) method calculates a BMP's efficiency
for each storm event based on the loads in and the loads out. The mean value of these
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individual efficiencies can be taken as the overall efficiency of the BMP. The efficiency
of the BMP for asingle storm is given by:

Load,,

Storm Efficiency =1-
Load,,

The average efficiency for all monitored stormsis.

a Storm Efficiency,
AverageEfficiency = =

m

where,

m: number of storms

Assumptions

Storm size or other storm factors do not play central roles in the computation of
average efficiency of aBMP.

Storage and later release of constituents from one storm to the next is negligible.

The selection of storms monitored does not significantly skew the performance
calculation.

Comments

The weight of all stormsis equal. Large storms do not dominate the efficiency in this
scenario. The efficiency is viewed as an average performance regardless of storm
size.

Some data points cannot be used due to the fact that there is not a corresponding
measurement at either the inflow or the outflow for a particular storm, and thus
efficiency cannot always be calculated on a storm-by-storm basis. Thisis not true for
the ER method, however it is alimitation of the Summation of Load Method.

Storm by storm analysis neglects the fact that the outflow being measured may have a
limited relationship to inflow in BMPs that have a permanent pool. For example, if a
permanent pool is sized to store a volume equal to the average storm, about 60 to 70
percent of storms would be less than this volume [from studies conducted using
SYNOP (EPA 1989)].
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Table 2.7: Example of Individual Storm Loads Method results for TSS in the Tampa

Office Pond.
Period of Record Efficiency
1990 29%
1993-1994 -2%
1994-1995 89%

Summary and Comparison of Historical Methods

The table below shows the results of the various historical methods shown above for
calculating efficiency for the Tampa Office Pond. The four methods demonstrated (mean
concentration method was not applicable to data available from the Tampa Office Pond
study) vary widely in their estimates of percent removal depending on the assumptions of
each method as discussed above.

Table 2.8: Comparison of BMP efficiency methods.

Method
Design Efficiency Summation Regression of Efficiency of
Ratio (ER) of Loads Loads (ROL) Individual Storms
(SOL)
1990 59% 71% 79% 29%
1993-1994 64% 66% 82% -2%
1994-1995 95% 94% 95% 89%

2.9.2.2 Other Methodsand Techniques

“Irreducible Concentration” and “ Achievable Efficiency”

As treatment occurs and pollutants in stormwater become less concentrated, they become
increasingly hard to remove. There appears to be a practical limit to the effluent quality
that any BMP can be observed to achieve for the stormwater it treats. This limit is
dictated by the chemical and physical nature of the pollutant of concern, the treatment
mechanisms and processes within the BMP, and the sensitivity of laboratory anaysis
techniques to measure the pollutant. This concept of “irreducible concentration” has
significant implications for how BMP efficiency estimates are interpreted. However, it is
possible to get concentrations as low as desired, but in most cases achieving extremely
low effluent concentrations may not be practical (i.e., would require treatment trains or
exotic methods). For example, colloids are typically viewed as “never” being able to be
removed in a pond (settling is the primary mechanism for treatment in ponds), despite the
fact that they could be further removed through chemical addition.

The term “irreducible concentration” (C*) has been used in stormwater literature
(Schueler 2000) to represent the lowest effluent concentration for a given parameter that
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can be achieved by a specific type of stormwater management practice. Schueler
examined the effluent concentrations achieved by stormwater management practices from
published studies for several parameters. From this research, the following estimates of
“irreducible concentrations” for TSS, Total Phosphorous, Total Nitrogen, Nitrate-
Nitrogen, and TKN for all stormwater management practices were proposed:

Table 2.9: “Irreducible concentrations’ as reported by Scheuler, 2000.

Contaminant Irreducible Concentration
TSS 20 to 40 mg/L
Total Phosphorous 0.15t0 0.2 mg/L
Total Nitrogen 1.9 mg/L
Nitrate-Nitrogen 0.7 mg/L
TKN 1.2 mg/L

Recent research (ASCE 2000) indicates that achievable effluent concentrations vary
appreciably between BMP types. For example, in many cases, well-designed sand filters
can achieve lower effluent concentrations of TSS than well-designed detention facilities
or grassed swales. However, sand filters have issues with long-term maintenance of flow
treatment volumes.

The typical approach to reporting the ability of a BMP to remove pollutants from
stormwater entails comparing the amount of pollutant removed by the BMP to the total
quantity of that pollutant. The concept of irreducible concentration, however, suggests
that in some cases it may be more useful to report the efficiency of the BMP relative to
some achievable level of treatment (i.e. express efficiency as the ability of the BMP to
remove the fraction of pollutant which is able to be removed by a particular practice.)

The following example illustrates this approach. Suppose that two similar BMPs have
been monitored and generated the following results for TSS:

Table2.10: Example TSSresultsfor typical ER Method

Per cent TSS Removal Using Absolute Scale
BMP A BMP B
Influent Concentration 200 mg/L 60 mg/L
Effluent Concentration 100 mg/L 30 mg/L
Efficiency Ratio 50% 50 %

Clearly, the effluent from BMP B is higher quality than that from BMP A, however
comparing percent removals between BMPs alone would indicate that both BMPs have
an equa efficiency. Methods have been suggested for quantifying the dependence of
BMP efficiency on influent concentration. The following section presents one such
method advanced by Minton (1998).
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In order to account for the dependence of BMP efficiency on influent concentration,
Minton (1998) suggests a method of evaluating BMP efficiency that would recognize the
relationship between influent concentration and efficiency. The relationship is
summarized as follows:

Achievable Effici ency = (Cinﬂuent - Climit)/ Cinfluent
where,

Cimlient - Influent Concentration of Pollutant; and

Climit : The lower attainable limit concentration of the BMP (eg., “irreducible
concentration” or value obtained from previous monitoring of effluent
quality)

For example, if aBMP had alower treatment limit of TSS at 20mg/L concentration, then
a an influent TSS concentration of 100 mg/L, it would be assigned an equivaent
performance of 80%, while at an influent TSS concentration of 50 mg/L the equivalent
performance would be 60%.

This method relies on the ability to determine the lower attainable limit concentration,
which is analogous to the “irreducible concentration” for a specific BMP, however
effluent quality is best described not as a single value, but from a statistical point of view
(See the Effluent Probability Method).

The Achievable Efficiency may be useful in better understanding the results of the ER
method in cases where the influent concentration is lower than is typically observed.

Alternately, a single factor (dubbed the Relative Efficiency here) can be used to report
how well a BMP is functioning during some period relative to what that BMP is
theoretically or empirically able to achieve (as defined by the Achievable Efficiency).

As shown below, the Relative Efficiency can be found by dividing the Efficiency Ratio
by the Achievable Efficiency, thus yielding an estimate of how well the BMP performed
relative to what is“achievable’.
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Relative Efficiency =

Efficiency Ratio [(C infiuent = C eftiuent)/C influent]
Achievable Efficiency " [(Cinfiuent — C iimit)/ C influent]
Or simplifying:
Relative Efficiency = (Cinfluent - C efiuen)/(C influent — Ciimit)

If applied to the example presented earlier in this section, the following results are
obtained:

Table2.11: Example TSS results for demonstration of Relative Efficiency approach.

BMP A BMP B
Influent Concentration 200 mg/L 60 mg/L
Climit 20 mg/L 20 mg/L
Effluent Concentration 100 mg/L 30 mg/L
Relative Efficiency 56% 75 %

For this example, the results indicate that BMP B is achieving a higher level of treatment
than BMP A and this approach may be more useful as a comparative tool than the
Efficiency Ratio for some data sets. The Relative Efficiency for aBMP' s effectivenessis
still influenced by influent concentration but less so than is the Efficiency Ratio.

As C infient 8pproaches C imir the Relative Efficiency goes to infinity, which is not a very
meaningful descriptor. However, if the influent concentration is near the “irreducible
concentration” for a particular pollutant, very little treatment should occur and C infiyent -
C «iivent Should approach zero. C eiuent, at least theoreticaly, should always be higher
than C |imi¢ and the numerator of the equation should approach zero faster than the
denominator. If C iuent IS 1€Ss than Cimit, the Relative Efficiency approach should not
be used. As is adways the case, any of the percent removal efficiency approaches
(including the Efficiency Ratio Method) should not be employed if there is not a
statistically significant difference between the average influent and effluent
concentrations.

If this method is used to represent data from more than one event (i.e., mean EMCs are
calculated) it should be supplemented with an appropriate non-parametric (or if
applicable parametric) statistical test indicating if the differences are statistically
significant (it would be preferred to show the actual level of significance found, instead
of just noting if the result was significant, assuming a 0.05 level).
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Per cent Removal Relativeto Water Quality Standards

From a practical or programmatic perspective, it may be more useful to substitute the
water quality limit for the “irreducible concentration” as a measure of how well the BMP
is meeting specific water quality objectives. A measure of efficiency can be calculated to
quantify the degree to which stormwater BMPs employed are meeting or exceeding state or
federal water quality criteria or standards for the runoff they treat.

Standards are enforceable regulations established within the context of an NPDES permit
or a TMDL and are usualy specific to the receiving water. Water quality criteria are
more general guidelines expressed as constituent concentrations, levels, or narrative
statements, representing a quality of water that supports a particular beneficial use.

By showing that stormwater is being treated to a level that is higher than standards require
or criteria recommend, a permitee may be able to demonstrate to regulators or stakeholders
that their current stormwater management practices are adequate for a particular constituent
of concern. The equation to calculate the Percent Remova Relative to Receiving Water
Quality Limitsisasfollows:

Percent Removal Relative to Receiving Water Quality Limits =
(C influent = C efffluent)/(C influent — C standard/criterion)

The following exampleillustrates the application of this gpproach for reporting efficiency:

Table 2.12: Example of percent removal relative to receiving water quality limits

approach.
BMP A
Influent Concentration (EMC) 1.65 ug/l
C standardicriterion 0.889 ug/l
Effluent Concentration (EMC) 0.635 ug/!
Percent Removed Relative to Established WQ Limits 133 %

The results indicate that the BMP for the given event is meeting the water quality
standard or criterion for dissolved lead. In fact the BMP is functioning to remove in
excess of the amount needed to bring the influent concentration below the water quality
limit (as indicated in the example by a value greater than 100%). Use of this method is
only recommended for specific event analysis. As mentioned for previous analyses, if
this approach istaken for a series of eventsit should be supplemented with an appropriate
non-parametric (or if applicable parametric) statistical test indicating if the differences
are statistically significant (it would be better to show the actual level of significance
found, than just noting if the result was significant, assuming a 0.05 level)
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“Lines of Compar ative Perfor mance©”

For many stormwater treatment BMPs, the efficiency of the BMP decreases as a function
of the influent concentration. Methods have been recommended that integrate this
concept into efficiency evaluations. The “Lines of Comparative Performance©” (Minton
1999) is one such method.

In this method, plots of percent removal as a function of the influent concentration for
each storm are generated for each pollutant monitored. The results of these plots are
overlain on plots of data collected from studies of similar BMPs within aregion.

“Lines of Comparative Performance©” are generated for the data from similar BMPs
based on best professional judgment by examining the likely “irreducible concentration”
for a particular pollutant, the detection limit for that pollutant, and knowledge of expected
maximum achievable efficiency for aBMP type.

This method has primarily been suggested as an approach to evaluate the efficiency of
innovative and “unapproved” stormwater technologies. “To be accepted, the
performance data points of an unapproved treatment technology must fall above and to
the left of the ‘ Line of Comparative Performance®©’.”

This approach has several major problems. The most significant flaw is the use of
“spurious’ self-correlation. Plots such as those shown in Figures 2.4 through 2.6 can be
generated using random, normally distributed influent and effluent concentrations as seen
below in Figure 2.7. As such, it is strongly recommended that this approach not be
employed in BMP monitoring evaluation studies. This approach may lead to overly
complicated analysis methodol ogies without providing additional useable information on
BMP functionality.

Figures 2.4-2.6 below show work conducted by Minton in the development of the
Achievable Efficiency approach.
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Figure 2.6: Removal Efficiency (ER Method) of Total Zinc as a Function of Influent
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generated, normally distributed influent and effluent concentrations. Any
number of similar charts can be generated from randomized data.
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An aternate method which does not include the serious problems associated with the
“Lines of Comparative Performance©”, but presents relatively the same information can
be generated using a simple plot of effluent concentration as a function of influent
concentration with “rays’ (or curves on a log plot) originating from the plot origin for
several levels of control (e.g., 0, 25, 50, 75, and 90%). The plot may need to be alog-log
plot for datawith alarge range of valuestypical of stormwater monitoring data.

Multi-Variate and Non-Linear M odels

Reporting efficiency as a percent removal that is calculated based on the difference
between influent and effluent concentrations will always make a BMP that treats higher
strength influents appear to be more efficient than one treating weaker influents if both
are achieving the same effluent quality. A more useful descriptor of efficiency would
take into consideration that weaker influents are more difficult to treat than concentrated
ones. A multi-variate equation that includes corrections to compensate for this
phenomena or a non-linear model may be worth considering for reporting efficiency.

A mode that approaches pollutant removal in a manner similar to the reaction rates for
complex physical and chemical batch and plug-flow processes may be useful. To date
calibration of such a model for all but the most elementary situations (e.g., settling of
solids in relatively simplistic flow regimes) is difficult given the complexity of the real-
world problem. As more high quality data becomes available, other approaches to
evaluating BMP efficiency may become apparent.

Currently, effluent quality, as discussed below, is the best indicator of overall BMP
performance.

2.9.2.3 Recommended Method

The following method is recommended for use in analyzing new and existing monitoring
studies.

Effluent Probability Method

The most useful approach to quantifying BMP efficiency isto determine first if the BMP
is providing treatment (that the influent and effluent mean EMCs are statistically different
from one another) and then examine either a cumulative distribution function of influent
and effluent quality or a standard parallel probability plot.

Before any efficiency plots are generated, appropriate non-parametric (or if applicable
parametric) statistical tests should be conducted to indicate if any perceived differencesin
influent and effluent mean event mean concentrations are statistically significant (the
level of significance should be provided, instead of just noting if the result was
significant, assume a 95% confidence level).

Effluent probability method is straightforward and directly provides a clear picture of the
ultimate measure of BMP effectiveness, effluent water quality. Curves of this type are the
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single most instructive piece of information that can result from a BMP evaluation study.
The authors of this manua strongly recommend that the stormwater industry accept this
approach as a standard “rating curve’ for BMP evaluation studies.

The most useful approach for examining these curves is to plot the results on a standard
parallel probability plot (see Figures 2.8-2.10). A normal probability plot should be
generated showing the log transform of both inflow and outflow EMCs for all storms for
the BMP. If the log transformed data deviates significantly from normality, other
transformations can be explored to determine if a better distributional fit exists. Figures
2.8-2.10 show three types of results that can be observed when plotting pollutant
reduction observations on probability plots. The data was taken from the Monroe St. wet
detention pond study in Madison, WI, collected by the USGS and the WI DNR. Figure
2.8 for suspended solids (particulate residue) shows that SS are highly removed over
influent concentrations ranging from 20 to over 1,000 mg/L. A simple calculation of
“percent removal” (ER Method) would not show this consistent removal over the full
range of observations. In contrast, Figure 2.9 for total dissolved solids (filtered residue)
shows poor removal of TDS for al concentration conditions, as expected for this wet
detention pond. The “percent removal” (ER Method) for TDS would be close to zero and
no additional surprises are indicated on this plot. Figure 2.10, however, shows a wealth of
information that would not be available from simple statistical numerical summaries,
including the historical analysis approaches described in this manual. In this plot, filtered
COD is seen to be poorly removed for low concentrations (less than about 20 mg/L), but
the removal increases substantialy for higher concentrations. Although not indicated on
these plots, the rank order of concentrations was similar for both influent and effluent
distributions for all three pollutants (Burton and Pitt 2001).

Water quality observations do not generally form a straight line on normal probability
paper, but do (at least from about the 10th to 90th percentile level) on log-normal
probability plots. This indicates that the samples generally have alog-normal distribution
as described previoudly in this document and many parametric statistical tests can often
be used (e.g., analysis of variance), but only after the data is log-transformed. These plots
indicate the central tendency (median) of the data, along with their possible distribution
type and variance (the steeper the plot, the smaller the COV and the flatter the slope of
the plot, the larger the COV for the data). Multiple data sets can also be plotted on the
same plot (such as for different sites, different seasons, different habitats, etc.) to indicate
obvious similarities (or differences) in the data sets. Most statistical methods used to
compare different data sets require that the sets have the same variances, and many
require normal distributions. Similar variances are indicated by generally paralel plots of
the data on the probability paper, while normal distributions would be reflected by the
data plotted in a straight line on normal probability paper. (Burton and Pitt 2001)

Probability plots should be supplemented with standard statistical tests that determine if
the data is normally distributed. These tests, at least some available in most software
packages, include the Kolmogorov-Smirnov one-sample test, the chi-square goodness of
fit test, and the Lilliefors variation of the Kolmogorov-Smironov test. They are paired
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tests comparing data points from the best-fitted normal curve to the observed data. The
statistical tests may be visualized by imagining the best-fit normal curve data (a straight
line) and the observed data plotted on normal probability paper. If the observed data
crosses the fitted curve data numerous times, it is much more likely to be normally
distributed than if it only crosses the fitted curve a small number of times (Burton and Pitt

2001).
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2.9.2.4 Reference Watershed M ethods

Many BMPs do not alow for comparison between inlet and outlet water quality
parameters. In addition, it is often difficult or costly, where there are many BMPs being
installed in a watershed (e.g., retrofit of all catch basins), to monitor a large number of
specific locations. A reference watershed is often used to evaluate the effectiveness of a
given BMP or multiple BMPs of the same type. The database allows for a watershed and
all associated data to be identified for use as a reference watershed. One of the primary
reasons for using a reference watershed is that for some BMPs there is no clearly defined
inlet or outlet point at which to monitor water quality. Such is the case with many non-
structural BMPs, porous pavements, and infiltration practices.

The difficulty in determining the effectiveness of a BMP using a reference watershed
approach stems from the large number of variables typically involved. When setting up a
BMP monitoring study, it is advantageous to keep the watershed characteristics of the
reference watershed and the test watershed as similar as possible. Unfortunately, finding
two watersheds that are similar is often quite difficult, and the usefulness of the data can
be compromised as aresult. In order to determine the effectiveness of a BMP based on a
reference watershed, an accurate accounting of the variations between the watersheds,
and operational and environmental conditions is needed. The Database explicitly stores
some of the key parameters required for normalization of watershed and environmental
conditions.

The most obvious parameter used to normalize watershed characteristics is area. If the
ratio of land uses and activities within each watershed isidentical in both watersheds then
the watershed area can be scaled linearly. The loads found at each downstream
monitoring station for each event can be scaled linearly with area as well. Difficulty
arises when land use in the reference watershed is not found in the same ratio. In this
case, either the effects of land use must be ignored or a portion of the load found for each
event must be allocated to a land use and then scaled linearly as a function of the area
covered by that land use. In many cases, the differences in land use can be ignored, (e.g.,
between parking lots with relatively small, but different unpaved areas). The effect of the
total impervious area is relevant and should always be reported in monitoring studies.
Theratio of the total impervious areas can be used to scale event loads. Scaling the loads
based on impervious areas would be best used where the majority of pollutants are from
runoff from the impervious areas (e.g., parking lots), or the contaminant of interest results
primarily from deposition on impervious surfaces, (e.g., TSS in a highly urban area).
Methods that attempt to determine BMP performance from poorly matched watersheds
yield poor results at best. As the characteristics of the two watersheds diverge, the effect
of the BMP is masked by the large number of variables in the system; the noise in the
data becomes greater than the signal.

The analysis of BMPs utilizing reference watersheds also requires incorporation of
operational details of the system, (e.g., frequency of street sweeping, type of device used,
device setup). Monitoring studies should always provide the frequency, extent, and other
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operational parameters for nonstructura BMPs. If the BMP is an alteration of the
frequency of a certain practice, the system can be viewed in two ways, (1) as a
control/test system, or (2) as a series of data aimed at quantifying the continuous effect of
increasing or decreasing BMP frequency. In the first case, the BMP can be analyzed in a
manner similar to other BMPs with reference watersheds. In the second case, the loads
realized at the monitoring stations need to be correlated with the frequency using some
model for the effectiveness of the practice per occurrence.

2.9.3 BMPs and BMP Systems

Overflow and bypassing of treatment BMPs affect the long-term performance of the
pollution control measure. Many types of BMP structures, such as detention or filtration
basins, are designed to treat specific volumes of stormwater runoff. Runoff volumes (or
flows) exceeding the designed storage volume or maximum flow rate are bypassed
untreated or partially treated. In order to accurately assess the long-term efficiency of the
BMP system, the bypass flow needs to be taken into consideration. Ideally, athird flow
monitor should be installed to measure by-passed flow directly (Oswald and Mattison
1994).

If monitoring data is not cost effective or physically difficult to collect, estimates of
bypass can be made using inflow / outflow water balance calculations or modeled from
local rainfall data, watershed hydrology, and BMP system hydraulics. The volume
treated by a BMP for each event can be compared to a measured or modeled runoff
volume yielding the volume of bypass.

Estimates of BMP system efficiency should always be calculated for the entire BMP
system (in addition to the BMP). Mass balance checks should be performed in all casesto
help verify monitoring data and/or modeled flow rates.
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3 Developing a BMP Monitoring Program

This chapter describes the steps involved in developing and implementing a monitoring
program to evaluate BMP effectiveness. Regardless of the scope and objectives, designing
amonitoring plan generally involves four phases:

Phase 1. Determine the objectives and scope of your monitoring program
Phase 2: Develop the monitoring plan in view of your objectives
Phase 3: Implement the monitoring plan

Phase 4: Evaluate and report the results of monitoring
The activities associated with each phase are listed below.

Phase 1: Determine Objectives and Scope

| dentify permit requirements and/or information needs

Compile and review existing information (maps, drawings, results from prior sampling,
etc.) relevant to permit requirements and/or information needs

Develop monitoring program objectives and scope

Phase 2: Develop Monitoring Plan

Select monitoring locations

Select monitoring frequency

Select parameters and analytica methods
Select monitoring methods and equipment
Select storm criteria (i.e., Size, duration, season)
Develop mobilization procedures

Prepare a quality assurance/quality control plan
Prepare a health and safety plan

Prepare a data management plan

Phase 3: Implement Monitoring Plan

Install equipment (and modify channels, if applicable)
Test and calibrate equipment

Conduct training

Conduct monitoring (collect samples)

Conduct anayses (field and/or laboratory)
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Phase 4: Evaluate and Report Results

Validate chemical dataquality
Evaluate results
Report the results

Several of the steps in developing a monitoring program are dependent on one another.
Consequently, earlier steps may need to be revisited and refined throughout the planning
process. For example, if it is determined in Phases 2 or 4 that monitoring more stormsis
needed to achieve objectives, revisiting the "select monitoring location” task and
selecting a lower number of sampling locations and/or a different analytical scheme may
be needed to keep within the schedule and budget.

Determine Key Study Parameters

Key parameters of the monitoring project are determined using the information gathered
in the previous steps of the systematic planning process. Key study parameters include
site selection, number of monitored storm events and their temporal distribution,
characteristics of target storm events, types of samples (composite, grab, etc.), and
analytical constituents. The better these characteristics are understood, the more
efficiently the monitoring data can be collected (Caltrans 1997).

The planned number of sites and monitoring events are often constrained by fiscal
factors, such as the cost of sample collection and analysis. For this reason, the list of
analytical constituents is often considered in the early stages of project planning (see
Section 3.2.3), so that costs of the appropriate sample collection and analysis can be
factored into the expected cost per monitoring event. The analytical constituents are
often prescribed by regulatory or legal mandate.

3.1 Phase | — Determine Objectives and Scope of BMP Water Quality
Monitoring Program

It is particularly important that the objectives of a BMP monitoring program be clearly
stated and recorded. The process of writing them down generally results in careful
consideration being given to the possible options. Written objectives help avoid
misunderstandings by project participants, are an effective way of communicating with
sponsors, and provide assurance that the monitoring program has been systematically
planned.

Studies of BMP performance are usually conducted to obtain information regarding one
or more of the following questions:
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What degree of pollution control or effluent quality does the BMP provide under
normal conditions?

How does this performance vary from pollutant to pollutant?

How does this normal performance vary with large or small storm events?
How does this normal performance vary with rainfall intensity?

How do design variables affect performance?

How does performance vary with different operational and/or maintenance
approaches?

Does performance improve, decay, or remain stable over time?

How does this BMP's performance compare with the performance of other
BMPs?

Does this BMP help achieve compliance with water quality standards?

Many BMP monitoring programs have been established to satisfy requirements prescribed
by permits to monitor the effectiveness of BMPs, but often the wording of such
requirements is vague. Local program-specific objectives are likely to provide the soundest
basisfor planning a BMP monitoring study.

A well-designed BMP monitoring progran may help address specific monitoring
guestions, thereby enabling better decisions regarding allocation of resources to address
stormwater quality issues. The ultimate use of the monitoring results should be kept in
mind throughout the monitoring program planning process.

3.1.1 Monitoring and Literature Review to Assess BMP Performance

Typicaly, structural BMPs have well-defined boundaries and are relatively easy to monitor.
Other types of BMPs, especialy non-structura BMPs (e.g., street sweeping, catch basin
cleaning, sewer cleaning, illicit discharge elimination), are more difficult to monitor partly
because they tend to be geographically interspersed with many pollutant sources and can be
influenced by many factors that cannot be "controlled" in an experimental sense. Some
non-structural BMPs, such as public education programs, oil recycling programs, and litter
control programs are virtually impossible to monitor or at best can be evaluated using trend
monitoring.

It is assumed that many stormwater quality management programs will consider the
possibility of implementing some structural BMPs by experimenting with them on a pilot-
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scale by testing and demonstrating their performance, their costs, and their practical
implications before committing to larger-scale implementation. Programs that already have
structural BMPsin place may also test their performance for avariety of reasons.

Before obtaining BMP performance data or establishing the objectives and scope of the
BMP monitoring program, it is useful to investigate other regional BMP monitoring
programs to learn from their successes and/or failures in implementing the BMP,
establishing their objectives and scope of their BMP monitoring program, and obtaining
meaningful results. This research will also provide some level of foresight in developing a
meaningful monitoring program that will produce results that will be useful in achieving
project goals and comparable to other programs.

Nationally, many stormwater programs need BMP performance data, and many are
planning or conducting performance monitoring. The concept of sharing monitoring results
isvery appealing but could be seriously constrained if pre-planning to maximize the chances
of yielding comparable/compatible monitoring approaches, analytica protocols, and data
management are not implemented. Some of the guidance provided in this manual and
referred to in literature citations is intended to facilitate exchanges of more transferable data
among programs.

Asan example, in areview of the use of wetlands for stormwater pollution control (Strecker
et a. 1992), asummary of the literature was prepared regarding the performance of wetland
systems and the factors that are believed to affect pollutant removals. The studies reported
in the reviewed literature were inconsi stent with respect to the constituents analyzed and the
methods used to gather and analyze data. Severa pieces of information were improperly
collected and recorded, which decreased their usefulness for evauating the effectiveness of
stormwater wetlands.  Furthermore, the lack of such basic information limits the
transferability of the studies findings into better design practices.

The technical literature has many reports of monitoring programs to evaluate BMP
performance. Those that address conceptua and strategic aspects of monitoring (e.g.,
Strecker 1994; Urbonas 1993) could be of particular value during the planning stage. In
addition, EPA and ASCE’'s Urban Water Resources Research Council have compiled a
National Stormwater Best Management Practices Database (ASCE 1999) (on the world
wide web at http://www.bmpdatabase.org/). The purpose of this effort is to develop a
more useful set of data on the effectiveness of individual BMPs used to reduce pollutant
discharges from urban development. Review of the protocols established for the database
isuseful in determining what and how information should be collected.

It isalso valuable to review the monitoring methods and findings of other reported programs
because they may contain transferable concepts (or even data). In considering the use of
data collected elsawhere, critical attention must be given to differences that might lead to
erroneous conclusions (e.g., weather, soil types, role of specific sources of pollutants).
Particular care should be taken to avoid errors that are often introduced by assuming (rather
than determining) that certain pollutants are associated with certain sediment fractions.
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These associations of pollutants with particles are very important (in fact they are the reason
why most BMPs are effective), but they vary dramatically from place to place and must be
determined based on careful loca studies of relevant factors. When reviewing data from
relatively early studies, it is important to remember that state of the art of analyses has
advanced considerably in the past decade or so. For example, many data entries that report
"non-detect” may not be relevant.

3.1.2 Monitoring to Assess Compliance with Surface Water quality criteria

A man objective of BMP monitoring is to determine if the BMP helps reduce
concentrations of constituents of concern and therefore achieves compliance with water
quality criteria set forth by state and federal regulations.

Water quality standards may include bacteria, dissolved oxygen, temperature, pH,
turbidity, and toxic organic and inorganic compounds in marine and freshwater bodies.
The water quality standards for toxic compounds (e.g., metals, pesticides) are intended to
protect aquatic organisms, terrestrial animals, and humans who drink the water and/or
consume shellfish and fish from the waterbody. In addition, the water quality bacterial
standards are intended to guard against human health risks associated with recreational
activities such as swimming, wading, boating, fishing, and shellfish consumption.

State water quality standards often include the federal water quality criteria for the
protection of human health and aguatic life (40 CFR 131.36). Federal water quality
criteriamay include a number of additional compounds not listed in state water q

uality standards.

Note that water quality criteria are guidelines, whereas water quality standards are
enforceable regulations. In this section, water quality criteria are used to encompass both
state standards and the federal guidelines.

There are two general categories of water quality criteriac aguatic (or marine) criteria, and
human health criteria. These are summarized below.

3.1.3 Criteria for the Protection of Aquatic/Marine Life

Criteria for the protection of aguatic and marine life were developed based on laboratory
toxicity tests of representative organisms using test solutions spiked with pollutants to
simulate exposure. In order to apply the results of these tests, EPA has classified aquatic
life standards as either "acute" or "chronic" based on the length of time the organisms are
exposed to the listed concentrations.

Criterion maximum concentrations (CMC - acute) are intended to protect against short-
term exposure. Criterion continuous concentrations (CCC - chronic) are designed to
protect against long-term exposure. In deriving the acute criteria, the laboratory
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organisms were exposed to pollutant concentrations for 24 to 48 hours. EPA suggests
one hour as the shortest exposure period, which may cause acute effects and recommends
the criteria be applied to one-hour average concentrations. That is, to protect against
acute effects, the one-hour average exposure should not exceed the acute criteria. EPA
derives chronic criteria from longer term (often greater than 28-day) tests that measure
survival, growth, reproduction, or in some cases, bioconcentration. For chronic criteria,
EPA recommends the criteria be applied to an averaging period of 4 days. That is, the 4-
day average exposure should not exceed the chronic criteria.

water quality criteria for aguatic life were developed based on an allowable exceedance
frequency of once every three years, based on the theory that an ecosystem is likely to
recover from abrief water quality exceedance, provided it does not occur too often.

3.1.4 Human Health

Water quality standards for the protection of human health contain only a single
concentration value and are intended to protect against long-term (chronic) exposure. For
carcinogenic compounds, a lifetime exposure over 70 years is generally used to calculate
the criteria.  For non-carcinogens, exposure periods are more chemica specific and
depend on the particular endpoint and toxic effect.

EPA has defined two levels of protection for human health criteria. The first criteria
were derived based on cumulative risks associated with drinking water and eating
organisms that live in the water. The criteria for carcinogenic compounds are the
calculated water-column concentrations that would produce a one in a million (10°)
lifetime cancer risk if water were consumed by humans and a given amount of organisms,
like fish or shellfish, living in that water was eaten every day. The second set of criteria
is based on consumption of organisms alone (the water is not consumed by humans).
These standards apply to saltwater or other water that is not a drinking water source but
does support a fishery, and that is used as food. The standard for carcinogenic
compounds in the consumption of organisms only criteria is the calculated water
concentration that would produce a one in a million (10°°) lifetime cancer risk if a person
were to consume a given amount of fish or shellfish from that waterbody (without
drinking the water).

3.1.5 Application of Water quality criteria to Stormwater

The water quality criteria are intended to protect the beneficial uses of streams, lakes, and
other receiving water bodies. Most of the man-made conveyances within a near-highway
stormwater drainage system do not support these beneficial uses. Thus, monitoring to
assess compliance with water quality criteria is usually conducted in a receiving water
body (rather than in the stormwater conveyance system that discharges into it) in order to
provide a direct measure of whether the beneficial uses of the waterbody are impaired or
in jeopardy.
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Direct comparisons between stormwater quality and the water quality criteria should be
interpreted with caution because the effects of recelving water hardness levels do not
account for mixing and dilution in the receiving waters or for such comparisons on heavy
metals. Thisisespecially true when the stormwater discharge is very small relative to the
receiving waterbody.

The variable nature of stormwater quality further complicates comparison to water
quality standards. Stormwater quality varies both between and during storm events, so it
is very difficult to extrapolate data from one storm to another or to generate statistically
representative data for all types and combinations of storms.

In spite of the limitations mentioned above, comparisons between stormwater quality and
water quality standards can provide valuable information for stormwater management.
Water quality standards can be used as screening criteria, or "benchmarks," for assessing
stormwater quality problems and establishing management priorities. Direct comparisons
with the water quality criteria can over-estimate the potential impact of the stormwater
discharges on the receiving water bodies because mixing and dilution are not taken into
account. However, the relative frequency and magnitude of water quality standards
exceedances within storm sewer systems can help prioritize additional investigations
and/or implementation of control measures. Frequent large exceedances are a clear
indication that further investigation and control measures are warranted. Marginal or
occasional exceedances are more typical and more difficult to interpret.

3.1.6 Groundwater and Sediment Standards

In addition to surface water quality standards, stormwater discharges may affect
compliance with standards for groundwater quality and/or marine sediment quality.
However, stormwater monitoring is typically of limited value with regard to assessing
compliance with groundwater and/or sediment quality standards. Compliance with the
groundwater standards is generally assessed through groundwater monitoring (rather than
stormwater monitoring) because stormwater quality is likely to change substantially
while percolating through soils, and the extent of the change is very difficult to predict
without a great deal of site-specific information. Similarly, compliance with sediment
quality standards is generaly assessed through sediment monitoring within receiving
water bodies. This is because numerous storms would need to be monitored in order to
develop useful estimates of total annual sediment loads, and the particulate portion of
each sample would need to be divided into particle size fractions prior to chemical
anaysis to allow even a qualitative evaluation of potential sediment transport/deposition.
For these reasons, this manual does not address stormwater monitoring to assess
compliance with groundwater or sediment quality standards.

3.1.7 Scope of Work for BMP Monitoring Program

Once monitoring objectives have been defined, the scope of the monitoring program must
be determined. It isimportant to balance information needs with the resources available,
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and to consider alternative means for obtaining information. To that end, consider the
following:

How accurate or representative do the monitoring results need to be in order to
support forthcoming management decisions?

If objectives include determination of stormwater quality trends or evaluation of BMP
effectiveness, numerous storms may need to be monitored in order to account for the
variability inherent in stormwater quality data. It can be difficult and expensive to obtain
truly definitive stormwater data. For example, one of the City of Fresno's monitoring
programs (15 storms per year) has a 20% probability of detecting a 20% change in
stormwater quality at a confidence level of 95%. This monitoring program was expected
to cost about $1.55 million over 10 years, which was about 21% of Fresno's total budget
for stormwater management during that period. To attain an 80% probability of detecting
a 20% change at a 95% confidence limit, the monitoring cost would have risen to about
$5.84 million, or 41% of the total stormwater management budget (Harrison 1994).

Note that the BMPs necessary to reduce stormwater contamination from built-out areas
by 20% would probably be costly and challenging to implement. Cave and Roesner
(1994) estimated that typical non-structural BMPs are likely to result in stormwater
pollutant reductions on the order of 5%-10%, while structural measures may reduce some
stormwater pollutants by 50%-90%. They suggested that a fully implemented municipal
stormwater management program is likely to result in pollutant load reductions of 25% or
less for built-out areas. This number, however, has been cited by others to be closer to
40% (Bannerman 2001).

Devoting large amounts of time and money to achieve a high level of accuracy may not
be the best use of stormwater program resources. It might be more cost effective to
spend less on trend monitoring and more on source identification, sediment monitoring,
and/or control measures. In some cases, a Ssmple, screening-type monitoring program
may be sufficient to meet needs.

Are sufficient staff and financial resources available to obtain the needed information
at the desired level of accuracy? If not, can additional resources be obtained?

This is a critical consideration. BMP monitoring is generally expensive and time-
consuming. This question can be addressed by developing an overview of monitoring
required and reviewing general cost information of other programs.

In assessing personnel resources, consider staff size, technical background, physical
condition, and ability (and willingness) to respond to storm events with little advance
notice. These factors are discussed below.

Staff Size. Few organizations can afford to have many personnel whose sole
responsibility is stormwater monitoring. In most cases, monitoring duties are assigned to
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certain people in addition to their regular responsibilities. Back-ups are needed in case
the designated personnel are sick, on vacation, or otherwise unavailable when a storm
monitoring event occurs. The assigned people must be able and willing to drop what they
are doing and mobilize for a storm event on short notice. In some organizations,
personnel are not alowed to perform work that is not specified in their job descriptions.
Insurance and liability may aso be considerations. Because of these staffing issues,
some agencies elect to hire contractors to perform monitoring.

Technical Expertise. Some technical expertise is needed to properly conduct monitoring,
especialy if automated equipment is used. Special training is required for any personnel
that enter confined spaces, such as manholes, to collect samples. In addition, the person
directing a monitoring program should be familiar with how the results will be used, so
that effective decisions are made regarding storm selection, when to cancel a monitoring
event, etc.

Physical Condition/Health.  Stormwater monitoring can be physically demanding.
Monitoring personnel may be required to work in slippery or otherwise challenging
conditions at night.

Ability to Respond to Storm Events. Storms often occur outside of normal working
hours when it is more difficult to contact and mobilize monitoring personnel.

If resources are not sufficient to sample enough storms and/or enough locations to meet
tentatively identified program objectives, monitoring program objectives and scope
should be scaled back until they are commensurate with resources. This can sometimes
be accomplished by using a phased approach where only one or two areas or gquestions
are addressed at a time so that useful results can be obtained within budget limitations.
Supplementing existing resources should also be considered. It may be worthwhile to
contact neighboring municipalities or facilities to find out if they are willing to pool their
resources in order to fund a joint BMP monitoring program. |If objectives cannot be met
with the available resources, possible aternatives to stormwater monitoring should be
considered (discussed below), or monitoring resources should be allocated to additional
pollution control measures.

Can some of the information needed be obtained without conducting BMP
monitoring?

Because of the typically high cost of BMP monitoring, it may be desirable to evaluate
alternative means for addressing some information needs (assuming that BMP monitoring
is not required to comply with a permit). Depending on the situation, sediment sampling,
biological sampling, and/or visual surveys of the stormwater conveyance system may be
cost-effective alternatives to stormwater quality monitoring. Literature reviews may also
help address some stormwater management iSsues.

Who is going to use the monitoring data and what is the intended use?
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Develop specific monitoring objectives and scope based on answers to these questions.
At this point, the objectives should still be considered flexible because they may need to
be re-considered and revised as the monitoring program is developed.
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3.1.8 Information Needs to Meet Established Goals of BMP Monitoring

Generaly, the more information that is available, the easier it is to design a practical
monitoring program. For BMP monitoring programs, compile and review the following
information, if available:

Results from prior surface water and groundwater quality studies, other BMP
monitoring studies in the local area, sediment quality studies, aguatic ecology
surveys, dry weather reconnaissance, etc.

Drainage system maps.

Land use maps (or genera plan or zoning maps).

Aeria photographs.

Precipitation and streamflow records.

Reported spills and leaks.

Interviews with public works staff.

Literature on design of structural BMPs to understand functionality and pollutant
removal processes.

For BMPs monitored in industrial areas, the following information may also be relevant:

BMP performance datafor similar industriesin region.

Facility map(s) showing locations of key activities or materials that could be exposed
to stormwater.

Lists of materialslikely to be exposed to stormwater.

Reported spills and leaks.

Interviews with facility staff and others who are knowledgeabl e about the facility.

In addition to gathering information about the study area and BMP design, some
forethought should be given to the expected data characteristics and subsequent data
analysis methods in order to optimize collection of data within the limitations of the
proposed study and ensure that useful results will be provided to fulfill study objectives
(Cdltrans 1997).

Essential data characteristics include the type of data to be collected (e.g., constituents
and concentrations), the variables affecting the data (e.g., antecedent conditions, rainfall
intensity, site type and location) and the expected variability of the data (derived from
previous studies when available). Statistical techniques such as power analysis can then
be used to determine key study parameters, such as the number of monitoring locations
and storm events to be monitored (Caltrans 1997).

Prior to the initiation of environmental sampling, a strategy should be developed for
analysis of the data, directed to answering the specific study questions. The selected data
analyses technique(s) may influence the types and quantities of data required to satisfy
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study objectives. The analysis methods applied to data collected for BMP evaluations or
characterization studies typically involve straight-forward statistical operations.

3.2 Phase Il — Develop BMP Monitoring Plan
3.2.1 Recommendation and Discussion of Monitoring Locations

The number of locations to be monitored depends on program objectives, permit
requirements (if applicable), the size and complexity of the drainage basin(s), and the
resources (time, personnel, funds) allocated to monitoring. In addition, the frequency of
sampling at each location must be considered. Depending on objectives, resources, and
logistical considerations, many locations may be sampled infrequently, or fewer locations
more frequently. The former approach is generaly better for evaluating place-to-place
variability; the latter approach is generally better for evaluating storm-to-storm variability
and for characterizing the monitoring location more accurately. If the effectiveness of a
specific structura BMP needs to be evaluated, monitoring locations should be located
immediately upstream and downstream of the structure.

In general, choose monitoring sites that facilitate representative sampling and flow
measurement. Consider the criterialisted below in the selection of monitoring sites:

The contributing (upgradient) catchment should be completely served by a separate
storm drain system or, if it is served by a combined sewer system, carefully consider
the possibility that stormwater samples would be contaminated by sanitary sewage.

The storm drain system should be sufficiently well understood to allow a reliable
delineation and description of the catchment area (e.g., geographic extent,
topography, land uses).

For monitoring stations that will be used to measure flow in open channels, the flow
measurement facilities need to be located where there is suitable hydraulic control so
that reliable rating curves (i.e., stage-discharge relationships) can be developed. In
other words, the upstream and downstream conditions must meet the assumptions on
which the measurement method is based.

=  Where possible, stations should be located in reaches of a conveyance where flows
tend to be relatively "stable® and "uniform”™ for some distance upstream
(approximately 6 channel widths or 12 pipe diameters), to better approach "uniform"
flow conditions. Thus, avoid steep slopes, pipe diameter changes, junctions, and
areas of irregular channel shape due to breaks, repairs, roots, debris, etc.
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Locations likely to be affected by backwater and tidal conditions should be avoided
since these factors can complicate the reliable measurement of flow and the
interpretation of data

Stations in pipes, culverts, or tunnels should be located to avoid surcharging (pressure
flow) over the normal range of precipitation.

Stations should be located sufficiently downstream from inflows to the drainage
system to better achieve well-mixed conditions across the channel and to favor the
likelihood of "uniform” flow conditions.

Stations should be located where field personnel can be as safe as possible (i.e.,
where surface visibility is good and traffic hazards are minimal, and where
monitoring personnel are unlikely to be exposed to explosive or toxic atmospheres).

Stations should be located where access and security are good, and vandalism of
sampling equipment is unlikely.

Stations should be located where the channel or storm drain is soundly constructed.

If an automated sampler with a peristaltic pump isto be used, and the access pointisa
manhole, the water surface elevation should not be excessively deep (i.e., it should be
less than 6 meters, or 20 feet, below the elevation of the pump in the sampler, and
preferably less than 4.5 meters or 15 feet deep).

If automated equipment is to be used, the site configuration should be such that
confined space entry (for equipment installation, routine servicing, and operation) can
be performed safely and in compliance with applicable regulations.

Each potential sampling station should be visited, preferably during or after a storm to
observe the discharge. A wet-weather visit can provide valuable information regarding
logistical constraints that may not be readily apparent during dry weather.

I ntegration of BMP Monitoring into a Municipal Monitoring Program

In most cases, it is not practical to monitor water quality at every BMP within a
municipality. Therefore, most municipa monitoring programs are designed to yield
estimates of effluent water quality for other similar BMPs by extrapolating data collected
at asmall number of locations.

Many municipal stormwater monitoring programs use stations that monitor relatively
small, homogeneous land use catchments (so called "single land use" or upland stations).
Data from a study site may then be extrapolated to other catchments within the project
area that are thought to have similar sources and pollutant-generating mechanisms. This
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approach may aso be useful for BMP monitoring studies. However, extrapolations
should be interpreted with caution because it is difficult to ascertain the degree to which
catchments and BMP functionality are truly similar. Also, previous studies have shown
that stormwater quality within a given land use category can vary considerably; thus, the
correlation between land use and stormwater quality, and thus the utility of a particular
BMP, may not be as strong asistypically assumed.

Other municipal programs use stations that sample relatively large catchments
representing a composite of land uses. These stations are typically located in streams or
other stormwater conveyances at the lower end of a watershed and are sometimes
referred to as "mixed land use" stations or "stream stations.” If possible, choose stream
stations that receive runoff from catchments with a land use composition similar to that of
the project area as awhole. Thiswill make it easier to apply BMP monitoring results to
similar watersheds. A geographic information system (GIS) can be very helpful in
characterizing land uses and identifying stormwater monitoring locations.

Care must be taken to locate flow measurement and sampling sites in places that are likely
to yieddd good data over diverse operational conditions. For performance monitoring
approaches that are intended to compare changes in pollutant loads (i.e., “loads in” versus
“loads out” of the BMP), it is especially important to use accurate flow measurement
methods and to site the points of measurement at locations that maximize the attainment of
credible data (see Section 3.2.1). The added cost of a weir or flume, as opposed to less
sophisticated flow measurement methods, is amost aways worthwhile because
measurement errors propagate through various aspects of the anayss. Propagation of errors
due to inaccurate measurement is discussed in detail in Section 3.2.4.3.

It is often difficult to identify large, homogeneous land use catchments that satisfy all of
the above criteria. As a result, compromises will typically need to be made. Refer to
basic texts on hydraulics and flow measurement and the instructions provided by
monitoring equipment manufacturers to guide judgment.

Sampling from a Well Mixed L ocation

The location of a permanent sampling station is probably the most critical factor in a
monitoring network that collects water quality data. If the samples collected are not
representative of the water mass, the frequency of sampling as well as the mode of data
interpretation and presentation becomes inconsequential. The following paragraphs
describe the theory of mixing within a river cross-section, which is applicable to
stormwater flows within stormwater conveyance systems. Typicaly these calculations
are not needed for stormwater monitoring design, but they are presented here to bring
attention to the need to be aware of mixing problems, particularly in wide conveyances.
(Saunders 1983)

The representativeness of a water quality sample is a function of the uniformity of the
sample concentrations in a river’s cross sectional area. Wherever the concentration of a
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water quality variable is independent of depth and lateral location in a river's cross
section, the river at that point is completely mixed and could serve as a desirable
sampling location (Saunders 1983).

Well mixed zones in a river for representative water quality sampling can be defined,
given that several assumptions will apply. By assuming that a pollutant distribution from
an instantaneous point source is normally distributed on both the lateral and vertical
transect and applying classical image theory, a theoretical distance from an outfall to a
well mixed zone in a straight uniform river channel is a function of 1) mean stream
velocity, 2) location of the point source and 3) the mean lateral and vertical turbulent
diffusion coefficients (Saunders 1983).

There are several models available that are functions of the mixing coefficients, which
have been shown to apply for predicting a zone of relatively complete mixing. Ruthven
(1971) derived an expression for a mixing distance utilizing the solution to the steady-
state, two-dimensional advection and dispersion equation. Assuming that complete
vertical mixing is assured in arelatively short distance, he established a relationship from
the two-dimensional solution to predict the mixing distance to a point where the
concentration variation in the cross section does not exceed ten percent. The approach
taken by Ruthven is shown in the following equation:

2
L3 00759 Y Equation 3.1
Dy
where,

L: mixing distance
w: width of channel
u: mean stream velocity
Dy:  lateral turbulent diffusion coefficient

The distance needed for complete mixing using the above approach results in great
distances for most situations. In addition, many upstream discharges normally exist and it
is rarely possible to get far enough below all of them. Because of the distance required
for complete mixing, there is often a need to composite samples across wide streams.

Extensive discussion on this subject can be found in Fischer et al. (1979).
3.2.1.1 Upstream

Monitoring stations established upstream of a BMP can give results that revea the
influent concentration or load of pollutants before they flow through the BMP. Upstream
water quality is indicative of concentrations and pollutant loads that would be observed
downstream if no BMP were implemented. It is important to monitor only waters that
flow into the BMP to be able to use the resultant data to compare upstream water quality
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with downstream locations. Upstream monitoring locations can also be useful to
determine bypass water quality. Where bypass is present, accurate flow measurement is
highly important. Where sufficient funds are available and the physical layout of the
control structures allow, by