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TOWN OF LYONS STORMWATER MASTERPLAN

1.0 Introduction

1.1 Authorization

This report was authorized by the Town of Lyons in the Disaster Re-
covery Services Agreement of February 16, 2016. A fully executed
agreement was received by ICON Engineering Inc. on March 28,
2016. This study was supported by the grant funding from the Com-
munity Development Block Grant Disaster Recovery program.

1.2 Purpose and Scope

Stormwater Master Plans are commonly used by local and regional
governments in a manner similar to land use, parks, or other master
plans. These plans become part of the local community’s compre-
hensive and capital improvement plans. Stormwater master plans
help community leaders, planners, and engineers work with devel-
opers and private land owners. Stormwater drainage is unaffected
by administrative or paper boundaries and a stormwater master plan
helps all parties understand the natural conditions, constraints, and
opportunities to manage stormwater in a safe, compliant, and sus-
tainable manner. Like most master plans, this report provides the
Town a starting point for ensuring the public safety and welfare of its
citizens, businesses, and visitors.

The purpose of this study is to develop a comprehensive stormwa-
ter master plan for the Town of Lyons. The focus of the study is to:

* Quantify stormwater runoff and quantity

¢ Identify potential flood hazards and problem areas for subbasins
tributary to North St. Vrain Creek, South St. Vrain Creek, and
St. Vrain Creek, as they flow through the Town

¢ Identify and prioritize capital improvement projects to reduce
flood frequency and flood risk

® Recommended improvement to enhance water quality and meet
other sustainable objectives

e Provide a guide for increasing stormwater resilience within the
Town of Lyons.

The original drainage master plan for the Town of Lyons was com-
pleted by BRW, Inc. in 1998. This study will provide and update to
the 1998 plan. Today, the Town has grown beyond the limits of the
1998 study. Furthermore, updates to the means and methods of en-
gineering analysis provide additional information to determine risk
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and benefits. This Stormwater Master Plan utilizes current topo-
graphic, property, and engineering data collected between 2013 and
2016. Like its predecessor, this report is likely to serve the community
for many years to come.

This study initially identified and inventoried stormwater infras-
tructure throughout town. A geospatial database of over 250 features
was collected and is being incorporated into the Town’s larger GIS
inventory. From that point, hydrologic analysis was completed to
determine the range of stormwater runoff from each of the Town's
drainage basins. A hydraulic analysis used the stormwater runoff
values to model how the surface waters drained through town. The
existing storm sewer system was evaluated to determine how capture
and conveyance systems operated during the various design storms.
The resulting flood depth maps were used to identify or confirm
problem areas and structures at risk of flood damages. Alternative
solutions to mitigate the potential damages were developed. Each
alternative was considered for resulting benefits (i.e. averted dam-
ages) and costs. A recommended plan was developed to guide the
town through future infrastructure, land use, and stormwater man-
agement decisions. Additional information was developed for System
Maintenance, Storm Water Utility, Adjacent Watersheds, and Water
Quality.

The following is a summary of the scope of work completed for
the Town of Lyons Storm Drainage Master Planning study:

¢ Data Collection and Review
¢ Field inventory of existing stormwater features

¢ Baseline Hydrology and Hydraulics

— Document rainfall using NOAA Atlas 14

- Develop a basin-wide two-dimensional hydrodynamic model to
estimate general flow paths within the watershed.

— Define individual subwatershed boundaries

— Develop hydrologic models for the 2-, 5-, 10-, 50-, and 100-year
return period storms subject to the following guidelines:

+ Use the Colorado Urban Hydrograph Procedure (CUHP) to
generate basin runoff hydrographs

+ Use the Environment Protection Agency Storm Water Man-
agement Model (EPA SWMM) to route the individual hydro-
graphs

+ Evaluate the performance of existing storm drain infrastruc-
ture 24 inches or greater in size
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- Evaluate hydrologic condition for 120% of the 100-year return
period

— Identify residual flood potential within the basin using a two-
dimensional hydrodynamic model, such as FLO-2D

* Alternatives Analysis

- Identify existing and future potential drainage and water qual-
ity problems along tributary paths to North St. Vrain Creek,
South St. Vrain Creek, and St. Vrain Creek, as they flow through
the Town

— Develop and evaluate alternative plans on an outfall-by-outfall
basis to reduce flooding potential on insurable structures and to
provide water quality treatment

— Estimate benefits of flood reduction
¢ Capital Improvements Plan

— Development of a recommended approach to stormwater man-
agement within the Town Limits

— Identify a Phasing and Prioritization Plan for improvements

1.3 Mapping and Survey

One foot interval contours were generated from LiDAR project map-
ping. Project mapping was based on Federal Emergency Manage-
ment Agency (FEMA) 2013 Post-flood LiDAR mapping with the
following attributes and is equivalent to 1-foot contour interval topo-
graphic mapping:

Name: 2013 South Platte River Flood Area 1

Collection Date: Fall 2013 — Spring 2014

Vertical Accuracy: 9.25 cm RMSE

Point Spacing: 0.7 m

Vertical Datum: NAVD88

Horizontal Datum: NADS83

Survey data at existing storm drains and sewers were collected
by ICON Engineering and associated sub-consultants as part of this
contract. All survey was also gathered on NADS83 horizontal datum
and the NAVDSS vertical datum.

An inventory of existing storm sewer infrastructure was completed
between May and July 2016. A photo, description, condition, and
location of each structure was recorded in the field and stored in a
geospatial database. The geospatial data has been utilized within the
Town’s larger GIS database. A link to the online repository for the
data is available for review: Appendix K. This online repository link
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will expire in the near future, but the data is preserved in perpetuity
through the Town’s GIS database.

1.4 Data Collection

A summary of reports reviewed alongside the preparation of this
report are presented below:

Table 1-1: Data Collected

Document Title Date Author

Town of Lyons, Boulder County, Colorado, April 1998 BRW, Inc.
Drainage Master Plan Final Report

Zoning District Map of the Town of Lyons, January 2009 King Surveyors, Inc.
Colorado

2010 Lyons Planning Area Map 2010 Civil Resources
Urban Drainage and Flood Control District UDFCD
(UDFCD) Urban Storm Drainage Criteria Man-

ual

1.5 Data Delivery

This report is produced for the Town in a variety of formats. Hard-
copy reports are provided to the Town as interim and final deliver-
ables. A web based version of the entire report and appendices are
provided to the Town for integration into the Town web portal. A
downloadable PDF is also available from the web link version. And,
the supporting map information is provided on a web-based map-
ping program that can be hosted on the Town’s website now and in
the future.

GIS data collected during the stormwater inventory was trans-
ferred to the town in September 2016 to complement the separate GIS
database project undertaken by the town.

2.0 Study Area Description

2.1 Project Area

The project area includes the subbasins tributary to the North Saint
Vrain Creek, South Saint Vrain Creek, Red Hill Gulch, and Stone
Canyon within the Town of Lyons. The total drainage area studied is
approximately 8.6 square miles.
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Existing drainage in the Town reflects open channel drainageways
in combination with storm sewer conveyance for more urbanized
areas. Most of the Town’s existing drainage infrastructure is under-
sized due to the increase in development within the Town during the
1990s. The existing conveyance system has the capacity to convey
nuisance flows, but it does not have the capacity to convey even the
minor (5-year) storm events.

At the time of this report, there are current requests for study and
analysis of potential annexation areas adjacent to the current town
limits. These areas were identified for study after the completion of
the stormwater inventory and hydrologic analysis. However, this
study has provided some limited information relative to adjacent
areas.

2.2 Land Use

The study area watershed is comprised of a combination of Hy-
drologic Soil Group (HSG) A, B, C, and D soils as classified by the
Natural Resources Conservation Service (NRCS). These soil types
are very intermixed with HSG A soils (i.e. soils with increased hy-
drologic conductivity) covering areas such as downtown locations,
and north-south along the eastern basin limits. HSG B soils cover
the least area in the watershed, with locations predominately along
Saint Vrain Creek, and north and south branches. HSG C soils are
represented along a north-south plane, along the easternmost por-
tions of the watershed. Finally, HSG D soils (i.e. soils with the least
potential for hydrologic conductivity) represent the greatest are of
the watershed and are predominately located towards the northern
and western watershed limits, covering rock outcrops and other less
permeable sources.

It should be noted that for the study area, the HSG A soils are
colluvial land type soil. According to the colluvial land soil descrip-
tion, the depth to restrictive feature is 2 to 60 inches to lithic bedrock.
Because of the underlying bedrock, it was assumed that the HSG A
soils would have the drainage characteristics of HSG B soils.

Land use was determined by compiling information from the
2009 Zoning District Map, 2010 Lyons Planning Area Map, and by
ground-truthing the land cover based on an October 2015 aerial im-
age of the watershed. Each land use category was assigned a percent
imperviousness with guidance from Chapter 6 — Runoff of the UD-
FCD Urban Storm Drainage Criteria Manual. Table 2-1 outlines the
land use categories and the corresponding percent imperviousness.
In addition to the land use categories found in Table 2-1, Boulder
County Open Space land use represented a significant portion of the
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watershed. Table 2-2 displays the soil types used to calculate imper-
viousness for the Boulder County Open Space land use category.
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Table 2-1: Land Use Description

Land Use Category UDFCD Equivalent Imperviousness
Agriculture Undeveloped: Greenbelts, agricultural 2%
Business Business: Downtown areas 95%
Park Parks, cemeteries 10%
Municipal Facilities Business: Suburban areas 75%
Estate Residential1 Residential: Single Family: 2.5 acres or larger 35%
Low Density Residential1 Residential: Single Family: 0.25-0.75 acres 75%
Medium Density Residential1 Residential: Single Family: 0.75-2.5 acres 85%
Commercial Business: Downtown areas 95%
Employment Area Business: Downtown areas 95%
Commercial Entertainment Business: Downtown areas 95%
Light Industrial Industrial: Light areas 80%
General Industrial Industrial: Heavy areas 90%

Table 2-2: Soil Types Found in Boulder County Open Space Land Use Category

Soil Unit HSG Soil Type Drainage Class Runoff Class Rock Outcrop Imperviousness

MdB A sandy loam well very low 2%

Nh B loam poorly very low 2%

Cu A gravelly sandy loam excessively low 5%
NnB C sandy clay loam well medium 8%

SmF C stony loam well high 10% 10%

BaF D very stony sandy loam well very high 10% 10%

PrF D very stony loamy fine sand well very high 35% 35%

Ro D unweathered bedrock N/A very high 100% 100%

It should be noted that land use category corresponds to the 2010
Lyons Planning Area Map. However, in some cases, the planning
description and corresponding lot size were not representative of
what is observed through aerial imagery and field reconnaissance. In
these cases, the imperviousness percentages were revised to be more
representative of what was observed.

Future imperviousness was determined by comparing the land use
in the 2010 Lyons Planning Area Map to current aerial imagery, and
noting which areas of the Town could be further developed based on
the planning guidance.
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2.3 Outfall Descriptions

The study area has been divided into eleven separate outfalls based
on their general drainage patterns. A description of each outfall can
be found below with an outfall map found in XXX .

2.3.1 Eagle Canyon The Eagle Canyon watershed, with a tributary
area of 740 acres, is located west of downtown Lyons. The drainage
path for the watershed is a steep mountain channel with an approx-
imate slope between 5% and 35%. The channel flows south turning
east near Eagle Canyon Subdivision before draining along the left
bank of North St. Vrain Creek. The watershed ranges in elevation
from 6670 feet to 5390 feet. The majority of the watershed is undevel-
oped or large lot residential with the exception of the Eagle Canyon
Subdivision. The Eagle Canyon Subdivision drains to the southeast
into an existing detention basin before discharging into Eagle Canyon
drainage.

2.3.2 Eastern Lyons The Eastern Lyons Watershed is generally
bounded by 2"4 Avenue to the west and Stone Canyon Watershed
to the east. The watershed ranges in elevation from 5850 feet to 5300
feet. The 87 acre watershed conveys flow southwest to the 2"4 Av-
enue and Main Street intersection. An existing storm drain intercepts
flow from the new development along 1% Avenue discharging onto
the street on 2”4 Avenue. Flow within the Eastern Lyons Watershed
is conveyed along the east side of 2"4 Avenue in a small roadside
swale. Any flows exceeding the capacity of this swale that overtop
2"d Avenue have the possibility of spilling into the Third Avenue Wa-
tershed. A small, 18-inch, storm drain intercepts minor flows north
of Main Street and conveys flow through the shopping center. The
storm drain crosses Main Street discharging into an open channel in
the South 2" Avenue Watershed before discharging into St. Vrain
Creek.

During the course of this study, the Colorado Department of
Transportation initiated a roadway and storm drainage improve-

ments along Main Street in the vicinity of 2"? Avenue. The as-built

. : . . Eastern Lyons Watershed on First Avenue
documents were not available at the time of the hydraulic analysis, looking towards downtown

but an estimated version of the storm drain system in that area was
used in the study.

2.3.3 Ewald Ave The Ewald Avenue Watershed originates south-
west of the North and South St. Vrain Creek confluence. The 160 acre
watershed ranges in elevation from 5875 feet to 5320 feet. Unlike

the other major watersheds, the Ewald Avenue Watershed does not
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have a defined channel flow path. The runoff from this watershed is
primarily sheet flow along the steep hillsides northeast towards the
residential developments. The hillside in the upper reaches of the
watershed has an approximately slope of 15 percent. In the devel-
oped portion of the watershed the slope is approximately six percent.
The majority of conveyance is through the residential street with the
exception of a 48 inch reinforced concrete storm drain pipe installed
along Park Street from 4" Avenue to North St. Vrain Creek.

2.3.4 Lyons Valley Park Located south of St. Vrain Creek, the Lyons
Valley Park Watershed is primarily medium residential lots. The wa-
tershed ranges in elevation from 5860 feet to 5260 feet. The runoff
from the 210 acre watershed is conveyed northeast through the sub-
division to St. Vrain Creek. There is no defined flow path through
the watershed as flow is primarily conveyed down McConnell Drive.
There is an 18-inch reinforced concrete storm drain system on Bohn
Court, Noland Court, and Estes Court. Curb side combination inlets
capture stormwater in these areas. The system is upsized to a 30-
inch reinforced concrete pipe at McConnell Drive before the flow is
discharged into the St. Vrain Creek.

2.3.5 North St. Vrain  The North St. Vrain Creek Watershed is a com-
bination of several subwatersheds that are directly tributary to North
St. Vrain Creek. There are both left and right bank tributaries with
subwatersheds ranging in size from 20 acres to 190 acres. The water-
sheds vary in land use including dense residential, commercial, open
space, and undeveloped areas.

2.3.6 Red Hill Gulch The Red Hill Gulch Watershed is located on the
south side of the St. Vrain Creek ranging in elevation from 68oo feet
to 5300 feet. The runoff from this 1560 acre watershed is conveyed

in the upper reaches by an open channel with an average slope of 5
to 20 percent. The channel generally follows Red Gulch Road north
before flows exit the mountainous terrain and enters a broad alluvial
valley. The runoff continues north where flows are intercepted by
South Ledge Ditch. Any flows exceeding the capacity of the South
Ledge Ditch will overtop the ditch and continue north. Due to the
limited capacity of the irrigation ditch, major storm events have the
possibility of conveying a large volume of water north into Bohn Park
and Lyons Valley Park Subdivision. The average slope of the overflow
path downstream of the South Ledge Ditch is approximately two
percent.

Ewald Watershed looking east down
Prospect Street

Lyons Valley Park looking south towards
hogback

Headwaters of the Red Hill Gulch Water-
shed

Red Hill Gulch Watershed exiting the
canyons
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2.3.7 South St. Vrain The South St. Vrain Creek is a combination of
several subwatersheds that are directly tributary to South St. Vrain
Creek. These subwatersheds are both left and right bank tributaries
to the South St. Vrain Creek ranging in size from 70 acres to 210
acres. The development throughout the watershed varies from unde-
veloped to large lot residential.

2.3.8 South 2nd Avenue The South 2"4 Avenue Watershed is bounded
by 3'4 Avenue to the west, Main Street to the north and east and the
St. Vrain Creek to the south. The approximately 20 acre watershed
drains southeast ranging in elevation from 5360 feet to 5310 feet. A
combination 24-inch storm drain and open channel system conveys
flow along the south side of Main Street discharging into St. Vrain
Creek. An 18-inch storm drain conveys flow south from the Park
Street and 2"d Avenue intersection into St. Vrain Creek.

2.3.9 Steamboat Valley The Steamboat Valley watershed is located di-
rectly north of downtown, bounded by the Eagle Canyon Watershed
to the west and to the east by the Third Avenue and Stone Canyon
Watersheds. The majority of the 370 acre watershed converges just
upstream of downtown and is conveyed between 4 and 5™ Avenue.
In the upper reaches, the watershed consists of large lot residential
and undeveloped properties. The lower third of the watershed is
fully developed consisting of residential and commercial lots. In the
lower downtown area the watershed is bounded by 4™ Avenue to the
east and North St. Vrain Creek to the west. The watershed ranges in
elevation from 6520 feet to 5335 feet.

The flow concentrates in the upper reaches in an open channel
with an approximate slope of 16 percent. The flow continues south

into a private inadvertent storage area on the Russell property up-
stream of the old railroad embankment. Downstream of the railroad Steamboat Valley upstream of Vasquez Road
embankment the drainageway is confined in a small open channel
that conveys flow through backyards of private property. There are
several roadway crossings within this reach including Vasquez Road,
McCall Alley, Reese Avenue, Steward Avenue, and Stickney Avenue.
A reportedly historic stone box culvert intercepts flow and conveys
flow underneath downtown until the outfall location into North
St. Vrain Creek. The slope is approximately four percent downstream
of the railroad embankment.

An 18-inch reinforced concrete storm drain pipe collects flow
along 5™ Street south of Main Street to Park Drive. This pipe in-

creases in size just downstream of Park Drive to a 28-inch by 16-

. . o . . . Steamboat Valley d t \%
inch reinforced concrete elliptical pipe before discharging to North R ::;1 oot Valley downstrean of Vasqucz

St. Vrain Creek.




TOWN OF LYONS STORMWATER MASTERPLAN 14

Along 4™ Avenue an 18-inch reinforced concrete storm drain pipe
intercepts flow at Stickney Avenue and conveys the flow south to
Railroad Avenue. At Railroad Avenue the storm drain increases in
size to a 24-inch reinforced concrete storm drain pipe continuing
south to the outfall location into North St. Vrain Creek.

2.3.10 Stone Canyon The Stone Canyon Watershed is located east
of the Third Avenue and Eastern Lyons Watersheds. In the upper
reaches, the 1550 acre watershed is dominated by large residential
and undeveloped properties. The open channel which conveys the
majority of the runoff for the Stone Canyon watershed has an aver-
age slope of approximately four percent. The watershed ranges in
elevation from 6580 feet to 5294 feet.

The open channel drainageway passes through multiple road-

way crossings within Boulder County. Within the Town of Lyons,
Stone Canyon is conveyed underneath Stone Canyon Road through ——

. . Stone Canyon upstream of Stone Canyon
a 13 foot by 8 foot reinforced concrete box culvert. The drainage Road

path continues south where flow is conveyed underneath Ute High-

way through an 8 foot by 4 foot reinforced concrete box culvert into

St. Vrain Creek.

2.3.11 Third Avenue The Third Avenue watershed, approximately 170
acres, conveys flow southwest into the downtown area along Third
Avenue. The watershed is undeveloped upstream of the downtown
area bounded by Steamboat Valley to the west and Eastern Lyons and
Stone Canyon. The watershed ranges in elevation from 6260 feet to
5320 feet. Development within the lower portions of the watershed is
dominated by residential and commercial development. The water-
shed discharges flow into North St. Vrain Creek just upstream of the
confluence with South St. Vrain Creek.

An existing 5 foot x 4 foot elliptical pipe conveys flow underneath
Main Street at Third Avenue into the South 2”4 Avenue Watershed.

Third Avenue downstream towards Main

3.0 Hydrologic Analysis Street

3.1 Qverview

For this study, a new hydrologic model was prepared for the Town of
Lyons. This purpose of this model was to develop updated hydrol-
ogy for the 2-, 5-, 10-, 50-, and 100-year storm frequencies for both
existing and future imperviousness. Similar to the 1998 BRW study,
the UDFCD’s Colorado Urban Hydrograph Procedure (CUHP) was
used to develop runoff hydrographs for each sub-basin in the study.
However, with the recent release of CUHP v2.0 by the UDFCD, and
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that Lyons is located outside of the UDFCD boundary, further inves-
tigations were made to confirm the applicability of the new CUHP
software in comparison to other hydrologic methods. The selection of
the hydrologic model is discussed below.

A full copy of the Hydrologic study is provided in Appendix B.

3.2 Hydrologic Model

To evaluate the latest version of CUHP (and other hydrologic meth-
ods) and to determine the appropriate model inputs, a peak flow sen-
sitivity analysis was conducted for a typical undeveloped sub-basin
near the Town, using various hydrologic techniques. The following
lists the hydrologic methods that were reviewed in the sensitivity
analysis:

¢ United States Geologic Survey (USGS) Regional Regression Equa-
tions.

e Rational Method.

e CUHP 2005 Version 1.4.4 — This is the more recent model used by
UDEFCD (prior to the recent update) and has been used for over 40
years to estimate peak flows in the Denver metropolitan area and
front range.

e CUHP Version 2.0 — Recently the UDFCD has determined that
peak flows developed in recent hydrologic studies using CUHP
2005 version 1.4.4 deviated from statistical stream gage analysis
across the District and created uncertainty with CUHP model
results for some studies. Additionally, CUHP 2005 version 1.4.4
has not been calibrated with gage data since its inception in the
1970s with adjustments made in the 1980s. Therefore, UDFCD
has recalibrated CUHP with updated rainfall and runoff with
results tested against stream gage frequency analysis. However,
it should be noted that during the recalibration of CUHP, there
were no watersheds with an imperviousness less than 20 percent.
Therefore, for sub-basins with imperviousness below 20 percent,
the peak flows are estimated using similar methodology used in
CUHP 2005 version 1.4.4.

e HEC-HMS Model - using Curve Number method.

¢ UDFCD Allowable Release Rates — The UDFCD Urban Storm
Drainage Criteria Manual, Volume 2, Storage chapter provides pre-
development peak unit discharge rates for watersheds of various
slopes and Hydrologic Soil Groups (HSGs) that are utilized to
determine the maximum allowable 100-year release rates for a full
spectrum detention facility.

15
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Based on the results of the undeveloped sub-basin peak flow sen-
sitivity analysis, CUHP version 2.0 was recommended for the hydro-
logic modeling for the Lyons storm drainage master plan. The unit
rates of runoff from CUHP version 2.0 were generally in the same
range as those generated using the Rational Method, in addition to
the UDFCD allowable release rates. The unit rates of runoff gen-
erated using CUHP 2005 version 1.4.4 were higher than any of the
other hydrologic methods which potentially would overestimate the
peak flows for the Town. The regional regression equations signif-
icantly underestimated the unit rates of runoff when compared to
the other hydrologic model methods. Further documentation on the
hydrologic model recommendations can be found in Appendix B.

3.3 Design Rainfall

The design rainfall for the project was derived using the one-hour
precipitation depths from the National Oceanic and Atmospheric
Administration (NOAA) Atlas 14. One-hour point precipitation
depths were based on the centroid of the entire project area and were
recorded for the 2-, 5-, 10-, 50-, and 100-year recurrence intervals.
Point precipitation depths for varying elevation within the project
area were identified, but point precipitation depth adjustments due
to elevation were not necessary since the difference in the one-hour
precipitation depths by elevation was less than 0.1 inches. Using the
one-hour precipitation depth, CUHP calculates the incremental depth
for each time increment from 5 to 120 minutes. Due to the smaller
sizes of sub-basins, precipitation depth-area reduction factors were
not utilized. Table 3-1 summarizes the design rainfall depths for vari-
ous recurrence intervals.

Table 3-1: 1-hr Rainfall Depth
Return Period 1-Hr Rainfall Depth (in)

2-yr 0.77
5-yr 1.05
10-yr 1.33
50-yr 2.23
100-yT 2.71

3.4 Sub-basin Characteristics

Sub-basin characteristics for each basin are further described below
and can be found in Appendix A.
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3.4.1 Sub-basin Delineation Sub-basins were delineated using the 2011
LIDAR and associated 1-ft contours. There is a total of 44 sub-basins
within the project area. The undeveloped sub-basins located higher
up in the watersheds are larger in size than the sub-basins within the
urbanized Town. Sub-basin sizes range from 17 acres to 335 acres.
Appendix A provides an overview of the sub-basins.

3.4.2 Length, Centroid Distance, Slope CUHP parameters such as
sub-basin length, distance to centroid, and slopes were derived for
each sub-basin using topographic data. Slopes were computed using
the length-weighted, corrected average slope from UDFCD’s Urban
Storm Drainage Criteria Manual (USDCM), including corrections for
stream and vegetated channels.

3.4.3 Depression Losses The maximum pervious depression storage
was set to the recommended value of 0.4 inches for wooded areas
and open fields. The maximum impervious depression storage was
set to the recommended value of 0.1 inches. No adjustments were
made to these recommended values.

3.4.4 Infiltration Soils data was obtained from USDA NRCS Soil
Survey Geographic Database for the project area which classified the
soils into Hydrologic Soils Groups (HSGs). Additional soils mapping
was obtained from the USDA NRCS Web Soil Survey. This informa-
tion is provided in Appendix B.

The initial rate, final rate, and decay coefficient for the Horton’s
infiltration parameters were based on the recommended values in the
USDCM. The Horton'’s infiltration parameters were weighted based
on the percentage of each soil type within each sub-basin. Table 3-

2 summarizes the Horton's infiltration parameters utilized in the
analysis.

Table 3-2: 1-hr Rainfall Depth

Infiltration (inches per hour)

Hydrologic Soil Group Initial - fi Final - fo Decay Coefficient
A/B 4.5 0.6 0.0018
C 3.0 0.5 0.0018
D 3.0 0.5 0.0018

3.4.5 CUHP Output The hydrologic analysis was conducted for both
existing conditions and future conditions land use. The 100-year peak

17
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discharges from CUHP v2.0 for both conditions are presented in
Table 3-3. CUHP output for other recurrence intervals is provided in
Appendix B.

Although this hydrologic analysis did not calibrate peak flows to
the previous Town of Lyons Drainage Master Plan Final Report pre-
pared by BRW, the CUHP unit rates of runoff were compared with
the previous study unit rates of runoff for sub-basins that were sim-
ilarly delineated. In some cases, the unit rates of runoff are similar,
but there are cases where the unit rates of runoff differ. These differ-
ences are primarily due to physical differences in input assumptions
(imperviousness, HSGs, etc.).

3.5 Hydrograph Routing

A hydrograph routing network was developed based on field re-
connaissance, survey of the existing storm sewer network within
Town, and the BRW, Inc. drainage master plan using EPA SWMM.
The routing network in EPA SWMM includes: nodes (junctions and
dividers), conduits (including overflow or diverted links), storage
units, storage outlets, and outfalls. The model input parameters

for nodes include: node identifier, invert elevation, maximum node
depth, and overflow or diverted link identifier. Input parameters for
conduits include: conduit identifier, upstream and downstream node
identifiers, shape (e.g. trapezoidal, circular, rectangular, etc.), length,
bottom width, side slopes, roughness coefficient, number of barrels,
and inlet/outlet offset depths. Input parameters for storage units in-
clude: storage unit identifier, invert elevation, maximum depth, and a
stage-area relationship. Input parameters for storage outlets include:
outlet identifier, upstream and downstream node identifiers, and a
stage-discharge relationship. Input parameters for outfalls include
the outfall identifier and invert elevation. Input parameters for the
SWMM model are provided in Appendix B.

3.5.1 SWMM Node Input Parameters Node identifiers in SWMM are
synonymous with the sub-basin IDs. Invert elevations were deter-
mined using the 2011 LIDAR data. In some instances, a divider was
used to allow the flow to be routed through the existing storm sewer
system but when the capacity of the storm sewer is exceeded, the
water overflows into the street (along 2nd Avenue south of E. Main
Street and near the intersection of Main Street and E. Main Street).

3.5.2 SWMM Conduit Input Parameters For the drainage basins lo-
cated outside of Town, transects of the drainage channels were gener-
ated using the 2011 LIDAR and a representative channel cross-section
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Table 3-3: CUHP Output, 100-Year

Subbasin  Existing Condi- Existing Condi- Future Conditions Future Condi-
tions 100-Year Peak  tions Unit Rate of 100-Year Peak tions Unit Rate of
Discharge (cfs) Runoff (cfs/ac) Discharge (cfs) Runoff (cfs/ac)

1.2 408 2.16 408 2.16
1.3 534 2.21 534 2.21
1.4 403 2.72 403 2.72
1.5 449 2.79 449 2.79
2.1 306 1.65 306 1.65
2.2 97 2.27 97 2.27
2.3 59 2.55 59 2.55
2.4 116 2.61 116 2.61
2.5 102 2.89 102 2.89
2.6 54 1.29 54 1.29
3.1 142 1.83 167 2.15
3.2 92 2.49 92 2.49
3.3 21 3.68 21 3.68
34 52 3.05 52 3.05
3.5 32 1.64 32 1.64
3.6 20 1.34 20 1.34
37 2 4.55 1122 4.55
3.8 31 2.18 31 2.18
4.1 102 2.66 128 3.32
4.1 183 1.38 183 1.38
4.2 113 1.69 114 1.70
4.3 386 1.27 386 1.27
4.4 128 1.32 128 1.32
4.5 117 1.52 117 1.52
4.6 526 1.57 526 1.57
47 70 1.47 70 1.47
4.8 227 1.49 227 1.49
49 575 1.94 575 1.94
5.1 171 2.19 208 2.67
5.2 194 2.33 194 2.33
6.1 387 1.64 393 1.67
6.2 187 2.18 187 2.19
6.3 370 1.37 370 1.37
6.4 186 1.19 186 1.19
6.5 213 1.68 213 1.68
6.6 233 1.00 233 1.00
6.7 176 2.21 176 2.21
6.8 252 1.35 252 1.35
6.9 216 1.69 216 1.69
7.1 25 0.97 28 1.09
7oll 161 2.55 161 2.55
7.1 199 2.86 234 3.37
7.2 70 1.94 70 1.94
73 50 3-29 50 3-29
7-4 69 2.37 69 2.37
7.5 26 1.16 26 1.16
7.6 134 2.25 134 2.25
7.7 359 1.86 359 1.86
7-8 144 1.97 145 1.99
7.9 24 3.66 24 3.66
8.1 315 1.50 315 1.50
8.2 93 1.13 93 1.13

8.3 136 1.32 136 1.32
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was input into the SWMM model. The manning’s roughness coef-
ficient for these undeveloped drainage basins was estimated to be
0.035 to represent channels with some weeds and stones.

Within the developed areas, characteristics of the drainage facilities
were based on survey of the existing storm sewer system, field recon-
naissance, and sizing the channels so that the flow could adequately
be conveyed to the outfall. Between 5th Avenue and 4th Avenue,
there is an existing drainage ditch that varies in width and depth
but is enclosed downstream to accommodate development over the
ditch. For the purposes of the SWMM model, it was assumed to have
a uniform width and depth. There is a small roadside swale with in-
termittent driveway and roadway culverts along the west side of 3rd
Avenue. However, the swale and culverts have such limited capac-
ity and during large storm events, the water would flow down 3rd
Avenue. At 3rd Avenue and Main Street there is a 30" reinforced con-
crete pipe that diverts flow from 3rd Avenue to the southeast along
E. Main Street. During large storm events, the flow continues down
within E. Main Street, which was modeled as an open channel, until
it discharges into the St. Vrain Creek. South of E. Main Street along
2nd Avenue there is a storm sewer system consisting of 18-inch, 12-
inch, and 15-inch corrugated metal pipe which discharges into the
St. Vrain Creek. This storm sewer system was modeled as a 12-inch
pipe in the SWMM model.

There are many sub-basins which are direct flow areas into the
North St. Vrain Creek, South St. Vrain Creek, or St. Vrain Creek.
Therefore, the conduits for these sub-basins were modeled as “dummy”
conduits.

3.5.3 SWMM Storage Input Parameters An existing detention pond is
located within Sub-basin 1.5. The stage-area relationship was taken
directly from the BRW, Inc. drainage master plan, as well as the
stage-discharge relationship for the outlet. No additional detention
ponds were modeled for the existing conditions, although inadver-
tent storage and/or privately owned detention may elsewhere within
the project area.

3.5.4 SWMM Output The SWMM routing was conducted for both
existing conditions and future conditions. The 100-year peak dis-
charges at all of the outfalls from the SWMM model for both condi-
tions are presented in Table 3-4. SWMM output for other recurrence
intervals is provided in Appendix J.
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SWMM Outfall Name

Routed Sub-
basins

Receiving
Water

Existing Condi-
tions 100-Year
Peak Discharge
(cfs)

Future Condi-
tions 100-Year
Peak Discharge
(cfs)

StoneCanyonSt.VrainOUT

EagleCanyonN.St.VrainOUT

RedHillGulchS.St.VrainOUT

Sub2.4N.5t.VrainOUT
Sub7.25t.VrainOUT

Sub7.35t.VrainOUT
Sub7.7N.St.VrainOUT

Sub7.85.5t.VrainOUT

Subs.1N.5t.VrainOUT

Sub7.5N.S5t.VrainOUT
Sub8.25t.VrainOUT

Sub7.15t.VrainOUT
Sub7.6N.St.VrainOUT

4.9, 4.11, 4.6,
4.8,4.7, 4.3, 4.5,
4.4, 4.1, 4.2
1.4,1.3,1.2, 1.5

6.8, 6.9, 6.6, 6.7,
6.4, 6.5, 6.2, 6.3,
6.1
2.1,2.2,7.4,2.3,
2.4

3.1, 3.2, 2.5, 3.4,
3.3, 7-2

73

77

7.8
5.1
7-5
8.2

7.1
7.6

St. Vrain Creek

North St. Vrain
Creek
South St. Vrain
Creek

North St. Vrain
Creek
St. Vrain Creek

St. Vrain Creek
North St. Vrain
Creek

South St.Vrain
Creek

North St. Vrain
Creek

North St. Vrain
Creek

St. Vrain Creek
St. Vrain Creek
North St. Vrain
Creek

2356

1716

2198

682
581

50
359

144
171
26

407
378
134

2361

1716

2203

682

611

50
359

145
208

26

407
414
134




TOWN OF LYONS STORMWATER MASTERPLAN

Figure 3.1: SWMM Hydrographs
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Table 3-5: SWMM Output, Outfalls

Outfall Design Flow Location 2-yr 5-yr 10-yr 50-yr 100-yr

Eagle Canyon
Outfall into North St. Vrain Creek 160 261 433 1268 1716

North St. Vrain

Subwatershed 7.7 34 54 88 265 359
Subwatershed 7.6 21 32 44 104 134
Subwatershed 7.5 2 3 5 19 26
Ewald Avenue
Subwatershed 5.1 27 41 61 157 208
Subwatershed 5.2 19 30 50 145 194
South St. Vrain
Subwatershed 7.8 13 20 36 108 145
Subwatershed 8.1 29 46 79 232 315
Subwatershed 8.2 6 11 17 66 93
Steamboat Valley
Vasquez Road 20 33 60 221 306
Old Railroad Embankment 48 78 126 418 573
Main Street 69 108 165 503 682

Outfall into North St. Vrain Creek 69 108 165 503 682

Third Avenue

East of Cemetary 18 29 44 125 167
Stickney Avenue 12 18 27 70 92
Stickney Ave. and 3rd Ave. 30 47 70 194 258
Main Street 50 75 108 272 358

Outfall into North St. Vrain Creek 83 125 179 461 611

Eastern Lyons

Second Avenue at Stickney Alley 3 5 8 23 31
First Avenue 1 2 5 23 32
Kelling Drive 1 2 4 14 20
Main Street 9 14 23 73 100
South 2nd Avenue
West of Second Avenue 10 15 19 39 50
East of Second Avenue 5 8 10 19 24

Red Hill Gulch
Upstream end of Red Gulch Road 66 122 286 1213 1726

South Ledge Ditch 8o 148 341 1447 2078
Bohn Park 86 160 361 1533 2204
Lyons Valley
West of McConnell Dr 21 32 48 122 161
East of McConnell Dr 35 52 75 178 234
East of Lyons Valley Park 1 2 4 20 28
Stone Canyon
Stone Canyon Subdivision 129 219 432 1566 2183

Ute Highway 146 246 474 1694 2361




Table 3-6: SWMM Output, Existing Structures

TOWN OF LYONS STORMWATER MASTERPLAN 24

Outfall Structure Size Approximate = Approximate
Capacity (cfs)  Return Period
Steamboat Valley
5th Ave.: Main St. to Park Dr. 18-inch 15 < 2-yr
5th Ave.: Park Dr. to N St. Vrain Creek 28-inch x 16-inch 37 < 10-yr
4th Ave.: Stickney Ave. to Railroad Ave. 18-inch 17 < 2-yr
4th Ave.: Railroad Ave. to N St. Vrain Creek 24-inch 38 < 10-yr
Vasquez Rd. (2) 48-inch 330 > 100-yT
McCall Alley 42-inch 183 < 50-yr
Reese Ave. 36-inch 105 < 10-yr
Seward St. Alley 60-inch x 36-inch 154 < 50-yr
5th Ave.: Main St. 24-inch 32 < 10-yr
Third Avenue
Main Street 60-inch x 48-inch 303 > 100-yr
Evans St. to Park St. 18-inch 15 < 2-yr
Park St. to N St. Vrain Creek 36-inch x 24-inch 97 < 100-yT
South 2nd Avenue
South of Main St. 24-inch 45 < 2-yr
3rd Ave.: Railroad Ave. 24-inch 30 < 2-yr
2nd Ave.: Park St.to St. Vrain Creek 18-inch 15 < 2-yr
Ewald Avenue
Park St. 48-inch 261 < 50-yr
Lyons Valley
Raymond Ct. 24-inch 41 < 2-yr
McConnel Drive 30-inch 75 < 5-yr
McConnel Drive: Outfall 30-inch 75 < 5-yr
McConnel Dr.: McConnel Dr. 24-inch 41 < 2-yr
Eastern Lyons
1st Ave.: 2nd Ave. 30-inch 104 < 100-yT
Stone Canyon
Stone Canyon Rd.: Stone Canyon Rd. 13 ft. x 8 ft. box 4361 > 100-yr
Ute Highway: Stone Canyon Road 8 ft. x 4 ft. box 920 < 50-yr
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4.0 Hydraulic Analysis

4.1 Previous Analysis and Events

The information provided in the previous 1998 Drainage Master Plan
study was used to help identify flood hazards throughout the Town
of Lyons. The previous report identifies several key areas as having
potential for flooding hazards. A few key events are highlighted for
reference.

In the August 1994 flood the Ewald Avenue subwatershed was
observed to produce enough runoff to carry debris off the hillside
onto the residential streets.

Steamboat Valley was identified as having the greatest impact to
flooding throughout the Town of Lyons. The report indicated the
Steamboat Valley Watershed was the hardest hit area during the
1994 storm. The existing storm drain system between 4™ and 5th
Avenue was estimated to be an approximate 5-year storm capacity.
The storage behind the old railroad embankment was identified as
an issue of major concern. The properties downstream of the railroad
embankment have grown reliant on this detention and removal of
this detention would have negative impacts to downstream property
owners. Several properties behind the railroad embankment were
noted to be at risk of flooding when the detention area was full.

The conveyance of Red Hill Gulch stormwater runoff in South
Ledge Ditch was identified as a possible flooding hazard. The report
noted the possibility of the ditch embankment to become compro-
mised and the bank to be breached with the conveyance of storm
water runoff. It should be noted that Lyons Valley Subdivision was
not constructed at the time of the previous report.

The 2013 flood event had a well-documented impact on the Town
of Lyons. The confluence of the north and south St. Vrain Rivers
was the center of flood damages during the 2013 floods. Several
reports provide further documentation of the flood event. Numerous
post-flood studies on the floodplain and restoration projects are also
available.

A 2015 flood event was notable because of the hail associated
with the storm. The resulting hail-laden runoff clogged surface con-
veyance (streets, gutters) as well as capture systems (inlets, outlet
structures).

4.2 Evaluation of Existing Facilities

Existing storm drain infrastructure was evaluated to determine the
approximate design storm frequency. A summary of existing infras-
tructure is provided in the GIS data provided in Appendix K.
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FLO-2D software is a two-dimensional flood routing model that
was used to identify residual flood potential with the watershed.
FLO-2D simulates channel flow, unconfined overland flow and street
flow over complex topology. The model uses the full dynamic wave
momentum equation and a central finite difference routing scheme
with eight potential flow directions to predict the progression of a
floodwave over a system of square grid elements. The development
of the FLO-2D model is further discussed below.

4.2.1 Flo-2D Model Development 10-foot by 10-foot grid cells were
used to maximize the precision in identifying flooding potential
throughout the watershed. Elevations for each grid cell were com-
puted through FLO-2D by interpolating the project LIDAR data.
Building obstructions were incorporated into the FLO-2D model
based on building footprint data that was generated as part of this
study.

Individual subwatershed hydrographs were taken from the hy-
drology model (CUHP) and applied to the FLO-2D surface. Each
hydrograph was applied at a single FLO-2D grid cell where the ma-
jority of discharges were expected to converge for each subwatershed.
Existing storm drain systems 24-inch and larger were included in the
FLO-2D model.

Separate FLO-2D models were used to distinguish the flooding
potential for the study area for each of the design storms.

The results of these models are provided in Appendix D." * Results are also available on the
project’s interactive webmap at
https://iconengineering.github.

4.3 Flood Hazards io/lyons-stormwater-masterplan/map

FLO-2D uses the full dynamic wave momentum equation when com-
puting flow depth at each cell in the study area. This computational
methodology accounts for floodplain storage at each sump loca-
tion in the watershed attenuating flows as they traverse the water-
shed downstream. This floodplain storage is not accounted for in
the SWMM model which is computed using a kinematic wave ap-
proach. This difference in modeling approach leads to discrepancies
when comparing design peak flows from the SWMM model and the
inundation limits shown in the hydraulic analysis. Existing capacity
for each outfall system was estimated from normal depth calcula-
tions given each pipe slope. The existing storm drain infrastructure
generally lacks the capacity to adequately convey the 5-year storm
event.

This is not unusual for a town the age and size of the Town of
Lyons. Land use regulations and stormwater management policies
were not common to smaller towns along the Front Range of Col-


https://iconengineering.github.io/lyons-stormwater-masterplan/map
https://iconengineering.github.io/lyons-stormwater-masterplan/map
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orado until sometime after the 1965 flood on the South Platte River
ravaged metro Denver. By the time development regulation and
stormwater infrastructure recommendations expanded to include
smaller towns along the Front Range, a lot of Lyons’ roadways and
private development had encroached on the natural drainageways.
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4.3.1 Eagle Canyon The most significant flooding hazard in the Ea-
gle Canyon Watershed is just upstream of the confluence with North
St. Vrain Creek. Development immediately upstream of the conflu-
ence has limited the capacity of the channel. By limiting the ability
of the channel to convey water to North St. Vrain, the discharge over-
tops Main Street and spills to the south.

4.3.2 Eastern Lyons  The small swale and private roadway culverts
along the east side of 2™ Avenue limit the capacity to convey the
basin runoff downstream. With no storm drain or curb and gutter
system installed along 2"! Avenue, all basin runoff will flow along
2" Avenue on the street. As mentioned previously, during major
events runoff from the Eastern Lyons watershed any flow overtop-
ping 2" Avenue will flow west and contribute flow to the Third
Avenue Watershed.

In the lower reaches of Eastern Lyons Watershed the businesses
along Main Street and residences along Kelling Drive have experi-
enced flooding in the past. The only storm drain intercepting flow
near the businesses is an 18-inch storm drain. This system can cap-
ture less than the 5-year design flow in ideal, free flow, no debris
conditions.

4.3.3 Ewald Ave As noted in the previous study, the steep slopes of
the Ewald Ave Watershed pose a flooding hazard to the residential
development in the lower portions of the watershed. The steep slopes
in the upper portion of the watershed result in high velocities of
runoff eroding the hillside and carrying debris into the residential
development.

The Boulder County open space borders these properties and con-
strains the range of solutions for intercepting or diverting these flows.
However, the lower end of this basin drains well into the confluence
area of North and South St. Vrain rivers.

4.3.4 Lyons Valley Park Flooding hazards in the Lyons Valley Park
Watershed are a result of development within the basin without ad-
equate storm drain conveyance. The 18-inch storm drain throughout
the upper reaches of the development was not designed to convey
major storm events.

A significant flooding hazard for the Lyons Valley Park Water-
shed is overflow from the Red Hill Gulch Watershed. The overflow
drainage path from Red Hill Gulch is discussed in further detail be-
low.

An overflow path from the hillside south of the High School,
Ledge Ditch sub-basin, is an interesting problem. The modeling
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scenarios do not account for the irrigation ditch that traverses the
hillside near the toe of slope. This is a common hydraulic modeling
assumption to account for a runoff event during a ditch full scenario.
However, in a practical sense the irrigation ditch catches most minor
storm events and effectively protects the adjacent residential struc-
tures. At a minimum, the ditch should be monitored for stability to
ensure overflows and spills from stormwater are handled safely. Ad-
ditional planning for a time when the ditch is no longer operational
or maintained should be considered. Finally, protection or enhance-
ment of the minor swale along the rear lot lines of the neighborhood
should be considered to ensure sheet flows are passed around the
structures.

4.3.5 North St. Vrain  Flooding hazards in the North St. Vrain Water-
shed are limited to the lower end of the basin. Generally flows in this
basin concentrate in natural valleys and are conveyed overland to-
wards the St. Vrain River. Land use changes in this area have limited
the flood risk significantly.

4.3.6 Red Hill Gulch  The most significant flooding hazard in the Red
Hill Gulch Watershed is flow overtopping the South Ledge Ditch and
flow continuing north into Bohn Park and Lyons Valley Subdivision.
As noted above, utilizing the ditch for intercepting and conveying
stormwater runoff creates a significant hazard for downstream prop-
erties. These comingled flows exceed the design capacity of the canal
jeopardizing the structural integrity of the ditch. Flows overtopping
the ditch create an uncontrolled overflow impacting Bohn Park and
homes in the Lyons Valley Subdivision.

The surface flows from Red Hill Gulch follow an ancient allu-
vial fan pattern starting at the intersection of Red Hill Gulch Road

and Jasper Drive and extending north towards the South St. Vrain. Flows exceeding the capacity of the South
The surface flows generally follow Red Hill Gulch Road north until Ledge Ditch continue north in an uncon-
. . . . fined flow path

it turns west, the surface flows continue north east of a high point

on County Road 69. This is an interesting key point in the surface
drainage conditions of Red Hill Gulch because the surface flows are
so close to the South St. Vrain, but instead follow a natural topo-
graphic low point east-northeast. This ultimately leads to a flow path
intersecting with Lyons Valley subdivision and the newly planned

Bohn Park.

4.3.7 South St. Vrain  Flooding hazards in the South St. Vrain Wa-
tershed are generally created by the lack of a formal drainage con-
veyance system. The topography within these watersheds conveys
the runoff in separate flow paths to South St. Vrain Creek. The flow
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paths are generally shallow native grass and rock swales with mini-
mal impact to private property or public infrastructure.

4.3.8 South 2nd Avenue Flood hazards within the South 2™ Av-
enue Watershed are caused by contributing flow from other water-
sheds, lack of local runoff storm drain conveyance, and proximity to
St. Vrain Creek. The elliptical pipe underneath Main Street conveys
runoff from the Third Avenue Watershed to the South 2"4 Avenue
Watershed. The pipe discharges flow into an undersized open chan-
nel that conveys flow southeast towards 2"! Avenue. Any flow that is
not intercepted by the 24-inch storm drain at 2" Avenue spills to the
south impacting properties. The 18-inch storm drain at 2" Avenue
and Park Street intercepts approximately the XX design flow for the
subwatershed, impacting more properties.

4.3.9 Steamboat Valley The most significant flood hazard impact-

ing downtown Lyons is runoff from Steamboat Valley. The runoff
from the upper watershed concentrates behind the old railroad em-

bankment. The area behind the old railroad embankment poses a fﬂ;ﬁfnge:;%';wuey channel lacks
significant flood hazard to downstream properties. Close observation
on the stability and maintenance of this embankment is important to
managing the risk of a breach or other failure during a storm event.
This will require coordination with several private property owners.
Downstream of the railroad embankment development within the
natural drainage path has confined the runoff to an undersized open
channel through private property. The lack of conveyance capacity of
this channel and culvert roadway crossings between 4 Avenue and
5t Avenue creates a flooding hazard damaging private property. Any
flow that is not intercepted by the historic stone culvert continues
on the surface flowing through backyards with additional impact to
private property and structures.

The existing conveyance within Steamboat Valley does not have

the hydraulic capacity to convey storms greater than the 5-year re-

turn period. More importantly, the materials (stone and open chan-

Steamboat Valley at Reese Street between
4th and 5th Avenue

nel) and alignment (erratic with several sharp bends and constric-
tions) subjects the adjacent properties to additional risk from debris

clogging.

4.3.10 Stone Canyon  The steep natural drainageway in the Stone
Canyon Watershed conveys the runoff into the open space of the
Stone Canyon Subdivision without significant flood hazards. The
roadway crossing at Stone Canyon Road conveys the flow down-
stream without impacting a significant number of residences within
the subdivision. Development downstream of Stone Canyon Road
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has eliminated the conveyance capacity of the channel to convey
runoff without impacting properties. The water backs up against Ute
Highway as water is conveyed underneath the roadway through the
box culvert.

There have been reports of soil subsidence in the open space ar-
eas adjacent to the channel. This study did not include detailed
geotechnical analysis to determine a cause or effect of the reported
soil movement. More formal identification of the problem areas, for-
mal and regular monitoring of those sites, and geotechnical analysis
would be required to properly evaluate the risk of those soils relative
to flood hazards (i.e. bank failure reducing channel capacity), private,
or public property.

4.3.11 Third Avenue Runoff from the undeveloped upper watershed
enters the downtown in two distinct locations. East of the cemetery
flow drains south into the developed area of the watershed along
Third Avenue. Flow from the eastern portion of the watershed flows
into the downtown area west along Stickney Avenue before turning
south on Third Avenue. The runoff from the watershed continues
south along Third Avenue where the majority of the flow is con-
veyed in the street. The elliptical pipe at Main Street conveys flow
underneath Main Street into the South 2™@ Avenue Watershed. Flows
exceeding the capacity of the elliptical pipe split with some flow
continuing southeast north of Main Street while some flow overtops
Main Street and continues flowing down Third Street.

5.0 Flood Hazard Area Mapping

5.1 Approach

Two dimensional floodplain analysis.

5.2 Assumptions

The flood hazard area maps are non-regulatory, but identify struc-
tures at risk of flood damage based on surface flow depths. The
flooding depicted on this map is a uniform storm event across all
watersheds at the same period of time and same duration.

Free flow. These depths do not account for debris or hail or other
impediments in storm water conveyance systems. Debris flow model-
ing is possible, but is beyond the scope of this master plan study.

Storm sewer systems. Small diameter storm sewer systems were
not accounted for in the hydraulic modeling and resulting floodplain
mapping for this master plan study. The impact of a 4 or 8-inch or
even 18-inch culvert on flood depths is limited when considering
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storm events beyond the 2 year recurrence interval. As a sensitivity
analysis, the 18-inch storm sewer pipes and inlets were accounted for
in the Lyons Village area. The resulting flood depths were unchanged
for all but the 2 year recurrence interval. In the 2 year recurrence
interval storm, the flood depths were reduced by approximately 3
inches. The floodplain mapping is drawn as a quilt of interlocking

10 foot squares with depth averaged across that area. There were

less than 40 squares (4,000 square feet) removed from flooding when
accounting for the 18-inch storm sewer.

It is important to note, this is not a referendum on the existing
18-inch storm sewer system. Clearly, an 18-inch storm sewer conveys
water and a has a beneficial impact on the flood risk in the neigh-
borhood. This is a clear indication of the limitations of master plan
level, town wide, flood risk mapping. The uncertainty variables at
the master plan level results in floodplain maps depicting general,
conservative areas of risk. When areas such as developed neighbor-
hoods with existing storm sewer systems show up on the master plan
flood maps attention should be given to determine if a higher level of
study is necessary. In the case of Lyons Valley, the storm is functional
and clearly benefits the properties more than the master plan flood
hazard maps indicate. However, when combined with anecdotal sto-
ries about spring and summer street flooding from overwhelmed
inlets, this may be an area to consider for additional detailed field
survey and hydraulic analysis.

5.3 Regulatory Floodplains

Conversion of these flood hazard areas to regulatory floodplains is

a complicated, long, but well documented process. At this time, the
master plan makes no specific recommendation for submitting these
floodplain delineations to FEMA for formal adoption. As flood re-
covery projects are completed and budgets are set for priority capital
improvements, a more formal Flood Insurance Study can be consid-
ered to accurately map the flood hazards to FEMA specifications.

6.0 Alternative Analysis

6.1 Alternative Development Process

An Alternative Analysis was completed to develop flood mitigation
solutions for the problem areas identified in the previous section.
Goals for mitigation focused on solutions to reducing flooding on
insurable structures. Consideration was also given to reducing infras-
tructure sizing and costs by incorporating detention.
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Alternatives were considered first for open channel and then for
piped systems. Open channels are more cost effective, provide ad-
ditional ecological benefits, mimic or sometimes restore the natural
environment, but require additional stabilization and maintenance
to provide long term benefits. Piped systems are far more hydrauli-
cally efficient and allow for more flexible land uses in and around
the system, but do not benefit the natural environment and can be
significantly more costly to install, particularly in underlying rock
soils.

For example, the development of downtown Lyons over the his-
toric drainageway has limited the ability to convey the major storm
events through an open channel system. Since an open channel sys-
tem is not feasible, large storm drain infrastructure is needed to
reduce the flood hazards throughout the study area. The storm drain
infrastructure must limit the amount of flow in the street to provide
emergency vehicles access during storm events.

The analysis aimed to develop stormwater solutions first within
the Town of Lyons. When those alternatives were exhausted as cost
prohibitive or unfeasible, then the project team considered alterna-
tives outside of the Town limits. The cost of land acquisition, land
use regulations, and extra-territorial jurisdiction can add significant
costs to stormwater projects outside of the Town limits. Conversely,
knowing about potential out of town solutions to in-town risks can
be prudent to future planning exercises in annexation, development
referrals, and multi-agency coordination.

6.2 Criteria and Constraints

As noted above, goals for the baseline alternative plan was to provide
storm drainage capacity to meeting currently defined drainage cri-
teria set forth in the Town of Lyons Storm Drainage System Criteria.
The minor storm frequency for the Town of Lyons is the 2-yr design
storm. The major storm frequency for the Town of Lyons is classified
as the 100-yr design storm frequency. The only inlet type allowed on
streets is CDOT Type R inlets.

6.3 Evaluation of Detention

6.3.1 Detention Detention is a common approach to reduce peak
flows, optimize pipe size, and save on downstream infrastructure
costs. Review of the previous master plan confirmed that previously
master planned detention facilities were drafted to meet this goal. If
detention is installed in the upper watersheds of the Town, there is
a significant cost savings to downstream stormwater infrastructure.
However, upon closer examination of the previous master plan as-
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sumptions, field inspection of the proposed detention sites, and con-
ceptual pond grading and layout there were additional constraints on
the detention pond locations.

6.3.2 Steep Topography The steep slopes on the north end of Steam-
boat drainage require significant grading operations to achieve a
functional detention volume even approaching o.5 acre feet. This fact
alone may still be a viable alternative since excavation is generally
less expensive than long lengths of large storm sewer pipe material,
utility crossings, and installation. However, given the geology of the
upper Steamboat drainage the depth to bedrock is known to be very
shallow in many locations. Rock excavation for a detention facility

is prohibitively expensive. Excavation of the rock in a quarry sce-
nario would be one economically viable means of providing sufficient
detention volume at a reasonable cost for Steamboat drainage.

6.3.3 Multiple Hillside Ponds Staged detention facilities staggered in
stair-step fashion up the steep slopes is another alternative to achieve
the benefits of detention without significant excavation. However,
the extensive footprint of disturbance for multiple embankments,
overflow spillway design, and permanent impact on property makes
this a challenging alternative. If future development, annexation,
and stormwater infrastructure funding allows this alternative can be
studied in greater detail. For the immediate future, this is a difficult
alternative to consider for near term funding.

6.3.4 Property Acquisition The natural valleys between 4™ and 5%
Streets and 3™ and 4™ Streets could provide suitable detention fa-
cilities if several existing constraints are mitigated. First, the pri-
vate homes in the adjacent parcels would be impacted by detention
depths of more than approximately 5 feet. Purchase and demolition
of homes affected by a proposed detention facility would be required
to achieve a useful detention volume. Second, the existing embank-
ments between 4™ and 5™ Street should be reconstructed to replace
the rock and native soils that were used to build what is reported to
be an old railroad embankment. Until the compaction and stability
of that embankment can be verified, it should not be relied upon to
safely detain stormwater. It is unclear what the overflow path may
be should the outlet under the embankment fail, collapse or clog.
However it is likely the overflow could lead to additional erosion
and scour of the embankment flanks and expedite complete failure
of the embankment. Third, the valleys near the cemetery are also
candidates for detention, but the steep slopes make each valley indi-
vidually difficult to achieve a reasonable volume. However, purchase
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of a uniquely shaped parcel of land slicing between the valleys could
allow an embankment to be constructed that joins the two valleys
and creates a reasonable detention volume.

6.4 Alternative Categories

For the purpose of this study, alternatives were generally developed
to mitigate the flooding hazards identified in Section 5.0. Specific
details related to individual alternatives follow in subsequent report
sections.

6.5 Alternative Hydraulics

Alternatives were modeled using EPA SWMM to determine the size
of the structures necessary to convey the design flow. The reduction
in flooding potential throughout the basin was evaluated for the
minor and major design storm frequencies using FLO-2D.

6.6 Alternative Costs

Alternative cost estimates were developed using UDFCD’s master
planning cost estimating spreadsheet UD-MP COST, version 2.2. 2012
unit cost values were adjusted to present value using the Colorado
Construction Cost Index 2016 Second Quarter Report. A rolling four-
quarter inflation rate of 1.2673 was used to adjust unit costs.

Operation and Maintenance was also included within the UD MP
Cost worksheet. Maintenance to remove sediment and debris and
conduct structural repairs on storm drain manholes and inlets was
assumed to occur one every year. Maintenance to remove tree and
weeds and sediment and debris in open channel alternatives was
also assumed to occur once every year. Costs for maintenance of the
hydraulic drops for the Red Hill Gulch West Channel was assumed to
occur once a year.

Inlet quantities were calculated assuming an inlet interception
capacity of 1 cfs / foot of inlet.

Dewatering, Traffic Control and Utility Coordination / Relocation
were assigned based on the following percentages of capital costs:
Dewatering (1%), Traffic Control (5%), Utility Coordination / Reloca-
tion (10%).

Special items that were added to the UD-MP COST spreadsheet
include:

¢ Asphalt Repaving: $40 / S.Y.

e Curb and Gutter: $30 / L.F.
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No alterations were made to default values calculated as a percent
of Capital Improvement Costs, such as Engineering, Legal / Admin-
istrative, Contract Administration / Construction Management, and
Contingency.

6.7 Alternative Plans

A - Red Hill Gulch Overflow Channel East A diversion channel west
of Lyons Valley Park Subdivision is proposed to intercept overflow
from Red Hill Gulch before the discharge damages property. Any
flow exceeding the capacity of the South Ledge Ditch continues north
spilling into Bohn Park and Lyons Valley Park Subdivision. This un-
controlled spill flow risks the structural integrity of the ditch and
poses a hazard to homes along the west side of Lyons Valley Park.
The Red Hill Gulch Overflow Channel East would intercept flows
along the east side of Bohn Park preventing these flows from divert-
ing into the Lyons Valley Park Subdivision. The grading associated
with the overflow channel would change the surface conditions of
the east side of the park but still allow for parking and multi-purpose
uses. The multiple uses of this eastern side of the park require the
channel to be wider and flatter that typical conveyance channels in
order to maintain the function of the space for parking and exhibi-
tions.

In general, this option intercepts and conveys large storm events

from Red Hill Gulch before those flows encroach on private prop-
erty. The alignment utilizes existing town property and requires no Red Hill Gulch Overflow Channel East
additional easements or property acquisition. would intercept flows before diverting
However, this alternative compromises existing functions of the runoff into Lyons Valley Park Subdivision
park land and assumes upstream development will not have an im-
pact on the drainage conditions. In other words, solving the Red Hill
Gulch drainage this far down in the watershed costs a lot when com-
pared to what upstream alternatives may do to reduce stormwater

impacts.

B - Red Hill Gulch Overflow Channel West ~An alternative to the east
channel at the downstream end of the watershed is a western chan-
nel. When the Western Corridor is annexed into the Town of Lyons
the overflow channel alignment should be evaluated to intercept

the flows upstream of Bohn Park eliminating any disturbance to

the park. The flows would be conveyed west of Bohn Park and dis-
charged into South St. Vrain Creek. This is a smaller channel used

for a singular stormwater purpose — it does not have to share uses
with a park or parking lot. The western alignment also conveys water
around Bohn Park and Lyons Valley subdivision.
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However, the channel would require an easement or land acqui-
sition from the adjoining land owners. And, because of the smaller
footprint, the hydraulics of the channel require drop structures to
control erosive velocities.

C - Red Hill Gulch Cut-Off Channel Outside of the Town, there is
another problem area and option for managing Red Hill Gulch
stormwater runoff.

A third alternative for Red Hill Gulch drainage intercepts the
gulch flows at the Picture Rock Trailhead and diverts those flows
west into the South St. Vrain. This alternative has the advantage of
working a stormwater solution upstream of existing development
and mitigating flood risk as high up in the watershed as feasible.
This is the most hydraulically efficient alternative in that the diver-
sion distance to the South St. Vrain is short and the diversion volume
is reduced when compared to downstream alternatives.

However, the constraints on this alternative are compounded by
the need for easement or land acquisition on both public and county
open space property. The details of a diversion in this location will
require careful design and analysis. The surface flows are spread
over a large area, but the right grading could allow just enough wa-
ter to drain north through the park area and intercept the remainder
to safely divert it west to the South St. Vrain. Easements and recon-
struction of Red Gulch Road would be required. Existing irrigation
ditches in the area compound problems rerouting surface flows. Any
diversion would still have to cross Ledge Ditch and Meadow Ditch.

There are several roadside ditches and ditch crossings that should
be investigated further. The stormwater flows into Ledge and Meadow
ditches complicate the flow paths for this drainage. Upstream and
downstream of the irrigation ditches, the roadside swales are an im-
portant part of conveying stormwater but need to be maintained to
ensure positive drainage away from the roadway.

D - Steamboat Drainage Culvert Replacement The historic flowpath of
Steamboat Valley Watershed conveys flow south between Fourth and
Fifth Avenue through private property. The existing confined channel
and culvert roadway crossings could be replaced with a reinforced
concrete box culvert conveying the entire 100-year design flow. The
proposed culvert replacement along the existing alignment uses the
natural topography to convey the runoff to the new culvert. However,
implementing this alternative would require extensive easements

as the historic culvert runs through the downtown area underneath
development on private properties.
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E - Steamboat Drainage Interceptors The Steamboat Drainage Inter-
ceptor Alternative proposes to intercept flow just downstream of the
private railroad embankment at McCalley Alley. Flows in excess of
the existing channel and roadway crossing capacity would be inter-
cepted and conveyed west to Fifth Avenue. The storm drain system
would continue south where the system would outfall into North
St. Vrain Creek. This alternative proposes a lateral in Fourth Avenue
from Stickney Avenue to North St. Vrain Creek to intercept local
runoff in the lower portions of the Steamboat Valley Watershed.

F - Third Avenue Inlets and Storm Drain  To mitigate flood hazards
associated with the Third Avenue Watershed, a storm drain is pro-
posed along Third Avenue from Cemetry Circle to North St. Vrain
Creek. A lateral along Stickney Avenue is proposed to intercept flow
from the east as it enters the residential area. Continuing the storm
drain system south of Main Street would mitigate some of the flood-
ing hazards within the South Second Avenue Watershed. Any flows
in excess of the existing storm drain in the Third Avenue Watershed
currently spill in the South 2nd Avenue Watershed impacting proper-
ties.

However, it is important to note that excavation in the northern
end of the Third Avenue basin is likely to encounter rock and other
earthwork complications. Depth of inlets and storm sewers will be
limited by excavation cost, which limits the hydraulic head and in-
creases pipe size. As pipe size increases, depth to cover the pipe must
increase and become a costly design loop to determine a feasible
storm sewer alignment.

G - Lower 3" Avenue Inlet Excess surface flows on 3™ Avenue could
be conveyed to a large storm sewer inlet at the existing storm sew-
ers on the southeast corner of 3* and Broadway. The existing grated
inlets on the west flowline of 3’4 Avenue at Main Street could be im-
proved, but flows exceeding the capacity of those inlets will continue
south on 3¢ Avenue. The proposed lower 3¢ Avenue inlets would
capture flows from both gutter flowlines to maintain safe street ca-
pacity on the south end of 3" Avenue during storm events.

The west flowline is also one of the locations where surface flows
could be routed through a minor storm weir into a small volume
water quality pond in the east end of Sandstone Park. The pond
would treat ‘first flush” or the initial runoff volume with larger flows
continuing south.

H - Third Avenue Drainage Interceptors Similar to the Steamboat
drainage alternative, the surface conveyance on Third Avenue could
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be improved instead of excavation and installation of inlets and
pipes. The surface conveyance improvement contains flows within
the Town ROW, gutters, and directs flow south to the river. This re-
duces many of the overflows into private property that exceed the ex-
isting roadway swales or smaller curbs. This alternative also reduces
surface flows intercepted at cross street intersections that drain water
into private property and complicate street flows entering Steamboat
drainage.

This alternative does not resolve major storm overflows. The mi-
nor storms are handled with the interceptor gutters and cross pans.
However, when those conveyance paths are at capacity, the overflow
will continue down the natural topography. An inlet and pipe system
could be sized to convey a much larger portion of the major storm

event. But, as a relatively low cost alternative, the benefits are tangi-
ble.

I - Eastern Lyons - Second Avenue Gutter Interceptor Recent develop-
ment within the Eastern Lyons watershed has increased the runoff
from the hillside causing local flooding problems. For larger events
the existing roadway conveyance and roadside swale along 2nd Av-
enue does not adequately convey the runoff south along 2nd Avenue
instead diverting flow to the west into the Third Avenue Watershed.
Formalizing the street conveyance by installing curb and gutters and
cross pans in 2nd Avenue would encourage runoff from this water-
shed to continue south along 2nd Avenue and not impact properties
the Third Avenue Watershed.

J - Eastern Lyons - Second Avenue Inlets and Storm Sewer To ensure no
runoff diverts from the Eastern Lyons Watershed, inlets and a storm
drain pipe can be installed along 2nd Avenue. The storm drain inlets
and pipe in combination with curb and gutter would intercept the
flow and convey the flow south to Main Street. South of Main Street
the storm drain would convey runoff to the Second Avenue and Park
Street intersection before turning east to the outfall location into the
St. Vrain Creek.

K - Lyons Valley Inlet Improvements Runoff from the upper portions
of the subwatershed sheet flows in a general northeast direction
through the subdivision to St. Vrain Creek. The storm drain infras-
tructure installed with the development of Lyons Valley Park Sub-
division is a minor drainage system and lacks capacity to convey
major storm events. This alternative proposes to increases the storm
drain along the existing alignment to convey the design flow for the
100-year storm.
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L - Lyons Valley South Ditch Improvements The South Ledge Ditch
located south of Lyons Valley Park Subdivision intercepts runoff from
the subwatershed. Formalizing the ditch to convey stormwater east
towards St. Vrain Creek would reduce the tributary area contributing
to the flooding hazards of Lyons Valley Park Subdivision.

This alternative should be developed in coordination with the fu-
ture development of Lyons Valley. A drainage feature around the
south end of the currently platted lots would benefit the new con-
struction as well as the existing homes in the neighborhood.

The greatest limitation of this alternative is the operation and
maintenance of the irrigation ditch and the coordination with any fu-
ture development. Breaches and overtopping of the existing ditch are
likely to continue to occur given the earthern embankment construc-
tion of the ditch. As the platted future development moves into the
final plan approval process, careful coordination should identify the
benefits to both existing and future homes in the area. And, when the
cost of perimeter surface water conveyance (i.e. swale) is compared
to sizing interior storm inlets and pipes sized to safely capture and
convey the offsite flows, the cost-benefit should resolve any further
limitations of the concept.

M - Lyons Valley McConnel Drive Culvert The impervious area of the
school campus leads to nuisance drainage issues along McConnel
Drive. It is unclear how the stormwater runoff is treated within the
school campus, but the roof drains and parking along the east side
of the campus are direct discharge to the west gutter of McConnel
Drive. On-site water quality and detention facilities, perhaps conver-
sion of part of the irrigated turf areas, would collect, treat, and atten-
uate on-site discharges. A pond near the northeast corner of the site
could connect to a new underground storm sewer tied into the Type
R inlets at 2"4 Avenue. This would move surface flow, particularly
nuisance flows dribbling winter melt water that freezes overnight,
into the on-site pond and underground, safely conveyed in a pipe
system.

N - Ewald Ave - Corona Hill Diversion Ditch As witnessed in the 1994
event, the Ewald Avenue Watershed poses a significant flooding
hazard to downstream properties within the watershed. High veloc-
ity runoff flow off Corona Hill can carry debris into the residential
neighborhood. Intercepting the flow upstream of the development
and conveying the flow to the south would prevent debris flow from
impacting private properties. The diversion channel south of the de-
velopment would require significant energy dissipation to prevent
the discharge from reaching high velocities and eroding the hillside
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south of the development. The steep slopes along the hillside would
make construction of any diversion channel difficult.

O - Ewald Ave - Corona Hill Street Inlets An alternative to intercepting
flows upstream of the residential development is formalizing street
conveyance and installing storm drain infrastructure along Prospect
Road. The storm drain infrastructure in combination with curb and
gutter improvements would confine the runoff from Corona Hill to
the street limiting the impact to private properties. The storm drain
system would continue east along Prospect Road to the confluence
area between North and South St. Vrain Creek

P - 2" Avenue — Kelling Drive Private Improvements There are past
stormwater runoff events that have led to private property damages
(fencing, landscaping, and structural flooding). Magnitude of the
damages has not be investigated as part of this study. The subject
properties, residential structures on the north side of Kelling Drive
and commercial structures on the south side of Kelling Drive, are
near the bottom of a steep southwestern facing slope. Runoff from
the upstream property impervious area is controlled through down-
spouts, gutters, landscape swales, street gutters, and storm sewer
systems.

The northern properties appear to have all or most of their foun-
dations above adjacent grade, positive drainage away from the struc-
ture. However, additional property line swales could convey surface
flows around the structures. The southern properties appear to have
adverse drainage slopes near the building and could benefit from
more formalized drain pans along top or toe of the retaining walls on
the north side of the property. An existing grated inlet in the north
flowline of Kelling Drive could be improved to increase surface water
capture, but only reduces surface flows already in the street.

Support from the Town in terms of permitting, review, and ease-
ment terminology could resolve drainage issues in the vicinity of
Kelling Drive. The installation of swales, inlets, pipes, moving exist-
ing outbuildings, and re-landscaping perimeter swales on each of the
affected lots can be highly effective private improvements that miti-
gate the flood risks in this area. However, the work would be on pri-
vate property and therefore require special agreements (easements,
cost-sharing, access requirements, or code updates, etc.) for the Town
to participate in design, construction, operation, maintenance, or fi-
nancing. Therefore, the town’s assistance could come in the form of
coordinating the private efforts to ensure a comprehensive solution is
achieved.
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Q - Stone Canyon Outfall Improvements Downstream of Stone Canyon
Road, private development has infringed on Stone Canyon Drainage-
way. The existing roadway crossing at Ute Highway lacks the ca-
pacity to convey the 100-year discharge without overtopping the
roadway. A significant box culvert roadway crossing structure would
be required to convey the 100-year discharge without overtopping.
The conveyance of Stone Canyon Drainageway downstream of Stone
Canyon Road to the St. Vrain Creek should be analyzed in further
detail when the Eastern Corridor expansion is finalized.
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Table 6-1: Cost Summary

AItID  Description Capital Easement Engineering Legal / Contract Contingency Total Annual  50-Year
/ ROW Admin Admin Capital O-M O-M
/CM Cost Cost Cost
A Red Hill Gulch East $435,644  $- $65,347 $21,782 $43,564 $108,911 $675,248  $2,580 $81,073
B Red Hill Gulch West $1,434,809 $200,328  $215,221 $71,740 $143,481  $358,702 $2,424,281 $16,752 $526,408
C Red Hill Gulch Cut- #NA #NA #NA #NA #NA #NA #NA #NA #NA
Off
D Steamboat Drainage $2,094,801 $2,825,346 $449,220 $149,740  $299,480  $748,700 $7,467,287 $1,638 $51,472
Culvert Replacement
E Steamboat Drainage $3,268,309 $- $490,246 $163,415 $326,831  $817,077 $5,065,878 $914 $28,721
Interceptors
F Third Avenue Inlets $1,977,609 $- $296,641 $98,880 $197,761  $494,402 $3,065,293 $1,638 $51,472
and Storm Drain
Lower Third Avenue $963,061  $- $144,459 $48,153 $96,306 $240,765 $1,492,744 $1,512 $47,512
Inlet
Third Avenue #NA #NA #NA #NA #NA #NA #NA #NA #NA
Drainage Intercep-
tors
I Eastern Lyons #NA #NA #NA #NA #NA #NA #NA #NA #NA
Second Avenue Gutter
Interceptor
J Eastern Lyons $1,187,423 $- $178,113 $59,371 $118,742  $296,856 $1,840,505 $2,583 $81,167

Second Avenue In-
lets and Storm Drain

K Lyons Valley Inlet $1,568,145 $- $235,222 $78,407 $156,815  $392,036 $2,430,625 $3,213 $100,964
Improvements

L Lyons Valley South $742,627  $- $111,394 $37,131 $74,263 $185,657 $1,151,072 $1,400 $43,993
Ditch Improvements
Lyons Valley Mc- $921,110  $- $138,167 $46,056 $92,111 $230,278 $1,427,722 $2,268 $71,269
Connell Drive

N Ewald Ave $537,491  $- $80,624 $26,875 $53,749 $134,373 $833,112  $290 $9,113
Corona Hill Diver-
sion Ditch

O Ewald Ave $811,845  $- $121,777 $40,592 $81,185 $202,961 $1,258,360 $1,386 $43,553
Corona Hill Street
Inlets

P 2nd Avenue #NA #NA $4,250 $250 $500 $- $5,000 $- $-
Kelling Drive Private
Improvements

Q 2nd Avenue #NA #NA #NA #NA #NA #NA #NA #NA #NA
Kelling Drive Inter-
ceptor Curbs

R Stone Canyon Outfall $848,829  $- $127,324 $42,441 $84,883 $212,207 $1,315,684 $150 $4,714
Improvements
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7.0 Water Quality Improvements

Comprehensive stormwater management includes a wide variety

of rainfall scenarios from exceedingly rare peak flow events to sta-
tistically average events to brief afternoon rain showers. The best
plans acknowledge all phases of stormwater management and pro-
vide benefits throughout the watershed and throughout the range of
recurrence intervals.

Constraints to this approach are clearly financial, the major cap-
ital improvement projects are expensive and the minor water qual-
ity BMPs can become costly pieces of infrastructure to maintain in
working order. However, there are localized water quality improve-
ments that can be implemented in certain watersheds in specific
communities. These smaller scale projects fit within smaller towns
well because a reasonable implementation density (i.e. participation
percentage) is within reach of public-private partnerships.

Other larger scale water quality projects are just as important to
the overall stream health. Larger ponds integrated into public spaces
are a typical method of capturing a large water quality volume. Or-
dinances that require water quality implementation for new and
redevelopment can be equally important. (See Appendix X for exam-

ples.)

7.1 Small Scale Water Quality Improvements

7.1.1 Tree Wells  The downtown area could benefit from design of

landscape and streetscape improvements that incorporate water

quality treatment. One example of this multi-purpose streetscape

is a tree-well water quality installation. Additional information is

provided by the EPA’s “Stormwater to Street Trees” informational

guide.? 2http://www.davey.com/media/183712/
The tree wells have an advantage of water quality treatment in stormiater_to_street_trees.pdf

the highly impervious main street area, but also have application in

side street and park areas. In any case, the tree wells treat for water

quality, but from a volumetric standpoint are a small scale solution.

7.1.2 Rain Gardens Another small scale option for targeted water
quality is installation of rain gardens. Generally accepted as a means
of treating roof top runoff from private property downspouts, there
are applications for rain gardens in commercial and municipal appli-
cations. A commercial property or municipal building could route
downspouts to a street side rain garden, with proper consideration
for saturation of soils resulting impact on roadways, sidewalks, ic-
ing, and maintenance. A cul-de-sac or small parking area could be


http://www.davey.com/media/183712/stormwater_to_street_trees.pdf
http://www.davey.com/media/183712/stormwater_to_street_trees.pdf
http://www.davey.com/media/183712/stormwater_to_street_trees.pdf
http://www.davey.com/media/183712/stormwater_to_street_trees.pdf
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routed to an infiltration basin or rain garden for additional water
quality treatment. Additional design and maintenance information is

provided by UDFCD.3 3http://udfcd.org/wp-content/
uploads/2014/07/T-03-Bioretention.

. . . pdf
7.1.3 Rainwater Harvesting Recent changes in state law (HB 1005)

allow for private properties to harvest a small amount of rainwater
from their rooftop for allowable uses (irrigation) on their property.
Typically, a 55 gallon barrel or cistern is connected to roof down-
spouts to collect rainfall and snowmelt. Although rooftop runoff

is not the largest source of stormwater pollution, it can still have a
beneficial impact on urban water quality. The dust and wind blown
litter that reaches rooftops can be captured in rain water harvesting
systems. More importantly, the peak runoff events from the impervi-
ous surfaces are attenuated, or delayed, from entering the municipal
stormwater system. This reduces the volume of stormwater treated

by downstream systems.* +http://extension.colostate.edu/
topic-areas/natural-resources/
rainwater-collection-colorado-6-707/

7.2 Large Scale Water Quality Improvements

7.2.1 Confluence Area Water Quality Pond At the time of this report,
the ongoing confluence area and St. Vrain restoration projects are
making improvements in and around the rivers. One area that could
have an advantageous siting for a water quality pond is the east end
of Prospect in the confluence area. If other project designs allow for a
pond to be constructed in this area, the outlet could be configured to
treat a water quality capture volume for the confluence area basin.

There are other water quality pond locations, but the confluence
area was identified as the largest potential pond with urbanized
runoff. The existing pond at Eagle Canyon could be studied for re-
configuration, but the impervious area is relatively low in that overall
basin. Large water quality ponds along the northern side of Town
near the river would treat the most urbanized stormwater runoff.
However, a property and topographic review of the area could not
identify areas large enough to capture a full water quality capture
volume. Sandstone Park was the largest open space parcel, but would
require significant grading and storm sewer installation that would
significantly limit the park uses. Other upstream areas are available,
but generally treat only the undeveloped portions of town.

7.2.2 Streambank Wetlands There are several good locations for wa-
ter quality treatment along the St. Vrain, particularly downstream of
Lyons Valley stormwater outlet structures. The side channels north
and south of McConnell Drive as well as the Bohn Park outfall east
of 2"? Avenue can treat stormwater runoff upstream of the St. Vrain


http://udfcd.org/wp-content/uploads/2014/07/T-03-Bioretention.pdf
http://udfcd.org/wp-content/uploads/2014/07/T-03-Bioretention.pdf
http://udfcd.org/wp-content/uploads/2014/07/T-03-Bioretention.pdf
http://udfcd.org/wp-content/uploads/2014/07/T-03-Bioretention.pdf
http://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
http://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
http://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
http://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
http://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
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main channel. Wetland plantings in a specifically designed low ve-
locity channel can absorb pollutants conveyed through nuisance and
first flush stormwater events, while allowing larger runoff events to
pass through the channel. The streambank wetlands are similar to the
St. Vrain restoration work upstream, but designed and managed on a
smaller scale to adapt to the side tributary flows.

7.2.3 Pervious Pavers The reduction of impervious area is a direct
means of increasing infiltration and interrupting the transmission

of water borne pollutants in the urbanized watershed. For the Main
Street and downtown areas, the addition of pervious pavers can be

a good way to reduce impervious area. There are several candidate
locations in parking areas, sidewalks, plaza areas that could infiltrate
runoff before it reaches the curb and gutter system. However, there
are also many lessons learned on maintenance of pervious pavement
surfaces, specifically related to the winter environment and non-
infiltrating soils of Colorado. The impact of a snow plow on pavers,
expansion of clay soils creating ponding in pervious asphalt, or the
freeze thaw action on pervious concrete surfaces are all documented
issues. Ultimately, pervious pavement surfaces work well when com-
bined with traditional pavement surfaces for high traffic, heavy load,

and high maintenance pathways. The UDFCD has a good worksheet> 5http://udfcd.org/
wp- content/uploads/2014/07/

describing the opportunities and limitations of pervious surfaces.
T-10-Permeable-Pavements.pdf

7.3 Outfall Water Quality

There is a separate category of water quality treatment that is partic-
ularly suited to the Town of Lyons — outfall water quality. Given the
limitations on property, soils, and age of the infrastructure in Lyons
the outfall pipes discharge directly into the rivers. In many ways, the
outfall is the last option for water quality treatment in a particular
watershed. Other communities along Front Range have investigated
these same challenges and found a few specific treatment options
that have unique water quality advantages. It takes a very unique
topographic condition with a small tributary basin for these elements
to meet a full water quality capture volume. But, in all cases, the ad-
vantage of intercepting even the ‘urban drool” nuisance flows in a
small, maintainable, vegetated basin improves even the perception of
a standard metal culvert dribbling directly into the river.

A list of outfall water quality options are detailed in the appendix.
Each option is suited for different outfall locations and uses. The
infiltration basin concepts are essentially miniaturized infiltration
basins with a design suitable for curbside maintenance. Whereas the
level spreaders are more complicated structures diverting low flows
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into hillside infiltration laterals that can irrigate and help sustain
native vegetation on the stream banks. These concepts require addi-
tional design based on site specific conditions, but can be a starting
point for high visual impact outfall improvement projects.

8.0 Capital Improvements Plan

A Capital Improvements Plan (CIP) in its most basic sense includes
a budget and a list of capital improvement projects. From those el-
ements, the CIP is aligned with priorities of the governing agency,
permitting, and construction logistics. This undoubtedly includes
discussion relative to other master plans, comprehensive plans, cur-
rent events, future plans, and historical performance. With priority
projects identified, the budget and requisite financing discussions
move forward. Internal and external funding sources are aligned
with candidate projects, perhaps influencing the relative priorities.
Finally, the plan is ratified and set forth in terms of planning, timing,
and contracting.

This stormwater master plan prepares one element of a full Cap-
ital Improvements Plan — the list of projects and anticipated costs.
All alternatives were evaluated during the master plan process, and
cost estimates for each alternative were part of that evaluation. An
engineer’s recommendation highlights the alternatives that have the
highest likelihood of implementation and therefore highest priority
within the comprehensive list of alternatives. The Town can take the
recommended alternatives and associated costs into further delibera-
tions with the Town staff, consultants, and advisors to determine the
best course of action. Essentially, this storm water master plan com-
pletes the first phase of a stormwater CIP. But from this solid start-
ing point, the Town will be able to further evaluate the priority of
stormwater improvements relative to other municipal projects. And,
then determine how the essential stormwater needs can be funded
and completed to increase the resilience of the entire community to
flood hazard damages.

Cost estimates for the alternatives described in Section 6 were
completed using the Urban Drainage and Flood Control District cost
estimating spreadsheets. These spreadsheets are routinely used to
evaluate the life cycle costs of stormwater infrastructure projects.
The cost estimates are comprehensive estimates including design,
construction and maintenance.

The appendix provides all supporting information for cost esti-
mates and rankings of selected alternatives. In summary, the rec-
ommended stormwater improvements have a total life-cycle cost of
$750M for the Town of Lyons.
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9.0 System Maintenance

There are three primary components to system maintenance that can
maximize the capacity and function of the existing, and proposed,
storm sewer systems. Schedule, equipment, and monitoring are three
of the key elements to operation and maintenance of a stormwater
system.

The schedule of maintenance operations is a function of unpre-
dictable storm events and routine dry-weather maintenance activ-
ities. A standard operating procedure for municipal work crews
will include a schedule identifying which storm sewer systems get
maintained at which time. At a minimum, every storm sewer in-
let and outfall within Town right-of-way or open space property
should be cleaned, patched, sealed, or otherwise maintained once
a year. Although sediment and debris removal is the most com-
mon maintenance activity, patching of exposed reinforcing steel,
clearing inlet grate frames to ease removal, mastic sealing joints at
asphalt/concrete, sealing pipe joints, or tightening clamps holding
flared end sections can all be effective, routine maintenance activities.

The equipment used in maintenance operations can be a signif-
icant initial cost, but ultimately reduce manpower requirements.
Given the Town’s variety of storm sewer inlet grates, pipe sizes, and
culvert dimensions the equipment must be flexible and manage a va-
riety of debris conditions. Fortunately, most of the Town’s stormwa-
ter infrastructure is accessible from Town right-of-way. Therefore, a
vacuum truck is a likely candidate for use in maintenance operations.
Whether the truck is owned, leased, or rented for the year, month, or
days of stormwater infrastructure maintenance is a decision for bud-
geting and policy. However, the ability to lift a grate, insert a flexible
nozzle of varying size, and hydro-excavate the debris and sediment
from the system is an effective means of clearing the system, increas-
ing capacity, and extending the life of the components. The material
is captured in an on-board tank and disposed at an in-town stockpile
for processing or an offsite dump. Other equipment can be either too
large to effectively clear the inlets and pipes (i.e. backhoe, skidsteer);
or too small to complete the job in an efficient manner (i.e. handheld
shovels and picks).

Monitoring the system becomes a preventative maintenance activ-
ity. Observation of the storm sewer system during small rain events,
fire hydrant testing, or snow melt events can identify blockages or
pipe failures before large spring storms cause bigger problems. Ob-
servation of the inlet systems can become part of a staff or consultant
responsibility or become a down-time task for maintenance staff. The
existing system inventory completed for this master plan includes
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photos of every element of the system as of the Summer of 2016. The
database of photos can be helpful in determining the rate of deterio-
ration, sedimentation, or failure since that benchmark time.

Other activities can be important to a System Maintenance pro-
gram, but schedule, equipment, and monitoring cover the key aspects
of sustaining the existing storm sewer system. A good maintenance
program increases the overall resilience of the system through knowl-
edge of the system limitations and tendencies. When large spring
storm events clog the system with hail and leaf debris, maintenance
staff with experience maintaining the system over time can quickly
clear choke points with effective equipment and understand the im-
pact on the system.

10.0 Storm Water Utility

This study evaluated the existing stormwater infrastructure and
proposed new stormwater infrastructure to mitigate flood risk. To
improve resiliency of the Town to flood disasters, there is an infras-
tructure solution but that requires a significant capital investment.
Grants, joint projects, cost shares, and other large scale funding
mechanisms will be useful for making those improvements. But a
regular funding source for stormwater improvements is equally valu-
able. A stormwater fee can offset the routine costs of operation and
maintenance of stormwater facilities that may otherwise be over-
looked in the regular municipal budgeting process. The fee is as
much a reminder for proper care of the existing infrastructure as it is
a financial support to critical public facilities.

Stormwater fees can be controversial. A stormwater fee supported
by defensible cost projections and allocated on a reasonable and con-
trolled metric can be less controversial than broad based uniform
fees. Details of a storm water utility implementation are beyond
the scope of this master plan. However, additional information is
provided here to start the conversation about implementing a mecha-
nism to fund routine stormwater maintenance and projects.

Stormwater fees exist in many communities along Colorado’s
front range, some have been around for decades and others are more
recently adopted.

10.1 What is a Stormwater Utility

The basic concept of a stormwater utility is to charge property own-
ers for the amount of impervious area on their property in return
for providing construction and maintenance of a stormwater system.
Impervious area consists of manmade surfaces, which prevent the
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infiltration of rainfall and snowmelt into the ground, and include;
buildings, driveways, parking lots, patios, commercial and industrial
roads, private roads, and other “hard” surfaces. It can be estimated
that runoff from these impervious surfaces increases 2 to 3 times
from what the runoff was when the parcel was undeveloped. In ad-
dition, the water quality of the stormwater is worse than it was when
the parcel was undeveloped.

Most stormwater utilities therefore have a fee based on the amount
of impervious area on each parcel. This type of fee, if developed
correctly, has been upheld in the courts of Colorado as a legal fee.
Under the Tax Payers Bill of Rights (TABOR), a utility is termed
an enterprise and is allowed if its meets the TABOR definition of
an enterprise. Under this definition, an enterprise is a government
owned business (similar to a water or sewer utility), which derives
90% or more of its revenue from non-governmental sources.

10.2 Stormwater Utility Fee Study Outline

Phase A - Feasibility Study. A data collection and litmus test for fea-
sibility of the stormwater fee. This introduces the concept and builds
the project team of consultants, staff, legal representatives, and engi-
neers. This study results in a budget level estimate of fees that could
be generated from several alternative mechanisms. (i.e. impervious
area, rooftop area, lot size, etc.) The billing options are usually a

key driving factor in the decision for how the fee is implemented. A
town with existing billing systems for water and sewer may be able
to easily add on a stormwater fee to the existing invoicing and collec-
tions systems. However, depending on billing systems or operational
constraints, a separate invoice may need to be developed with its
own schedule. These initial research results will then be compared

to adjacent communities and discussed amongst the project team to
determine a preferred approach. It is at this point the scope of the fee
will be identified and limitations on how the funds can be spent will
be drafted. This work should take between 3 and 4 months and not
require any legislative action.

Phase B — Preliminary Plan. The initial preferences are formal-
ized into a preliminary plan that can be presented to staff, councils,
and the general public for review and comment. A municipal and
public process can revise and adjust the fees, structure, and invoic-
ing to fit the needs of the administration and general public. This
preliminary plan will provide a more accurate estimate of impervi-
ous area or other metrics selected to quantify the fee across various
properties. A selection of a rate structure and any classifications of
properties (i.e. private, public, non-profit, etc.) can be made at this
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stage. Billing options will be finalized. And inherent to the more de-
fined rate structure will be a discussion on potential credits to the fee
(i.e. installation of rain barrels saves 10% of the fee per year, etc.). An
implementation cost for new software, systems, adjustment of exist-
ing systems, or migration of existing processes can be estimated. This
work could take as long as 6 months and may require public hearings
or other administrative processes to document the public process.
Phase C — Implementation. This process finalizes the preliminary
plan and results in the delivery of the first stormwater fee invoices
to the community. Consequently, additional public outreach is nec-
essary. Rate classes are finalized for single family, multi family, com-
mercial, public, non-profit and other criteria. A financial outlook
projecting revenues and expenditures should be developed to sup-
port the final adoption of the fee. Public works staff and consultants
can be utilized to prioritize stormwater utility routine tasks, annual
procedures, emergency operation allowances, and qualified special
projects. A budget for routine tasks may involve a monthly alloca-
tion for 12 hours of vac truck time for stormwater inlet cleaning. An
annual procedure may be an inventory of outfall conditions town-
wide. Emergency operation allowances can be an agreement that
specifies how much of the annual stormwater fee budget is reserved
for emergency repairs and operations. A list of qualifications for
special projects that can use the stormwater fee can be developed to
provide guidance for staff and consultants to use when calls on the
stormwater fee are made for repair, rehabilitation or improvement of
stormwater infrastructure. Before presentation of the fee to the leg-
islative process, a trial run of the billing, time keeping, and tracking
systems should be run. In some cases, this can be a staged implemen-
tation where the fee is instituted for public facilities at a trial rate of
$1 per parcel. When those systems are functional, the whole project
can be presented to council for adoption.

10.3 Use of Funds

There can be specific study of how the funds are used. How the
funds are transferred within the Town’s accounting system is impor-
tant and includes how the Town staff records their expenses related
to stormwater. The funds from a stormwater utility should be used
primarily for projects benefitting existing development because the
existing property owners pay the fees. New developers are expected
to pay their share of major drainage projects serving new develop-
ment, because they are responsible for the excess stormwater their
development creates. New developments are responsible for the mi-
nor drainage infrastructure within their development such as street
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drainage systems, and minor system pipes and channels conveying
water to the major drainage facilities.

10.4 Range of Nearby Stormwater Utility Fees

The existing stormwater utilities in nearby communities can provide
a rough estimate for what a fee may be in Lyons. The range is from
less than $1 to more than $11. Berthoud has a fee of approximately
$2.50 per single family residential unit. Greeley, a much larger com-
munity, has a fee of just over $5 per single family unit. Loveland
has a fee over $11 and has been in existence since the early 1980s. In
general, the average around the front range of Colorado is about $5
per single family residential unit. However, the average can be mis-
leading as the variables for how the fee is paid, used, and allocated
changes for every community, land use, and sometimes by year.

11.0 Conclusion

There are several key concepts developed through the master plan
study of local stormwater in the Town of Lyons.

11.1 Hydrology

Since the 2013 Floods, there has been a number of studies on the hy-
drology of major watersheds within the State and in particular along
the Front Range of Colorado. This study utilized the latest software
and methods to evaluate the basins immediately affecting the Town
of Lyons. Evaluations of the minor (2 year), intermediate, and major
(100 year) storms were completed. Analysis of the basins included a
scenario for wild fire, with consideration for the vegetation density
and impact of charred earth on stormwater runoff. This hydrologic
analysis can be a useful starting point for public and private stud-
ies of future stormwater detention, capture, conveyance, as well as
redevelopment of Town of Lyons watersheds.

11.2 Land Use

The land use assumptions for this study determined the land use
within the 2016 Town boundary is effectively built out. In other
words, when comparing the existing impervious area with the imper-
vious areas assumed by the future land use maps, the increase is less
than 10% of the impervious area. Therefore, this study utilized the
future land use impervious area for hydrologic and hydraulic com-
putations. This is a unique, but not atypical, condition for a smaller
front range community with the topographic constraints of Lyons.
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Consequently, development or redevelopment within the Town limits
will not immediately invalidate the conclusions of this master plan.

11.3 Detention

Detention is a valuable means of slowing down stormwater, storing
it for a short period of time, and releasing it in a controlled man-
ner. However, the steep slopes and land use constraints in the Town
have limited the feasibility of detention. Further evaluation of the
detention facilities contemplated in the previous (1998) master plan
identified several costly and complicated factors in the grading, sta-
bility, and available storage volume. Consequently, this master plan
does not recommend significant benefit from detention facilities.
However, if the Town expands into the upper elevations on the north
side of Town development of new detention facilities should be rec-
ommended and carefully designed.

11.4 Water Quality

Stormwater master plans are quick to identify the major storm wa-
ter risks and highlight the capital projects that can alleviate those
risks. The nature of benefit-cost financing decisions forces communi-
ties to consider damages averted as a major element of the process.
However, there are incremental damages that are more difficult to
quantify with current technologies — water quality impairments for
example. Therefore, it is prudent to consider the means and methods
by which a community can improve water quality in the larger wa-
tersheds in which the community resides. This master plan has iden-
tified a number of smaller, achievable water quality improvements
for the Town. The macro scale water quality ponds that can record
an official water quality capture volume are as difficult to construct
as the detention facilities on steep slopes in essentially built-out com-
munities. Therefore, this master plan considers the greatest benefit
to water quality will come through private, small-scale water quality
installations throughout an engaged and caring community.

11.5 Public Outreach

This master plan was scoped to focus on engineering analysis to
investigate the localized flood risk areas and evaluate mitigation al-
ternatives. The public process was coordinated with Town staff and
consultants and included presentations at the Utility and Engineer-
ing Board, Board of Trustees, and meetings with concerned citizens
and neighbors. The public input to the process is essential in vali-
dating the assumptions used to model the flood risks throughout
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areas of complicated terrain, infrastructure, and changing ground
conditions due to flood recovery and construction projects. Given
the dynamic nature of flood recovery projects and the current eco-
nomic environment, the public outreach for this particular master
plan must continue through at least the planned completion of flood
recovery projects in March 2018. At that time, the regional projects
and plans on the North and South St. Vrain Rivers will be sub-
stantially completed. Evaluation and future implementation of the
stormwater master plan will be influenced by completion of the ma-
jor river projects. The online version of the master includes a ‘click-
to-comment’ function that allows users to add stormwater master
plan comments that get stored in a single database. This comment-
ing function, as well as the Town’s ongoing attention to stormwater
related matters, ensures this stormwater master plan has a long shelf
life.

11.6 Operation and Maintenance

Operation and maintenance is always a key element to any stormwa-
ter plan. When the CIP projects reach nearly impossible budget fig-
ures, or when the priorities for other municipal infrastructure out
rank surface drainage improvements, or when the best projects don’t
get built for another 10 years, the operation and maintenance of the
existing system continues. The Town’s existing stormwater system is
functional despite limited capacity and generally disconnected con-
veyance systems. Therefore, resilience to flood risks can still improve
even if it is only maintenance activities on the existing system. Trash
removal, debris clean up, sediment removal, pipe maintenance, inlet
cleaning, gutter pan replacements, and other routine tasks are the
preeminent recommendation of the stormwater master plan.

11.7 Next Steps

The next steps for the Town of Lyons stormwater master plan include
a frequent and routine review of the projects, priorities, and plans set
forth in this document. This document in and of itself cannot solve

a stormwater problem, avert flood risk, or increase resilience in the
community. But, when this plan is paired with other planning efforts,
included in development discussions, use of the technical appendices
in evaluation of future projects, or other citations this plan can add
value and clarity to stormwater management discussions in the Town
of Lyons for many years to come.
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1.0 INTRODUCTION

This introduction provides basic information including purpose and scope, mapping sources, and
data collection. The remainder of this report represents the hydrologic analysis conducted on
subbasins which are tributary to North St. Vrain Creek, South St. Vrain Creek, and St. Vrain

Creek near the Town of Lyons, Colorado (Town).

1.1 Purpose and Scope

The intent of this report is to document the hydrologic analysis conducted by Wright Water
Engineers, Inc. (WWE) to provide updated peak discharges for the 2-, 5-, 10-, 50-, and 100-year
storm events for subbasins which are tributary to North St. Vrain Creek, South St. Vrain Creek,
and St. Vrain Creek as they flow through the Town. This hydrologic analysis focused on the
existing and future drainage conditions of the watershed that can be used to develop alternative

drainageway planning concepts and prepare a preliminary design of improvements.

1.2 Mapping

Mapping used in the hydrologic analysis was based on 2011 LIDAR topography with 1-ft
contour intervals provided by ICON Engineering, Inc. As a result of the September 2013 flood,
there were significant changes in channels due to avulsion, scour, and deposition. However,
these changes primarily affected channel and floodplain areas rather than upland areas that
comprise the vast majority of subbasin drainage areas. The 2011 LIDAR data was found to be
suitable for subbasin delineation and parameterization. Aerial mapping from Google Earth dated
October 2015 was used to determine existing land use conditions and calculate subbasin

imperviousness.

1.3  Data Collection
The following summarizes the information that was used as a reference for this hydrologic

analysis:

e Town of Lyons, Boulder County, Colorado, Drainage Master Plan Final report, BRW,
Inc., April 1998.

161-057.000 Wright Water Engineers, Inc.
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e Zoning District Map of the Town of Lyons, Colorado, King Surveyors, Inc., Readopted
January 2009.

e 2010 Lyons Planning Area Map, Civil Resources, 2010.

e Urban Drainage and Flood Control District (UDFCD) Urban Storm Drainage Criteria

Manual.

2.0 HYDROLOGIC ANALYSIS

This section of the report provides an overview of the hydrologic characteristics, calculations,
and modeling used to develop the hydrology for the project area, as well as detailed descriptions
of the design rainfall, subbasin characteristics, model input, model results, results, and

comparisons with previous studies.

21 Project Area Description

The project area includes the subbasins tributary to the North Saint Vrain Creek, South Saint
Vrain Creek, Red Hill Gulch, and Stone Canyon within the Town. The total drainage area

studied is approximately 8.6 square miles.

Existing drainage in the area consists of mostly open channels with some storm sewers in
urbanized areas in Town. Most of the Town’s existing drainage infrastructure is undersized due
to the increase in development within the Town during the 1990s. The existing conveyance
system has the capacity to convey the nuisance flows, but it does not have the capacity to convey

even the minor (5-year) storm events.

2.2 Previous Studies

Hydrology of watersheds running through the Town was previously studied by BRW, Inc. for the
Town of Lyons Drainage Master Plan Final Report dated April 1998. This drainage master plan
utilized the Colorado Urban Hydrograph Procedure (CUHP) and the Urban Drainage Storm
Water Management Model (SWMM) to simulate developed stormwater runoff rates and volumes
to identify problem areas. Additionally, the drainage master plan formulated a strategy to cost
effectively upgrade the Town’s flood control facilities and provided feasibility-level cost

analyses to enable subsequent capital budgeting.

161-057.000 Wright Water Engineers, Inc.
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The hydrologic analysis conducted for the Town as a part of this effort was not “calibrated” to
the hydrology defined in the BRW, Inc. drainage master plan. Comparisons were made to the
unit rates of runoff from the BRW, Inc. drainage master plan, but the hydrologic analysis
described in this report was conducted independently using the CUHP version 2.0. Both
hydrologic studies utilized CUHP so differences between the BRW and WWE model results can
be explained by physical factors (i.e. differences in subbasin imperviousness and the use of

updated NOAA Atlas 14 precipitation data).

2.3 Hydrologic Model

To evaluate the latest version of CUHP (and other methods) and to determine the appropriate
model inputs, WWE conducted a peak flow sensitivity analysis for a typical undeveloped
subbasin near the Town using various hydrologic methods. This sensitivity analysis was
conducted to determine which hydrologic method should be utilized for the Lyons stormwater
master plan since Lyons is located outside of the UDFCD boundary and the hydrologic method
to be used to estimate peak discharges is not limited to CUHP. The following lists the

hydrologic methods that were utilized in this sensitivity analysis:

e United States Geologic Survey (USGS) Regional Regression Equations.

e Rational Method.

e CUHP 2005 Version 1.4.4 -- This is the current model used by UDFCD and has been

used for over 40 years to estimate peak flows in the Denver metropolitan area.

e CUHP Version 2.0 -- Recently the UDFCD has determined that peak flows developed in
recent hydrologic studies using CUHP 2005 version 1.4.4 deviated from statistical stream
gage analysis across the District and created uncertainty with CUHP model results for
some studies. Additionally, CUHP 2005 version 1.4.4 has not been calibrated with gage
data since its inception in the 1970s with adjustments made in the 1980s. Therefore,
UDFCD has recalibrated CUHP with updated rainfall and runoff with results tested
against stream gage frequency analysis. However, it should be noted that during the

recalibration of CUHP, there were no watersheds with an imperviousness less than 20
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percent. Therefore, for subbasins with imperviousness below 20 percent, the peak flows

are estimated using similar methodology used in CUHP 2005 version 1.4.4.
e HEC-HMS Model -- using Curve Number method.

e UDFCD Allowable Release Rates -- The UDFCD Urban Storm Drainage Criteria
Manual, Volume 2, Sorage chapter provides pre-development peak unit discharge rates
for watersheds of various slopes and Hydrologic Soil Groups (HSGs) that are utilized to
determine the maximum allowable 100-year release rates for a full spectrum detention

facility.

Based on the results of the undeveloped subbasin peak flow sensitivity analysis, WWE
recommended using CUHP version 2.0 for the hydrologic modeling for the Lyons stomwater
master plan. The unit rates of runoff from CUHP version 2.0 were in the same range as those
generated using the Rational Method and the UDFCD allowable release rates. The unit rates of
runoff generated using CUHP 2005 version 1.4.4 were higher than any of the other hydrologic
methods which may overestimate the peak flows for the Town. The regional regression
equations significantly underestimate the unit rates of runoff when compared to the other

hydrologic model methods.

2.4 Subbasin Delineation

Subbasins were delineated using the 2011 LIDAR and associated 1-ft contours. There is a total
of 53 subbasins within the project area. The undeveloped subbasins located higher up in the
watersheds are larger in size than the subbains within the urbanized Town. Subbasin sizes range

from 3 acres to 335 acres. Figure 1 provides an overview of the subbasins.
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Figure 1. Subbasin Overview Map
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2.5 Design Rainfall

The design rainfall for the project was derived using the one-hour precipitation depths from the
National Oceanic and Atmospheric Administration (NOAA) Atlas 14. One-hour point
precipitation depths were based on the centroid of the entire project area and were recorded for
the 2-, 5-, 10-, 50-, and 100-year recurrence intervals. Point precipitation depths for varying
elevation within the project area were identified, but point precipitation depth adjustments due to
elevation were not necessary since the difference in the one-hour precipitation depths by
elevation was less than 0.1 inches. Using the one-hour precipitation depth, CUHP calculates the
incremental depth for each time increment from 5 to 120 minutes. Due to the smaller sizes of
subbasins, precipitation depth-area reduction factors were not utilized. Table 1 summarizes the

design rainfall depths for various recurrence intervals.

Table 1. Design Rainfall Depths (inches) for Recurrence Intervals

Stor_m 2-Year 5-Year 10-Year 50-Year 100-Year
Duration
One-Hour 0.77 1.05 1.33 2.23 2.71

2.6 CUHP Input Parameters

The following summarizes the input parameters utilized in CUHP version 2.0. Using GIS,
subbasin characteristics were calculated and input into CUHP. The summary of CUHP input
parameters for existing conditions and future conditions for the 2-, 5-, 10-, 50-, and 100-year

recurrence intervals is provided in Appendix A.

2.6.1 Length to Centroid

The length to centroid is calculated as the distance from the design point of the subbasin along
the main drainageway path to the subbasin’s centroid. Figure 2 provides an overview of the
longest flow paths. The subbasin centroids are identified on the figure with the red and white
dots. The length to the centroid was measured from the downstream design point of the subbasin

to the centroid along the flow path.
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2.6.2 Length

The length is the distance from the downstream design point of the subbasin along the main
drainageway path to the furthest point on the subbasin boundary. The length was calculated

based on the longest flow path (blue line) shown in Figure 2.

2.6.3 Slope

The slope is the length-weighted, corrected average slope of the subbasin in feet per foot. Per
the UDFCD Urban Storm Drainage Criteria Manual, Volume 1, Chapter 6 Runoff, there are
natural processes at work that limit the time to peak of a unit hydrograph as a natural stream or
vegetated channel becomes steeper. To account for this phenomenon, it is recommended that the
slope used in CUHP for stream and vegetated channels be adjusted. Table 2 provides a summary
of the measured subbasin slopes compared to the adjusted slope for use in CUHP per Figure 6-4

of the UDFCD Urban Sorm Drainage Criteria Manual.
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Table 2. CUHP Subbasin Slope Adjustment

Adjusted Slope for use in

Subbasin Measured Slope (ft/ft) CUHP (ft/ft)
1.2 0.19 0.06
13 0.15 0.06
14 0.12 0.06
15 0.11 0.06
21 0.20 0.06
2.2 0.10 0.058
23 0.11 0.06
2.4 0.03 0.03
25 0.04 0.04
2.6 0.22 0.06
3.1 0.19 0.06
3.2 0.22 0.06
3.3 0.12 0.06
3.4 0.04 0.04
3.5 0.24 0.06
3.6 0.20 0.06
3.7 0.03 0.03
3.8 0.26 0.06
2.1 0.10 0.058

4.11 0.14 0.06
4.2 0.09 0.057
23 0.10 0.058
2.4 0.09 0.057
45 0.15 0.06
26 0.11 0.06
4.7 0.16 0.06
28 0.16 0.06
2.9 0.12 0.06
5.1 0.11 0.06
52 0.13 0.06
6.1 0.11 0.06
6.2 0.17 0.06
6.3 0.15 0.06
6.4 0.14 0.06
6.5 0.16 0.06
6.6 0.10 0.058
6.7 0.10 0.058
6.8 0.12 0.06
6.9 0.13 0.06
71 0.10 0.058
7.11 0.14 0.06
7.12 0.15 0.06
72 0.10 0.058
73 0.03 0.03
74 0.09 0.057
75 0.003 0.003
7.6 0.02 0.02
7.7 0.17 0.06
7.8 0.14 0.06
7.9 0.03 0.03
8.1 0.11 0.06
8.2 0.01 0.01
8.3 0.02 0.02
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2.6.4 Percent Imperviousness

The percent imperviousness model input was determined based on land use and soil types found
in each subbasin. Land use was determined by compiling information from the 2009 Zoning
District Map, 2010 Lyons Planning Area Map, and by ground-truthing the land cover based on
an October 2015 aerial image from Google Earth. Each land use category was assigned a
percent imperviousness with guidance from Chapter 6 — Runoff of the UDFCD Urban Sorm
Drainage Criteria Manual. Table 3 outlines the land use categories and the corresponding
percent imperviousness. In addition to the land use categories found in Table 3, Boulder County
Open Space land use category represented a large amount of many subbasins. Soil types mapped
using the United States Department of Agriculture (USDA) Natural Resources Conservation
Service (NRCS) Web Soil Survey were assigned a percent imperviousness based on drainage
and runoff class and area weighted within each subbasin. (See Appendix B for detailed soil

descriptions). Table 4 displays the soil types used to calculate imperviousness for the Boulder

County Open Space land use category.

Table 3. Land Use Categories and Corresponding Percent Imperviousness

Land Use Category UDFCD Vol. 1 Table 6-3 Equivalent Lﬁ;’:jﬁ;'j::;asge
Agriculture Undeveloped - Greenbelts, agricultural 0.20
Business Business - Downtown areas 0.95
Park Parks, cemeteries 0.10
Municipal Facilities Business - Suburban areas 0.75
Estate Residential’ Residential - Single Family: 2.5 acres or larger 0.35
Low Density Residential* Residential - Single Family: 0.25-0.75 acres 0.75
Medium Density Residential’ | Residential - Single Family: 0.75-2.5 acres 0.85
Commercial Business - Downtown areas 0.95
Employment Area Business - Downtown areas 0.95
Commercial Entertainment Business - Downtown areas 0.95
Light Industrial Industrial - Light areas 0.80
General Industrial Industrial - Heavy areas 0.90

! Land use category corresponds to the 2010 Lyons Planning Area Map, although the description and
corresponding lot size is not representative of what is observed in aerial imagery. WWE revised the percent
imperviousness to be more representative of what is observed through imagery and on the ground.
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Table 4. Soil Types Found in Boulder County Open Space Land Use Category

Percent

Soil . Drainage Runoff Percent
Unit HSG Soil Type Classg Class OEtc::?'I;p Imperviousness
MdB A sandy loam well very low 2

Nh B loam poorly very low 2

Cu A gravelly sandy loam excessively low 5

NnB C sandy clay loam well medium 8
SmF C stony loam well high 10 10

BaF D very stony sandy loam well very high 10 10

PrF D very stony loamy fine sand well very high 35 35

Ro D unweathered bedrock N/A very high 100 100

Future imperviousness was determined by comparing the land use in the 2010 Lyons Planning
Area Map to a 2015 Google Earth image and noting which areas of the Town reflected current
zoning and which areas may be further developed based on the planning map. The directly
connected impervious area was set at level zero to represent “standard practice,” meaning
impervious surfaces are not designed to drain over grass buffer strips or other pervious surfaces

before reaching a stormwater conveyance system.

2.6.5 Maximum Depression Storage

The maximum pervious depression storage was set to the recommended value of 0.4 inches for
wooded areas and open fields. The maximum impervious depression storage was set to the

recommended value of 0.1 inches. No adjustments were made to these recommended values.

2.6.6 Horton’s Infiltration Parameters

Soils data was obtained from USDA NRCS Soil Survey Geographic Database for the project
area which classified the soils into HSGs. Figure 3 shows an overview of the HSGs for each of
the subbasins. Additional soils mapping was obtained from the USDA NRCS Web Soil Survey
which is provided in Appendix B.

The HSG A soils are colluvial land type soil. According to the colluvial land soil description, the
depth to restrictive feature is 2 to 60 inches to lithic bedrock. Because of the underlying
bedrock, it was assumed that the HSG A soils would have the drainage characteristics of HSG B

soils.
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The initial rate, final rate, and decay coefficient for the Horton’s infiltration parameters were
based on the recommended values in CUHP. The Horton’s infiltration parameters were
weighted based on the percentage of each soil type within each subbasin. Table 5 summarizes

the Horton’s infiltration parameters utilized in the analysis.

Table 5. Horton’s Infiltration Parameters

Hydrologic Soil Infiltration (inches per hour) Decav Coefficient
Group Initial - f, Final —f, y
A/B 45 0.6 0.0018
C 3.0 0.5 0.0018
D 3.0 0.5 0.0018
161-057.000 Wright Water Engineers, Inc.
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2.7 CUHP Output

The hydrologic analysis was conducted for both existing conditions and future conditions. The
100-year peak discharges from CUHP version 2.0 for both conditions are presented in Table 6.

CUHP output for other recurrence intervals is provided in Appendix A.

Although this hydrologic analysis did not calibrate peak flows to the previous Town of Lyons
Drainage Master Plan Final Report prepared by BRW, the CUHP unit rates of runoff were
compared with the previous study unit rates of runoff for subbasins that were similarly
delineated. In some cases, the unit rates of runoff are similar, but there are cases where the unit
rates of runoff differ. These differences are primarily due to physical differences in input

assumptions (imperviousness, HSGs, etc.).
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Table 6. CUHP Output, 100-Year

Existing Conditions 100- Existing Conditions Future Conditions 100- Future Conditions Unit
Subbasin Year Peak Discharge Unit Rate of Runoff Year Peak Discharge Rate of Runoff (cfs/ac)
(cfs) (cfs/ac) (cfs) a
1.2 408 2.16 408 2.16
1.3 534 2.21 534 2.21
1.4 403 2.72 403 2.72
1.5 449 2.79 449 2.79
2.1 306 1.65 306 1.65
2.2 97 2.27 97 2.27
2.3 59 2.55 59 2.55
2.4 116 2.61 116 2.61
2.5 102 2.89 102 2.89
2.6 54 1.29 54 1.29
3.1 142 1.83 167 2.15
3.2 92 2.49 92 2.49
3.3 21 3.68 21 3.68
3.4 52 3.05 52 3.05
3.5 32 1.64 32 1.64
3.6 20 1.34 20 1.34
3.7 12 4.55 12 4.55
3.8 31 2.18 31 2.18
4.1 102 2.66 128 3.32
4.11 183 1.38 183 1.38
4.2 113 1.69 114 1.70
4.3 386 1.27 386 1.27
4.4 128 1.32 128 1.32
4.5 117 1.52 117 1.52
4.6 526 1.57 526 1.57
4.7 70 1.47 70 1.47
4.8 227 1.49 227 1.49
4.9 575 1.94 575 1.94
5.1 171 2.19 208 2.67
5.2 194 2.33 194 2.33
6.1 387 1.64 393 1.67
6.2 187 2.18 187 2.19
6.3 370 1.37 370 1.37
6.4 186 1.19 186 1.19
6.5 213 1.68 213 1.68
6.6 233 1.00 233 1.00
6.7 176 2.21 176 2.21
6.8 252 1.35 252 1.35
6.9 216 1.69 216 1.69
7.1 25 0.97 28 1.09
7.11 161 2.55 161 2.55
7.12 199 2.86 234 3.37
7.2 70 1.94 70 1.94
7.3 50 3.29 50 3.29
7.4 69 2.37 69 2.37
7.5 26 1.16 26 1.16
7.6 134 2.25 134 2.25
7.7 359 1.86 359 1.86
7.8 144 1.97 145 1.99
7.9 24 3.66 24 3.66
8.1 315 1.50 315 1.50
8.2 93 1.13 93 1.13
8.3 136 1.32 136 1.32
161-057.000 Wright Water Engineers, Inc.
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2.8 Hydrograph Routing

WWE developed the hydrograph routing network based on field reconnaissance, survey of the
existing storm sewer network within Town, and the BRW, Inc. drainage master plan using EPA
SWMM. The routing network in EPA SWMM includes: nodes (junctions and dividers),
conduits (including overflow or diverted links), storage units, storage outlets, and outfalls. The
model input parameters for nodes include: node identifier, invert elevation, maximum node
depth, and overflow or diverted link identifier. Input parameters for conduits include: conduit
identifier, upstream and downstream node identifiers, shape (e.g. trapezoidal, circular,
rectangular, etc.), length, bottom width, side slopes, roughness coefficient, number of barrels,
and inlet/outlet offset depths. Input parameters for storage units include: storage unit identifier,
invert elevation, maximum depth, and a stage-area relationship. Input parameters for storage
outlets include: outlet identifier, upstream and downstream node identifiers, and a stage-
discharge relationship. Input parameters for outfalls include the outfall identifier and invert

elevation. Input parameters for the SWMM model are provided in Appendix C.
2.8.1 SWMM Node Input Parameters

Node identifiers in SWMM are synonymous with the subbasin IDs. Invert elevations were
determined using the 2011 LIDAR data. In some instances, a divider was used to allow the flow
to be routed through the existing storm sewer system but when the capacity of the storm sewer is
exceeded, the water overflows into the street (along 2™ Avenue south of E. Main Street and near

the intersection of Main Street and E. Main Street).
2.8.2 SWMM Conduit Input Parameters

For the drainage basins located outside of Town, transects of the drainage channels were
generated using the 2011 LIDAR and a representative channel cross-section was input into the
SWMM model. The manning’s roughness coefficient for these undeveloped drainage basins was

estimated to be 0.035 to represent channels with some weeds and stones.

Within the developed areas, characteristics of the drainage facilities were based on survey of the
existing storm sewer system, field reconnaissance, and sizing the channels so that the flow could

adequately be conveyed to the outfall. Between 5™ Avenue and 4™ Avenue, there is an existing
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drainage ditch that varies in width and depth but is enclosed downstream to accommodate
development over the ditch. For the purposes of the SWMM model, it was assumed to have a
uniform width and depth. There is a small roadside swale with intermittent driveway and
roadway culverts along the west side of 3 Avenue. However, the swale and culverts have such
limited capacity and during large storm events, the water would flow down 3™ Avenue. At 3™
Avenue and Main Street there is a 30" reinforced concrete pipe that diverts flow from 3™ Avenue
to the southeast along E. Main Street. During large storm events, the flow continues down
within E. Main Street, which was modeled as an open channel, until it discharges into the St.
Vrain Creek. South of E. Main Street along 2™ Avenue there is a storm sewer system consisting
of 18-inch, 12-inch, and 15-inch corrugated metal pipe which discharges into the St. Vrain

Creek. This storm sewer system was modeled as a 12-inch pipe in the SWMM model.

There are many subbasins which are direct flow areas into the North St. Vrain Creek, South St.
Vrain Creek, or St. Vrain Creek. Therefore, the conduits for these subbasins were modeled as

“dummy” conduits.
2.8.3 SWMM Storage Input Parameters

There is an existing detention pond located within Subbasin 1.5. The stage-area relationship was
taken from the BRW, Inc. drainage master plan, as well as the stage-discharge relationship for
the outlet. Although there may be inadvertent storage and/or privately owned detention
elsewhere within the project area, no additional detention ponds were modeled for the existing

conditions.
2.8.4 SWMM Output

The SWMM routing was conducted for both existing conditions and future conditions. The 100-
year peak discharges at all of the outfalls from SWMM for both conditions are presented in
Table 7. SWMM output for other recurrence intervals is provided in Appendix C.
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Table 7. SWMM Output, 100-Year

Existing FILTE
o Conditions
Routed Receiving Conditions 100-Year
SWMM Outfall Name . 100-Year Peak
Subbasins Water . Peak
Discharge Disch
(cfs) ischarge
(cfs)
4.9,4.11, 4.6,
StoneCanyonSt.VrainOUT | 4.8,4.7,4.3,4.5, | St. Vrain Creek
4.4,41,4.2 2356 2361
. 14,1.3,1.2,1.5 | North St. Vrain
EagleCanyonN.St.VrainOUT Creek 1716 1716
6.8, 6.9, 6.6, 6.7,
. ) 6.4,6.5,6.2,6.3, | South St. Vrain
RedHillGulchS.St.VrainOUT 6.1 Creek
2198 2203
. 2.1,2.2,7.4, 2.3, North St. Vrain
Sub2.4N.St.VrainOUT 54 Creek 632 632
. 3.1,3.2,25, 3.4, .
Sub7.2St.VrainOUT 33 7.2 St. Vrain Creek 581 611
Sub7.3St.VrainOUT 7.3 St. Vrain Creek 50 50
. North St. Vrain
Sub7.7N.St.VrainOUT 7.7 Creek 359 359
. South St.Vrain
Sub7.8S.St.VrainOUT 7.8 Creek 144 145
. North St. Vrain
Sub5.1N.St.VrainOUT 5.1 Creek 171 208
. North St. Vrain
Sub7.5N.St.VrainOUT 7.5 Creek 26 26
Sub8.2St.VrainOUT 8.2 St. Vrain Creek 407 407
Sub7.1St.VrainOUT 7.1 St. Vrain Creek 378 414
. North St. Vrain
Sub7.6N.St.VrainOUT 7.6 Creek 134 134
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3.0 WILDFIRE ANALYSIS

Post-wildfire flooding was evaluated for the subbasins tributary to the North St. Vrain Creek,
South St. Vrain Creek, and St. Vrain Creek near the Town based on forest coverage determined
from aerial imagery inspection. Beetle kill mapping from an aerial detection survey performed
by the U.S. Forest Service was reviewed; however, the trees in this area do not exhibit signs of
beetle kill. The purpose of this modeling exercise was to illustrate how peak discharges could
potentially temporarily increase following a wildfire. This analysis is intended to provide the
Town of Lyons with an order of magnitude approximation of potential wildfire effects on
hydrology. Post-wildfire hydrology is typically analyzed using the Curve Number (CN) method
(USDA, 2016). For this post-wildfire flood scenario, the watershed was assumed to experience
moderate burn severity since the forest coverage in these watersheds is not extremely dense. The
CN WWE assigned to a moderate burn severity was an 89, which is consistent with the CN
developed by WWE in other post-wildfire hydrology assessments, including the Boulder County
Fourmile wildfire in 2010, and the newly released Hydrology Technical Note No. 4, Hydrologic
Analyses of Post-Wildfire Conditions, issued by the NRCS in August 2016.

Three representative subbasins, each with different watershed slopes, were modeled in HEC-
HMS using existing condition (pre-wildfire) curve numbers as well as post-wildfire curve
numbers. These modeling scenarios provide a relative increase in the unit rate of runoff for post-
wildfire conditions. Table 8 provides the average factors of increase of the unit rates of runoff

for existing, pre-wildfire conditions to post-wildfire conditions.

Table 8. Average Factor of Increase in Unit Rate of Runoff from Existing, Pre-
Wildfire Conditions to Post-Wildfire Conditions

Recurrence Interval Average Factor of Increase
2-yr 11
5-yr 5
10-yr 3
50-yr 2
100-yr 2

Each subbasin was evaluated for forest cover and assigned an approximate percent coverage
found in Table 2. Subbasins that are not displayed in Table 9 were either in town, and therefore

have minimal potential to experience wildfire, or do not have notable forest coverage. The peak
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discharge resulting from a wildfire burned subbasin is dependent on the forest coverage in each
basin. In other words, the 2-year event may only increase the peak discharge in a subbasin with
20 percent forest coverage by approximately a 2.2 factor of increase (or about two times the

existing condition peak discharge).

Table 9. Approximate Percent Coverage of Forest for Forested Subbasins

Subbasin with Forest
Coverage Percent Cover
1.2 20
1.3 30
1.4 80
4.3 10
4.6 20
4.9 50
6.1 20
6.2 70
6.3 20
6.4 90
6.6 80
6.8 70
6.9 10
8.1 50

The results in this evaluation provide useful information on the potential magnitude of
hydrologic effects of burn areas in this watershed. The unit rate of runoff average factors of
increase can be applied to the existing, pre-wildfire unit rates of runoff generated from the CUHP
modeling to determine the potential increase in runoff after a wildfire. Changes in hydrology
due to wildfires are temporary in nature and decrease back to pre-burn levels over periods of
time ranging from 5 to 10 years or more; however, changes in runoff and volumes in the years

immediately following a wildfire can be extreme.

Mud and debris flows can be triggered by as little as 0.25 inches of rain in 30 minutes on steep,
burned slopes (WWE, 2011). Mud and debris flows are most common in smaller tributaries, but
some “bulking” would be expected even on the main stems due to ash, sediment, and debris. In
addition, debris damming and subsequent breaching (which are not accounted for in the
modeling) can significantly increase peak discharges in post-wildfire floods. WWE did not

account for sediment bulking in this hydrologic analysis, and additional analysis would be
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needed to determine approximate bulking factors for different reaches. Debris damming and
breaching also was not evaluated as a part of this study. If there are high risk locations that could
be affected by this phenomenon in Town, additional analysis using dam break routines could be

used to estimate potential peak discharges.

This post-wildfire flooding analysis is just a representative scenario. Additional studies could be
performed to evaluate different burn area scenarios based on factors including locations of key
infrastructure in the watershed, applying USGS debris flow regression equations to specific

subbasins, varying burn area size and severity, and other considerations discussed above.

4.0 CONCLUSIONS

This effort to develop updated hydrology for subbasins tributary to the North Saint Vrain Creek,
South Saint Vrain Creek, Red Hill Gulch, and Stone Canyon within the Town utilizes an updated
hydrologic model than the model that was utilized in the previous hydrologic study. Results of
this hydrologic analysis provide reasonable estimates of peak discharges that can be used to
develop alternative drainageway planning concepts and prepare a preliminary design of

improvements.
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CUHP INPUT AND OUTPUT



EXISTING CONDITIONS

2-YEAR



ing Conditions: 2-Year Input

Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.
Catchment Name/ID |  SWMM Node/ID Raingage Name/ID | (sq.mi.) (miles) (miles) (ft./ft.) Imperv. | (inches) | (inches) | (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction | Fraction | Imperv.
Sub1. -YEAR 29! .498 1.021 0.060 35.7 0.4 .10 34 .52 .00 0.00 0.71 0.19 32.13
. ub1. -YEAR .37 .498 1.137 0.060 35.6 0.4 .10 30 .62 .00 0.00 0.71 0.19 32.13
4 ub1.4 -YEAR .23 .308 0.798 0.060 37.7 0.4 .10 00 .50 .00 0.00 0.75 0.19 34.65
ub1. -YEAR .25 .51 1.07: 0.060 55. 0.4 .10 .53 .00 0.00 0.88 0.25 52.98
ub2. -YEAR .290 1 0.954 0.060 24, 0.4 .10 .56 .00 0.00 0.49 0.15 0.05
ub2.. -YEAR .067 7 0.54! 0.058 41. 0.4 .10 4.4 .60 .00 0.00 0.81 0.20 7.85
ub2. -YEAR 036 9 047 0.060 50. 0.4 0 4 60 00 0.00 0.85 0.23 7.34
Sub2. -YEAR .069 0: 0.684 0.030 75. 0.4 .10 4.49 .60 .00 0.00 0.93 0.32 .72
Sub2.! -YEAR .055 7 0.66° 0.040 75. 0.4 .10 4.50 .60 .00 0.00 0.93 0.32 73.57
ub2. -YEAR .065 .34 0.705 0.060 . 0.4 .10 4.12 .57 .00 0.00 0.42 0. 16.
ub3. -YEAR 121 .40 0.838 0.060 X 0.4 .10 1 .56 .00 0.00 0.67 0. 29.
ub3.. -YEAR .058 6’ 0.529 0.060 . 0.4 .10 4 .55 .00 0.00 0. 0. 44.
ub3.. -YEAR .009 0O 0.159 0.060 5. 0.4 .10 4.50 60 00 0.00 0. 0. 73.44
ub3. -YEAR 026 1 0.369 0.040 77 0.4 0 4.50 60 00 0.00 0. 0. 75.4
Sub3.! -YEAR .030 4 0.320 0.060 4. 0.4 .10 9 .57 .00 0.00 0. 0. 10.60
Sub3.| -YEAR .023 20! 0.410 0.060 5 0.4 .10 6 .65 .00 0.00 0. 0. 17.97
3 ub3. -YEAR .004 .03 0.076 0.030 . 0.4 .10 4.50 .60 .00 0.00 0. 0. 78.99
.8 Sub3.8 -YEAR .022 155 0.3 0.060 . 0.4 .10 94 .56 .00 0.00 0. 0. 34.69
4.1 Sub4.1 -YEAR .060 .280 0.5! 0.058 52.! 0.4 .10 7! .55 .00 0.00 0.86 0.24 49.62
4.11 Sub4.11 -YEAR .207. .406 1.0 0.060 7.2 0.4 .10 4 .56 00 0.00 0.14 0.0 4.94
4 Sub4 -YEAR 05 79 0.7. 0.057 29.5 0.4 0 54 00 0.00 0.59 017 25.32
4. Sub4.: -YEAR .477 .901 1.974 0.058 27.2 0.4 .10 4 .53 .00 0.00 0.54 0.16 23.16
4.4 Sub4.4 -YEAR 151 .388 0.98 0.057 8.4 0.4 .10 4 .63 .00 0.00 017 0.08 5.96
4.! ub4.. -YEAR .120 .303 0.693 0.060 8. 0.4 .10 4 .63 .00 0.00 017 0.09 6.08
4 ub4. -YEAR .523 .888 2.033 0.060 3.9 0.4 .10 .50 .00 0.00 0.68 0.18 30.37
4. ub4. -YEAR 75 .230 0.655 0.060 0.7 0.4 .10 6 .54 .00 0.00 0. 0 7.73
4.4 ub4. -YEAR 37 .388 0. 0.060 .4 0.4 .10 76 .55 .00 0.00 0. 0. 7.39
4 ub4 -YEAR 63 77 1 0.060 0.4 0 " 51 00 0.00 0. 0. 29.61
ub5. -YEAR 122 .337 0. 0.060 . 0.4 .10 68 .55 .00 0.00 0. 0. 32.56
Sub5.. -YEAR 30 02 0.7: 0.060 X 0.4 .10 33 .52 .00 0.00 0.7: 0. 32.52
ub6. -YEAR 368 .445 1 0.060 5 0.4 .10 54 .54 .00 0.00 0.3 0. 14.39
ub6.. -YEAR 1 .321 0. 0.060 X 0.4 .10 01 .50 .00 0.00 0.7 0. 31.45
ub6.. -YEAR 42 .652 1. 0.060 . 0.4 .10 58 .54 .00 0.00 0. 0. 9.07
ub6.4 -YEAR .24 .682 1.185 0.060 0.4 .10 04 .50 .00 0.00 0. 0.0: 5.56
ub6. -YEAR 198 68 0.896 0.060 0.4 0 77 55 00 0.00 0. 0.1 22.77
ubb. -YEAR .366 .997 1.654 0.058 0.4 .10 40 53 .00 0.00 0. 0.0¢ 6.48
5 Sub6. -YEAR 124 .313 0.593 0.058 0.4 .10 0 52 00 .00 0.1 28.40
.8 ub6.8 -YEAR .290 .501 1.241 0.060 0.4 .10 4 51 00 .00 0.0: 5.91
9 Sub6.9 -YEAR .200 .386 0.805 0.060 0.4 .10 7 55 00 .00 0.1 15.98
A Sub7.1 -YEAR .040 .352 0.632 0.058 0.4 .10 07 57 .00 .00 . 0.0 4.00
7.1 Sub7.11 -YEAR .099 .349 0.658 0.060 0.4 .10 40 53 .00 0.00 0. 0.22 44.56
712 Sub7.12 -YEAR 109 36 0.554 0.060 0.4 0 57 54 00 0.00 0. 0.21 39.04
Sub7.: -YEAR .057 .323 0.601 0.058 0.4 .10 68 55 .00 0.00 0. 0.20 35.85
. Sub7.. -YEAR .0: 152 .302 0.030 0.4 .10 50 60 00 .00 93 0.32 73.4
4 ub7.4 -YEAR .0 .243 .463 0.057 0.4 .10 4.50 60 .00 .00 83 0.22 5’
ub7.. -YEAR .0 151 .309 0.003 0.4 .10 4.50 60 .00 00 53 0. 7
7. ub7. -YEAR .0 .388 .787 0.020 0.4 .10 73 55 .00 00 9 0. A
7. ub7. -YEAR .3 .624 1.311 0.060 0.4 .10 55 54 .00 0.00 0.7: 0. 2.3
7. ub7. -YEAR " .383 0. 0.060 0.4 .10 6 51 00 0.00 0.6: 0. 8.55
ub7. -YEAR 010 89 0. 0.030 0.4 .10 0 60 00 0.00 0.9 0.34 80.25
Sub8. -YEAR 329 67 1. 0.060 0.4 .10 3 50 00 0.00 0.7: 0. 32.58
Sub8.. -YEAR .128 .408 0.894 0.010 0.4 .10 4.50 60 .00 0.00 0.56 0. 23.35
Sub8. -YEAR 162 .451 0.82: 0.020 0.4 .10 99 56 .00 0.00 0.51 0. 21.22




Existing Conditions: 2-Year Output

Summary of Unit Hydrograph

s Used By Program and C:

Results (Version 2.0.0

Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total Runoff per
W50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID | User Comment for Catchment |  CT cp (min) | Peak | (min) | Peak | (min.) (cfs) (cf) | Ginches) | (c) (min.) (cfs) (cf) | (cfslacre)
.098 0.221 28.. .30 5. .74 307 684,491 0.22 | 150,115 38.0 150,099 .21
- .098 0.244 28. .56 4. .93 404 878,950 0.22 92,832 38.0 192,823 .21
4 096 0.22f 20.! .76 0. .66 339 537,728 0. 29,030 4.0 4 129,021 .28
087 0.284 21, . 4 358 583,860 0. 21,413 .0 221,411 .4
110 0. 37.. .4 4. 233 673,131 0. 85,421 42.0 0 85,417 0.1
.094 0. 25.. . 7 154,853 0. 40,489 .0 1 40,483 0.2!
089 | 0.1 4 4 83,672 0.33 27,926 33.0 8 27,926 0.35
.079 0.188 4. 8 161,03 0.53 85,702 35.0 23 85701 | 0.52
.079 0.170 .04 . 7 127,64 0.54 68,795 33.0 20 68,782 .58
115 0.108 . .40 25. g 4 151,90 0.10 15,628 43.0 3 15,628 .07
.100 0.155 5. 4 18. 7. 103 281,40 0.20 55,237 40.0 12 55,236 1
.091 0.142 . 12.0 4. 7! 134,232 0.31 41,854 4.0 12 41,849 0.3:
.079 0.075 A .0 71 A ,546 0.54 11,053 0.0 4 11,044 0.7!
078 0.123 2 1 10.0 49 ,240 0.55 33,942 2.0 " 33,932 0.63
.125 0.080 1 .3 17.2 .65 ,588 0.06 4,167 39.0 4,167 0.06
113 0.067 4 .7 24.6 .95 ,882 011 | 6,049 41.0 ,049 0.08
3 .077 0.054 8.8 . 46 .47 9,755 0.58 681 0.0 659 1.02
.8 .096 0.080 26. .93 .9 25 50,834 0.2 ,100 .0 ,099 0.2:
4.1 .08! 0.153 21 .82 2 ) 84 139,608 0.3! ,259 .0 15 49,25 0.3
4.11 14! 0.209 41. .00 7 4. "7 149 481,581 0.0: 371 4.0 3 37 0.0:
4 0 0.133 39. 4.32 5 06 7.2 80 243,448 0.1 ,432 41.0 9 40,43 0.1
4. .10¢ 0.223 58.. 10.31 .3 .28 17.2 245 1,107,581 0.1 167,480 .0 27 167,477 .09
4.4 .14 0.182 .65 .7 4.70 1.1 99 350,494 0.0: 10,457 44.0 2 10,457 .03
4.! .14 0.163 .0 .53 8.3 96 278,587 0.0: 8,516 42.0 2 8,515 .0
4 99 0.260 X .79 16.0 336 1,214,444 0.2 250,632 47.0 46 250,631 .1
4. 34 0.127 4 .4 .92 6.9 57 174,022 0.0: 6,970 42.0 2 6,970 .0:
4. 36 0.205 X 0. 4.51 10.6 185 551,326 0.0: 20,644 43.0 5 20,643 .0:
4 00 0.247 34 7. 4.79 1.3 406 1,074,701 0.20 215,396 42.0 215,394 1
.097 0.166 - .7 .68 6.3 34 283,224 0.22 62,859 0 62,856 .21
.097 0171 25.. .62 .56 6.0 55 303,147 0.22 67,427 6.0 67,4 .23
119 | 0.213 36. .29 4.44 10.5 02 855,446 0.09 74,795 42.0 74,7 .08
098 0.169 28. .96 .80 6.6 42 310,064 0.2 66,622 7.0 66, .2
29 0.23: 45. .48 . 14.1 0 983,329 0.0! 8,378 46.0 48, 0.0«
42 0.21 54. .39 .64 15.6 4 567,681 0.0: 6,367 48.0 3 , 36 .0:
.107. 0.17: 37. .28 . A 8.8 7 460,570 0.1 7,67 41.0 1 67 .1
.13 0.23 68.1 12.89 5. 1 215 0 849,255 0.0: 7,92 0 5 ,92¢ .0
5 .10 0.154 27. .51 14.1 4 5.8 8 288,618 0.1 54,97 0 1 4,97 .1
.8 .14 0.22f 5. .24 23.8 .82 13.7 0 673,793 0.0: 0,47¢ 46.0 5 20,47 .0
9 1 0.176 34. 4.98 18.0 .52 3 464,273 0.1 5,53 41.0 12 45,53 .0
A .14 0.10: 3.7 .44 33.1 .84 19 93,834 0.02 1,727 45.0 0 1,727 .0
7.1 .09 0.18 22. .47 1.8 .45 130 228,947 0.31 72,111 0 21 72,107 0.3
712 09: 0.17 79 96 7 176 252,216 0.27 68,698 0 23 68,688 0.33
.095 0.124 .39 16.8 .40 .7 52 131,449 0.25 32,552 .0 7 32,551 0.20
. .079 0.11 .80 8.7 27 .0 43 55,243 0.54 29,725 0 10 29,717 .67
4 .092 0.125 .61 2. .84 3 56 105,069 0.30 31,218 .0 8 31,2 .29
108 0.081 .90 0. 5 .5 18 82,806 0. 11,449 .0 2 11,4 .08
7. .085 0.199 73 .34 9 96 216,873 0. 89,087 0 21 89,0 .36
7. .098 0.229 .57 4.64 10.9 253 699,676 0. 154,485 42.0 34 154,47 0.18
7. .101 0.14¢ . . .82 6.6 106 265,168 0. 50,992 9.0 12 50,989 0.17.
.077 0.08 4.4 7.5 .86 20 22 24,315 0.59 14,404 0.0 14,405
.097 0.23f . 259 .59 55 198 763,699 0.22 170,768 47.0 29 170,763
.106 0.14 54.4 g 33.5 .24 24 60 297,906 0.15 44,641 49.0 44,640 .
109 0.160 50. 6.52 26.3 .61 0.9 96 375,517 0.13 50,577 45.0 50,577 .0




EXISTING CONDITIONS

5-YEAR



ing Conditions: 5-Year Input

Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.
Catchment Name/ID |  SWMM Node/ID Raingage Name/ID | (sq.mi.) (miles) (miles) (ft./ft.) Imperv. | (inches) | (inches) | (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction | Fraction | Imperv.
Sub1. -YEAR 29! .498 1.021 0.060 35.7 0.4 .10 34 .52 .00 0.00 0.71 0.19 32.97
. ub1. -YEAR .37 .498 1.137 0.060 35.6 0.4 .10 30 .62 .00 0.00 0.71 0.19 2.96
4 ub1.4 -YEAR .23 .308 0.798 0.060 37.7 0.4 .10 00 .50 .00 0.00 0.75 0.19 .38
ub1. -YEAR .25 .51 1.07: 0.060 55. 0.4 .10 .53 .00 0.00 0.88 0.25 .63
ub2. -YEAR .290 1 0.954 0.060 24, 0.4 .10 .56 .00 0.00 0.49 0.15 .07
ub2.. -YEAR .067 7 0.54! 0.058 41. 0.4 .10 4.4 .60 .00 0.00 0.81 0.20 .81
ub2. -YEAR 036 9 047 0.060 50. 0.4 0 4 60 00 0.00 0.85 0.23 23
Sub2. -YEAR .069 0: 0.684 0.030 75. 0.4 .10 4.49 .60 .00 0.00 0.93 0.32 .33
Sub2.! -YEAR .055 7 0.66° 0.040 75. 0.4 .10 4.50 .60 .00 0.00 0.93 0.32 74.18
ub2. -YEAR .065 .34 0.705 0.060 . 0.4 .10 4.12 .57 .00 0.00 0.42 0. 17.88
ub3. -YEAR 121 .40 0.838 0.060 X 0.4 .10 1 .56 .00 0.00 0.67 0. 30.3:
ub3.. -YEAR .058 6’ 0.529 0.060 . 0.4 .10 4 .55 .00 0.00 0. 0. 45.04
ub3.. -YEAR .009 0O 0.159 0.060 5. 0.4 .10 4.50 60 00 0.00 0. 0. 74.0;
ub3. -YEAR 026 1 0.369 0.040 77 0.4 0 4.50 60 00 0.00 0. 0. 76.06
Sub3.! -YEAR .030 4 0.320 0.060 4. 0.4 .10 9 .57 .00 0.00 0. 0. 11.50
Sub3.| -YEAR .023 20! 0.410 0.060 5 0.4 .10 6 .65 .00 0.00 0. 0. 18.96
3 ub3. -YEAR .004 .03 0.076 0.030 . 0.4 .10 4.50 .60 .00 0.00 0. 0. 79.52
.8 Sub3.8 -YEAR .022 155 0.3 0.060 . 0.4 .10 94 .56 .00 0.00 0. 0. 35.59
4.1 Sub4.1 -YEAR .060 .280 0.5! 0.058 52.! 0.4 .10 7! .55 .00 0.00 0.86 0.24 50.35
4.11 Sub4.11 -YEAR .207. .406 1.0 0.060 7.2 0.4 .10 4 .56 00 0.00 0.14 0.0 5.49
4 Sub4 -YEAR 05 79 0.7. 0.057 29.5 0.4 0 54 00 0.00 0.59 017 26.32
4. Sub4. -YEAR .477 .901 1.974 0.058 27.2 0.4 .10 4 .53 .00 0.00 0.54 0.16 24.12
4.4 Sub4.4 -YEAR 151 .388 0.98 0.057 8.4 0.4 .10 4 .63 .00 0.00 017 0.08 .54
4.! ub4.. -YEAR .120 .303 0.693 0.060 8. 0.4 .10 4 .63 .00 0.00 017 0.09 .66
4 ub4. -YEAR .523 .888 2.033 0.060 3.9 0.4 .10 .50 .00 0.00 0.68 0.18 1.19
4. ub4. -YEAR 75 .230 0.655 0.060 0.7 0.4 .10 6 .54 .00 0.00 0. 0 8.45
4.4 ub4. -YEAR 37 .388 0. 0.060 .4 0.4 .10 76 .55 .00 0.00 0. 0. 8.12
4 ub4 -YEAR 63 77 1 0.060 0.4 0 " 51 00 0.00 0. 0. 45
ub5. -YEAR 122 .337 0. 0.060 . 0.4 .10 68 .55 .00 0.00 0. 0. .46
Sub5.. -YEAR 30 02 0.7: 0.060 X 0.4 .10 33 .52 .00 0.00 0.7: 0. .35
ub6. -YEAR 368 .445 1 0.060 5 0.4 .10 54 .54 .00 0.00 0.3 0. .27
ub6.. -YEAR 1 .321 0. 0.060 X 0.4 .10 01 .50 .00 0.00 0.7 0. .25
ub6.. -YEAR 42 .652 1. 0.060 . 0.4 .10 58 .54 .00 0.00 0. 0. 9.83
ub6.4 -YEAR .24 .682 1.185 0.060 0.4 .10 04 .50 .00 0.00 0. 0.0: 6.05
ub6. -YEAR 198 68 0.896 0.060 0.4 0 77 55 00 0.00 0. 0.1 23.80
ubb. -YEAR .366 .997 1.654 0.058 0.4 .10 40 53 .00 0.00 0. 0.0¢ 7.08
5 Sub6. -YEAR 124 .313 0.593 0.058 0.4 .10 0 52 00 .00 0.1 29.30
.8 ub6.8 -YEAR .290 .501 1.241 0.060 0.4 .10 4 51 00 .00 0.0: 6.44
9 Sub6.9 -YEAR .200 .386 0.805 0.060 0.4 .10 7 55 00 .00 0.1 16.94
A Sub7.1 -YEAR .040 .352 0.632 0.058 0.4 .10 07 57 .00 .00 . 0.0 4.50
7.1 Sub7.11 -YEAR .099 .349 0.658 0.060 0.4 .10 40 53 .00 0.00 0. 0.22 45.27
712 Sub7.12 -YEAR 109 36 0.554 0.060 0.4 0 57 54 00 0.00 0. 0.21 39.80
Sub7.: -YEAR .057 .323 0.601 0.058 0.4 .10 68 55 .00 0.00 0. 0.20 36.67
. Sub7.. -YEAR .0: 152 .302 0.030 0.4 .10 50 60 00 .00 93 0.32 74.06
4 ub7.4 -YEAR .0 .243 .463 0.057 0.4 .10 4.50 60 00 .00 83 0.22 43.49
ub7.. -YEAR .0 151 .309 0.003 0.4 .10 4.50 60 00 .00 53 0. 22.96
7. ub7. -YEAR .0 .388 .787 0.020 0.4 .10 73 55 .00 .00 9 0. 57.76
7. ub7. -YEAR .3 .624 1.311 0.060 0.4 .10 55 54 .00 0.00 0.7: 0. 33.25
7. ub7. -YEAR " .383 0. 0.060 0.4 .10 6 51 00 0.00 0.6: 0. 29.42
ub7. -YEAR 010 89 0. 0.030 0.4 .10 0 60 00 0.00 0.9 0.34 80.76
Sub8. -YEAR 329 67 1. 0.060 0.4 .10 3 50 00 0.00 0.7: 0. 33.37
Sub8.. -YEAR .128 .408 0.894 0.010 0.4 .10 4.50 60 .00 0.00 0.56 0. 24.52
Sub8. -YEAR 162 .451 0.82: 0.020 0.4 .10 99 56 .00 0.00 0.51 0. 22.29




Existing Conditions: 5-Year Output

Summary of Unit Hydrograph

s Used By Program and C:

Results (Version 2.0.0

Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total Runoff per
W50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID | User Comment for Catchment crT Cp (min.) | Peak | (min) | Peak | (min.) (cfs) (c.f) | (inches) | (cf) (min.) (cfs) (cf) | (cfslacre)
0.097 0.230 28. .27 4.4 .72 4 684,491 0.35 237,456 7. 62 237 44 0.33
. 0.097 0.248 27.! .53 4. .91 878,950 0.35 305,149 7. 81 305,15 0.33
4 0.096 0.223 20. .74 .65 537,728 0.38 201,690 3. 66 201,67 0.44
0.087 0.286 .88 .45 583,860 0.56 328,938 4. 101 328,93 0.
0.109 0.193 . .76 .07 673,131 0.22 147,364 0. 3 147,364 0.
0.094 0.141 4. .98 11 81 154,853 0.40 61,676 4. 7 61,669 0.
0.089 | 0.120 0 62 50 83,672 0.50 41,674 2 41,672 0.53
0.079 0.189 4.5 .86 73 85 161,033 0.77 123,697 3 123,689 0.74
0.079 0.171 20.9 .04 . .15 79 127,641 0.7 99,210 29 99,196 0.84
0.113 | 0.108 49.0 .35 25.! .07 . 40 151,909 0. 27,797 5 27,797 0.12
0.099 0.159 34. 47 17.4 .16 7.4 106 281,400 0. 88,468 20 88, 0.26
0.09° 0.14: 22. .8 114 .98 ¢ 134,232 0.4 63,153 18 63, 0.
0.07¢ 0.07: .0 71 .77 20,546 0.78 15,942 6 15, 1.
0.07¢ 0.12: 1 9.9 49 61,240 0.80 | 48,860 15 48, 0.
0.12: 0.07¢ . .3 17.1 .63 70,588 0. ,210 8,210 0.
0.11 0.06° 0 7. 24.4 .93 53,882 0. 10,647 10,647 0.
3 0.07 0.055 | 8.8 .6 4.6 .47 9,755 0.84 ,151 . 8,118 1.
.8 0.095 0.08 26.1 92 3.6 25 50,834 0. 18,758 3. 18,756 0.35
4.1 0.088 0.154 21.2 .81 1.0 3 85 139,608 0.53 73,530 3. 22 73,521 0.57
4.1 0.143 0.20 417 .91 1.7 X 1.5 149 481,581 0.05 26,348 3. 6 26,347 0.0:
4 0103 | 0.136 38.0 28 9. 3. 71 83 243,448 0.27 66,845 39. 14 66,843 0.2
4. 0.105 0.22: 57.7 10.20 30. 7.2 17.1 248 1,107,581 0.25 | 281,819 52.! 44 281,816 0.14
4.4 0.139 0.17¢ 45. .55 23 4.63 10.9 100 350,494 0.07 23,554 4. 5 23,554 0.05
4.! 0.138 0.16 7. .93 .48 8.2 96 278,587 0.07 19,125 1. 5 19,125 0.06
4 0.099 0.264 45. .55 .75 15.9 344 1,214,444 0. 402,146 6. 73 402,133 0.22
4. 0.132 0.12! 0! .87 6.8 57 174,022 0. 15,011 0. 4 15,011 0.07
4. 0.133 0.202 . .2 . 43 10.4 85 551,326 0. 45,082 2. 1 45,079 0.07
4 0.099 | 0.251 33. 7 4 4.76 1.2 16 1,074,701 0.32 347,17 40. 1 347,165 0.27
0.097 0.169 26. N( 2.66 6.3 37 283,224 0.35 98,84 5. 6 98,847 0.34
0.097 0.174 4.7 .61 2.5 6.0 58 303,147 0.35 106,42 5. 0 106,418 0.
0.117 0.21 6. .22 4.3 10.4 04 855,446 0. 137,368 2 137,360 0.14
0.098 0.17: 7. .93 .7 6.6 4 310,064 0.34 106,210 28 106,199 0.
0.127 0.23 45. .30 .8 13.8 8 983,329 0. 99,530 . 21 99,528 0.
0.141 0.21 4. .27 X .55 15.5 34 567,681 0. 36,752 0. 7 36,751 0.04
0.106 0.172 7. .23 .4 .69 8.7 59 460,570 0.25 114,073 0. 25 114,069 0.20
0.137 0.236 68.. 12.69 35. .97 212 60 849,255 0.07 62,208 7.4 0 62,207 0.04
5 0. 0.15' 26.. .48 3. 4 5. 41 288,618 0.31 89,211 5. 4 89,205 0.3
.8 0. 0.223 45. .13 3. .7 13. 90 673,793 0.07 45,904 0 45,904 0.0
9 0. 0.175 4. .92 7 .4 74 464,273 0. 81,895 0 81,895 0.1
A 0. 0.104 .37 3. . 19 93,834 0.04 4,116 1 4,116 0.0:
7.1 0.0 0.18: .46 1. 44 131 228,947 0.4 108,930 108,914 0.50
712 0.093 0.17: 78 9.5 7 179 252,216 0.4 105,015 104,990 0.
0.095 0.12¢ . .38 16.5 .39 53 131,449 0. 50,259 0,258 0.
. 0.079 0.11 .7 .80 8.7 27 55,243 0. 42,871 42,859 0.
4 0.091 0.126 23.7 .59 .83 105,069 0.4 47,034 47,033 0.
0.107 0.081 57.. .86 .7 82,806 0. 19,297 3 9,297 0.
7. 0.085 0.199 28.: 7 .3 g 216,873 0. 131,247 X 32 131,245 0.53
7. 0.097 0.232 4. .6 10.9 259 699,676 0. 243,507 0. 54 243,506 0.28
7. 0.100 0.152 1. . .8 6.6 109 265,168 0. 82,731 7. 20 82,725 0.27
0.077 0.083 4.4 7.5 .85 20 22 24,315 20,644 0. 8 20,646 1.
0.097 0.239 8. . 254 .55 15.5 202 763,699 270,163 7. 46 270,157 0.
0.105 0.144 63.1 .33 33.1 .18 12.2 61 297,906 . 74,265 1. 11 74,264 0.
0.107 0.160 50. 6.44 26.0 .55 10.7 97 375,517 0.23 86,396 5. 15 86,395 0.




EXISTING CONDITIONS

10-YEAR



ing Conditions: 10-Year Input

Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage

Horton's Infiltration Parameters

DCIA Level and Fractions

Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.
Catchment Name/ID |  SWMM Node/ID Raingage Name/ID | (sq.mi.) (miles) (miles) (ft./ft.) Imperv. | (inches) | (inches) | (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction | Fraction | Imperv.
Sub1. EAR .29! .498 1.021 0.060 35.7 0.4 .10 34 .62 .00 0.00 0.71 0.19
. ub1. R .37 .498 1.137 0.060 35.6 0.4 .10 30 .62 .00 0.00 0.71 0.19
4 ub1.4 R .23 .308 0.798 0.060 37.7 0.4 .10 00 .50 .00 0.00 0.75 0.19
ub1. R .25 .51 1.07: 0.060 55. 0.4 .10 .53 .00 0.00 0.88 0.25 A
ub2. R .290 .51 0.954 0.060 24. 0.4 .10 .56 .00 0.00 0.49 0.15 6
ub2.. R .067 .27. 0.54! 0.058 41. 0.4 .10 4.4 .60 .00 0.00 0.81 0.20 .30
ub2. R 036 9 047 0.060 50. 0.4 0 4 60 00 0.00 0.85 0.23 70
Sub2. R .069 .40 0.684 0.030 75. 0.4 .10 4.49 .60 .00 0.00 0.93 0.32 .66
Sub2.! R .055 .27 0.66° 0.040 75. 0.4 .10 4.50 .60 .00 0.00 0.93 0.32 74.50
ub2. R .065 .34 0.705 0.060 0.4 .10 4.12 .57 .00 0.00 0.42 0. 18.48
ub3. R 121 .40: 0.838 0.060 0.4 .10 1 .56 .00 0.00 0.67 0. 30.89
ub3.. R .058 .26 0.529 0.060 . 0.4 .10 4 .55 .00 0.00 0. 0. 45.46
ub3.. R .009 .10¢ 0.159 0.060 5. 0.4 .10 4.50 .60 .00 0.00 0. 0. 74.38
ub3. R 026 1 0.369 0.040 77 0.4 0 4.50 60 00 0.00 0. 0. 76.37
Sub3.! R .030 .14 0.320 0.060 4. 0.4 .10 9 .57 .00 0.00 0. 0. 12.00
Sub3.| R .023 .20 0.410 0.060 0.4 .10 6 .55 .00 0.00 0. 0. 19.53
3 ub3. 0-YEAR .004 .03 0.076 0.030 0.4 .10 4.50 .60 .00 0.00 0. 0. 79.80
.8 Sub3.8 0-YEAR .022 155 0.33( 0.060 . 0.4 .10 94 .56 .00 0.00 0. 0. 36.08
4.1 Sub4.1 0-YEAR .060 .280 0.5! 0.058 52.! 0.4 .10 7! .55 .00 0.00 0.86 0.24 50.75
4.1 Sub4.11 0-YEAR .207 .406 1.0 0.060 7.2 0.4 .10 4 .56 .00 0.00 0.14 0.0 5.80
4 Sub4 0-YEAR 05 79 0.7. 0.057 29.5 0.4 0 54 00 0.00 0.59 0.17 26.90
4. Sub4.: 0-YEAR .477 .901 1.974 0.058 27.2 0.4 .10 4 .53 .00 0.00 0.54 0.16 24.68
4.4 Sub4.4 0-YEAR 151 .388 0.98 0.057 8.4 0.4 .10 4 .63 .00 0.00 017 0.08 6.88
4.! ub4.. 0-YEAR .120 .303 0.693 0.060 8. 0.4 .10 4 .63 .00 0.00 017 0.09 7.00
4 ub4. 0-YEAR .523 .888 2.033 0.060 3.9 0.4 .10 .50 .00 0.00 0.68 0.18 31.68
4. ub4. 0-YEAR .075 .230 0.655 0.060 0.7 0.4 .10 61 .54 .00 0.00 0. 0.10 8.85
4. ub4. 0-YEAR .237. .388 0. 0.060 .4 0.4 .10 76 .55 .00 0.00 0. 0. 8.53
4 ub4 0-YEAR 63 77 1 0.060 0.4 0 " 51 00 0.00 0. 0. 96
ub5. 0-YEAR 122 .337 0. 0.060 0.4 .10 68 .55 .00 0.00 0. 0. .97
Sub5.. 0-YEAR .130 .302 0.7: 0.060 0.4 .10 33 .62 .00 0.00 0.7: 0. .84
ub6. 0-YEAR .368 .445 1. 0.060 0.4 .10 54 .54 .00 0.00 0.3 0. .80
ub6.. 0-YEAR .1 .321 0. 0.060 0.4 .10 01 .50 .00 0.00 0.7 0. .72
ub6.. 0-YEAR .42 .652 1. 0.060 0.4 .10 58 .54 .00 0.00 0. 0. .27
ub6.4 0-YEAR .24 .682 1.185 0.060 0.4 .10 04 .50 .00 0.00 0. 0.0: 6.34
ub6. 0-YEAR 198 68 0.896 0.060 0.4 0 77 55 00 0.00 0. 0.1 24.39
ubb. 0-YEAR .366 .997 1.654 0.058 0.4 .10 40 .53 .00 0.00 0. 0.0¢ 7.4
5 Sub 0-YEAR 124 .313 0.593 0.058 0.4 .10 0 .62 .00 .00 0.1 29.82
.8 ub6.8 0-YEAR .290 .501 1.241 0.060 0.4 .10 4 .51 .00 .00 0.0: 6.74
9 Sub6.9 0-YEAR .200 .386 0.805 0.060 0.4 .10 7 .55 .00 .00 0.1 17.50
A Sub7.1 0-YEAR .040 .352 0.632 0.058 0.4 .10 07 .57 .00 .00 . 0.0 4.77
7.1 Sub7.11 0-YEAR .099 .349 0.658 0.060 0.4 .10 40 .53 .00 0.00 0. 0.22 45.
712 Sub7.12 0-YEAR 109 36 0.554 0.060 0.4 0 57 54 00 0.00 0. 0.21 40.
Sub7. 0-YEAR .057 .323 0.601 0.058 0.4 .10 68 .55 .00 0.00 0. 0.20 7.
. Sub’ 0-YEAR .0: 152 .302 0.030 0.4 .10 50 .60 .00 .00 .93 0.32 74.3
4 ub7.4 0-YEAR .0 .243 63 0.057 0.4 .10 4.50 .60 .00 .00 .83 0.22 43.98
ub7.. 0-YEAR .0 151 09 0.003 0.4 .10 4.50 .60 .00 .00 .53 0. 2362 |
7. ub7. 0-YEAR .0 .388 .787 0.020 0.4 .10 73 .55 .00 .00 .9 0. 58.1
7. ub7. 0-YEAR .3 .624 1.311 0.060 0.4 .10 55 .54 .00 0.00 0.7: 0. 7'
7. ub7.. 0-YEAR .11 .383 0. 0.060 0.4 .10 6 .51 .00 0.00 0.6: 0. .94
ub7. 0-YEAR 010 .089 0. 0.030 0.4 .10 0 .60 .00 0.00 0.9 0.34 .03
Sub8. 0-YEAR .329 .967 1. 0.060 0.4 .10 3 .50 .00 0.00 0.7: 0. .83
Sub8.. R .128 .408 0.894 0.010 0.4 .10 4.50 .60 .00 0.00 0.56 0. 25.18
Sub8. R 162 .451 0.82: 0.020 0.4 .10 99 .56 .00 0.00 0.51 0. 22.90




Existing Conditions: 10-Year Output

Summary of Unit Hydrograph s Used By Program and C: Results (Version 2.0.0
Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total Runoff per
W50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment (min) | Peak | (min) | Peak | (min.) (cfs) (c.f) | (inches) | (cf) (min.) (cfs) (cf) | (cfslacre)
7. .25 4.} .71 .7 318 684,491 0.56 380,04 X 03 380,025 0.55
. 7. .51 4. .89 . 418 878,950 0.56 489,83 X 36 489,829 0.56
4 9. .74 4 .6 349 537,728 0.60 324,10 X 10 324,062 0.74
.87 .4 363 583,860 0.80 467,00 . 45 466,993 0.90
. .72 0! 237 673,131 0.39 259,19 . 60 259,191 0.32
4. .97 1 81 154,853 0.58 89,809 . 25 89,801 0.58
29 62 50 83,672 0.7 58,615 17 58,612 0.75
4. .85 7. 85 161,033 | 1. 165,160 Y 43 165,150 0.97
20. .03 . 1 79 127,641 1.04 132,281 . 39 132,264 1.
48. .32 25.4 .0! . 40 151,909 0. 49,946 X 9 49,946 0.
33. .45 17.4 1 7.4 108 281,400 0. 139,266 . 32 139,264 0.
226 . 114 9 s 134,232 0. 1,957 X 27 ) 0.
.6 .0 71 .7 20,546 1. 1,260 . 8 ,244
0 1 9.9 49 61,240 1.06 4,962 1 2 3
.9 .2 17.1 .62 70,588 0.25 7,706 7.4 f
.7 7 243 91 53,882 0.36 9,517 1. 9,51
3 8.8 4.6 .47 9,755 1.11 0,784 26. 0,741
.8 25.8 1 3.4 .35 25 50,834 0.56 28,397 5. 28,393
4.1 1.1 .81 1.0 .98 3 85 139,608 0.7 104,843 3. 32 104,824
4.11 417 .85 1.7 .84 114 149 481,581 0.1 85,527 44. 22 85,526
4 7. 26 9.4 3.01 71 84 243,448 0.4¢ 111,749 25 111,746
4. 7. 10.15 29, 717 16.9 249 1,107,581 0.4 493,607 . 80 493,604
4.4 45. .49 23. 4.59 10.8 100 350,494 0.22 75,559 . 17 75,558
4.! 7. .89 4 .4 8.1 96 278,587 0.22 61,282 . 17 61,281
4 4 .5 4 7. 15.9 348 1,214,444 0.55 669,064 . 128 669,060
4. 1 .0 8. 6.7 58 174,022 0.23 40,603 . 10 40,601
4.4 .4 Al . .3 10.3 85 551,326 0.22 20,405 . 31 20,399
4 32. 70 4.7 11.2 22 1,074,701 0.54 79,320 4 141 79,332
26. .75 B 2.65 6.3 39 283,224 0.54 | 153,967 X 43 53,966
4. .58 7 253 6.0 60 303,147 0.56 69,937 5. 50 69,929
6. 18 X 4.36 10.3 05 855,446 0.33 280,639 . 70 280,63
7. .92 77 6.5 47 310,064 0.57 75,752 X 48 75,73
45. .23 .4 .81 13.7 282 983,329 0. 49,57 . 56 .57
4. .21 .4 .51 15.3 34 567,681 0.24 .27 0. 26
7. 0 . .67 8.7 60 460,570 0.4 57! 1. .56
68. 7 35 .89 21.0 849,255 0. 541 56.1 ,539
5 25.! .46 3. .45 58 14 288,618 0. ,530 6. ,526
.8 45. .07 3. .70 13.4 673,793 0. 217 7. 215
9 4.3 .89 7.8 .46 . 464,273 0.34 56,016 0. 56,016
A .6 .34 3.1 77 . 19 93,834 0. 14,034 6. 2 14,033
7.1 4 4! 1.6 4 X 132 228,947 0. 160,526 4. 48 160,511
7.12 0 7 94 181 | 252,216 | 0.63 | 157,986 | 33 55 157,940
0.095 4 3 16.3 8 .| 54 131,449 0.58 76,602 7.4 1 76,602
. 0.079 .7 80 8.7 2 X 43 55,243 1.03 57,172 19 57,155
4 0.091 235 .59 .83 X 58 105,069 0.64 67,158 X 19 67,160
0.106 56.8 .83 .71 . 19 82,806 0. 31,205 . 5 31,205
7. 0.085 28.7 .70 4 .32 . 98 216,873 0.84 182,973 . 44 182,973
7. 0.097 4.4 . .60 10.8 262 699,676 0.55 383,134 1. 88 383,124
7. 0.100 0. .94 6. .79 6.6 111 265,168 0.52 139,065 8. 35 139,058
0.077 4. B 7.5 .85 20 22 24,315 112 27,268 .| 10 27,270 1
0.097 8. .24 25.1 .53 15.4 204 763,699 0.58 441,433 X 79 441,419 0.
0.104 62.! . 32.5 .15 121 62 297,906 0.40 118,232 . 17 118,230 0.
0.107 49. 6. 259 .52 10.7 98 375,517 0.39 146,618 . 26 146,612 0.25




EXISTING CONDITIONS

50-YEAR



ing Conditions: 50-Year Input

Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage

Horton's Infiltration Parameters

DCIA Level and Fractions

Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.
Catchment Name/ID | SWMM Node/ID | Raingage Name/ID | (sq.mi) | (miles) (miles) (F/ft) Imperv. | (inches) | (inches) | (in.hr) (in.hr) (1/sec.) |DCIA Level| Fraction | Fraction | Imperv.
Sub1. EAR .29! .498 1.021 0.060 35.7 0.4 .10 34 .62 .00 0.00 0.71 0.19 .26
. ub1. R .37 .498 1.137 0.060 35.6 0.4 .10 30 .62 .00 0.00 0.71 0.19 .25
4 ub1.4 R .23 .308 0.798 0.060 37.7 0.4 .10 00 .50 .00 0.00 0.75 0.19 .52
ub1. R .25 .51 1.07: 0.060 55. 0.4 .10 .53 .00 0.00 0.88 0.25 .58
ub2. R .290 .51 0.954 0.060 24. 0.4 .10 .56 .00 0.00 0.49 0.15 .65
ub2.. R .067 .27. 0.54! 0.058 41. 0.4 .10 4.4 .60 .00 0.00 0.81 0.20 .07
ub2. R 036 9 047 0.060 50. 0.4 0 4 60 00 0.00 0.85 0.23 49.4.
Sub2. R .069 .40 0.684 0.030 75. 0.4 .10 4.49 .60 .00 0.00 0.93 0.32 A
Sub2.! R .055 .27 0.66° 0.040 75. 0.4 .10 4.50 .60 .00 0.00 0.93 0.32 75.01
ub2. R .065 .34 0.705 0.060 0.4 .10 4.12 .57 .00 0.00 0.42 0. 19.
ub3. R 121 .40: 0.838 0.060 0.4 .10 1 .56 .00 0.00 0.67 0. 31.1
ub3.. R .058 .26 0.529 0.060 . 0.4 .10 4 .55 .00 0.00 0. 0. 46.
ub3.. R .009 .10¢ 0.159 0.060 5. 0.4 .10 4.50 .60 .00 0.00 0. 0. 74.
ub3. R 026 1 0.369 0.040 77 0.4 0 4.50 60 00 0.00 0. 0. 76.85
Sub3.! R .030 .14 0.320 0.060 4. 0.4 .10 9 .57 .00 0.00 0. 0. 12.83
Sub3.| R .023 .20 0.410 0.060 0.4 .10 6 .55 .00 0.00 0. 0. 2049 |
3 ub3. 0-YEAR .004 .03 0.076 0.030 0.4 .10 4.50 .60 .00 0.00 0. 0. 80.24
.8 Sub3.8 0-YEAR .022 155 0.33( 0.060 . 0.4 .10 94 .56 .00 0.00 0. 0. 36.87
4.1 Sub4.1 0-YEAR .060 .280 0.5! 0.058 52.! 0.4 .10 7! .55 .00 0.00 0.86 0.24 51.39
4.1 Sub4.11 0-YEAR .207 .406 1.0 0.060 7.2 0.4 .10 4 .56 .00 0.00 0.14 0.0 6.31
4 Sub4 0-YEAR 05 79 0.7. 0.057 29.5 0.4 0 54 00 0.00 0.59 0.17 27.85
4. Sub4.: 0-YEAR .477 .901 1.974 0.058 27.2 0.4 .10 4 .53 .00 0.00 0.54 0.16 2561
4.4 Sub4.4 0-YEAR 151 .388 0.98 0.057 8.4 0.4 .10 4 .63 .00 0.00 017 0.08 7.43
4.! ub4.. 0-YEAR .120 .303 0.693 0.060 8. 0.4 .10 4 .63 .00 0.00 017 0.09 7.55
4 ub4. 0-YEAR .523 .888 2.033 0.060 3.9 0.4 .10 .50 .00 0.00 0.68 0.18 2.49
4. ub4. 0-YEAR .075 .230 0.655 0.060 0.7 0.4 .10 61 .54 .00 0.00 0. 0.10 .53
4. ub4. 0-YEAR .237. .388 0. 0.060 .4 0.4 .10 76 .55 .00 0.00 0. 0. .21
4 ub4 50-YEAR 63 77 1 0.060 0.4 0 " 51 00 0.00 0. 0. 7
ub5. 50-YEAR 122 .337 0. 0.060 0.4 .10 68 .55 .00 0.00 0. 0. i
Sub5.. 0-YEAR .130 .302 0.7: 0.060 0.4 .10 33 .62 .00 0.00 0.7: 0.
ub6. 0-YEAR .368 .445 1. 0.060 0.4 .10 54 .54 .00 0.00 0.3 0. .
ub6.. 0-YEAR .1 .321 0. 0.060 0.4 .10 01 .50 .00 0.00 0.7 0. .51
ub6.. 0-YEAR .42 .652 1. 0.060 0.4 .10 58 .54 .00 0.00 0. 0. .99
ub6.4 0-YEAR .24 .682 1.185 0.060 0.4 .10 04 .50 .00 0.00 0. 0.0: 6.81
ub6. 50-YEAR 198 68 0.896 0.060 0.4 0 77 55 00 0.00 0. 0.1 25.37
ubb. 50-YEAR .366 .997 1.654 0.058 0.4 .10 40 .53 .00 0.00 0. 0.0¢ 8.01
5 Sub 0-YEAR 124 .313 0.593 0.058 0.4 .10 0 .62 .00 .00 0.1 30.69
.8 ub6.8 0-YEAR .290 .501 1.241 0.060 0.4 .10 4 .51 .00 .00 0.0: 7.26
9 Sub6.9 0-YEAR .200 .386 0.805 0.060 0.4 .10 7 .55 .00 .00 0.1 18.43
A Sub7.1 0-YEAR .040 .352 0.632 0.058 0.4 .10 07 .57 .00 .00 . 0.0 5.22
7.1 Sub7.11 0-YEAR .099 .349 0.658 0.060 0.4 .10 40 .53 .00 0.00 0. 0.22 46.31
712 Sub7.12 50-YEAR 109 36 0.554 0.060 0.4 0 57 54 00 0.00 0. 0.21 40.90
Sub7. 50-YEAR .057 .323 0.601 0.058 0.4 .10 68 .55 .00 0.00 0. 0.20 7.84
. Sub’ 0-YEAR .0: 152 .302 0.030 0.4 .10 50 .60 .00 .00 .93 0.32 74.89
4 ub7.4 0-YEAR .0 .243 63 0.057 0.4 .10 4.50 .60 .00 .00 .83 0.22 44.73
ub7.. 0-YEAR .0 151 09 0.003 0.4 .10 4.50 .60 .00 .00 .53 0. 24.68
7. ub7. 0-YEAR .0 .388 .787 0.020 0.4 .10 73 .55 .00 .00 .9 0. 58.65
7. ub7. 0-YEAR .3 .624 1.311 0.060 0.4 .10 55 .54 .00 0.00 0.7: 0. 4.57
7. ub7.. 0-YEAR .11 .383 0. 0.060 0.4 .10 6 .51 .00 0.00 0.6: 0. 0.79
ub7. 0-YEAR 010 .089 0. 0.030 0.4 .10 0 .60 .00 0.00 0.9 0.34 1.46
Sub8. 0-YEAR .329 .967 1. 0.060 0.4 .10 3 .50 .00 0.00 0.7: 0. 4.59
Sub8.. R .128 .408 0.894 0.010 0.4 .10 4.50 .60 .00 0.00 0.56 0. 26.24
Sub8. R 162 .451 0.82: 0.020 0.4 .10 99 .56 .00 0.00 0.51 0. 23.91




Existing Conditions: 50-Year Output

Summary of Unit Hydrograph

s Used By Program and C:

Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Peak Total Runoff per
W50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment cT cp (min) | Peak | (min) | Peak | (min) (cfs) (c.f) | (inches) | (c£) (min.) (cfs) (cf) | (cfslacre)
0.096 235 27.. .22 4. .69 7 324 1,032,767 303 1,032,671 .
. 0.096 253 26. .48 .87 426 1,328,801 397 1,328,728 .64
4 0.095 227 9. .72 .63 354 840,485 301 840,44 X
0.086 288 0. .86 .43 5 366 1,027,286 344 1,027,231 .14
0.107 9 6. .00 .4 240 88,205 220 88,20:
0.093 4. 4. A 4. 83 33,598 . 72 33,569
0.088 2 1 6 51 37,000 38. 44 36,988
0.079 89 4. 7. 4 85 20,167 40. 91 20,155
0.078 71 . .14 79 . 255,250 38. 80 255,224
0.111 07 25. .0: . 41 1,909 .25 190,262 51.1 38 190,259 .
0.098 6 17. A 4 111 1,400 43 403,778 44. 104 403,780 .34
0.09¢ 4 3 11. 9 4. 7 4,232 .64 219,522 40. 7 219,503
0.07¢ 7! .0 7.0 .77 1. 20,546 .00 41,052 35. 41,019 X
0.07 2 1 9.9 49 4 61,240 3 124,088 7 4 124,057 40
012 7 7 2 17.0 60 ) 70,588 17 | 82667 82663 | 1.16
0.11 06' .3 .68 24.1 .89 4.! 53,882 .30 69,857 69,856 .96
3 0.07’ 055 .7 .67 4.5 .47 9,755 .07 20,239 20,154 .69
.8 0.095 8! 25. 91 1.35 . 26 50,834 .50 76,191 76,179 .63
4.1 0. 5 20.! .80 1.98 4. 86 139,608 .70 237,952 X 237,935 .02
4.11 0.14 0: 41. 77 4.78 1.3 149 481,581 .09 526,820 50. 127 526,812
4 0. 4 36. 22 2.99 7.0 87 243,448 4 341,245 45, 82 341,223
4. 0. 22, 55. 10.05 29.1 7.10 16.7 257 1,107,581 1,542,048| 56. 277 1,542,039
4.4 0.135 ).175 45. .4 23.! .52 10.7 100 350,494 401,289 51. 89 401,285
4.! 0.135 58 7. X 19. .40 8.0 96 278,587 320,560 | 46.f 82
4 0.097 71 4 .4 22.! .68 15.8 356 1,214,444 1,832,646| 52. 386
4. 0.128 22 .94 20.. .78 6.6 58 174,022 202,11 49
4. 0.129 97 . . .30 10.1 551,326 . 629,34 59 .04
4 0.098 257 32. 66 71 1.1 1,074,701 0 1,608,004 4 4
0.096 73 25. .73 .5 .64 6.2 4 283,224 49 422,076
0.096 78 24. .57 .5 .52 59 3 | 303,147 .51 459,191 4 .74
0.115 10 36.0 11 .7 .32 10.2 30 855446 | 1.26 1,081,897 .
0.097 76 26.7 .90 .76 6.5 50 310,064 53 473,139 2.
0.124 228 44. .15 23.. .7/ 13.6 983,329 1,164,545| 52
0. 10 54.; .09 28.. .4 15.2 4 567,681 672,594 56.
0.104 74 36.. .15 .64 8.6 4 460,570 626,78 46. 54
0.133 ).230 68. 12.38 7! 20.6 849,255 986,68: 62. 60 .68
5 0.099 62 25. 3.44 4 5.7 288,618 - 423,521 |  41. 30 .64
.8 0. 1 7.96 3 .62 13.3 1 673,793 18 794,534 | 52 76 .95
9 0. 7 .84 7 .42 1 6 464,273 7 588,80 . 55 21
A 0.144 .28 3.0 .73 .8 19 93,834 .06 99,137 4. 17 .66
7.1 0. .44 15 .43 .7 134 228,947 .66 379,712 122 .9
712 0.09: 77 9.3 96 4 183 252,216 58 397,644 149 4
0.094 0. .36 16.1 .37 55 131,449 .53 200,986 53 4
. 0.07¢ 6. .80 8.6 27 X 43 55,243 .00 10,386 39
4 0.09 23. .58 12. .82 4. 59 105,069 .57 65,109 . 52
0.105 56.. .79 29.. .68 19 82,806 0 07,278 52.| 19
7. 0.084 28. .69 14. .32 . 98 216,873 .80 390,699 42. 104
7. 0.096 3 3. .47 17. .57 10.8 268 699,676 .50 1,047,475 46. 265
7. 0.099 56 0. 15. 277 6.5 113 265,168 48 392,555 43. 107
0.077 ).083 4. 74 .85 20 22 24,315 | 2.09 50,868 35. 19
0.096 44 7. 246 .50 15.3 208 763,699 .54 1,174,089| 53. 232
0.103 49 0. . 31.4 .09 12.0 64 297,906 .32 392,459 55. 66
0.106 60 9. 6. 256 .48 10.6 99 375,517 32 497,154 52.| 98 497,146




EXISTING CONDITIONS

100-YEAR



ing Conditions: 100-Year Input
Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.
Catchment Name/ID | SWMM Node/ID | Raingage Name/ID | (sq.mi) | (miles) (miles) (F/ft) Imperv. | (inches) | (inches) | (in.hr) (in.hr) (1/sec.) |DCIA Level| Fraction | Fraction | Imperv.
Sub1. 00-YEAR 29! .498 1.021 0.060 35.7 0.4 .10 34 .52 .00 .00 0.71 0.19 .50
. ub1. 00-YEAR .37 .498 1.137 0.060 35.6 0.4 .10 30 .62 .00 .00 0.71 0.19 4
4 ub1.4 00-YEAR .23 .308 0.798 0.060 37.7 0.4 .10 00 .50 .00 .00 0.75 0.19
ub1. 00-YEAR .25 .51 1.07: 0.060 55. 0.4 .10 .53 .00 .00 0.88 0.25 3
ub2. 00-YEAR .290 1 0.954 0.060 24. 0.4 .10 .56 .00 0.00 0.49 0.15 .94
ub2.. 00-YEAR .067 7 0.54! 0.058 41. 0.4 .10 4.4 .60 .00 0.00 0.81 0.20 .
ub2. 00-YEAR 036 9 047 0.060 50. 0.4 0 4 60 00 0.00 0.85 0.23 4
Sub2. 00-YEAR .069 0: 0.684 0.030 75. 0.4 .10 4.49 .60 .00 .00 0.93 0.32 74.
Sub2.! 00-YEAR .055 7 0.66° 0.040 75. 0.4 .10 4.50 .60 .00 .00 0.93 0.32 75.
ub2. 00-YEAR .065 .34 0.705 0.060 . 0.4 .10 4.12 57 .00 00 0.42 0. 19.
ub3. 00-YEAR 121 .40 0.838 0.060 X 0.4 .10 1 56 .00 00 0.67 0. 32.0
ub3.. 00-YEAR .058 6’ 0.529 0.060 . 0.4 .10 4 55 .00 0.00 0. 0. 46.3:
ub3.. 00-YEAR .009 0O 0.159 0.060 5. 0.4 .10 4.50 60 00 0.00 0. 0. 75.0:
ub3. 00-YEAR 026 1 0.369 0.040 77 0.4 0 4.50 60 00 0.00 0. 0. 76.99
Sub3.! 00-YEAR .030 4 0.320 0.060 4. 0.4 .10 9 57 .00 00 0. 0. 13.07
Sub3.| 00-YEAR .023 20! 0.410 0.060 5 0.4 .10 6 55 .00 00 0. 0. 20.7
3 ub3. 00-YEAR .004 .03 0.076 0.030 . 0.4 .10 4.50 60 .00 00 0. 0. 80.3
.8 Sub3.8 00-YEAR .022 155 0.33( 0.060 . 0.4 .10 94 56 .00 .00 0. 0. 37.0
4.1 Sub4.1 00-YEAR .060 .280 0.5! 0.058 52.! 0.4 .10 7! 55 00 0.00 0.86 0.24 51.5'
4.11 Sub4.11 00-YEAR .207. .406 1.0: 0.060 7.2 0.4 .10 4 56 00 0.00 0.14 0.0 6.46
4 Sub4 00-YEAR 05 79 0.7. 0.057 29.5 0.4 0 54 00 0.00 0.59 017 28.13
4. Sub4.: 00-YEAR 477 .901 1.974 0.058 27.2 0.4 .10 4 53 00 0.00 0.54 0.16 25.89
4.4 Sub4.4 00-YEAR 151 .388 0.98 0.057 8.4 0.4 .10 4 53 00 0.00 017 0.08 7.59
4.! ub4.. 00-YEAR .120 .303 0.693 0.060 8. 0.4 .10 4 53 00 0.00 017 0.09 771
4 ub4. 00-YEAR .523 .888 2.033 0.060 3.9 0.4 .10 50 .00 0.00 0.68 0.18 2.73
4. ub4. 00-YEAR 75 .230 0.655 0.060 0.7 0.4 .10 61 54 .00 0.00 0. 0 .72
4.4 ub4.. 00-YEAR 37 88 0. 0.060 .4 0.4 .10 76 55 .00 0.00 0. 0. 40
4 ub4 00-YEAR 63 77 1 0.060 0.4 0 " 51 00 0.00 0. 0. 03
ub5. 00-YEAR 122 .337 0. 0.060 . 0.4 .10 68 55 .00 00 0. 0. .03
Sub5.. 00-YEAR 30 02 0.7: 0.060 X 0.4 .10 33 52 .00 00 0.7: 0. .86
ub6. 00-YEAR 368 .445 1 0.060 5 0.4 .10 54 4 .00 00 0.3 0. .93
ub6.. 00-YEAR 1 .321 0. 0.060 X 0.4 .10 01 0 .00 .00 0.7 0. .74
ub6.. 00-YEAR 42 .652 1. 0.060 . 0.4 .10 58 4 .00 0.00 0. 0. .20
ub6.4 00-YEAR .24 .682 1.185 0.060 0.4 .10 04 0 .00 0.00 0. 0.0: 6.95
ub6. 00-YEAR 198 68 0.896 0.060 0.4 0 77 55 00 0.00 0. 0.1 25.66
ubb. 00-YEAR .366 .997 1.654 0.058 0.4 .10 40 53 .00 .00 0. 0.0¢ 8.17
5 Sub6. 00-YEAR 124 .313 0.593 0.058 0.4 .10 0 52 00 .00 0.1 30.95
.8 ub6.8 00-YEAR .290 .501 1.241 0.060 0.4 .10 4 51 00 .00 0.0: 741
9 Sub6.9 00-YEAR .200 .386 0.805 0.060 0.4 .10 7 55 00 .00 0.1 18.70
A Sub7.1 00-YEAR .040 .352 0.632 0.058 0.4 .10 07 57 .00 .00 0.0 5.35
7.1 Sub7.11 00-YEAR .099 .349 0.658 0.060 0.4 .10 40 53 .00 0.00 0. 0.22 46.49
712 Sub7.12 00-YEAR 109 36 0.554 0.060 0.4 0 57 54 00 0.00 0. 0.21 41.10
Sub7.; 00-YEAR 057 .323 0.601 0.058 0.4 .10 68 55 .00 0.00 0. 0.20 05
. Sub7. 00-YEAR .0: 152 .302 0.030 0.4 .10 50 60 00 .00 93 0.32 75.03
4 ub7.4 00-YEAR .0 .243 .463 0.057 0.4 .10 4.50 60 00 .00 83 0.22 4494 |
ub7.. 00-YEAR 0: 151 .309 0.003 0.4 .10 4.50 60 .00 .00 53 0. 25.00 |
7. ub7. 00-YEAR 0 .388 .787 0.020 0.4 .10 73 55 .00 00 .9 58.1
7. ub7. 00-YEAR 3 .624 1.311 0.060 0.4 .10 55 54 .00 0.00 0.7: 0. .8
7. ub7.. 00-YEAR " .383 0. 0.060 0.4 .10 6 51 00 0.00 0.6: 0. .04
ub7. 00-YEAR 010 89 0. 0.030 0.4 .10 0 60 00 0.00 0.9 0.34 .58
Sub8. 00-YEAR 329 67 1. 0.060 0.4 .10 3 50 00 0.00 0.7: 0. .81
Sub8.. R .128 .408 0.894 0.010 0.4 .10 4.50 60 .00 0.00 0.56 0. 26.55
Sub8. R 162 .451 0.82: 0.020 0.4 .10 99 56 .00 0.00 0.51 0. 24.20




Existing Conditions: 100-Year Output

Summary of Unit Hydrograph

s Used By Program and C:

Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Peak Total Runoff per
wso0 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment (min) | Peak | (min) | Peak | (min.) (cfs) (c.) | (inches) | (c£) (min.) (cfs) (cf) | (cfslacre)
27. .21 4. .68 .7 326 684,491 .0 406,754 4 408 | 1,406,622 1
. 26. .47 3. .87 429 878,950 .0 ,809,161 4 534 1,809,001
4 9. .72 0. 356 537,728 ,134,368 40: .134,290
0. .86 . 366 583,860 . .342,360| 4 44 ,342,319
6. .65 .8 . . 240 673,131 87 .256,252| 4 30 ,256,236
4. .5 .0 4.9 83 154,853 .05 317,208 40. 97 317,
1 0 6 8 51 83,672 18 182,007 38. 59 181,988 | 2
4. 4 7 .7 .4 85 1,033 .52 405,946 40. 116 405,933 |
.8 1 .0 79 7,641 .53 323,218 38. 102 323,188 |
251 .0 f 41 1,909 .80 273,182 54 273,173
17.0 A 7. 111 1,400 .98 556,901 4 142 556,891
3 11.6 .9 4. 7 4,232 .18 292,167 92 292,139
.0 7.0 .76 20,546 .53 51,993 21 51,951
1 9.9 48 4 61,240 | 2.56 156,673 52 156,635
.6 .26 17.0 .60 70,588 72 121,382 4 32 121,374
.2 .67 24.0 .89 53,882 .8 99,372 4 20 99,372
3 8.7 .67 4.5 .47 9,755 .6 25,423 12 25,315
.8 25. .90 3. 1.35 26 50,834 .0 103,784 4 31 103,770
4.1 20.! .80 0. 1.98 86 139,608 .2 313,304 102 313,282
4.1 41. .74 1. 4.76 150 481,581 65 792,303 50. 183 792,287 .
4 35. 21 8. 298 88 243448 | 1.95 474,267 46. 113 474,247 6!
3. 55. 10.02 28.7 7.08 259 1,107,581 94 |2,149.431 7 386 2,149,410 27
4.4 5. .37 23! .50 100 350,494 .70 595,337 1 128 595,331 .32
4.! 7. .80 19. .39 97 278,587 .7 474,893 47. 117 474,874 .52
4 .44 22. .67 358 1,214,444 0f 2,497,874 53, .57
4. .92 77 58 174,022 N 298,215 47.0 AT
4. . .05 .28 551,326 -6 933,100 4 .49
4 32.0 65 0 434 1,074,701 0: 4 4
25.7 .73 .63 4 283,224 .0 4
23. .56 .52 4 303,147 .0 4 .
35.! .09 .30 308 855,446 8 4 4
26. .89 .7 310,064 0 42
44. 12 . .74 983,329 N 52,
54.; .06 28.. .4 567,681 7 57.
35.! 13 .6. 66 460,570 9 47.
68.. 12.32 .7 849,255 7. 65
5 25. 3.43 .4 4 288,618 .0 41
.8 7.93 23. .60 673,793 N 53,
9 .82 17.6 .4 464,273 8. 46.
A .26 33.0 7. 19 93,834 56.0
7.1 .44 1.5 .4 134 228,947 40.
712 77 9.2 96 184 252,216 7
0. .35 16.0 .37 55 131,449 4
. 6. 79 8.6 27 43 55,243
4 23. .58 12. .82 59 105,069 4
56.1 .78 29. .67 19 82,806 52, 26 52,228 | 1
7. 28.5 .69 14. .31 98 216,873 43. 134 07,345
7. 3.6 .4 17. .57 269 699,676 47. 359 1,428,847
7. 0.0 15. .76 114 265,168 43. 144 537,870
4.3 74 .85 22 24,315 35. 24 63,783
7.1 245 .49 209 763,699 54. 315 1,591,902
59.7 . 31.0 .08 64 297,906 554,082 56. 93 554,071
49.0 6. 25.5 .46 99 375,517 701,878 52, 136 701,867




FUTURE CONDITIONS

2-YEAR



Future Conditions: 2-Year Input
Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage

Horton's Infiltration Parameters

DCIA Level and Fractions

Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.|
Catchment Name/ID SWMM Node/ID Raingage Name/ID (sqg.mi.) (miles) (miles) (ft./ft.) Imperv. (inches) (inches) (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction Fraction Imperv.
ub1.. EAR 0.295 0.498 .021 .060 35.7 0.40 0. 4 0.52 0.00 0.0 .71 .19 32.13
. ul AR 0.37¢ 0.498 137 .060 35.6 0.40 0. 0 0.52 0.00 0.0 .71 .19 32.13
4 ub1.4 -YEAR 0. 0.308 .798 .060 37.7 0.40 0. 0.50 0.00 0.0 .75 .19 34.65
ub1. -YEAR 0. 0.51 .073 .060 55.1 0.40 0. 0.53 0.00 0.0 .88 .25 52.98
ub2. -YEAR 0. 0.51 .954 .060 4. 0.40 0. 0.56 0.00 0.0 .49 .15 0.05
ub2.. -YEAR 0.067 0. .54 .058 1. 0.40 0. 0.60 0.00 0.0 .81 .20 7.85
ub2.. -YEAR 0.036 0. .47 .060 . 0.40 0. 4 0.60 0.00 0.0 .85 .23 7.34
ub2.4 AR 0.069 0.4 684 030 1 0.40 0. 4.49 0.60 0.00 0.0 9. 2 2.72
ub2.. AR 0.055 0. .667 .040 75. 0.40 0. 4 0.60 0.00 0.0 . .32 73.57
ub2.. AR 0.065 0.34. .705 060 0.40 0. 4.12 0.57 0.00 0.0 -4 .13 6.82
ub3. AR 0.121 0.40: .838 .060 0.40 0. 0.56 0.00 0.0 .20 7.98
ub3. AR 0.058 0. .529 .060 . 0.40 0. 4 0.55 0.00 0.0 .22
. ub3.. AR 0.009 0. .159 .060 5. 0.40 0. 4.50 0.60 0.00 0.0 X
-4 ub3.. AR 0.026 0. .369 .040 77. 0.40 0. 4.50 0.60 0.00 0.0 L 75.
ul AR 0.030 0. .320 .060 14.3 0.40 0. 99 0.57 0.00 0.0 10.
ul EAR 0.023 0.208 .41 .060 221 0.40 0. 76 0.55 0.00 0.0 4 17.97
ul EAR 0.004 0.034 I 030 81.0 0.40 0. 4.50 0.60 0.00 0.0 4 78.99
.8 ub3.8 AR 0.022 0.155 .33 .060 38.3 0.40 0. 94 0.56 0.00 0.0 7 34.69
A ub4.1 AR 0.060 0.280 .53 058 741 0.40 0. 7! 0.55 0.00 0.0 93 71.98
4.11 Sub4.11 AR 0.207 0.406 .02 .060 72 0.40 0. 84 0.56 0.00 0.0 14 . 4.94
4.2 ub4.2 -YEAR 0.105 0.379 .73; .057 29.7 0.40 0. 6 0.54 0.00 0.0 59 .17 25.59
4. ub4.. AR 0.477 0.901 974 .058 27.2 0.40 0.1 43 0.53 0.00 0.0 54 1 23.16
4.4 ub4.. AR 0.151 0.388 .98 .057 8.4 0.40 0. 49 0.53 0.00 0.0 17 .0 5.96
4. ul AR 0.120 0.303 .69: .060 8. 0.40 0. 45 0.53 0.00 0.00 17 .0 6.08
4. ul AR 0.523 0.888 .033 .060 33.9 0.40 0. 06 0.50 0.00 0.0 68 .1 30.37
4 ul AR 0.075 0.23f 655 060 10.7 0.40 0. 60 0.54 0.00 0.0 21 1 7.73
4. ub4. AR 0.237 0. .9 .060 0. 0.40 0. 76 0.55 0.00 0.0 21 7.39
4. ub4. AR 0.463 0. .44 060 3. 0.40 0. 1 0.51 0.00 0.0 66 29.61
ul AR 0.122 0. .7 .060 7. 0.40 0. 68 0.55 0.00 0.0 84 4.58
ul -YEAR 0. 0. 7. .060 0.40 0. 33 0.52 0.00 0.0 72 2.52
ub6. -YEAR 0. 0.445 114 .060 0.40 0.1 54 0.54 0.00 0.0 A 5.91
ub6.. -YEAR 0. 0.321 .818 .060 0.40 0. 01 0.50 0.00 0.0 7 1.47
ub6.. -YEAR 0. 0.652 213 .060 . 0.40 0. 58 0.54 0.00 0.00 4 .07
ub6.4 -YEAR 0. 0.682 185 .060 7.6 0.40 0. 04 0.50 0.00 0.00 . .56
. ul -YEAR 0. 0.468 .896 .060 27.0 0.40 0. 77 0.55 0.00 0.00 4 1 22.77
.6 ub6. -YEAR 0.36¢ 0.997 .654 .058 .0 0.40 0. 40 0.53 0.00 0.00 .0 .48
.7 ub6. -YEAR 0.12: 0.313 .593 058 2.2 0.40 0. 0 0.52 0.00 0.00 4 1 28.40
.8 ul -YEAR 0.29( 0.501 241 .060 1 0.40 0. 4 0.51 0.00 0.00 .0 5.91
.9 ubB. -YEAR 0.200 0.386 .805 .060 20.0 0.40 0. 7 0.55 0.00 0.00 .1 15.98
A ub7.1 -YEAR 0.040 0.352 .632 .058 18.7 0.40 0. 4.07 0.57 0.00 0.00 7 1 14.55
7.1 ub7.11 -YEAR 0.099 0.349 .658 .060 47. 0.40 0. 40 0.53 0.00 0.0 4 .22 44.56
712 ub7.12 -YEAR 0.109 0.236 .554 .060 0.40 0. 57 0.54 0.00 0.0 7 .25 .30
7.2 ub?.. -YEAR 0.057 0.323 .60 .058 0.40 0. 68 0.55 0.00 0.0 .2 .85
7.3 ub7.. -YEAR 0.024 0.152 .30 .030 75. 0.40 0. 50 0.60 0.00 0.0 .46
7.4 ub7.. -YEAR 0.045 0.243 .46 .057 46. 0.40 0. 4.50 0.60 0.00 0.00 42.57
7. ub7.. -YEAR 0.036 0.151 .309 003 26. 0.40 0. 4.50 0.60 0.00 0.00 21.79
7. ub7. -YEAR 0.093 0.388 .787 .020 59.1 0.40 0. 73 0.55 0.00 0.0 90 . A2
7 ub7. -YEAR 0.301 0.624 11 060 36. 0.40 0. 55 0.54 0.00 0.0 72 9 2.37
7. ub7. -YEAR 0.114 0.383 .66 .060 32, 0.40 0. 6 0.51 0.00 0.0 65 . 28.99 |
7. ub7. -YEAR 0.010 0.089 .19 .030 82. 0.40 0. 4.50 0.60 0.00 0.0 94 .34 80.25
ub8. -YEAR 0.329 0.967 .81 .060 35.! 0.40 0. 3 0.50 0.00 0.0 72 32.58
ub8. -YEAR 0.128 0.408 .89: .010 28. 0.40 0. 4.50 0.60 0.00 0.0 56 23.35
ub8.. -YEAR 0.162 0.451 .82 .020 25. 0.40 0. 9 0.56 0.00 0.0 51 21.22




Future Conditiol

: 2-Year Output

Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0
Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total | Runoff per
Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment Peak (min.) Peak (min.) (cfs) (c.f) (inches) (c.f) (min.) (cfs) (c.f) (cfs/acre)
.30 5.0 .74 307 684,491 0.22 | 150,115 38. 50,099
. .56 4.6 .93 404 878,950 0.22 | 192,832 38. 92,823
4 .76 .6 . 339 537,721 0.24 29,030 34 4 29,021 .
4.90 .4 358 583,86 0.38 221,413 35. 21,411 .4
.83 . 233 673,13 0.13 5,421 42. 0 85,417 5
.99 .0 79 154,85 0.26 0,489 35. 1 40483 | 0.25
.31 .8 49 83,672 0.33 7,926 33. 8 27,926 .35
7 4 84 161,033 0.53 ,702 35. 23 85,701 52
.04 10. A 7 7,641 0.54 ,795 3. 20 68,782 .58
.40 25. A 4 1,909 0.10 | 15,628 43. 3 15,628 .07
4.25 14.7 .0 7. 128 1,400 0.26 ,163 7. 18 74,159 4
.82 12.0 .99 4. 7 4,232 0.31 41,854 4. 12 41,849
. 71 .77 20,546 0.54 11,053 0. 4 11,044 A
-4 10.0 .49 4 61,240 0.55 33,942 2. 11 33,932 .6
17.2 .65 70,588 0.06 4,167 39. 4,167 .06
5 24.6 .95 53,882 0.11 6,049 4 6,049 .08
6 46 AT 9,755 0.58 5,681 5,659 02
.8 .93 13.9 .36 3.2 25 50,834 0.24 12,100 12,099 | 022
A .57 8.7 .81 4.3 108 139,608 0.5! 73,628 26 73,629 .66
4.11 .00 21.7 .95 1.7 149 481,581 0.02 11,371 1 3 11,371 .0:
42 431 20.3 .05 7.2 81 243,448 0.17 40,924 4 9 40,923 1
4. 10.31 .3 7.28 17.2 245 1,107,581 0.1 167,480 50.! 27 167,477
4.4 .65 7 .70 1.1 99 350,494 0.0: 10,457 44 2 10,457
4. .00 .5 .53 8.3 96 278,587 0.0: 8,516 42. 2 8,515
4. .6 3 .79 16.0 336 1,214,444] 0.2 250,632 47. 46 250,631 5
4 4.1 4 92 6.9 57 174,022 0.0 6,970 42. 2 6,970 4
4. .3 0.1 .51 10.6 185 551,326 0.04 20,644 43.0 5 20,643 .04
4. 7 7.8 .79 1.3 406 1,074,701 0.20 215,396 4 51 215,394 17
.55 0 .51 59 172 283,224 0.31 89,033 4 27 89,035 .34
. . .62 .1 .56 6.0 155 303,147 0.22 7,427 19 7,429
0.11 36.. A7 1 4.36 10.3 305 855,446 0.10 4,323 42. 21 34,321
0. 28. .96 1 .80 6.6 142 310,064 0.22 .67 7. 18 ,669
0. 5. .48 23. .99 14.1 280 983,329 0.05 371 46. 11 377
0.14 4. .39 28.! .64 15.6 4 567,681 0.0: ,36 48. 3 ,366
. 0. . 7. .28 7. 8.8 7 460,570 0.1 67 4 15 671 5
.6 0. .23 8. 12.89 3 1 21.5 0 849,255 0.0: 7,924 4.0 5 7,924 .02
.7 0. .15 7. 3.51 A 4 5.8 8 288,618 0.1 4,971 7. 15 4,971 19
.8 0. .226 5. 8.24 .8 .82 13.7 90 673,793 0.0: 0,471 46. 5 0,47 .03
.9 0. 176 4. 4.98 .0 .52 8. 73 464,273 0.1 5,538 M 12 5,53 .09
A 0.11 .08! 0.6 4.40 315 11 7. 20 93,834 0.09 8,140 44. 1 8,140 .05
7.1 0.09 .18 2.8 .47 1.8 .45 . 130 228,947 0.31 72,111 34. 21 72,107 .33
712 0.088 .20 5.0 .63 7.8 .86 4. 218 252,216 0.37 92,349 32, 35 92,343 .50
7.2 0.095 32. .39 16.8 .40 52 131,449 0.25 32,552 38. 7 32,551 .20
7.3 0.079 16. .80 8.7 27 . 43 55,243 0.54 29,725 31 10 29,717 .67
7.4 0.092 5 24, .61 2. .84 4. 56 105,069 0.30 31,218 4. 8 31,21 .29
7. 0.108 .081 57.. .90 3 6. 18 82,806 0.14 11,449 43. 2 11,441 08
7. 0.085 .199 29.! 4.73 .34 7. 96 216,873 0.41 89,087 7. 21 89,084 .36
7 0.098 229 5.7 7 4 10.9 253 699,676 0.22 154,485 42, 34 154,479 18
7. 0.100 150 .97 16. 2.81 6.6 108 265,168 0.20 51,862 9. 13 51,86 17
7. 0.077 182 7.5 0.86 2.0 22 24,315 0.59 14,404 0. 14,40! .81
0.097 36 25.9 6.59 15.5 198 763,699 0.22 170,768 47. 29 170,763 14
0.106 44 - 335 5.24 12.4 60 297,906 0.15 44,641 49. 44,64 .08
0.109 60 6. 26.3 4.61 10.9 96 375,517 0.13 50,577 45. 50,57 .09




FUTURE CONDITIONS

5-YEAR



Future Conditions: 5-Year Input
Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.|
Catchment Name/ID SWMM Node/ID Raingage Name/ID (sqg.mi.) (miles) (miles) (ft./ft.) Imperv. (inches) (inches) (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction Fraction Imperv.
ub1.. EAR 0.295 0.498 .021 .060 35.7 0.40 0. 4 0.52 0.00 0.0 .71 .19 3297 |
. ul AR 0.37¢ 0.498 137 .060 35.6 0.40 0. 0 0.52 0.00 0.0 .71 .19 32.!
4 ub1.4 -YEAR 0. 0.308 .798 .060 37.7 0.40 0. 0.50 0.00 0.0 .75 .19 3538 |
ub1. -YEAR 0. 0.51 .073 .060 55.1 0.40 0. 0.53 0.00 0.0 .88 .25 531
ub2. -YEAR 0. 0.51 .954 .060 4. 0.40 0. 0.56 0.00 0.0 .49 .15
ub2.. -YEAR 0.067 0. .54 .058 1. 0.40 0. 0.60 0.00 0.0 .81 .20
ub2.. -YEAR 0.036 0. .47 .060 . 0.40 0. 4 0.60 0.00 0.0 .85 .23
ub2.4 AR 0.069 0.4 684 030 1 0.40 0. 4.49 0.60 0.00 0.0 9. 2
ub2.. AR 0.055 0. .667 .040 75. 0.40 0. 4 0.60 0.00 0.0 . .32 74.
ub2.. AR 0.065 0.34. .705 060 0.40 0. 4.12 0.57 0.00 0.0 -4 .13 7.88
ub3. AR 0.121 0.40: .838 .060 0.40 0. 0.56 0.00 0.0 .20 .82
ub3. AR 0.058 0. .529 .060 . 0.40 0. 4 0.55 0.00 0.0 .22 .04
. ub3.. AR 0.009 0. .159 .060 5. 0.40 0. 4.50 0.60 0.00 0.0 4.05
-4 ub3.. AR 0.026 0. .369 .040 77. 0.40 0. 4.50 0.60 0.00 0.0 L 76.06
ul AR 0.030 0. .320 .060 14.3 0.40 0. 99 0.57 0.00 0.0 11.50
ul EAR 0.023 0.208 .41 .060 221 0.40 0. 76 0.55 0.00 0.0 4 18.96
ul EAR 0.004 0.034 I 030 81.0 0.40 0. 4.50 0.60 0.00 0.0 4 79.52
.8 ub3.8 AR 0.022 0.155 .33 .060 38.3 0.40 0. 94 0.56 0.00 0.0 .77 35.59
A ub4.1 AR 0.060 0.280 .53 058 741 0.40 0. 7! 0.55 0.00 0.0 .93 72.52
4.11 Sub4.11 AR 0.207 0.406 .02 .060 72 0.40 0. 84 0.56 0.00 0.0 .14 . 5.49
4.2 ub4.2 -YEAR 0.105 0.379 .73; .057 29.7 0.40 0. 6 0.54 0.00 0.0 .59 .17 26.59
4. ub4.. AR 0.477 0.901 974 .058 27.2 0.40 0.1 43 0.53 0.00 0.0 .54 1 2412
4.4 ub4.. AR 0.151 0.388 .98 .057 8.4 0.40 0. 49 0.53 0.00 0.0 17 .0 6.54
4. ul AR 0.120 0.303 .69: .060 8. 0.40 0. 45 0.53 0.00 0.00 17 .0 6.66
4. ul AR 0.523 0.888 .033 .060 33.9 0.40 0. 06 0.50 0.00 0.0 .68 .1 31.19
4 ul AR 0.075 0.23f 655 060 10.7 0.40 0. 60 0.54 0.00 0.0 21 1 8.45
4. ub4. AR 0.237 0. .9 .060 0. 0.40 0. 76 0.55 0.00 0.0 .21 8.12
4. ub4. AR 0.463 0. .44 060 3. 0.40 0. 1 0.51 0.00 0.0 .66 .45
ul AR 0.122 0. .7 .060 7. 0.40 0. 68 0.55 0.00 0.0 .84 .34
u -YEAR 0. 0. 7. .060 0.40 0. 33 0.52 0.00 0.0 .72 .35
ub6. -YEAR 0. 0.445 114 .060 0.40 0.1 54 0.54 0.00 0.0 .4 .83
ub6.. -YEAR 0. 0.321 .818 .060 0.40 0. 01 0.50 0.00 0.0 .7/ .27
ub6.. -YEAR 0. 0.652 213 .060 . 0.40 0. 58 0.54 0.00 0.00 4 .83
ub6.4 -YEAR 0. 0.682 185 .060 7.6 0.40 0. 04 0.50 0.00 0.00 . .05
. ul -YEAR 0. 0.468 .896 .060 27.0 0.40 0. 77 0.55 0.00 0.00 .54 1 23.80
.6 ub6. -YEAR 0.36¢ 0.997 .654 .058 .0 0.40 0. 40 0.53 0.00 0.00 .0 7.08
.7 ub6. -YEAR 0.12: 0.313 .593 058 2.2 0.40 0. 0 0.52 0.00 0.00 4 1 29.30
.8 ul -YEAR 0.29( 0.501 241 .060 1 0.40 0. 4 0.51 0.00 0.00 .0 6.44
.9 ubb. -YEAR 0.200 0.386 .805 .060 20.0 0.40 0. 7 0.55 0.00 0.00 . .1 16.94
A ub7.1 -YEAR 0.040 0.352 .632 .058 18.7 0.40 0. 4.07 0.57 0.00 0.00 .37 1 15.56
7.1 ub7.11 -YEAR 0.099 0.349 .658 .060 47. 0.40 0. 40 0.53 0.00 0.0 .84 .22 45.27
712 ub7.12 -YEAR 0.109 0.236 .554 .060 0.40 0. 57 0.54 0.00 0.0 .87 .25 .99
7.2 ub?.. -YEAR 0.057 0.323 .60 .058 0.40 0. 68 0.55 0.00 0.0 .2 .67
7.3 ub7.. -YEAR 0.024 0.152 .30 .030 75. 0.40 0. 50 0.60 0.00 0.0 .06
7.4 ub7.. -YEAR 0.045 0.243 .46 .057 46. 0.40 0. 4.50 0.60 0.00 0.00 43.49
7. ub7.. -YEAR 0.036 0.151 .309 003 26. 0.40 0. 4.50 0.60 0.00 0.00 . 22.96
7. ub7. -YEAR 0.093 0.388 .787 .020 59.1 0.40 0. 73 0.55 0.00 0.0 .90 . 57.7¢
7 ub7. -YEAR 0.301 0.624 11 060 36. 0.40 0. 55 0.54 0.00 0.0 72 9 3.2!
7. ub7. -YEAR 0.114 0.383 .66 .060 32, 0.40 0. 6 0.51 0.00 0.0 .65 . 9.8!
7. ub7. -YEAR 0.010 0.089 .19 .030 82. 0.40 0. 4.50 0.60 0.00 0.0 .94 .34 .7
ub8. -YEAR 0.329 0.967 .81 .060 35.! 0.40 0. 3 0.50 0.00 0.0 .72 .3
ub8. -YEAR 0.128 0.408 .89: .010 28. 0.40 0. 4.50 0.60 0.00 0.0 .56 .52
ub8.. -YEAR 0.162 0.451 .82 .020 25. 0.40 0. 9 0.56 0.00 0.0 .51 .29




Future Conditiol

: 5-Year Output

Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0
Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total | Runoff per
w50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment CcT Cp (min.) Peak (min.) Peak (min.) (cfs) (c.f) (inches) (c.f.) (min.) (cfs) (c.f) (cfs/acre)
0.097 .23 28. .27 4. .72 . 4 684,491 0.35 37,456 7. 62 237 44
. 0.097 .24 27. .53 4. .91 . 4 878,950 0.35 05,149 7. 81 305,15 .
4 0.096 | 0.22: 0. .74 0. .65 . 4 537,721 0.38 01,690 66 01,67. .44
0.087 .2 . 4.88 . .45 . 583,86 0.56 28,938 4 101 28,93
0.109 . . .76 . .07 . 673,13 0.22 47,364 4 47,364
0.094 . X .98 . 11 . 81 154,85 0.40 61,676 4 61,669
0.089 . . .30 . .62 .8 50 83,672 0.50 41,674 41,672
0.079 5 86 73 4 85 161,033 0.77 123,697 4 123,689
0.07¢ 20.9 .04 10. 15 3 79 7,641 0.78 99,210 99,196 4
0.11 0 49. .35 25. .07 40 1,909 0.18 27,797 5 27,797 2
0.09: 8 27. 4. 14. .99 7. 130 1,400 0.40 113,402 29 113,400 7
0.09 .14 22. . 11 .98 4. 7 4,232 0.47 63,153 18 63,149
. 0.07¢ .07! . . 71 .77 . 20,546 0.78 15,942 6 15,930
-4 0.07: 12! . 5 9.9 .49 . 4 61,240 0.80 48,860 15 48,847
0.12: .079 X . 171 .63 . 70,588 0.12 8,210 2 8,210
0.11 .067 .0 5 24.4 .93 3 53,882 0.20 10,647 2 10,647
0.07 055 8.8 6 46 AT 4 9,755 0.84 8,151 4 8,118
8 0.09: 081 Al .92 13.6 .36 3.2 25 50,834 0.37 18,758 5 18,756 35
1 0.07¢ 177 .7 56 8.7 81 4.3 108 139,608 0. 106,586 37 106,583 .96
4.11 0.14: 206 7 .91 21.7 .88 11.5 149 481,581 0.0! 26,348 4 6 26,347 .05
4.2 0.1 137 7 .27 19.6 .02 71 83 243,448 0.2 67,510 14 67,509 .21
4 0.1 .22. 7.7 10.20 0.0 7. 17.0 248 1,107,581 0.2! 281,819 52, 44 281,816 .14
4.4 0.1 7 5. 55 3.6 A 10.9 100 350,494 0.0 23,554 44 5 23554 | 0.05
4 0.138 .16 7. 4.93 9.5 . 8.2 96 278,587 0.07 19,125 4 5 19,125 .06
4 0.099 .26 . .55 23.7 5 15.9 344 1,214,444] 0.3 402,146 4 73 402,133 .22
4 0.132 2! 4.05 203 8 6.8 57 174,022 0.0 15,011 4 4 15,011 7
4 0.133 | 0.20: . .26 0.0 .43 10.4 85 551,326 0. 45,082 4. 45,079 .07
4 0.099 | 0.25 . .73 7.4 .76 1.2 416 1,074,701 0. 347,170 4 347,165 .27
0.090 .20 . .54 0.9 .50 59 75 283,224 0. 134,295 33. 4 134,288 | 0.53
0.097 .17 4. .60 29 .54 6.0 58 303,147 0.35 106,420 35 106,418 .36
0.115 .21 5. 5 18.7 4.31 10.2 7 855,446 0.18 151,566 4 35 151,561 .15
0.098 .17 7. 14. .78 6.6 46 310,064 0.34 106,276 36. 28 106,265 |  0.33
0.127 .23 5. 23. .86 13.8 1 983,329 0.10 99,530 46. 21 99,528 .08
0.141 .21 4. . 28. .55 15.5 4 567,681 0.06 36,752 50. 7 36,751 .04
. 0.106 .17 7. .23 .69 8.7 59 460,570 0.25 114,073 40. 25 114,069 .20
.6 0.137 .23 8. 12.69 .6 .9 21.2 60 849,255 0.07 62,208 57. 62,207 .04
7 0.100 57 | 26. 3.48 3 .4 5.8 41 288,618 0.31 89,211 35. 4 89,205 .31
.8 0.139 .22. 5. 8.13 7 13.6 90 673,793 0.07 45,904 46. 45,904 .05
.9 0.115 .17 4.4 4.92 4 8.2 74 464,273 0.1 81,895 39 81,895 .15
A 0.117 .08! 4.35 31 .0 7. 20 93,834 0.1 14,918 47. 2 14,918 .09
7.1 0.091 18! .46 11, .44 . 131 228,947 0.4 108,930 34. 32 108,914 .5
712 0.087 .20: X .62 7.7 .85 4.4 220 252,216 0.55 137,568 31 52 137,562 7
7.2 0.095 . . .38 16.5 .39 . 53 131,449 0.3 50,259 36 11 50,258 3!
7.3 0.079 . .7 .80 8.7 27 43 55,243 0.7 42,871 15 42,859 .91
7.4 0.091 126 .59 12.3 . 4. 7 105,069 0.4 47,034 13 47,033 .4
7. 0.107 | 0.081 . .86 29.8 3 6. 9 82,806 0. 19,297 4 3 19,297 1
7. 0.085 199 28. 4.71 15.0 . 7.9 7 216,873 0. 131,247 32 131,245 .53
7 0.097 232 4 3 18.1 10.9 259 699,676 0. 243,507 4 54 243,506 28
7. 0.100 1 1. 4 16.1 279 6.6 110 265,168 0. 83,903 20 83,898
7. 0.077 4. .21 7.5 0.85 2.0 22 24,315 0. 20,644 0. 8 20,646
0.097 8. .27 25.4 6.55 15.5 202 763,699 0. 270,163 47. 46 270,157
0.105 . 63. .33 33.1 5.18 12.2 61 297,906 0.2! 74,265 1 11 74,264
0.107 . 50.0 6.44 26.0 4.55 10.7 97 375,517 0.23 86,396 45. 15 86,395




FUTURE CONDITIONS

10-YEAR



Future Conditions: 10-Year Input
Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.|
Catchment Name/ID SWMM Node/ID lame/ID (sqg.mi.) (miles) (miles) (ft./ft.) Imperv. (inches) (inches) (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction Fraction Imperv.
ub1.. R 0.295 0.498 .021 .060 35.7 0.40 0. 4 0.52 0.00 0.0 .71 .19
. ub1. R 0.37¢ 0.498 137 .060 35.6 0.40 0. 0 0.52 0.00 0.0 .71 .19
4 ub1.4 R 0. 0.308 .798 .060 37.7 0.40 0. 0.50 0.00 0.0 .75 .19
ub1. R 0. 0.51 .073 .060 55.1 0.40 0. 0.53 0.00 0.0 .88 .25 1
ub2. R 0. 0.51 .954 .060 4. 0.40 0. 0.56 0.00 0.0 .49 .15 67
ub2.. R 0.067 0. .54 .058 1. 0.40 0. 0.60 0.00 0.00 .81 .20 .30
ub2.. R 0.036 0. .47 .060 . 0.40 0. 4 0.60 0.00 0.0 .85 .23 .70
ub2.4 R 0.069 0.4 684 030 1 0.40 0. 4.49 0.60 0.00 0.0 9. 2 6
ub2.. R 0.055 0. .667 .040 75. 0.40 0. 4 0.60 0.00 0.0 . .32 74.50
ub2.. R 0.065 0.34 .705 060 0.40 0. 4.12 0.57 0.00 0.0 .4 3 .48
ub3. R 0.121 0.4 .838 .060 0.40 0. 0.56 0.00 0.0 . .20 7
ub3. R 0.058 0. .529 .060 . 0.40 0. 4 0.55 0.00 0.0 . .22 6
. ub3.. R 0.009 0. 159 .060 5. 0.40 0. 4.50 0.60 0.00 0.0 . 8
-4 ub3.. R 0.026 0. .369 .040 77. 0.40 0. 4.50 0.60 0.00 0.0 .94 7
ul R 0.030 0. .320 .060 14.3 0.40 0. 99 0.57 0.00 0.0 .
ul R 0.023 0.208 .41 .060 221 0.40 0. 76 0.55 0.00 0.0 .44
ul R 0.004 0.034 7 030 81.0 0.40 0. 4.50 0.60 0.00 0.0 4
.8 ub3.8 R 0.022 0.155 .33 .060 38.3 0.40 0. 94 0.56 0.00 0.0 .77
A ub4.1 R 0.060 0.280 .53 058 741 0.40 0. 7! 0.55 0.00 0.0 .93
4.11 Sub4.11 R 0.207 0.406 .02 .060 72 0.40 0. 84 0.56 0.00 0.0 .14 .
4.2 ub4.2 R 0.105 0.379 .73 .057 29.7 0.40 0. 6 0.54 0.00 0.0 .59 .17,
4. ub4.. R 0.477 0.901 974 .058 27.2 0.40 0.1 43 0.53 0.00 0.0 .54 1
4.4 ub4.. R 0.151 0.388 .98 .057 8.4 0.40 0. 49 0.53 0.00 0.0 17 .0
4. ul R 0.120 0.303 .69: .060 8. 0.40 0. 45 0.53 0.00 0.0 17 .0
4. ul R 0.523 0.888 .033 .060 33.9 0.40 0. 06 0.50 0.00 0.0 .68 .1
4 ul R 0.075 0.23f 655 060 10.7 0.40 0. 60 0.54 0.00 0.0 21 1
4. ub4. R 0.237 0. .9 .060 0. 0.40 0. 76 0.55 0.00 0.0 .21
4. ub4. R 0.463 0. .44 060 3. 0.40 0. 1" 0.51 0.00 0.0 .66
ul R 0.122 0. .7 .060 7. 0.40 0. 68 0.55 0.00 0.0 .84
u R 0. 0. N¢ .060 0.40 0. 33 0.52 0.00 0.0 .72
ub6. R 0. 0.445 114 .060 0.40 0.1 54 0.54 0.00 0.0 .4
ub6.. R 0. 0.321 .818 .060 0.40 0. 01 0.50 0.00 0.0 .7/
ub6.. R 0. 0.652 213 .060 . 0.40 0. 58 0.54 0.00 0.0 .24
ub6.4 R 0. 0.682 185 .060 7.6 0.40 0. 04 0.50 0.00 0.0 5 .
. ul R 0. 0.468 .896 .060 27.0 0.40 0. 77 0.55 0.00 0.0 .54 1
.6 ub6. R 0.36¢ 0.997 .654 .058 .0 0.40 0. 40 0.53 0.00 0.00 A .0
.7 ub6. R 0.12: 0.313 .593 058 2.2 0.40 0. 0 0.52 0.00 0.0 .64 1
.8 ul R 0.29( 0.501 241 .060 1 0.40 0. 4 0.51 0.00 0.0 .0
.9 ub6.. R 0.200 0.386 .805 .060 20.0 0.40 0. 7 0.55 0.00 0.0 . .1
A ub7.1 AR 0.040 0.352 .632 .058 18.7 0.40 0. 4.07 0.57 0.00 0.0 .37 1
711 ub7.11 AR 0.099 0.349 .658 .060 47. 0.40 0. 40 0.53 0.00 0.0 .84 .22
712 ub7.12 AR 0.109 0.236 .554 .060 0.40 0. 57 0.54 0.00 0.0 .87 .25
7.2 ub7.. AR 0.057 0.323 .60 .058 . 0.40 0. 68 0.55 0.00 0.0 .2
7.3 ub7?.. AR 0.024 0.152 .30 .030 75. 0.40 0. 50 0.60 0.00 0.0
7.4 ub7.. AR 0.045 0.243 .46 .057 46. 0.40 0. 4.50 0.60 0.00 0.00
7. ub7.. AR 0.036 0.151 .309 003 26. 0.40 0. 4.50 0.60 0.00 0.00 .
7. ub7. 0-YEAR 0.093 0.388 .787 .020 59.1 0.40 0. 73 0.55 0.00 0.0 .90 .
7 ub7. R 0.301 0.624 11 060 36. 0.40 0. 55 0.54 0.00 0.0 72 9
7. ub7. R 0.114 0.383 .66 .060 32, 0.40 0. 6 0.51 0.00 0.0 .65 .
7. ub7. R 0.010 0.089 .19 .030 82. 0.40 0. 4.50 0.60 0.00 0.0 .94 .34
ub8. R 0.329 0.967 .81 .060 35.! 0.40 0. 3 0.50 0.00 0.0 .72
ub8. R 0.128 0.408 .89: .010 28. 0.40 0. 4.50 0.60 0.00 0.0 .56
ub8.. R 0.162 0.451 .82 .020 25. 0.40 0. 9 0.56 0.00 0.0 .51




Future Conditiol

: 10-Year Output

Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0
Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total | Runoff per
W50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment CcT Cp (min.) Peak (min.) Peak (min.) (cfs) (c.f) (inches) (c.f.) (min.) (cfs) (c.f.) (cfs/acre)
.097 0.232 7. .25 4. 71 7 684,491 0.56 380,045 .0 3 80,025 5
. .097 0.250 .51 4. 89 4 878,950 0.56 489,830 .0 6 489,829 0.56
4 .0 0.225 .74 0.4 64 537,728 0.60 324,101 0 [ 24,062 0.74
.0 0.287 .87 44 583,860 0.80 467,005 .0 45 466,993 0.90
.1 0.193 .72 4.05 2 673,131 0.39 259,190 0 60 | 259,191 0.32
.09 0.142 .97 10 . 1 154,853 0.58 89,809 0 25 89,801 0.58
.089 0.121 . 62 .8 0 83,672 0.70 58,615 .0 17 58,612 0.75
07 0.189 4 72 4 5 161,03 1.0: 165,160 0 43 165,150 0.97
.07 0171 .0 10.i 14 Al 9 7,64 1.04 132,281 .0 39 132,264 1.10
1 0.107 4 .32 25.4 05 2 40 1,90¢ 0.3 49,946 .0 9 49,946 0.22
.0 0.185 .23 14. 99 7.0 132 1,40 0.6 | 168,787 .0 44 168,782 0.57
.0 0.144 .80 11.4 98 7 7 4,232 0.69 1,957 .0 27 1,94 0.73
. .079 0.07! .08 71 77 20 20,546 1.03 1,260 .0 8 1,244 142
-4 .078 0.12: 11 9.9 49 42 61,240 1.06 4,962 1.0 2 4,946 1.18
.122 0.07¢ .29 171 62 28 70,588 0.25 7,706 7.0 7, 0.25
111 0.06° 46. .71 24.3 91 15 53,882 0.36 ,517 0 4 9,51 0.25
077 0.055 8.8 67 46 47 14 9,755 1.1 ,784 0 0,740 1.87
.8 .09! 0.081 25.8 91 134 3.2 25 50,834 0.56 28,397 .0 8 28,393 0.55
A 07 0177 16.6 .56 8.7 43 108 139,608 1.0: 143,473 0 49 143,464 1.27
4.11 .14 0.205 41.7 .85 21.7 4 1.4 149 481,581 0.1 85,527 .0 22 85,526 0.16
4.2 .10: 0.139 37.0 .25 19.2 71 85 243,448 0.4 112,537 .0 25 112,535 0.37
4. 5 0.224 7.4 10.15 717 16.9 249 1,107,581 0.4 493,607 51.0 80 493,604 0.26
4.4 7 0.178 45.4 .49 4.59 10.8 100 350,494 0.22 75,559 45.0 17 75,558 0.18
4.} 7 0.160 4 .89 4 4! 8.1 96 278,587 0.22 61,282 42.0 17 61,281 0.22
4. .098 0.267 45. .51 .4 7. 15.9 348 1,214,444| 0.55 669,064 47.0 128 669,060 0.38
4 130 0.124 01 0. 8. 6.7 58 174,022 0.23 40,603 41.0 10 40,601 0.21
4. 131 0.200 38.4 .19 0. 4.3 10.3 185 551,326 0.22 | 120,405 43.0 31 20,399 0.2
4. 099 0.253 32 .70 7. 4.7 1.2 422 1,074,701 0.54 | 579,320 0 141 79,332 0.4
.090 0.202 20. .53 0. 4 59 176 283,224 0.69 | 195,681 0 61 95,668 0.7
.097 0.175 24.4 .58 2. 5! 6.0 160 303,147 0.56 69,937 .0 50 69,929 0.
114 0.21 5. .06 18.1 4.28 10.1 309 855,446 0.35 297,733 .0 73 297,730 0.
.097 0.17: 7. .92 14. 7 6.5 147 310,064 0.57 75,826 .0 48 75,809 0.
.125 0.22! 45. .23 23.4 1 13.7 282 983,329 0.25 49,579 .0 56 49,576 0.
.13 0.21 4. .21 28.4 1 15.3 4 567,681 0.24 38,271 .0 2 38,269 0.
. 10! 0.17: 7. .20 19.: 7 8.7 0 460,570 0.4 94,575 0 44 94,564 0.
.6 13! 0.234 8.4 12.57 35.! 9 21.0 849,255 0. 94,540 .0 94,539 0.
.7 [ 0.159 259 3.46 13.! 5 5.8 288,618 0. 48,530 .0 4 48,526 0.
.8 .138 0.222 45.7 8.07 23. 70 13.4 673,793 0. 61,217 0 61,215 0.
.9 1114 0.174 34.3 4.8 17. 46 8.2 464,273 0.34 56,016 0.0 56,016 0.31
A 116 0.087 59.9 4.3 311 05 7. 20 93,834 0.30 28,230 45.0 4 28,230 017
7.1 .090 0.184 224 .4 116 44 132 228,947 0.70 160,526 34.0 4 160,511 0.76
712 .087 0.205 4.7 .62 7.7 85 221 252,216 0.78 | 196,067 32.0 7! 196,055 1.08
7.2 .0 0.127 4 .37 16.3 38 54 131,449 0.58 | 76,602 7.0 1 76,602 0.
7.3 .0 0.117. .7 .80 8.7 27 43 55,243 1.0: 7,172 0 1 57,155 1.
7.4 .09 0.127 23.5 .59 83 2 58 105,069 0.64 7,158 .0 1 67,160 0.
7. 10 0.081 56.8 .83 . 71 6. 19 82,806 0.3 1,205 .0 5 31,205 0.
7. .085 0.200 28.7 .70 4. 32 7. 98 216,873 0.84 182,973 0 44 182,973 0.
7 097 0.235 4.4 6 10.8 262 699,676 0.55 383,134 1.0 88 383,124 0.4
7. .099 0.155 . 15.! 7 6.5 12 265,168 0.53 140,392 8.0 36 140,384 0.4
7. .077 0. 4. 75 8! 20 22 24,315 1.12 27,268 .0 10 27,270 1.4
.097 0. . 251 5! 15.4 204 763,699 0.58 441,433 .0 79 441,419 0.
.104 0. 28 325 1 121 62 297,906 0.40 118,232 .0 17 118,230 0.2
.107. 0.160 4 6.40 25.9 52 10.7 98 375,517 0.39 146,618 .0 26 146,612 0.2




FUTURE CONDITIONS

50-YEAR



Future Conditions: 50-Year Input
Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.|
Catchment Name/ID SWMM Node/ID lame/ID (sqg.mi.) (miles) (miles) (ft./ft.) Imperv. (inches) (inches) (in./hr.) (in.hr.) (1/sec.) |DCIA Level| Fraction Fraction Imperv.
ub1.. R 0.295 0.498 .021 .060 35.7 0.40 0. 4 0.52 0.00 0.0 .71 .19 .26
. ub1. R 0.37¢ 0.498 137 .060 35.6 0.40 0. 0 0.52 0.00 0.0 .71 .19 .25
4 ub1.4 R 0. 0.308 .798 .060 37.7 0.40 0. 0.50 0.00 0.0 .75 .19 .52
ub1. R 0. 0.51 .073 .060 55.1 0.40 0. 0.53 0.00 0.0 .88 .25 .58
ub2. R 0. 0.51 .954 .060 4. 0.40 0. 0.56 0.00 0.0 .49 .15 2.65
ub2.. R 0.067 0. .54 .058 1. 0.40 0. 0.60 0.00 0.00 .81 .20 .07
ub2.. R 0.036 0. .47 .060 . 0.40 0. 4 0.60 0.00 0.0 .85 .23
ub2.4 R 0.069 0.4 684 030 1 0.40 0. 4.49 0.60 0.00 0.0 9. 2
ub2.. R 0.055 0. .667 .040 75. 0.40 0. 4 0.60 0.00 0.0 . .32
ub2.. R 0.065 0.34 .705 060 0.40 0. 4.12 0.57 0.00 0.0 .4 3
ub3. R 0.121 0.4 .838 .060 0.40 0. 0.56 0.00 0.0 . .20
ub3. R 0.058 0. .529 .060 . 0.40 0. 4 0.55 0.00 0.0 . .22
. ub3.. R 0.009 0. 159 .060 5. 0.40 0. 4.50 0.60 0.00 0.0 .
-4 ub3.. R 0.026 0. .369 .040 77. 0.40 0. 4.50 0.60 0.00 0.0 .94
ul R 0.030 0. .320 .060 14.3 0.40 0. 99 0.57 0.00 0.0 .
ul R 0.023 0.208 .41 .060 221 0.40 0. 76 0.55 0.00 0.0 .44
ul R 0.004 0.034 7 030 81.0 0.40 0. 4.50 0.60 0.00 0.0 4
.8 ub3.8 R 0.022 0.155 .33 .060 38.3 0.40 0. 94 0.56 0.00 0.0 .77
A ub4.1 R 0.060 0.280 .53 058 741 0.40 0. 7! 0.55 0.00 0.0 .93
4.11 Sub4.11 R 0.207 0.406 .02 .060 72 0.40 0. 84 0.56 0.00 0.0 .14 .
4.2 ub4.2 R 0.105 0.379 .73 .057 29.7 0.40 0. 6 0.54 0.00 0.0 .59 .17,
4. ub4.. R 0.477 0.901 974 .058 27.2 0.40 0.1 43 0.53 0.00 0.0 .54 1
4.4 ub4.. R 0.151 0.388 .98 .057 8.4 0.40 0. 49 0.53 0.00 0.0 17 .0
4. ul R 0.120 0.303 .69: .060 8. 0.40 0. 45 0.53 0.00 0.0 17 .0
4. ul R 0.523 0.888 .033 .060 33.9 0.40 0. 06 0.50 0.00 0.0 .68 .1
4 ul R 0.075 0.23f 655 060 10.7 0.40 0. 60 0.54 0.00 0.0 21 1
4. ub4. R 0.237 0. .9 .060 0. 0.40 0. 76 0.55 0.00 0.0 .21
4. ub4. R 0.463 0. .44 060 3. 0.40 0. 1" 0.51 0.00 0.0 .66
ul R 0.122 0. .7 .060 7. 0.40 0. 68 0.55 0.00 0.0 .84
u R 0. 0. N¢ .060 0.40 0. 33 0.52 0.00 0.0 .72
ub6. R 0. 0.445 114 .060 0.40 0.1 54 0.54 0.00 0.0 .4
ub6.. R 0. 0.321 .818 .060 0.40 0. 01 0.50 0.00 0.0 .7/
ub6.. R 0. 0.652 213 .060 . 0.40 0. 58 0.54 0.00 0.0 .24
ub6.4 R 0. 0.682 185 .060 7.6 0.40 0. 04 0.50 0.00 0.0 5 .
. ul R 0. 0.468 .896 .060 27.0 0.40 0. 77 0.55 0.00 0.0 .54 1
.6 ub6. R 0.36¢ 0.997 .654 .058 .0 0.40 0. 40 0.53 0.00 0.00 A .0
.7 ub6. R 0.12: 0.313 .593 058 2.2 0.40 0. 0 0.52 0.00 0.0 .64 1
.8 ul R 0.29( 0.501 241 .060 1 0.40 0. 4 0.51 0.00 0.0 .0
.9 ub6.. R 0.200 0.386 .805 .060 20.0 0.40 0. 7 0.55 0.00 0.0 . .1
A ub7.1 AR 0.040 0.352 .632 .058 18.7 0.40 0. 4.07 0.57 0.00 0.0 .37 1
711 ub7.11 AR 0.099 0.349 .658 .060 47. 0.40 0. 40 0.53 0.00 0.0 .84 .22
712 ub7.12 AR 0.109 0.236 .554 .060 0.40 0. 57 0.54 0.00 0.0 .87 .25
7.2 ub7.. AR 0.057 0.323 .60 .058 . 0.40 0. 68 0.55 0.00 0.0 .2
7.3 ub7?.. AR 0.024 0.152 .30 .030 75. 0.40 0. 50 0.60 0.00 0.0
7.4 ub7.. AR 0.045 0.243 .46 .057 46. 0.40 0. 4.50 0.60 0.00 0.00
7. ub7.. AR 0.036 0.151 .309 003 26. 0.40 0. 4.50 0.60 0.00 0.00 .
7. ub7. 0-YEAR 0.093 0.388 .787 .020 59.1 0.40 0. 73 0.55 0.00 0.0 .90 .
7 ub7. R 0.301 0.624 11 060 36. 0.40 0. 55 0.54 0.00 0.0 72 9
7. ub7. R 0.114 0.383 .66 .060 32, 0.40 0. 6 0.51 0.00 0.0 .65 .
7. ub7. R 0.010 0.089 .19 .030 82. 0.40 0. 4.50 0.60 0.00 0.0 .94 .34
ub8. R 0.329 0.967 .81 .060 35.! 0.40 0. 3 0.50 0.00 0.0 .72
ub8. R 0.128 0.408 .89: .010 28. 0.40 0. 4.50 0.60 0.00 0.0 .56
ub8.. R 0.162 0.451 .82 .020 25. 0.40 0. 9 0.56 0.00 0.0 .51




Future Conditiol
Summary of U

: 50-Year Output
Hydrograph Parameters Used By Program and Calculated Results (Ve

n 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Peak Total | Runoff per
w50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID User Comment for Catchment CcT (min.) Peak (min.) Peak (min.) (cfs) (c.f) (inches) (c.f.) (min.) (cfs) (c.f) (cfs/acre)
0.096 27.. .22 4. .69 .7 324 | 684,491 51 1,032,767 4 303 1,032,671
. 0.096 26. .4 3. .1 426 | 878,950 51 1,328,801 4 397 1,328,728 .64
4 0.095 9. N¢ 0. . .2 354 537,721 .56 840,485 301
0.086 4.8 .4 1 36 583,86 7 1,027,286| 4 344
0.107 .61 y 4 24 673,13 888,205 4 220
0.093 .96 .10 83 154,85 233,598 4 72
0.088 .28 .61 . 51 83,672 37,000 38. 44
0.079 4 72 4 85 161,033 20,167 4 91
0.07: . 20. .03 10. 14 .0 79 7,641 | 2.00 55,250 80
0.11 [ 48. .27 25. .02 1 41 1,909 25 90,262 38
0.09: .187 27.. 4. 14. .98 7.0 134 1,400 .54 133,780 4 125
0.090 .145 22. 114 97 4.7 7 4,232 64 19,5622 4 7
. 0.07¢ .075 . 7.0 .77 20,546 .00 41,052
-4 0.07: 124 . 1 9.9 .49 4 61,240 .03 124,088 4
0.12 .078 7 .2 17.0 .60 70,588 A7 82,667 4
0.11 .067 .3 .68 241 .89 53,882 .30 69,857 4
0.07 055 8.7 67 45 AT 4 9,755 07 20,239
.8 0.09: .083 91 13.2 .35 3.2 26 50,834 50 76,191 4 23
A 0.07¢ 177 .56 8.6 .81 4.3 109 139,608 .00 278,846 3 100
4.11 0.14 .202 77 21.6 .78 11.3 149 481,581 .09 526,820 50. 127
4.2 0.10 .142 . .21 18.7 .98 7.0 88 243,448 41 342,080 45, 83
4. 0.104 .228 55. 10.05 7.10 16.7 257 1,107,581 39 1,542,048| 56. 277
4.4 0.135 ).175 5. .40 .52 10.7 100 350,494 14 401,289 9
4. 0.135 .158 7. 4.82 .40 8.0 96 278,587 320,560 4 2
4. 0.097 .271 .46 22. .68 15.8 356 1,214,444 1,832,646 386
4 0.128 22 94 20. 78 6.6 58 174,022 202,11 4 49
4. 0.129 197 . .08 9.9 .3 10.1 551,326 . 629,34 4 59
4. 0.098 ).257 | 2. .66 6.7 7 111 4 1,074,701 .50 1,608,004 4 424
0.090 .20: 20. .52 0.7 .4 59 283,224 .64 465,192 57
0.096 .17 24. .57 2. .52 59 303,147 51 459,191 4 45
0.113 .20 35.! .00 18. 4.24 10.0 31 855,446 1,100,110| 46. 282
0.097 .17 26. .90 13. .7 6.5 150 | 310,064 473,216 42. 139
0.124 .228 .15 23. .7/ 13.6 283 | 983,329 1,164,545| 52 260
0. 10 .09 28.. .4 15.2 4 567,681 672,594 56.
. 0.104 74 15 .64 8.6 4 460,570 626,781 46. 4
6 0. 0230 | _68. 12.38 7 20.6 849,255 986,683 | 62
7 0.099 62 25. 3.44 .4 57 288,618 - 423,52 4
.8 0.136 19 45. 7.96 3 .6. 13.3 1 673,793 18 794,534 5.
.9 0.113 .174 34. 4.84 7 .4 8.1 6 464,273 27 588,80: 4 55
A 0.114 .087 59. 4.27 30.9 .02 71 20 93,834 2 14,804 20
7.1 0.090 18! 2. .44 1.5 .43 .7 134 228,947 -6 79,71 4 122
712 0.087 .20 4. .61 7.6 .85 4.4 223 252,216 7 137,584 178
7.2 0.094 0. .36 16.1 .37 55 131,449 .5 00,98 4 53
7.3 0.079 6. .80 8.6 27 . 43 55,243 .0 10,38 39
7.4 0.091 3. .58 12. .82 4. 59 105,069 57 65,10 4 52
7. 0.105 56.. .79 29. .68 6. 19 82,806 .30 7,271 52, 19
7. 0.084 ).201 | 28! 4.69 14. .32 7. 98 216,873 .80 90,699 4. 104
7 0.096 2. A7 17. 57 10.8 268 699,676 5 1,047,475| 4 265
7. 0.098 1 15. 276 6.5 115 265,168 4 393,942 4. 108
7. 0.077 7.4 0.85 2.0 22 24,315 50,868 3! 1
0.096 . 24.6 6.50 15.3 208 763,699 1,174,089| 53. 232
0.103 0. . 31.4 5.09 12.0 64 297,906 392,459 55 6 .
0.106 9. 6. 25.6 4.48 10.6 99 375,517 497,154 52, 9 497,146 .94
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Future Conditions: 100-Year Input

Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions
Dist. to Decay Dir. Con'ct | Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.
Catchment Name/ID | SWMM Node/ID | Raingage Name/ID | (sq.mi) | (miles) (miles) (F/ft) Imperv. | (inches) | (inches) | (in.hr) (in.hr) (1/sec.) |DCIA Level| Fraction | Fraction | Imperv.
Sub1. 00-YEAR 29! .498 1.021 0.060 35.7 0.4 .10 34 .62 .00 0.00 0.71 0.19 .50
ub1. 00-YEAR .37 .498 1.137 0.060 35.6 0.4 .10 30 .62 .00 0.00 0.71 0.19 4
ub1.4 00-YEAR .23 .308 0.798 0.060 37.7 0.4 .10 00 .50 .00 0.00 0.75 0.19
ub1. 00-YEAR .25 .51 1.07: 0.060 55. 0.4 .10 .53 .00 0.00 0.88 0.25 3
ub2. 00-YEAR .290 1 0.954 0.060 24. 0.4 .10 .56 .00 0.00 0.49 0.15 .94
ub2.. 00-YEAR .067 7 0.54! 0.058 41 0.4 .10 4.4 .60 .00 0.00 0.81 0.20 .
ub2. 00-YEAR 036 9 047 0.060 50. 0.4 0 4 60 00 0.00 0.85 0.23 4
Sub2. 00-YEAR .069 0: 0.684 0.030 75. 0.4 .10 4.49 .60 .00 0.00 0.93 0.32 74.
Sub2.! 00-YEAR .055 7 0.66° 0.040 75. 0.4 .10 4.50 .60 .00 0.00 0.93 0.32 7!
ub2. 00-YEAR .065 .34 0.705 0.060 . 0.4 .10 4.12 .57 .00 0.00 0. 0.13 19.
ub3. 00-YEAR 121 .40: 0.838 0.060 . 0.4 .10 1 .56 .00 0.00 0. 0. 40.1
ub3.. 00-YEAR .058 6’ 0.529 0.060 . 0.4 .10 4 .55 .00 0.00 0. 0. 46.3:
ub3.. 00-YEAR .009 0O 0.159 0.060 5. 0.4 .10 4.50 60 00 0.00 0. 0. 75.0:
ub3. 00-YEAR 026 1 0.369 0.040 77 0.4 0 4.50 60 00 0.00 0. 0. 76.99
Sub3.! 00-YEAR .030 4 0.320 0.060 4. 0.4 .10 9 .57 .00 0.00 0. 0. 13.07
Sub3.| 00-YEAR .023 20! 0.410 0.060 5 0.4 .10 6 .65 .00 0.00 0. 0. 20.7
ub3. 00-YEAR .004 .03 0.076 0.030 . 0.4 .10 4.50 .60 .00 0.00 0. 0. 80.3
Sub3.8 00-YEAR .022 155 0.33( 0.060 . 0.4 .10 94 .56 .00 0.00 0. 0. 37.0
Sub4.1 00-YEAR .060 .280 0.5! 0.058 4. 0.4 .10 7! .55 .00 0.00 0.93 0. 73.41
Sub4.11 00-YEAR .207. .406 1.0: 0.060 7.2 0.4 .10 4 .56 00 0.00 0.14 0.0 6.46
Sub4 00-YEAR 05 79 0.7. 0.057 29.7 0.4 0 54 00 0.00 0.59 0.17 28.39
Sub4. 00-YEAR .477 .901 1.974 0.058 27.2 0.4 .10 4 .53 .00 0.00 0.54 0.16 25.89
Sub4.4 00-YEAR 151 .388 0.98 0.057 8.4 0.4 .10 4 .63 .00 0.00 017 0.08 7.59
ub4.. 00-YEAR .120 .303 0.693 0.060 8. 0.4 .10 4 .63 .00 0.00 017 0.09 771
ub4. 00-YEAR .523 .888 2.033 0.060 3.9 0.4 .10 .50 .00 0.00 0.68 0.18 2.73
ub4. 00-YEAR 75 .230 0.655 0.060 0.7 0.4 .10 61 .54 .00 0.00 0. 0.10 .72
ub4. 00-YEAR 37 88 0. 0.060 0.4 0.4 .10 76 55 00 0.00 0. 0. 40
ub4 00-YEAR 63 77 1 0.060 3. 0.4 0 " 51 00 0.00 0. 0. 03
ub5. 00-YEAR 122 .337 0. 0.060 7. 0.4 .10 68 .55 .00 0.00 0. 0. .62
Sub5.. 00-YEAR 30 02 0.7: 0.060 X 0.4 .10 33 .62 .00 0.00 0. 0. .86
ub6. 00-YEAR 368 .445 1 0.060 . 0.4 .10 54 .54 .00 0.00 0.4 0. .53
ub6.. 00-YEAR 1 .321 0. 0.060 X 0.4 .10 01 .50 .00 0.00 0.70 0. .76
ub6.. 00-YEAR 42 0.652 1. 0.060 . 0.4 .10 58 .54 .00 0.00 0. 0. .20
ub6.4 00-YEAR .24 .682 1.185 0.060 7.6 0.4 .10 04 .50 .00 0.00 0. 0.0: 6.95
ub6. 00-YEAR 198 68 0.896 0.060 27.0 0.4 0 77 55 00 0.00 0. 0.1 25.66
7 ubb. 00-YEAR .366 .997 1.654 0.058 .0 0.4 .10 40 53 .00 0.00 0. 0.0¢ 8.17
7 Sub6. 00-YEAR 124 .313 0.593 0.058 32.2 0.4 .10 0 52 00 .00 0.1 30.95
7 ub6.8 00-YEAR .290 .501 1.241 0.060 1 0.4 .10 4 51 00 .00 0.0: 741
7 Sub6.9 00-YEAR .200 .386 0.805 0.060 0.0 0.4 .10 7 55 .00 .00 0.1 18.70
7 Sub7.1 00-YEAR .040 .352 0.632 0.058 8.7 0.4 .10 07 57 .00 .00 7 0.1 17.35
7 Sub7.11 00-YEAR .099 .349 0.658 0.060 7. 0.4 .10 40 53 .00 0.00 0.84 0.22 46.49
7 Sub7.12 00-YEAR 109 36 0.554 0.060 54. 0.4 0 57 54 00 0.00 0.87 0.25 53.14
7 Sub7.; 00-YEAR 057 .323 0.601 0.058 39. 0.4 .10 68 55 .00 0.00 0.78 0.20 38.05
7 Sub7. 00-YEAR .0: 152 .302 0.030 75. 0.4 .10 50 60 00 .00 93 0.32 75.03
7 ub7.4 00-YEAR .0 .243 .463 0.057 46. 0.4 .10 4.50 60 00 .00 83 0.22 44.94
ub7.. 00-YEAR 0: 151 .309 0.003 26.! 0.4 .10 4.50 60 00 .00 53 0. 25.00 |
ub7. 00-YEAR 0 .388 .787 0.020 59.! 0.4 .10 73 55 00 .00 90 0. 58.1
ub7. 00-YEAR 3 .624 1.311 0.060 36. 0.4 .10 55 54 00 0.00 0.72 0. .8
ub7.. 00-YEAR " .383 0. 0.060 32.! 0.4 .10 6 51 00 0.00 0.65 0. A
ub7. 00-YEAR 010 89 0. 0.030 82.. 0.4 .10 0 60 00 0.00 0.94 0.34 .58
Sub8. 00-YEAR 329 67 1. 0.060 35. 0.4 .10 3 50 00 0.00 0.72 0. .81
Sub8.. R .128 .408 0.894 0.010 28. 0.4 .10 4.50 60 .00 0.00 0.56 0. 26.55
Sub8. R 162 .451 0.82: 0.020 25.1 0.4 .10 99 56 .00 0.00 0.51 0. 24.20




Future Conditions: 100-Year Output

Summary of Unit Hydrograph

s Used By Program and C:

Results (Version 2.0.0

Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph
W50 W75 Time to Time to Peak Total Runoff per
W50 Before W75 Before Peak Peak Volume | Excess | Excess Peak Flow Volume | Unit Area
Catchment Name/ID |  User Comment for Catchment cr Cp (min) | Peak | (min) | Peak | (min.) (cfs) (cf) | (inches) | (cf) (min.) (cfs) (cf) | (cfslacre)
.096 0.236 27. .21 4. .68 7 326 684,491 .0/ ,406,754| 43.0 40! 406,622
. .096 0.254 26.! .47 3. .87 429 878,950 .809,161 43.0 3: ,809,001
4 .095 0.228 .72 0. 356 537,728 ,134,368 .0 40
.086 0.288 .86 .4 366 583,860 . 342,360 40.0 44
.107. 0.193 . 240 673,131 .87 256,252 47.0 0
.093 0.144 4. 83 154,853 .05 317,208 40.0 97
088 | 0.122 51 83,672 18 182,007 8.0 59
.079 0.189 4. 3 85 161,03: .52 405,946 40.0 116
.078 0.171 20. X . 1 . 79 127,64 .53 323,218 .0 102
111 | 0.107 48.. .26 25. .0 A 41 151,90 .80 273,182 0 54
.093 0.188 27. 4.2 14. .98 7. 134 281,40 .08 586,349 42.0 167
.09 0.14¢ 22. .7 11 .97 4. 78 134,23 .18 292,167 .0 92
.07 0.07: .0 7.0 .76 20,546 .53 51,993 .0 21
07 0.124 1 9. 48 61,240 | 2.56 156,673 0 52
.12 0.07: .26 17.1 .60 70,588 72 121,382 .0 32
.10¢ 0.06' 46. .67 24. -89 53,882 .84 99,372 48.0 20
3 .07 0.055 8.7 .67 4.5 .47 9,755 .6 25,423 2.0 12
.8 .095 0.083 25.. .90 13.1 26 50,834 .04 103,78: 40.0 31
4.1 .07 0177 16.1 .55 8.6 . X 109 139,608 | 2.5 353,39 7.0 128
4.1 .13 0. 41. .74 21.6 4. 1.2 150 481,581 .65 792,30 0.0 183
4 0 0.14 35. 20 18.5 7.0 88 243448 | 195 475,08 46.0 114
4. 103 0. 55.: 10.02 28.7 .08 16.7 259 1,107,581 .94 2,149,431 7.0 386
4.4 5 0. 4 .37 23.! 4.50 10.6 100 350,494 7 595,337 1.0 128
4.! 4 0. 4.80 9.4 .39 8.0 97 278,587 7 474,893 47.0 17
4 .097 0.272 .44 2. 7 15.7 358 1,214,444 .0 2,497,874 3.0 526
4. 127 0.121 .92 0. 77 6.5 58 174,022 N 298,215 47.0 70
4. 128 0.196 . .05 9. 4.28 10.1 18! 551,326 .6 933,100 48.0 27
4 098 0.259 32, 65 6. 4.70 141 43 1,074,701 04 2,196,833| 46.0 75
.090 0.204 20.! .51 .48 5. 7 283,224 A 618,515 39.0 08
.096 0.178 23. .56 4 .52 5. 303,147 .0/ 624,810 41.0 94
1112 0.209 35. .98 .4 4.22 10. 855,446 .84 1,670,449 47.0 393
.097 0177 26, .89 75 6. 310,064 .0 642,959 42.0 87
4 0.227 44. 1 .74 13.5 983,329 74 1,707,227 52.0 7
7 0.209 54.! .4 15.1 567,681 4 988,603 57.0
104 0.175 35.! . .6 8.6 66 460,570 878,433 47.0
133 0.230 68. 35. 7 205 849,255 . 1457,427| 65.0
5 .099 0.162 25. 3. 4 57 288,618 .0 581,564 41.0
.8 0.218 45. 3. X 13.2 673,793 7 1,169,296 .0 252
9 0.174 33, 7. 4 8.0 464,273 | 1.82 843,366 46.0 216
A . 0.087 59.. 0. X 71 20 93,834 17 166,1 0 28
7.1 .090 0.185 22, X 1. .4 .7 134 228,947 .20 503,9 40.0 161
712 087 0.206 14, 6 7.6 4 223 252,216 27 73,7 36.0 234
.0 0.129 30.4 16.0 R .6 55 131,449 .07 72,4 43.0 70
. .0 0.117 16.1 7 8.6 27 .0 43 55,243 .53 39,8 36.0 50
4 .09 0.1 23. .58 .82 3 59 105,069 40.0 69
.1 0.0: 56. .78 67 .3 19 82,806 52.0 26
7. .0 0. 28.! .69 .31 8 98 216,873 43.0 134
7. .0 0. 3. .46 g 4.57 10.8 269 699,676 47.0 359 1,428,847
7. .0 0.158 9. 54 .75 6.5 115 265,168 43.0 145 539,200
.0° 0.083 4.3 7.4 .85 20 22 24,315 5.0 24 63,783
.09¢ 0.245 471 245 .49 156.3 209 763,699 4.0 315 1,691,902 .
.10: 0.150 59.7 f 31. .08 12.0 64 297,906 56.0 93 554,071 A3
10! 0.160 49.0 6. 25.5 46 10.5 99 375,517 701,878 52.0 136 701,867 32
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Soil Map—Boulder County Area, Colorado
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Soil Map—Boulder County Area, Colorado

(Basins_Combine_Simplify)

MAP LEGEND MAP INFORMATION
Area of Interest (AOI) = Spoil Area The soil surveys that comprise your AOl were mapped at 1:20,000.
Area of Interest (AOI) @  Stony Spot Please rely on the bar scale on each map sheet for map
Soils ' . (@) Very Stony Spot measurements.
Soil Map Unit Polygons @ Wet Spot Source of Map:  Natural Resources Conservation Service
— Soil Map Unit Lines W P Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
0 Other Coordinate System: Web Mercator (EPSG:3857)

(] Soil Map Unit Points

Special Point Features
Blowout

©
Borrow Pit
¥ Clay Spot
G

Special Line Features

Water Features

Streams and Canals

Transportation

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

H+ Rails This product is generated from the USDA-NRCS certified data as of
Closed Depression — Interstate Highways the version date(s) listed below.
; Gravel Pit US Routes Soil Survey Area:  Boulder County Area, Colorado
. Gravelly Spot Survey Area Data:  Version 12, Sep 22, 2015
o ravelly Spof Major Roads ) X
Landiil Soil map units are labeled (as space allows) for map scales 1:50,000
4] andi Local Roads or larger.
\ Lava Floy
A va Hlow Background Date(s) aerial images were photographed: ~ Apr 28, 2011—Apr 13,
als,  Marsh or swamp - Aerial Photography 2012
&5 Mine or Quarry The orthophoto or other base map on which the soil lines were
@  Miscellancous Water .Compl|ed gnd digitized probably differs from the backgrgund .
imagery displayed on these maps. As a result, some minor shifting
()  Perennial Water of map unit boundaries may be evident.
[ Rock Outcrop
+ Saline Spot
2t Sandy Spot
= Severely Eroded Spot
g:« Sinkhole
‘E';-. Slide or Slip
Sodic Spot
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Soil Map—Boulder County Area, Colorado

Basins_Combine_Simplify

Map Unit Legend

Boulder County Area, Colorado (CO643)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
BaF Baller stony sandy loam, 9 to 35 64.0 1.1%
percent slopes
Cu Colluvial land 1,521.8 27.2%
MdB Manter sandy loam, 1 to 3 79.3 1.4%
percent slopes
Nh Niwot soils 254.6 4.6%
NnB Nunn sandy clay loam, 1 to 3 68.6 1.2%
percent slopes
PrF Pinata-Rock outcrop complex, 5 2,652.0 47 4%
to 55 percent slopes
Ro Rock outcrop 170.5 3.1%
SmF Sixmile stony loam, 10 to 50 774.9 13.9%
percent slopes
W Water 5.0 0.1%
Totals for Area of Interest 5,590.7 100.0%
UsDA  Natural Resources Web Soil Survey 7/20/2016
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Map Unit Description: Baller stony sandy loam, 9 to 35 percent slopes---Boulder County Area, Basins_Combine_Simplify
Colorado

Boulder County Area, Colorado

BaF—Baller stony sandy loam, 9 to 35 percent slopes

Map Unit Setting
National map unit symbol: jpr9
Elevation: 5,500 to 6,500 feet
Mean annual precipitation: 16 to 20 inches
Mean annual air temperature: 47 to 51 degrees F
Frost-free period: 140 to 155 days
Farmland classification: Not prime farmland

Map Unit Composition
Baller and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Baller

Setting
Landform: Ridges
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy residuum weathered from sandstone

Typical profile
H1 - 0to 10 inches: very stony sandy loam
H2 - 10 to 15 inches: very stony fine sandy loam, very stony sandy
loam
H2 - 10 to 15 inches: unweathered bedrock
H3 - 15to 19 inches:

Properties and qualities

Slope: 9 to 35 percent

Depth to restrictive feature: 10 to 20 inches to lithic bedrock

Natural drainage class: Well drained

Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to moderately high (0.06 to 0.20 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Very low (about 1.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: Shallow Foothill (R049BY204CO)
Hydric soil rating: No

USDA  Natural Resources Web Soil Survey 8/26/2016
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Map Unit Description: Baller stony sandy loam, 9 to 35 percent slopes---Boulder County Area, Basins_Combine_Simplify
Colorado

Minor Components

Rock outcrop
Percent of map unit: 10 percent
Hydric soil rating: No

Paoli
Percent of map unit: 2 percent
Hydric soil rating: No

Hargreave
Percent of map unit: 2 percent
Hydric soil rating: No

Aquic haplustolls
Percent of map unit: 1 percent
Landform: Swales
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015

UsDA  Natural Resources Web Soil Survey 8/26/2016
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Map Unit Description: Colluvial land---Boulder County Area, Colorado Basins_Combine_Simplify

Boulder County Area, Colorado

Cu—~Colluvial land

Map Unit Setting
National map unit symbol: jprk
Elevation: 7,500 to 9,000 feet
Mean annual precipitation: 6 to 10 inches
Mean annual air temperature: 39 to 43 degrees F
Frost-free period: 80 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Colluvial land: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Colluvial Land

Setting
Landform: Valleys
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Colluvium

Typical profile
H1 - 0 to 3 inches: gravelly sandy loam
H2 - 3to 60inches: gravelly sand, very gravelly sand, gravelly loamy
sand
H2 - 3 to 60 inches:
H2 - 3 to 60 inches:

Properties and qualities
Slope: 9 to 25 percent
Depth to restrictive feature: 2 to 60 inches to lithic bedrock
Natural drainage class: Excessively drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat):
Moderately high to high (0.60 to 6.00 in/hr)
Calcium carbonate, maximum in profile: 10 percent
Available water storage in profile: Very low (about 0.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: A
Hydric soil rating: No

USDA  Natural Resources Web Soil Survey 8/26/2016
Conservation Service National Cooperative Soil Survey Page 1 of 2

|



Map Unit Description: Colluvial land---Boulder County Area, Colorado

Basins_Combine_Simplify

Minor Components

Haverson
Percent of map unit: 10 percent
Hydric soil rating: No

Kim
Percent of map unit: 7 percent
Hydric soil rating: No

Otero
Percent of map unit: 3 percent
Hydric soil rating: No

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015

UsDA  Natural Resources Web Soil Survey
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Map Unit Description: Manter sandy loam, 1 to 3 percent slopes---Boulder County Area, Colorado

Basins_Combine_Simplify

Boulder County Area, Colorado

MdB—Manter sandy loam, 1 to 3 percent slopes

Map Unit Setting
National map unit symbol: jps3
Elevation: 4,900 to 5,500 feet
Mean annual precipitation: 12 to 18 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 140 to 155 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Manter and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Manter

Setting
Landform: Terraces
Landform position (three-dimensional): Side slope, tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy eolian deposits and/or outwash

Typical profile
H1 - 0 to 6 inches: sandy loam
H2 - 6 to 16 inches: fine sandy loam, sandy loam
H2 - 6 to 16 inches: sandy loam, loamy sand, loamy fine sand
H3 - 16 to 60 inches:
H3 - 16 to 60 inches:
H3 - 16 to 60 inches:

Properties and qualities

Slope: 1 to 3 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Well drained

Runoff class: Very low

Capacity of the most limiting layer to transmit water (Ksat): High (2.00
to 6.00 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 10 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to
2.0 mmhos/cm)

Available water storage in profile: Very high (about 17.9 inches)

Interpretive groups
Land capability classification (irrigated): 3e

USDA
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Map Unit Description: Manter sandy loam, 1 to 3 percent slopes---Boulder County Area, Colorado

Basins_Combine_Simplify

Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: A

Ecological site: Sandy (R067XB026CO)
Hydric soil rating: No

Minor Components

Calkins
Percent of map unit: 8 percent
Hydric soil rating: No

Ascalon
Percent of map unit: 7 percent
Hydric soil rating: No

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015

USDA  Natural Resources Web Soil Survey
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Map Unit Description: Niwot soils---Boulder County Area, Colorado

Basins_Combine_Simplify

Boulder County Area, Colorado

Nh—Niwot soils

Map Unit Setting
National map unit symbol: jps8
Elevation: 4,900 to 5,500 feet
Mean annual precipitation: 12 to 18 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 140 to 155 days
Farmland classification: Not prime farmland

Map Unit Composition
Niwot and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Niwot

Setting
Landform: Flood plains, terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy over sandy and gravelly alluvium

Typical profile
H1 - 0to 14 inches: loam
H2 - 14 to 60 inches: gravelly sand

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat):
Moderately high to high (0.60 to 6.00 in/hr)
Depth to water table: About 18 to 36 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Available water storage in profile: Low (about 4.4 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: B
Ecological site: Wet Meadow (R067XB038CO)
Hydric soil rating: No
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Map Unit Description: Niwot soils---Boulder County Area, Colorado

Basins_Combine_Simplify

Minor Components

Loveland
Percent of map unit: 10 percent
Hydric soil rating: No

Nunn
Percent of map unit: 4 percent
Hydric soil rating: No

Aquolls
Percent of map unit: 1 percent
Landform: Flood plains
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015

USDA  Natural Resources Web Soil Survey
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Map Unit Description: Nunn sandy clay loam, 1 to 3 percent slopes---Boulder County Area, Basins_Combine_Simplify
Colorado

Boulder County Area, Colorado

NnB—Nunn sandy clay loam, 1 to 3 percent slopes

Map Unit Setting
National map unit symbol: jpsb
Elevation: 4,900 to 5,500 feet
Mean annual precipitation: 12 to 18 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 140 to 155 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Nunn and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Nunn

Setting
Landform: Terraces, valley sides
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
H1 - 0to 10 inches: sandy clay loam
H2 - 10 to 14 inches: clay
H3 - 14 to 60 inches: clay loam

Properties and qualities
Slope: 1 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 15 percent
Available water storage in profile: High (about 10.9 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: Clayey (R067XB042CO)
Hydric soil rating: No

USDA  Natural Resources Web Soil Survey 8/26/2016
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Map Unit Description: Nunn sandy clay loam, 1 to 3 percent slopes---Boulder County Area,
Colorado

Basins_Combine_Simplify

Minor Components

Weld
Percent of map unit: 10 percent
Hydric soil rating: No

Ascalon
Percent of map unit: 5 percent
Hydric soil rating: No

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015
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Map Unit Description: Pinata-Rock outcrop complex, 5 to 55 percent slopes---Boulder County Basins_Combine_Simplify
Area, Colorado

Boulder County Area, Colorado

PrF—Pinata-Rock outcrop complex, 5 to 55 percent slopes

Map Unit Setting
National map unit symbol: jpsk
Elevation: 6,000 to 7,000 feet
Mean annual precipitation: 14 to 18 inches
Mean annual air temperature: 47 to 51 degrees F
Frost-free period: 100 to 130 days
Farmland classification: Not prime farmland

Map Unit Composition
Pinata and similar soils: 45 percent
Rock outcrop: 35 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Pinata

Setting
Landform: Ridges, mountain slopes
Landform position (three-dimensional): Mountaintop, mountainflank
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Stony sandy clayey colluvium over residuum
weathered from sandstone and shale

Typical profile
H1 -0 to 12 inches: very stony loamy fine sand
H2 - 12 to 32 inches: very stony clay
H3 - 32 to 36 inches: unweathered bedrock

Properties and qualities

Slope: 5 to 55 percent

Depth to restrictive feature: 20 to 40 inches to lithic bedrock

Natural drainage class: Well drained

Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to moderately high (0.06 to 0.20 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Very low (about 2.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Other vegetative classification: Ponderosa pine/true mountain
mahogany (PIPO/CEMO2) (C1107)

USDA  Natural Resources Web Soil Survey 7127/2016
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Map Unit Description: Pinata-Rock outcrop complex, 5 to 55 percent slopes---Boulder County
Area, Colorado

Basins_Combine_Simplify

Description of Rock Outcrop

Setting
Landform: Mountain slopes
Landform position (three-dimensional): Free face
Parent material: Sandstone and shale

Typical profile
H1 - 0 to 60 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 55 percent
Depth to restrictive feature: 0 inches to lithic bedrock
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low
to moderately low (0.00 to 0.06 in/hr)
Available water storage in profile: Very low (about 0.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydrologic Soil Group: D

Minor Components

Hargreave
Percent of map unit: 8 percent

Terry
Percent of map unit: 7 percent

Baller
Percent of map unit: 3 percent

Peyton
Percent of map unit: 2 percent

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data:  Version 12, Sep 22, 2015

Natural Resources
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Map Unit Description: Rock outcrop---Boulder County Area, Colorado Basins_Combine_Simplify

Boulder County Area, Colorado

Ro—Rock outcrop

Map Unit Composition
Rock outcrop: 100 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Rock Outcrop

Setting
Landform: Cliffs, mountain slopes
Landform position (three-dimensional): Free face, mountaintop
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Mixed

Typical profile
H1 - 0 to 60 inches: unweathered bedrock

Properties and qualities
Slope: 20 to 95 percent
Depth to restrictive feature: 0 inches to lithic bedrock
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low
to moderately low (0.00 to 0.06 in/hr)
Available water storage in profile: Very low (about 0.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydrologic Soil Group: D

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015
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Map Unit Description: Sixmile stony loam, 10 to 50 percent slopes---Boulder County Area,

Colorado

Basins_Combine_Simplify

Boulder County Area, Colorado

SmF—Sixmile stony loam, 10 to 50 percent slopes

Map Unit Setting
National map unit symbol: jpst
Elevation: 5,800 to 6,600 feet
Mean annual precipitation: 14 to 18 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 120 to 140 days
Farmland classification: Not prime farmland

Map Unit Composition
Sixmile and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Sixmile

Setting
Landform: Ridges, hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loamy residuum weathered from calcareous shale

Typical profile
H1 - 0 to 4 inches: stony loam
H2 - 4 to 30 inches: clay loam
H3 - 30 to 34 inches: weathered bedrock

Properties and qualities

Slope: 10 to 50 percent

Depth to restrictive feature: 20 to 40 inches to paralithic bedrock

Natural drainage class: Well drained

Runoff class: High

Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to moderately high (0.06 to 0.60 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 10 percent

Available water storage in profile: Low (about 3.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: Rocky Foothill (R049XY206CO)
Hydric soil rating: No
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Map Unit Description: Sixmile stony loam, 10 to 50 percent slopes---Boulder County Area,
Colorado

Basins_Combine_Simplify

Minor Components

Rock outcrop
Percent of map unit: 10 percent
Hydric soil rating: No

Hargreave
Percent of map unit: 10 percent
Hydric soil rating: No

Data Source Information

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 12, Sep 22, 2015
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APPENDIX C

SWMM INPUT AND OUTPUT



EXISTING CONDITIONS



EPA STORM WATER MANAGEMENT MODEL -
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NOTE: The summary statistics displayed in this report are
based on results found at every computational time step,
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Analysis Options
Kk kA KAk Ak kK
Flow Units ............... CFS
Process Models:
Rainfall/Runoff ........ NO
RDII ......iiiiinnnnnn NO
Snowmelt ............... NO
Groundwater ............ NO
Flow Routing ........... YES
Ponding Allowed ........ NO
Water Quality .......... NO
Flow Routing Method ...... KINWAVE
Starting Date ............ JAN-01-
Ending Date .............. JAN-02-
Antecedent Dry Days ...... 0.0
Report Time Step ......... 00:01:0
Routing Time Step ........ 30.00 s
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Flow Routing Continuity acr
Kok kA kA kA KAk KKk Rk kKK
Dry Weather Inflow .......
Wet Weather Inflow .......
Groundwater Inflow .......
RDII Inflow ..............
External Inflow .......... 8
External Outflow ......... 8
Flooding LOSS ........vunn
Evaporation Loss .........
Exfiltration Loss ........
Initial Stored Volume ....
Final Stored Volume ......
Continuity Error (%) .....
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Highest Flow Instability Indexes
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All links are stable.
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Routing Time Step Summary
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Minimum Time Step : 3
Average Time Step : 3
Maximum Time Step : 3
Percent in Steady State :
Average Iterations per Step :
Percent Not Converging

0

ec

Volume Volume
e-feet 1076 gal
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
94.501 291.487
95.256 291.733
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.019 0.006
-0.087
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0.00 sec

0.00

1.00

0.00



Iokkkkkkkkkkkkkkkkk

Node

Depth Summary

hokkkkkhkkkkkkkkkkkok

Average

Maximum

o
n
ANOBABWO=BPONON

J3.4b
J3.4bStormSewer
J3.4cStormSewer
J3.4eStormSewer
J3.4f

[
'S

[
o
©WoONOBANO®OO D

.2
3

.7

J7.3bStormSewer

J6.1

Subt.
Sub1.
Sub1.
Subt.
Sub2.
Sub2.
Sub2.
Sub2.
Sub2.
Sub3.
Sub3.
Sub3.
Sub3.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub5.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub8.
Sub8.
Sub8.

W2 ONDUPRON-OXINDTPROWNL 2 OONDT RO -2 DON=LORARON=ODON

RedHillGulchOUT

Sub2

.6

2ndAve_MainSt

Sub3
Sub3
Sub3

.6
.8
.5

PrivateDetention

Sub5.

Sub7
Sub7

Sub3.
Sub7.

2
.11
.12
7
9

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION

StoneCanyonStVrainOUT OUTFALL
EagleCanyonN.St.VrainOUT OUTFALL

Sub7
Sub7
Subs
Sub7
Sub8

.7N.St.VrainOUT
.8S.St.VrainOuT
.IN.St.VrainOUT
.BN.St.VrainOUT
.2St.VrainOUT

OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL

OO0 O0000O00O0O0O0O0O0O0O0O0DO0O0O0O0O0O0O0O0O0O0O0DO0O0DO0DO0O0O0O0DO00O0O0O0O0O0O0O0DO0O0O0DO0O0O0O0O00O0O0O0O0O0O0O0O00DO0O0DO0DO0O0DO0DO0DO0DO0DO0DO0DO0OO0DO0OO0O0OO0OO0DOOOOO

ooooo

0.00 0.

Maximum Time of Max Reported
HGL  Occurrence Max Depth
Feet days hr:min Feet
5577.74 0 00:48 3.26
5384.12 0 00:50 2.73
5783.03 0 00:45 3.27
6045.13 0 00:39 2.86
5515.53 0 00:47 0.53
5423.37 0 00:46 2.37
5329.36 0 00:48 2.37
5416.42 0 00:39 0.42
5394.53 0 00:43 0.53
5365.03 0 00:44 0.53
5362.66 0 00:28 2.50
5355.59 0 00:42 2.28
5348.62 0 00:42 2.56
5322.63 0 00:43 0.63
5299.67 0 01:00 5.94
5350.88 0 00:58 5.94
5447.02 0 00:55 5.07
5516.53 0 00:52 4.41
5577.70 0 00:50 3.47
5784.17 0 00:47 2.44
5501.24 0 00:58 7.21
5739.72 0 00:57 4.39
5718.58 0 01:00 4.62
5977.68 0 00:57 3.78
6032.84 0 00:53 2.32
6010.37 0 00:51 3.79
5317.10 0 00:17 1.00
5394.20 0 01:01 7.20
6528.00 0 00:00 0.00
6693.09 0 00:00 0.00
6566.27 0 00:00 0.00
6032.28 0 00:00 0.00
6528.50 0 00:00 0.00
5721.00 0 00:00 0.00
6262.00 0 00:00 0.00
5447.00 0 00:00 0.00
5471.00 0 00:00 0.00
6256.00 0 00:00 0.00
6034.00 0 00:00 0.00
5847.00 0 00:00 0.00
5417.00 0 00:00 0.00
5585.27 0 00:00 0.00
6585.86 0 00:00 0.00
5638.97 0 00:00 0.00
6433.29 0 00:00 0.00
5833.27 0 00:00 0.00
6007.89 0 00:00 0.00
6693.09 0 00:00 0.00
6052.15 0 00:00 0.00
6404.40 0 00:00 0.00
6682.05 0 00:00 0.00
5861.07 0 00:00 0.00
6062.30 0 00:00 0.00
6221.59 0 00:00 0.00
6436.63 0 00:00 0.00
6612.61 0 00:00 0.00
6462.92 0 00:47 0.99
6748.23 0 00:00 0.00
6271.60 0 00:00 0.00
6801.67 0 00:00 0.00
6566.11 0 00:00 0.00
5276.00 0 00:00 0.00
5632.00 0 00:00 0.00
5357.00 0 00:00 0.00
5721.00 0 00:00 0.00
5361.56 0 00:00 0.00
5439.88 0 00:00 0.00
6539.22 0 00:00 0.00
5862.24 0 00:00 0.00
6452.46 0 00:00 0.00
5381.27 0 00:00 0.00
5389.38 0 00:00 0.00
5336.68 0 01:03 4.68
5456.00 0 00:00 0.00
5334.32 0 00:42 0.41
0.00 0 00:00 0.00
5424.13 0 00:40 0.13
0.00 0 00:00 0.00
0.53 0 00:48 0.53
5353.00 0 00:00 0.00
5306.00 0 00:00 0.00
5303.00 0 00:00 0.00
0.00 0 00:00 0.00
5318.00 0 00:00 0.00
5290.00 0 00:00 0.00
00 5381.00 0 00:00 0.00
5348.86 0 00:00 0.00
5370.49 0 00:00 0.00
5332.66 0 00:00 0.00
5356.67 0 00:00 0.00
5316.23 0 00:00 0.00



Sub8.3St.VrainOUT
Sub7.1St.VrainOUT
Sub7.6N.St.VrainOUT
Sub2.4N.St.VrainOUT
Sub7.2S8t.VrainOUT
Sub7.3St.VrainOUT
0_BohnPark
Sub5.2St.VrainOUT

2

2ndAve_ParkSt
J3.4dStormSewer

EagleCanyonExistDetPond STORAGE

KhKKK KKK KKK KKK KKK

Node Inflow Summary
e

OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
DIVIDER
DIVIDER
DIVIDER

OO0+ 0000CO0OO0COO

.00
.00
.00
.00
.00
.00
.38
.00
.07
.08
.12

1.59
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.00

00
00
00
00
00
68
00
50
00
56

8.65 5508.65

5306.
5282.

0.
5326.
5319.
5315.
5318.
5347.
5366.
5326.
5355.

96
58
00
00
00
00
68
00
93
90
50
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00:
00:
00:
00:
00:
00:

01

00:
00:
00:
00:

0

00
00
00
00
00
00
104
00
27
14
42
00:43

00
00
00
00
00
00
68
00
50
00
.56
8.65
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J3.4b
J3.4bStormSewer
J3.4cStormSewer
J3.4eStormSewer
J3.4f

.2

.3

[
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[
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7

J7.3bStormSewer
J6.1
Subt.
Subt.
Subt.
Sub1.
Sub2.
Sub2.
Sub2.
Sub2.
Sub2.
Sub3.
Sub3.
Sub3.
Sub3.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub5.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub8.
Sub8.
Sub8.
RedHillGulchOUT
Sub2.6
2ndAve_MainSt
Sub3.6
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JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION

Max i
Late
Inf

N
o
N

534.
402.
448.
306.
96.
58.
115.
101.
141.
92.
20.
51.
102.
183.
113.
386.
127.
116.
526.
70.
227.
574.
170.
386.
186.
370.
185.
212.
233.
175.
251.
216.
25.
70.
50.
68.
26.
134.
358.
144.
314.
92.
136.
0.

53
0
19
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mum
ral
low
CFs

Maxi
To
Inf

134.
358.
144.
314.
92.
136.
2200.
53.
99.
19.

mum
tal
low
CFS

Time of Max
Occurrence
days hr:min
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1

Lateral
Inflow
Volume

076 gal

E
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Sub3.
Sub3.
Priva
Sub5.
Sub7.
Sub7.
Sub3.
Sub7.

8

5
teDetention
2

11

12

7

9

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION

StoneCanyonStVrainOUT OUTFALL
EagleCanyonN.St.VrainOUT OUTFALL

Sub7.
Sub7.
Sub5.
Sub7.
Sub8.
Sub8.
Sub7.
Sub7.
Sub2.
Sub7.
Sub7.
0_Boh
Sub5.
2

2ndAv
J3.4d

EagleCanyonExistDetPond STORAGE

7N.St.VrainOUT
8S.St.VrainOUT
1N.St.VrainOUT
5N.St.VrainOUT
25t.VrainOUT
3St.VrainOUT
1St.VrainOUT
6N.St.VrainOUT
4N.St.VrainOUT
28t.VrainOUT
3St.VrainOUT
nPark
28t.VrainOUT

e_ParkSt
StormSewer

OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
DIVIDER
DIVIDER
DIVIDER

hokkkkkhkkkkkkkkkkhkkkkkk

Node Surcharge Summary
e

30.

31

194.
160.
198.

12.

OO0 O0OO0O0O0O0OO0DO0OO0OO0OO0OO0O0OO0OO

52 30.52
.84 31.84
.00 426.03
46 194.46
86 160.86
79 198.79
23 12.23
.49 24.49
0.00 2356.76
0.00 1716.39
.00 358.89
00 144.08
00 170.76
00 26.47
00 407.41
00 0.00
00 377.96
00 134.43
00 682.01
00 580.89
00 49.86
00 2198.46
00 194.46
00 330.69
00 50.10
00 380.33
0.00 448.65

Oo0oo0oooooo

OCO0OO0OO0O0O0O0OO0DO0OO0OO0OO0OO0O0OO0OO

00:
00:
00:
00:
00:
00:
00:
00:

40
43
46
41
40
37
32
35

01:00
0 00:49

00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
01:
00:
00:
00:
00:

0

0.776
0.908

4.67
3.77

0.189
0.477
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Surcharging occurs when water rises above the top of the highest conduit.

Max. Height
Above Crown

Hou

rs

Feet

Min. Depth
Below Rim

Feet

[
NBOW=2LBABONON

[
w
IS

J3.4b
J3.4b.
J3.4c
J3.4e
J3.4f
Ja.1

4
5
6
8
9
2.

J6.4
5
7
8
9
3

b
1

COENODURWN—-L2OONODUTRAWN—=2DON=ORWON=0 DN

StormSewer
StormSewer
StormSewer

.2
.3

.7

StormSewer

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
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0.776
0.908
12.4
4.67
3.77

0.189
0.477

80.3
42.6

10.7
4.02
4.31
1.14
16.1

8.9
3.79
19.9
15.5
1.05
78.8
4.67
8.77
1.05
9.94

10
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000
000
000
000
000
000
000
000

0.000

0.000
000
000
000
000
000
000 gal
000
000
000
000
000
000
000
000
000
000
0.117



Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub8.
Sub8.
Sub8.

W= ONDO D WN =

RedHillGulchOUT

Sub2

.6

2ndAve_MainSt

Sub3
Sub3
Sub3

.6
.8
.5

PrivateDetention

Sub5.

Sub7
Sub7

Sub3.
Sub7.

2

2
.11
.12
7
9

2ndAve_ParkSt
J3.4dStormSewer
EagleCanyonExistDetPond STORAGE

hokkkkkhkkkkkhkkkkkkkkk

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
DIVIDER

DIVIDER

DIVIDER

Node Flooding Summary

KhKKK KKK KKK KRR KRR KKK

No nodes were flooded.

hokkkkkkkkkkhkkkkkkkkkk

Storage Volume Summary
Kok R KKK kKK KAk K kKK

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
30

.00

Evap Exfil
Pcnt Pcnt
Loss

Averag
Volum
Storage Unit 1000 ft
EagleCanyonExistDetPond 6

KAKKK KKK KKK K KKK KRR KKK K

Outfall Loading Summary

Khkkkkhk Rk kA hkkkkkkkkk k%

e
e P
3 F

Avg
cnt
ull

R

0ss

StoneCanyonStVrainOUT 40.25
EagleCanyonN.St.VrainOUT 40.

Sub7.
Sub7.
Sub5.
Sub7.
Sub8.
Sub8.
Sub7.
Sub7.
Sub2.
Sub7.
Sub7.

7N.St.VrainOUT
8S.St.VrainOUT
1N.St.VrainOUT
5N.St.VrainOUT
28t.VrainOUT
3St.VrainOUT
1St.VrainOUT
6N.St.VrainOUT
4N.St.VrainOUT
28t.VrainOUT
3St.VrainOUT

0_BohnPark

Sub5

.28t.VrainOUT

13.14
12.36
11.47
17.58
18.53

0.00
18.56
12.06
27.75
25.86
14.89
42.03
11.08

246

72
100.
40.
46.

.96

129.

69
29
51

.02
.25
.00
.34
.97
.66
.05
.72
.17
.20

55

2

235

6.76

1716.
358.
144.
170.
26.
407.
0.
377.
134.
682.
580.
49.
198.
194.

89
08
76
47
41
00
96
43
01
89
86

39

System

KhKKK KKK KKK K KRR KKK KK

Link

Fohkkkkkkkhhkkkkhkkhhkkk

Flow Summary

T

d

Time of Max
Occurrence
days hr:min

2ndAve

c1

c1
c1
c2.
c2
C3.
C3.

POPOOOLON

7.2

C3.4bStormSewer
C3.4cStormSewer
C3.4cStormSewer_OF
C3.40verflow
C3.4StormSewer

c4.1
C4.4

.2

CONDUIT
CHANNEL
CHANNEL
CHANNEL
CONDUIT
CONDUIT
CONDUIT
CONDUIT
CONDUIT
CONDUIT
DUMMY

CONDUIT
CONDUIT
CONDUIT
CHANNEL

Maxi
|F1

mum
ow|
CFS

OO0OO0OO0OO0OO0ODO0OO0OO0O0OO0OO0OO0OO0OO

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
4.681 5.319
0.000 0.000
0.408 0.592
0.000 0.000
0.134 0.866
0.000 0.000
0.528 9.472
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
2.500 0.000
1.000 0.000
2.556 0.944
8.649 0.351
Maximum Max
Volume Pcnt
1000 ft3 Full
0 105.629
Total
Volume
1076 gal
80.300
42.617
10.688
4.023
4.310
1.139
16.052
0.000
8.895
3.795
19.875
15.470
1.048
78.826
4.673
291.711
Maximum Max/
|Veloc| Full
ft/sec Flow
5.72 0.04
15.53 0.26
12.67 0.10
14.00 0.59
45.89 0.00
14.42 0.58
12.17 0.46
14.59 0.35
25.33 0.48
30.37 0.94
13.72 0.43
19.98 1.08
13.21 0.45
16.54 0.58

[=NeNeNeNoNeNo oo Nol
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ime of Max
Occurrence
ays hr:min

0 00:43

Maximum
Outflow
CFS

443.47



C4.
[o23
C4.
C6.
C6
C6.
C6.
C6
C6.
C6.
C7.
C7.30verflow
CStickneyAve
Dum1.
Dum1.
Dumt.
Dum1i.
Dum2.
Dum2.
Dum2.
Dum2.
Dum2.
Dum2.
Dum2.
Dum3.
Dum3.
Dum3.
Dum3.
Dum3.
Dum3.
Dum3.
Dum3.
Dum3.
Dumé4.
Dumé4.
Dumé4.
Dumé4.
Dumé4.
Dum4.
Dum4.
Dumé4.
Dum4.
Dumé4.
Dum5.
Dum5.
Dum6.
Dum6.
Dum6.
Dum6.
Dumé.
Dumé.
Dumé.
Dumé.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum7.
Dum8.
Dum8.
Dum8.
DumEagleCanyonOUT
DumPrivateDetention
DumStoneCanyonOut
MainSt
RedHillGulchBohnPark
RedHillGulchOut
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o
c
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CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
DUMMY
CONDUIT
CONDUIT
CHANNEL
CHANNEL
CONDUIT
CONDUIT
CONDUIT
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
CONDUIT
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
DUMMY
CONDUIT
CONDUIT
CONDUIT

EagleCanyonExistDetPondOut DUMMY

Iokkkkkkkhkkkkkkkhkkkhkkkkk

Conduit Surcharge Summary
KRR KKK KKK KA KKK K KA KKK

.77
77
.71

ooooo

.50

.54
.88
.67
.35
.00
.32
.42

oo-—+000O0

0.41
0.94
0.41

Hours
apacity
Limited

1567.11 0 00:55 14.61 0.46
977.28 0 00:51 16.64 0.53
751.77 0 00:50 14.27 0.48

1721.82 0 01:01 14.62 0.48

1014.59 0 01:01 20.66 0.17
185.94 0 00:57
830.36 0 00:57 19.66 0.26

1015.24 0 01:00 9.29 0.76
457.36 0 00:57 6.65 0.30
251.47 0 00:54 10.77 0.08

2.47 0 02:14 3.63 1.08
47.58 0 00:38 5.04 0.15
92.12 0 00:40 10.97 0.24

407.58 0 00:43
534.22 0 00:43
402.92 0 00:39
448.65 0 00:40
306.23 0 00:47
96.93 0 00:40
58.81 0 00:38
115.65 0 00:40
682.01 0 00:47
101.50 0 00:38
53.83 0 00:51
141.72 0 00:45
92.13 0 00:39
20.82 0 00:35
51.51 0 00:37
330.69 0 00:42
330.69 0 00:42
31.84 0 00:43
19.89 0 00:48
12.23 0 00:32
102.21 0 00:38
183.39 0 00:50
113.32 0 00:46
386.21 0 00:57
127.90 0 00:51
116.65 0 00:47
526.00 0 00:53
70.26 0 00:47
227.00 0 00:48
574.60 0 00:46
170.76 0 00:41
194.46 0 00:41

386.63 0 00:47
186.56 0 00:42
370.40 0 00:52
212.59 0 00:49 18.03 0.03
233.38 0 01:05
175.93 0 00:41
251.51 0 00:53
216.21 0 00:46

25.00 0 00:56
198.79 0 00:37
160.86 0 00:40

70.43 0 00:43
559.09 0 00:43

50.10 0 00:36

49.86 0 00:38

68.64 0 00:40

26.47 0 00:52
134.43 0 00:43

358.89 0 00:47

144.08 0 00:43

24.49 0 00:35
314.83 0 00:54
92.88 0 00:56
136.38 0 00:52

1716.39 0 00:49
426.03 0 00:46

2356.76 0 01:00

99.63 0 00:43 6.11 0.23
2198.46 0 01:04 9.08 0.84
2069.75 0 01:03 10.83 0.10

443.47 0 00:43
Hours
----- Hours Full -------- Above Full C
Ends Upstream Dnstream Normal Flow
1.27 1.27 1.27 28
1.96 1.96 1.96 98

Conduit Both
C3.4StormSewer

C7.3

Analysis begun on: Thu Dec
Analysis ended on: Thu Dec
Total elapsed time: < 1 sec

08 08:15:27 2016
08 08:15:27 2016



FUTURE CONDITIONS



EPA STORM WATER MANAGEMENT MODEL -

VERSION 5.1 (Build

WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds
WARNING 08: elevation drop exceeds

length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit
length for Conduit

o
c
3
>
S ONOPOOPOWNL - OXNODNDRWANDODUWN=W-=0 DN

Dums.
DumPrivateDetention

LR e

NOTE: The summary statistics displayed in this report are
based on results found at every computational time step,

not just on results from each repo

rting time step.

Hokk ko k ko k ok k ok k ko kk ok kR ko kkk ok kkhkkkkkkkkkkkkkkkkkkkk k&

dokkkokkok ok ok ok ok ok okkok ok

Analysis Options
Kk kA KAk Ak kK
Flow Units ............... CFS
Process Models:
Rainfall/Runoff ........ NO
RDII ......iiiiinnnnnn NO
Snowmelt ............... NO
Groundwater ............ NO
Flow Routing ........... YES
Ponding Allowed ........ NO
Water Quality .......... NO
Flow Routing Method ...... KINWAVE
Starting Date ............ JAN-01-
Ending Date .............. JAN-02-
Antecedent Dry Days ...... 0.0
Report Time Step ......... 00:01:0
Routing Time Step ........ 30.00 s

Kk KKKk KK KKK KKK KRR KRR KKk *k

Flow Routing Continuity acr
Kok kA kA kA KAk KKk Rk kKK
Dry Weather Inflow .......
Wet Weather Inflow .......
Groundwater Inflow .......
RDII Inflow ..............
External Inflow .......... 8
External Outflow ......... 8
Flooding LOSS ........vunn
Evaporation Loss .........
Exfiltration Loss ........
Initial Stored Volume ....
Final Stored Volume ......
Continuity Error (%) .....

hokkkkkhkkkkhkkhkkkhhkhhhkkkkkhhkk

Highest Flow Instability Indexes

HhKKK KKK KKK KRR KRR KRR KK kKK KRR KK

All links are stable.

hokkkkkhkkkkkhkkkkhhhkkkkkokk

Routing Time Step Summary

AR KA KKARKA KKK KA ARKAK KA

Minimum Time Step : 3
Average Time Step : 3
Maximum Time Step : 3
Percent in Steady State :
Average Iterations per Step :
Percent Not Converging

0

ec

Volume Volume
e-feet 1076 gal
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
94.501 291.487
95.256 291.733
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.019 0.006
-0.087

0.00 sec

0.00 sec

0.00 sec

0.00

1.00

0.00



Iokkkkkkkkkkkkkkkkk

Node

Depth Summary

hokkkkkhkkkkkkkkkkkok

Average

Maximum

o
n
ANOBABWO=BPONON

J3.4b
J3.4bStormSewer
J3.4cStormSewer
J3.4eStormSewer
J3.4f

[
'S

[
o
©WoONOBANO®OO D

.2
3

.7

J7.3bStormSewer

J6.1

Subt.
Sub1.
Sub1.
Subt.
Sub2.
Sub2.
Sub2.
Sub2.
Sub2.
Sub3.
Sub3.
Sub3.
Sub3.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub5.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub8.
Sub8.
Sub8.

W2 ONDUPRON-OXINDTPROWNL 2 OONDT RO -2 DON=LORARON=ODON

RedHillGulchOUT

Sub2

.6

2ndAve_MainSt

Sub3
Sub3
Sub3

.6
.8
.5

PrivateDetention

Sub5.

Sub7
Sub7

Sub3.
Sub7.

2
.11
.12
7
9

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION

StoneCanyonStVrainOUT OUTFALL
EagleCanyonN.St.VrainOUT OUTFALL

Sub7
Sub7
Subs
Sub7
Sub8

.7N.St.VrainOUT
.8S.St.VrainOuT
.IN.St.VrainOUT
.BN.St.VrainOUT
.2St.VrainOUT

OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL

OO0 O0000O00O0O0O0O0O0O0O0O0DO0O0O0O0O0O0O0O0O0O0O0DO0O0DO0DO0O0O0O0DO00O0O0O0O0O0O0O0DO0O0O0DO0O0O0O0O00O0O0O0O0O0O0O0O00DO0O0DO0DO0O0DO0DO0DO0DO0DO0DO0DO0OO0DO0OO0O0OO0OO0DOOOOO

ooooo

0.00 0.

Maximum Time of Max Reported
HGL  Occurrence Max Depth
Feet days hr:min Feet
5577.74 0 00:48 3.26
5384.12 0 00:50 2.73
5783.03 0 00:45 3.27
6045.13 0 00:39 2.86
5515.53 0 00:47 0.53
5423.37 0 00:46 2.37
5329.36 0 00:48 2.37
5416.42 0 00:39 0.42
5394.53 0 00:43 0.53
5365.03 0 00:44 0.53
5362.66 0 00:28 2.50
5355.59 0 00:42 2.28
5348.62 0 00:42 2.56
5322.63 0 00:43 0.63
5299.67 0 01:00 5.94
5350.88 0 00:58 5.94
5447.02 0 00:55 5.07
5516.53 0 00:52 4.41
5577.70 0 00:50 3.47
5784.17 0 00:47 2.44
5501.24 0 00:58 7.21
5739.72 0 00:57 4.39
5718.58 0 01:00 4.62
5977.68 0 00:57 3.78
6032.84 0 00:53 2.32
6010.37 0 00:51 3.79
5317.10 0 00:17 1.00
5394.20 0 01:01 7.20
6528.00 0 00:00 0.00
6693.09 0 00:00 0.00
6566.27 0 00:00 0.00
6032.28 0 00:00 0.00
6528.50 0 00:00 0.00
5721.00 0 00:00 0.00
6262.00 0 00:00 0.00
5447.00 0 00:00 0.00
5471.00 0 00:00 0.00
6256.00 0 00:00 0.00
6034.00 0 00:00 0.00
5847.00 0 00:00 0.00
5417.00 0 00:00 0.00
5585.27 0 00:00 0.00
6585.86 0 00:00 0.00
5638.97 0 00:00 0.00
6433.29 0 00:00 0.00
5833.27 0 00:00 0.00
6007.89 0 00:00 0.00
6693.09 0 00:00 0.00
6052.15 0 00:00 0.00
6404.40 0 00:00 0.00
6682.05 0 00:00 0.00
5861.07 0 00:00 0.00
6062.30 0 00:00 0.00
6221.59 0 00:00 0.00
6436.63 0 00:00 0.00
6612.61 0 00:00 0.00
6462.92 0 00:47 0.99
6748.23 0 00:00 0.00
6271.60 0 00:00 0.00
6801.67 0 00:00 0.00
6566.11 0 00:00 0.00
5276.00 0 00:00 0.00
5632.00 0 00:00 0.00
5357.00 0 00:00 0.00
5721.00 0 00:00 0.00
5361.56 0 00:00 0.00
5439.88 0 00:00 0.00
6539.22 0 00:00 0.00
5862.24 0 00:00 0.00
6452.46 0 00:00 0.00
5381.27 0 00:00 0.00
5389.38 0 00:00 0.00
5336.68 0 01:03 4.68
5456.00 0 00:00 0.00
5334.32 0 00:42 0.41
0.00 0 00:00 0.00
5424.13 0 00:40 0.13
0.00 0 00:00 0.00
0.53 0 00:48 0.53
5353.00 0 00:00 0.00
5306.00 0 00:00 0.00
5303.00 0 00:00 0.00
0.00 0 00:00 0.00
5318.00 0 00:00 0.00
5290.00 0 00:00 0.00
00 5381.00 0 00:00 0.00
5348.86 0 00:00 0.00
5370.49 0 00:00 0.00
5332.66 0 00:00 0.00
5356.67 0 00:00 0.00
5316.23 0 00:00 0.00



Sub8.3St.VrainOUT
Sub7.1St.VrainOUT
Sub7.6N.St.VrainOUT
Sub2.4N.St.VrainOUT
Sub7.2S8t.VrainOUT
Sub7.3St.VrainOUT
0_BohnPark
Sub5.2St.VrainOUT

2

2ndAve_ParkSt
J3.4dStormSewer

EagleCanyonExistDetPond STORAGE

KhKKK KKK KKK KKK KKK

Node Inflow Summary
e

OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
DIVIDER
DIVIDER
DIVIDER

OO0+ 0000CO0OO0COO

.00
.00
.00
.00
.00
.00
.38
.00
.07
.08
.12

1.59

N=NOPMOOODOOO

.00

00
00
00
00
00
68
00
50
00
56

8.65 5508.65

5306.
5282.

0.
5326.
5319.
5315.
5318.
5347.
5366.
5326.
5355.

96
58
00
00
00
00
68
00
93
90
50

[eleNeleleleNoNoNoNe N

00:
00:
00:
00:
00:
00:

01

00:
00:
00:
00:

0

00
00
00
00
00
00
104
00
27
14
42
00:43

00
00
00
00
00
00
68
00
50
00
.56
8.65
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J3.4b
J3.4bStormSewer
J3.4cStormSewer
J3.4eStormSewer
J3.4f

.2

.3

[
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[
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7

J7.3bStormSewer
J6.1
Subt.
Subt.
Subt.
Sub1.
Sub2.
Sub2.
Sub2.
Sub2.
Sub2.
Sub3.
Sub3.
Sub3.
Sub3.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub4.
Sub5.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub6.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub8.
Sub8.
Sub8.
RedHillGulchOUT
Sub2.6
2ndAve_MainSt
Sub3.6

N -ONODURARWON-OONDT RO 2 OONDUTRARWON= 2 DRON_ORON=0AWON

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION

Max i
Late
Inf

N
o
N

534.
402.
448.
306.
96.
58.
115.
101.
141.
92.
20.
51.
102.
183.
113.
386.
127.
116.
526.
70.
227.
574.
170.
386.
186.
370.
185.
212.
233.
175.
251.
216.
25.
70.
50.
68.
26.
134.
358.
144.
314.
92.
136.
0.

53
0
19
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mum
ral
low
CFs

Maxi
To
Inf

134.
358.
144.
314.
92.
136.
2200.
53.
99.
19.

mum
tal
low
CFS

Time of Max
Occurrence
days hr:min
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1

Lateral
Inflow
Volume

076 gal
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Sub3.
Sub3.
Priva
Sub5.
Sub7.
Sub7.
Sub3.
Sub7.

8

5
teDetention
2

11

12

7

9

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION

StoneCanyonStVrainOUT OUTFALL
EagleCanyonN.St.VrainOUT OUTFALL

Sub7.
Sub7.
Sub5.
Sub7.
Sub8.
Sub8.
Sub7.
Sub7.
Sub2.
Sub7.
Sub7.
0_Boh
Sub5.
2

2ndAv
J3.4d

EagleCanyonExistDetPond STORAGE

7N.St.VrainOUT
8S.St.VrainOUT
1N.St.VrainOUT
5N.St.VrainOUT
25t.VrainOUT
3St.VrainOUT
1St.VrainOUT
6N.St.VrainOUT
4N.St.VrainOUT
28t.VrainOUT
3St.VrainOUT
nPark
28t.VrainOUT

e_ParkSt
StormSewer

OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
OUTFALL
DIVIDER
DIVIDER
DIVIDER

hokkkkkhkkkkkkkkkkhkkkkkk

Node Surcharge Summary
e

30.

31

194.
160.
198.

12.

OO0 O0OO0O0O0O0OO0DO0OO0OO0OO0OO0O0OO0OO

52 30.52
.84 31.84
.00 426.03
46 194.46
86 160.86
79 198.79
23 12.23
.49 24.49
0.00 2356.76
0.00 1716.39
.00 358.89
00 144.08
00 170.76
00 26.47
00 407.41
00 0.00
00 377.96
00 134.43
00 682.01
00 580.89
00 49.86
00 2198.46
00 194.46
00 330.69
00 50.10
00 380.33
0.00 448.65

Oo0oo0oooooo

OCO0OO0OO0O0O0O0OO0DO0OO0OO0OO0OO0O0OO0OO

00:
00:
00:
00:
00:
00:
00:
00:

40
43
46
41
40
37
32
35

01:00
0 00:49

00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
01:
00:
00:
00:
00:

0

0.776
0.908

4.67
3.77

0.189
0.477

[cN-NeNoNoNoNoNoNoNoNoNooNoRol o)

Surcharging occurs when water rises above the top of the highest conduit.

Max. Height
Above Crown

Hou

rs

Feet

Min. Depth
Below Rim

Feet

[
NBOW=2LBABONON

[
w
IS

J3.4b
J3.4b.
J3.4c
J3.4e
J3.4f
Ja.1

4
5
6
8
9
2.

J6.4
5
7
8
9
3

b
1

COENODURWN—-L2OONODUTRAWN—=2DON=ORWON=0 DN

StormSewer
StormSewer
StormSewer

.2
.3

.7

StormSewer

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
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0.776
0.908
12.4
4.67
3.77

0.189
0.477

80.3
42.6

10.7
4.02
4.31
1.14
16.1

8.9
3.79
19.9
15.5
1.05
78.8
4.67
8.77
1.05
9.94
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000
000
000
000
000
000
000
000

0.000

0.000
000
000
000
000
000
000 gal
000
000
000
000
000
000
000
000
000
000
0.117



Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub7.
Sub8.
Sub8.
Sub8.

W= ONDO D WN =

RedHillGulchOUT

Sub2

.6

2ndAve_MainSt

Sub3
Sub3
Sub3

.6
.8
.5

PrivateDetention

Sub5.

Sub7
Sub7

Sub3.
Sub7.

2

2
.11
.12
7
9

2ndAve_ParkSt
J3.4dStormSewer
EagleCanyonExistDetPond STORAGE

hokkkkkhkkkkkhkkkkkkkkk

JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
JUNCTION
DIVIDER

DIVIDER

DIVIDER

Node Flooding Summary

KhKKK KKK KKK KRR KRR KKK

No nodes were flooded.

hokkkkkkkkkkhkkkkkkkkkk

Storage Volume Summary
Kok R KKK kKK KAk K kKK

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
30

.00

Evap Exfil
Pcnt Pcnt
Loss

Averag
Volum
Storage Unit 1000 ft
EagleCanyonExistDetPond 6

KAKKK KKK KKK K KKK KRR KKK K

Outfall Loading Summary

Khkkkkhk Rk kA hkkkkkkkkk k%

e
e P
3 F

Avg
cnt
ull

R

0ss

StoneCanyonStVrainOUT 40.25
EagleCanyonN.St.VrainOUT 40.

Sub7.
Sub7.
Sub5.
Sub7.
Sub8.
Sub8.
Sub7.
Sub7.
Sub2.
Sub7.
Sub7.

7N.St.VrainOUT
8S.St.VrainOUT
1N.St.VrainOUT
5N.St.VrainOUT
28t.VrainOUT
3St.VrainOUT
1St.VrainOUT
6N.St.VrainOUT
4N.St.VrainOUT
28t.VrainOUT
3St.VrainOUT

0_BohnPark

Sub5

.28t.VrainOUT

13.14
12.36
11.47
17.58
18.53

0.00
18.56
12.06
27.75
25.86
14.89
42.03
11.08

246

72
100.
40.
46.

.96

129.

69
29
51

.02
.25
.00
.34
.97
.66
.05
.72
.17
.20

55

2

235

6.76

1716.
358.
144.
170.
26.
407.
0.
377.
134.
682.
580.
49.
198.
194.

89
08
76
47
41
00
96
43
01
89
86

39

System

KhKKK KKK KKK K KRR KKK KK

Link

Fohkkkkkkkhhkkkkhkkhhkkk

Flow Summary

T

d

Time of Max
Occurrence
days hr:min

2ndAve

c1

c1
c1
c2.
c2
C3.
C3.

POPOOOLON

7.2

C3.4bStormSewer
C3.4cStormSewer
C3.4cStormSewer_OF
C3.40verflow
C3.4StormSewer

c4.1
C4.4

.2

CONDUIT
CHANNEL
CHANNEL
CHANNEL
CONDUIT
CONDUIT
CONDUIT
CONDUIT
CONDUIT
CONDUIT
DUMMY

CONDUIT
CONDUIT
CONDUIT
CHANNEL

Maxi
|F1

mum
ow|
CFS

OO0OO0OO0OO0OO0ODO0OO0OO0O0OO0OO0OO0OO0OO

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
4.681 5.319
0.000 0.000
0.408 0.592
0.000 0.000
0.134 0.866
0.000 0.000
0.528 9.472
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
2.500 0.000
1.000 0.000
2.556 0.944
8.649 0.351
Maximum Max
Volume Pcnt
1000 ft3 Full
0 105.629
Total
Volume
1076 gal
80.300
42.617
10.688
4.023
4.310
1.139
16.052
0.000
8.895
3.795
19.875
15.470
1.048
78.826
4.673
291.711
Maximum Max/
|Veloc| Full
ft/sec Flow
5.72 0.04
15.53 0.26
12.67 0.10
14.00 0.59
45.89 0.00
14.42 0.58
12.17 0.46
14.59 0.35
25.33 0.48
30.37 0.94
13.72 0.43
19.98 1.08
13.21 0.45
16.54 0.58
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ime of Max
Occurrence
ays hr:min

0 00:43

Maximum
Outflow
CFS
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Conduit Surcharge Summary
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.77
77
.71

ooooo

.50

.54
.88
.67
.35
.00
.32
.42

oo-—+000O0

0.41
0.94
0.41

Hours
apacity
Limited

1567.11 0 00:55 14.61 0.46
977.28 0 00:51 16.64 0.53
751.77 0 00:50 14.27 0.48

1721.82 0 01:01 14.62 0.48

1014.59 0 01:01 20.66 0.17
185.94 0 00:57
830.36 0 00:57 19.66 0.26

1015.24 0 01:00 9.29 0.76
457.36 0 00:57 6.65 0.30
251.47 0 00:54 10.77 0.08

2.47 0 02:14 3.63 1.08
47.58 0 00:38 5.04 0.15
92.12 0 00:40 10.97 0.24

407.58 0 00:43
534.22 0 00:43
402.92 0 00:39
448.65 0 00:40
306.23 0 00:47
96.93 0 00:40
58.81 0 00:38
115.65 0 00:40
682.01 0 00:47
101.50 0 00:38
53.83 0 00:51
141.72 0 00:45
92.13 0 00:39
20.82 0 00:35
51.51 0 00:37
330.69 0 00:42
330.69 0 00:42
31.84 0 00:43
19.89 0 00:48
12.23 0 00:32
102.21 0 00:38
183.39 0 00:50
113.32 0 00:46
386.21 0 00:57
127.90 0 00:51
116.65 0 00:47
526.00 0 00:53
70.26 0 00:47
227.00 0 00:48
574.60 0 00:46
170.76 0 00:41
194.46 0 00:41

386.63 0 00:47
186.56 0 00:42
370.40 0 00:52
212.59 0 00:49 18.03 0.03
233.38 0 01:05
175.93 0 00:41
251.51 0 00:53
216.21 0 00:46

25.00 0 00:56
198.79 0 00:37
160.86 0 00:40

70.43 0 00:43
559.09 0 00:43

50.10 0 00:36

49.86 0 00:38

68.64 0 00:40

26.47 0 00:52
134.43 0 00:43

358.89 0 00:47

144.08 0 00:43

24.49 0 00:35
314.83 0 00:54
92.88 0 00:56
136.38 0 00:52

1716.39 0 00:49
426.03 0 00:46

2356.76 0 01:00

99.63 0 00:43 6.11 0.23
2198.46 0 01:04 9.08 0.84
2069.75 0 01:03 10.83 0.10

443.47 0 00:43
Hours
----- Hours Full -------- Above Full C
Ends Upstream Dnstream Normal Flow
1.27 1.27 1.27 28
1.96 1.96 1.96 98

Conduit Both
C3.4StormSewer

C7.3

Analysis begun on: Thu Dec
Analysis ended on: Thu Dec
Total elapsed time: < 1 sec

08 08:15:27 2016
08 08:15:27 2016



DENVER

2490 W. 26t Avenue Suite 100A
Denver, Colorado 80211
Phone: 303.480.1700

Fax: 303.480.1020

GLENWOOD SPRINGS

818 Colorado Avenue

P.O.Box 219

Glenwood Springs, Colorado 81602
Phone: 970.945.7755

Fax: 970.945.9210

DURANGO

1666 N. Main Avenue Suite C
Durango, Colorado 81301
Phone: 970.259.7411

Fax: 970.259.8758

www.wrightwater.com

Wright Water Engineers, Inc.
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Appendix B - HYDRAULICS
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Appendix C - ALTERNATIVES ANALYSIS
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Appendix D - WATER QUALITY
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Appendix

Water Quality

Draft Ordinance Outline
Sample Ordinance Language — Cherry Hills Village
Sample Ordinance Language — Boulder County

Sample Commercial and Mixed Use Design Standards and Guidelines — Town of Lyons



Draft Stormwater Ordinance Outline

The following is a brief outline of stormwater standards that can be considered for the Town of Lyons.
In general, the Town’s water quality requirements are less restrictive than those required by larger
municipalities governed by the Clean Water Act (MS4) but more restrictive than other smaller,
unincorporated towns along the Front Range. State law, and current Town ordinances, requires land
owners to control stormwater to prevent adverse impacts to downstream property owners (including
water right holders). Additional ordinances can require specific BMPS for stormwater quality — this
ordinance outline provides some of the key elements for future work in that regard. Sections 7, 10, and
12 are stormwater specific, the remaining sections are typically composed with a team of legal,
administrative, engineering, and Town staff.

1. Purpose and Need. The Town of Lyons is situated around the confluence of two rivers, in the
foothills of the Front Range, with older developments in historic drainages, and new
developments in large, steep watersheds. The proximity of development to the recreation and
ecological areas along and in the streams requires attention to water quality. The character of
the watersheds in the development areas requires attention to run-on and run-off to ensure
new properties are reasonably safe from flooding.

2. Definitions. Generally standard definitions from Boulder County or other similar ordinance.

3. Prohibitions. Generally standard information from Boulder County or other similar ordinance.
Exemptions. Emergency and critical facilities could be listed here. For instance, wastewater
treatment plants can be exempted from certain stormwater regulations due to their proximity
to streams and requirements imposed by gravity fed systems that prevent relocation or
modification for stormwater quality.

5. Requirements applicable to certain discharges. Generally standard information from Boulder
County or other similar ordinance. Hazardous materials, oils, grease and other key pollutants
have specific requirements related to department of health or other regulations.

6. Release reporting and clean up. This section can detail how a spill or contaminant is
documented and cleaned up. Generally standard information from Boulder County or other
similar ordinance.

7. Best Management Practices.

a. UDFCD Volume 3 best management practices can be referenced here.

b. This can also include Town specific BMPs such as Rainwater Harvesting (110 gallons /
residential lot).

c. Ingeneral, these are water quality improvements treating stormwater runoff from
impervious surfaces. Grass swales, rain gardens, rain barrels, and UDFCD volume 3
BMPs.

8. General Permit Requirements. Not directly applicable because the Town is not managed by a
Clean Water Act permit. Reserve this section for future use.

9. Technical Standards and Specifications. UDFCD Volumes 1, 2, and 3 can be referenced here.

10. Storm Water Management Plan.



a.

C.

This is the section that details when a development or redevelopment site is required
to design to the Town of Lyons storm drainage design and technical criteria.
Threshold. Not all sites will be required to meet storm drainage design and technical
criteria, there is a threshold for which small projects are too small to implement
design and technical criteria.

i. Square footage. If a project adds more than 2000 square feet of additional
impervious area, the applicant needs to design stormwater systems to prevent
the additional runoff generated from that new area from causing adverse
impacts (flooding, water quality impairment, etc.) downstream. The 2000 SF
threshold was roughly based on paving a gravel driveway, but a 1000 SF or
500-SF threshold could be equally defensible.

ii. Percent increase. To account for variable lot sizes, the percent increase could
be the threshold. A project that increases imperviousness by more than 10%
would be required to implement stormwater management designs (detention,
water quality, etc.)

iii. Tiered system. A tiered system could be implemented to further specify
impervious area thresholds based on lot size. Lot sizes from 0 to 20,000 SF
have to implement stormwater designs for increases over 50% of existing
impervious. 20,000 SF to 50,000 SF need to implement stormwater designs if
they increase more than 20% over existing impervious. Lots larger than than
50,000 SF need to implement stormwater control if impervious area increases
more than 10%.

Stormwater Management Plan. This part of the ordinance directs the applicant to the
submittal requirements of a plan and the storm drainage and technical criteria for
which that submittal will be judged.

11. Implementation of Approved Stormwater Management Plans. This section outlines how the

12.

stormwater requirements are constructed and inspected. This is also where erosion control

BMPs and inspection is noted. This can be standard language from other sample ordinances.

Post-Construction requirements for permanent best management practices. This section can

explain the permanent blanket easement for water quality improvements. A blanket

easement has been used to allow for changes within the property such as relocating a grass
swale, changing location of a detention pond, etc. The blanket easement allows flexibility for
future owners to treat stormwater in new and improved ways, as long as it is treated to the

same level somewhere on the property. Sample language may be:

a.

Comprehensive Sample language: Maintenance of all permanent best management
practices shall be ensured through the creation of a formal maintenance covenant
that must be approved by the TOWN and recorded against the title of the subject
property. The covenant shall be binding on all subsequent owners of land served by
the permanent best management practices. As part of the covenant, a schedule shall
be developed, detailing when and how often maintenance will occur to ensure proper
function of the permanent best management practices. The covenant shall also
include plans for periodic inspections by the TOWN to ensure proper performance of



the facility between scheduled cleanouts. The covenant shall provide for access to the
facility at reasonable times for periodic inspection or any required maintenance by the
TOWN, or its contractor or agent, and for regular or special assessments of property
owners to ensure that the facility is maintained in proper working condition to meet
design standards and any other provisions established by this Chapter. The covenant
shall be memorialized on the subdivision plat, annexation plat, development
agreement or other instrument, or in a separate form acceptable to the TOWN and
shall be recorded in the office of the County Clerk and Recorder.

b. Simplified sample language: A blanket easement will be recorded on the applicant’s
property requiring the owner to maintain the stormwater improvements in perpetuity
as judged by the Town’s stormwater criteria (UDFCD vol. 3). This allows the owner
and future owners to change the specific BMPs within the property as long as
discharge from the site is still treated in accordance with town criteria.

13. Enforcement. This can be standard language the Town uses for enforcement provisions.
14. Penalties. This can be standard language the Town uses for penalty provisions.
15. Upset Condition. This can be standard language the Town uses for upset provisions.



Sample Ordinance Language - Cherry Hills Village

This ordinance is provided for reference. As an NPDES MS4 (Clean Water Act) regulated municipality
located within the Denver Metro urbanized area, Cherry Hills Village is required to meet the NPDES
permit requirements. However, the City is uniquely composed of estate properties, many lots greater
than 1 acre, and a rural character. As a result, the City has developed an ordinance that requires
individual lot owners that develop or redevelop the property to install a permanent water quality BMP
on the property. Furthermore, they require a blanket easement that is titled to the property requiring
current and future property owners to maintain the function of that water quality BMP.

As noted, this is a unique situation for a unique community. However, the blanket easement and water
quality BMP is something that could be considered to meet the Town of Lyons desire for increased
water quality. By spreading water quality treatment across the Town, there is increased resilience from
flood hazards because the smaller water quality features through the watershed can be brought back
online quicker than larger regional facilities restricted to the lower end of the watershed.

This ordinance as written has little to no direct relevance to the Town of Lyons. However, with some
modification, this kind of water quality language could be used to improve a specific, targeted portion of
the Town of Lyons water quality regulation.



11/8/2016 Cherry Hills Village, CO Municipal Code

Sec. 19-1-120. - Post-construction requirements for permanent best management practices.

(@) Owners that are subject to the requirements of this Chapter, specifically including but not limited to

Section 19-1-80 of this Article, are required to address stormwater runoff quality through the use of

permanent best management practices and shall maintain those best management practices in
perpetuity and in accordance with the requirements of this Section. If the permittee can document that
permanent BMPs exist as part of an original or previous subdivision or building process, no new BMPs
will be required if the existing BMPs meet the requirements of this Chapter, specifically including but

not limited to_Section 19-1-90, Technical standards and specifications.

(1) All permanent best management practices of any site including, without limitation, detention
basins, retention basins, ponds, inlets, outlets, outfall ditches and structures for which the owner
thereof or his or her predecessor-in-interest obtained approval from the City for the construction
or establishment, shall be maintained in good repair and in substantially the form, condition and
nature which was represented at the time they were constructed. It is the intention of this Section
that such permanent best management practices, having once been approved for construction or
development, shall not be allowed to deteriorate to a condition which is in any respect inferior to
the condition or state upon which the original approval for construction or development was
based. For purposes of this Section, either or both the owner or tenant of the structure or real

property shall be considered the responsible party.

(2) Maintenance of all permanent best management practices shall be ensured through the creation
of a formal maintenance covenant that must be approved by the City and recorded against the title
of the subject property. The covenant shall be binding on all subsequent owners of land served by
the permanent best management practices. As part of the covenant, a schedule shall be developed,
detailing when and how often maintenance will occur to ensure proper function of the permanent
best management practices. The covenant shall also include plans for periodic inspections by the
City to ensure proper performance of the facility between scheduled cleanouts. The covenant shall
provide for access to the facility at reasonable times for periodic inspection or any required
maintenance by the City, or its contractor or agent, and for regular or special assessments of
property owners to ensure that the facility is maintained in proper working condition to meet
design standards and any other provisions established by this Chapter. The covenant shall be
memorialized on the subdivision plat, annexation plat, development agreement or other
instrument, or in a separate form acceptable to the City and shall be recorded in the office of the
County Clerk and Recorder.

(b) Inspections of permanent best management practices.

(1) All permanent best management practices must undergo, at the minimum, periodic inspections by
the City, as deemed appropriate by the City Manager, to document maintenance and repair needs
and ensure compliance with the requirements of this Chapter and accomplishment of its purposes.
These needs may include, but are not limited to: the removal of silt, litter and other debris from all

catch basins, inlets, ponds and detention/retention basins, outlet structures and drainage pipes;

https://www.municode.com/library/co/cherry_hills_village/codes/municipal_code?nodeld=CH19STQUCO



11/8/2016

(2)

3)

Cherry Hills Village, CO Municipal Code
grass cutting and vegetation removal; and necessary replacement of landscape vegetation. Any
maintenance needs found by City inspection or otherwise must be addressed in a timely manner,
as determined by the City Manager. The inspection and maintenance requirement may be
increased as deemed necessary to ensure proper functioning of the permanent best management

practices.

Inspection programs may be established by the City on any reasonable basis, including but not
limited to: routine inspections; random inspections; inspections based upon complaints or other
notice of possible violations; inspection of drainage basins or areas identified as higher than typical
sources of sediment or other contaminants or pollutants; inspections of businesses or industries of
a type associated with higher than usual discharges of contaminants or pollutants or with
discharges of a type which are more likely than the typical discharge to cause violations of state or
federal water or sediment quality standards or the CDPS stormwater permit; and joint inspections
with other agencies inspecting under environmental or safety laws. Inspections may include but are
not limited to reviewing maintenance and repair records; sampling discharges, surface water,
groundwater and material or water in drainage control facilities; and evaluating the condition of

drainage control facilities and other stormwater treatment practices.

Parties responsible for the operation and maintenance of a permanent best management practice
shall make records of its installation and of all maintenance and repairs, and shall retain the
records for at least two (2) years. These records shall be made available to the City during

inspection of the facility and at other reasonable times upon request.

(Ord. 06 81, 2007; Ord. 10, 2009; Ord. 10 81, 2012)

https://www.municode.com/library/co/cherry_hills_village/codes/municipal_code?nodeld=CH19STQUCO
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Sample Ordinance Language - Boulder County

This ordinance is provided for reference. The Boulder County ordinance generally applies to the Town
of Lyons geographically, but is limited by the fact that Lyons itself is not an NPDES MS4 (Clean Water
Act) regulated community. This ordinance provides a bookend for what would be the more complicated
ordinance language and stormwater regulations for the Town.



ORDINANCE NO. 2012-4
AN ORDINANCE CONCERNING ILLICIT STORMWATER DISCHARGE

WHEREAS, the County is required by state and federal law, and as a condition of its
State of Colorado stormwater discharge permit, to establish by ordinance methods for controlling
the introduction of pollutants into the storm drainage system, in order to protect and enhance the
water quality of the state’s watercourses, water bodies, and wetlands in a manner pursuant to and
consistent with the State and Federal Clean Water Act; and

WHEREAS, it is necessary to repeal Ordinance No. 2005-1 regulating illicit
discharges, and to enact a new ordinance in order to incorporate changes recommended by
the Colorado Department of Health, to delete unnecessary language and to improve on and
simplify other language based on experience gained over the last seven years; and

WHEREAS, §30-15-401(11) provides that a county which holds a municipal separate
storm sewer system permit pursuant to part 5 of article 8 of title 25, C.R.S., may adopt a storm
water ordinance to develop, implement and enforce the stormwater management program
required by the permit; and

WHEREAS, the Board of County Commissioners of Boulder County and Boulder
County Public Health (“BCPH”) are given additional authority to address the discharge and
threatened discharge of pollutants to the waters of the State, including

C.R.S. 818-4-511, which makes it a crime to place any foreign substance whether solid or
liquid into any body of water or watercourse; and

C.R.S.830-15-401(1)(a)(V), which provides that, in addition to the authority given
counties under §18-4-511, C.R.S., above, is authorized to do all acts and make all
regulations which may be necessary or expedient for the promotion of health or the
suppression of disease, including the authority to restrain, fine, and punish persons for
dumping rubbish, including trash, junk and garbage on public or private property, and
“public or private property” is defined at C.R.S.,818-4-511 to include “waters and
watercourses”; and

C.R.S. 816-13-305(1)(e), which makes any unlawful pollution or contamination of any
surface or subsurface waters in this state a Class 3 Public Nuisance; and

WHEREAS, BCPH is authorized to administer and enforce the laws pertaining to public
health and water quality and to investigate and abate nuisances when necessary in order to
eliminate conditions affecting public health; and

WHEREAS, this ordinance is necessary to protect the health, safety, and general welfare
of the citizens of Boulder County through the regulation of non-stormwater discharges to the
storm drainage system.



NOW, THEREFORE, BE IT ORDAINED by the Board of County Commissioners of
Boulder County:

SECTION 1. PURPOSE/INTENT.
The objectives of this ordinance are:

1. Toregulate the introduction of pollutants to the storm drainage system

2. To prohibit illicit connections and discharges to the storm drainage system

3. To establish procedures to carry out the inspection, surveillance and monitoring
necessary to ensure compliance with this ordinance

4. To promote public awareness of the hazards involved in the improper discharge of trash,
yard waste, lawn chemicals, pet waste, wastewater, grease, oil, petroleum products,
cleaning products, paint products, hazardous waste, sediment and other pollutants into the
storm drainage system.

SECTION 2. DEFINITIONS.
For the purposes of this ordinance, the following shall mean:

Best Management Practices (BMPs) means the schedules of activities, prohibitions of practices,
general good housekeeping practices, pollution prevention and educational practices,
maintenance procedures, and other management practices to prevent or reduce the discharge of
pollutants directly or indirectly to stormwater, receiving waters, or stormwater conveyance
systems. BMPs also include treatment practices, operating procedures, and practices to control
site runoff, spillage or leaks, sludge or water disposal, or drainage from raw materials storage.

Construction Activity means activities including but not limited to clearing and grubbing,
grading, excavating, and demolition.

Ilicit Discharge means any direct or indirect non-stormwater discharge of pollutants to the storm
drainage system, except as exempted in Section 6.C. of this ordinance.

Illicit Connection is defined as either of the following: Any drain or conveyance, whether on the
surface or subsurface, which allows an illicit discharge to enter the storm drainage system,
including but not limited to any conveyance which allows any non-stormwater discharge
including sewage, process wastewater, and wash water to enter the storm drainage system, and
any connection to the storm drainage system from indoor drains, sump pumps and sinks,
regardless of whether said drain or connection had been previously allowed, permitted, or
approved by BCPH.

Hazardous Material means any material, including any substance, waste, or combination thereof,
which because of its quantity, concentration, or physical, chemical, or infectious characteristics
may cause, or significantly contribute to, a substantial present or potential hazard to human
health, safety, property, or the environment when improperly treated, stored, transported,
disposed of, or otherwise managed.



Mobile Washing Operation is a commercial activity involving power washing, steam cleaning,
and any other method of mobile cosmetic cleaning of, by way of example, the following:
vehicles, fabric, pets and/or exterior surfaces.

National Pollutant Discharge Elimination System (NPDES) Stormwater Discharge Permit means
a permit issued by EPA (or by a State under authority delegated pursuant to 33 USC § 1342(b)
I.e. Colorado Discharge Permit System) that authorizes the discharge of pollutants to waters of
the United States, whether the permit is applicable on an individual, group, or general area-wide
basis.

Non-Stormwater Discharge means any discharge to the storm drainage system that is not
composed entirely of stormwater.

Person means any individual, association, organization, partnership, firm, corporation or other
entity recognized by law and acting as either the owner or as the owner's agent.

Pollutant means anything, which causes or contributes to pollution. Pollutants may include, but
are not limited to: paints, varnishes, and solvents; oil and other automotive fluids; non-hazardous
liquid and solid wastes; yard wastes; refuse, rubbish, garbage, litter, or other discarded or
abandoned objects; accumulations that may cause or contribute to pollution; floatables;
pesticides, herbicides, and fertilizers; hazardous substances and wastes; sewage, fecal coliform
and pathogens; dissolved and particulate metals; animal wastes; wastes and residues that result
from constructing a building or structure; wastes and residues that result from mobile washing
operations; noxious or offensive matter of any kind, and any soil, rock, and any type of
landscaping material.

Premises means any building, lot, parcel of land, or portion of land whether improved or
unimproved, including adjacent sidewalks and parking strips.

Storm Drainage System means the publicly owned facilities by which stormwater is collected
and conveyed, including, but no limited to, any roads and drainage systems, streets, gutters,
curbs, catch basins, inlets, piped storm drains, pumping facilities, retention and detention basins,
and natural and manmade or altered drainage, ditches/channels/lakes/reservoirs, and other
drainage structures.

Stormwater means any surface flow, runoff, and drainage consisting entirely of water from any
form of natural precipitation.

Stormwater Pollution Prevention Plan or Stormwater Management Plan means a document
which describes the Best Management Practices and activities to be implemented by a person or
business to identify sources of pollution or contamination at a site and the actions to eliminate or
reduce pollutant discharges to Stormwater, Stormwater Conveyance Systems, and/or Receiving
Waters to the Maximum Extent Practicable.




Threatened Discharge means a condition creating a substantial probability of harm, when the
probability and potential extent of harm make it reasonably necessary to take immediate action to
prevent, reduce or mitigate damages to persons, property or natural resources.

Watercourse means a natural or artificial channel through which stormwater or floodwater can
flow, either regularly or infrequently.

Waters of the State of Colorado (State waters) means any and all surface waters that are
contained in or flow in or through the state of Colorado. The definition includes all
watercourses, even if they are usually dry.

SECTION 3. APPLICABILITY.

This ordinance shall apply to all water entering the storm drainage system generated on any
developed or undeveloped lands in unincorporated Boulder County, unless explicitly exempted
by an authorized enforcement agency.

SECTION 4. RESPONSIBILITY FOR ADMINISTRATION.

Boulder County Public Health shall administer, implement, and enforce the provisions of this
ordinance.

SECTION 5. ULTIMATE RESPONSIBILITY.
The standards set forth herein and promulgated pursuant to this ordinance are minimum
standards; therefore this ordinance does not intend nor imply that compliance by any person will

ensure that there will be no contamination, pollution, nor unauthorized discharge of pollutants.

SECTION 6. DISCHARGE PROHIBITIONS, EXEMPTIONS AND
REQUIREMENTS.

A. Prohibition of lllicit Discharges

1)  No person shall discharge or cause to be discharged into the storm drainage system or
watercourses any pollutants or waters containing any pollutants that cause or contribute to a
violation of applicable water quality standards, other than stormwater.

2) Itshall be unlawful to cause pollutants to be deposited in such a manner or location as
to constitute a threatened discharge into the storm drainage system or waters of the State.
Pollutants that are no longer contained in a pipe, tank or other container are considered to be
threatened discharges unless they are actively being cleaned up.

B. Prohibition of lllicit Connections

The construction, use, maintenance or continued existence of illicit connections to the storm
drainage system is prohibited. This prohibition expressly includes, without limitation, illicit



connections made in the past, regardless of whether the connection was permissible under law or
practices applicable or prevailing at the time of connection.

C.

Exemptions

The commencement, conduct or continuance of any illicit discharge to the storm drainage
system is prohibited except as described as follows:

1) The following discharges are exempt from the discharge prohibitions established by
this ordinance when properly managed: water line flushing or other potable water sources,
landscape irrigation or lawn watering, diverted stream flows, rising ground water,
uncontaminated ground water infiltration to storm drains, uncontaminated pumped ground
water, foundation or footing drains, crawl space pumps, air conditioning condensation,
springs, non-commercial washing of vehicles, natural riparian habitat or wetland flows,
swimming pools (if dechlorinated - typically less than one PPM chlorine).

2) Discharges from emergency firefighting activities and water incidental to street
sweeping (including associated sidewalks and medians) not associated with construction.

3)  Dye testing is an allowable discharge, but requires a verbal notification to BCPH 24
hours prior to the time of the test.

4)  The discharge prohibition shall also not apply to any non-stormwater discharge
permitted under an NPDES or CDPHE permit.

5)  The prohibitions set forth in this section shall not apply to any non-stormwater
discharge for which an authorization, or formal commitment to not pursue enforcement
actions under a policy or waste discharge order is issued and administered under the
authority of the CDPHE, provided that the discharger is in full compliance with all
requirements of the policy or order.

Requirements Applicable to Potential Dischargers

1)  Cleaning of Paved Surfaces Required. The owner of any paved parking lot, street or
drive shall clean the pavement as required to prevent the buildup and discharge of
pollutants. The visible buildup of mechanical fluid, waste materials, sediment or debris is a
violation of this ordinance. Paved surfaces shall be cleaned by dry sweeping, wet vacuum
sweeping, collection and treatment of wash water or other methods in compliance with this
Ordinance.

2)  Mobile Washing Operations. Mobile washing operations shall not discharge to the
storm drainage system in violation of this Ordinance.

3)  Maintenance of Equipment. Any leak or spill related to equipment maintenance in an
outdoor, uncovered area should be contained to prevent the potential release of pollutants.



4)  Materials Storage: Materials including, but not limited to, stockpiles used in
construction and landscaping activities shall be stored to minimize the release of pollutants.

5)  Pesticides, Herbicides and Fertilizers. Pesticides, herbicides and fertilizers shall be
applied in accordance with manufacturer recommendations and applicable laws. Excessive
application shall be avoided.

SECTION 7. INDUSTRIAL OR CONSTRUCTION ACTIVITY DISCHARGES.

Any person subject to an industrial or construction activity NPDES stormwater discharge permit
shall comply with all provisions of such permit. Proof of compliance with said permit may be
required in a form acceptable to BCPH prior to the allowing of discharges to the storm drainage
system.

SECTION 8. ACCESS AND INSPECTION OF PROPERTIES AND FACILITIES.

1)  Whenever BCPH has reasonable cause to believe that there exists, or potentially
exists, in or upon any premises any condition which constitutes a violation of this ordinance,
BCPH shall have the right to enter the premises at any reasonable time to determine if the
owner or operator is complying with all requirements of this ordinance. In the event that the
owner or occupant refuses entry after a request to enter has been made, BCPH is hereby
empowered to seek assistance from a court of competent jurisdiction in obtaining such
entry.

2) Any violation that is part of the County’s stormwater quality management program
required by the County’s MS4 permit from the Colorado Water Quality Division, and that
remains unabated following notice of violation, may be administratively abated by the
County in accordance with C.R.S. section 30-15-401(11). BCPH shall seek an
administrative entry and abatement (seizure) warrant, and shall execute the warrant in
accordance with the directions of the court. BCPH may assess the reasonable cost of the
abatement, including five percent for inspection and other incidental costs, upon the
property by recording a notice of such assessment with the County Clerk and Recorder
specifying a reasonable time within which the assessment must be paid to the County, which
generally shall be within thirty (30) days. Once recorded, the assessment shall be a lien
against the property until paid and shall have priority based upon its date of recording. If
the assessment is not paid within the time specified in the notice, BCPH may request the
County Clerk and Recorder certify that fact to the County Treasurer, who shall collect the
assessment, together with a ten percent penalty for the cost of collection, in the same
manner as taxes are collected.

3)  BCPH shall have the right to set up on the property of any discharger to the storm
drainage system such devices that are necessary to conduct an investigation of such
discharges. The investigation may include, but is not limited to, the following: sampling of
any discharge or process waters, the taking of photographs, interviewing staff on alleged
violations, and access to any and all facilities or areas within the premises that may have
any effect on the discharge.



4)  BCPH may, without prior notice, act to prevent an actual or threatened discharge
which presents or may present an imminent danger to the environment, public health or
safety, or to the storm drainage system or waters of the State. If a Person fails to comply
with a verbal or written order issued in such an emergency, BCPH may take such steps as
are necessary to prevent or minimize the danger.

SECTION 9. REQUIREMENT TO PREVENT, CONTROL, AND REDUCE
STORMWATER POLLUTANTS BY THE USE OF BEST
MANAGEMENT PRACTICES.

The owner or operator of a commercial or industrial establishment shall provide, at their own
expense, reasonable protection from accidental discharge of prohibited materials or other wastes
into the storm drainage system or watercourses through the use of these structural and non-
structural BMPs. Further, any person responsible for a property or premises, which is, or may be,
the source of an illicit discharge may be required to implement, at said person's expense,
additional structural and non-structural BMPs to prevent the further discharge of pollutants to the
storm drainage system.

SECTION 10. NOTIFICATION OF SPILLS.

Notwithstanding other requirements of law, as soon as any person responsible for a premises, or
responsible for emergency response for such premises has information of any known or
suspected release of materials which are resulting or may result in illicit discharges into
stormwater, the storm drainage system, or waters of the State, said person shall take all necessary
steps to ensure the discovery, containment, and cleanup of such release. In the event of such a
release of hazardous materials said person shall immediately notify emergency response agencies
of the occurrence via emergency dispatch services.

SECTION 11. VIOLATIONS, ENFORCEMENT AND PENALTIES.

Notice of Violation.

Whenever BCPH finds that a person has violated a prohibition or failed to meet a requirement of
this Ordinance, BCPH may order compliance by verbal or written notice of violation to the
responsible person. Such notice may require without limitation:

(1) The immediate elimination of illicit connections or discharges;

(2) That violating discharges, practices, or operations shall cease and desist;

(3) The abatement or remediation of stormwater pollution or contamination hazards and the
restoration of any affected property;

(4) Payment to cover administrative and remediation costs; and

(5) The implementation of source control or treatment BMPs.

Once the illicit discharge or connection is eliminated, and if abatement of a violation and/or
restoration of affected property is required, the notice shall set forth a deadline within which such
remediation or restoration must be completed. Said notice shall further advise that, should the
violator fail to remediate or restore within the established deadline, BCPH may seek the



enforcement of the work through injunction or other legal means, or the work will be done by a
designated governmental agency or a contractor and the expense thereof shall be charged to the
violator.

Criminal Prosecution.

Any person that has violated or continues to violate this ordinance shall be liable to criminal
prosecution to the fullest extent of the law, and shall be subject to a criminal penalty authorized
pursuant to Colorado Revised Statutes, Title 30, Article 15. BCPH may recover all attorneys’
fees, court costs and other expenses associated with enforcement of this ordinance, including
sampling and monitoring expenses.

Violations Deemed a Public Nuisance.

In addition to the enforcement processes and penalties provided, any condition caused or
permitted to exist in violation of any of the provisions of this Ordinance is a threat to public
health, safety, and welfare, and is declared and deemed a nuisance, and may be summarily
abated or restored at the violator's expense, and/or a civil action to abate, enjoin, or otherwise
compel the cessation of such nuisance may be taken.

Remedies Not Exclusive.

The remedies listed in this ordinance are not exclusive of any other remedies available under any
applicable federal, state or local law, and it is within the discretion of BCPH to seek cumulative
remedies.

SECTION 12. SEVERABILITY.

If any provision, clause, sentence or paragraph of this Ordinance or the application thereof to any
person or circumstances shall be held invalid, such invalidity shall not affect the other provisions
of this Ordinance which can be given effect without the invalid provision or application, and to
this end the provisions of this Ordinance are declared to be severable.

SECTION 13. EFFECTIVE DATE, REPEAL OF PRIOR ORDINANCE.

This article shall be effective sixty (60) days from and after the date of its adoption and final
publication. Ordinance No. 2005-1 shall be repealed as of such effective date.

INTRODUCED, READ AND ADOPTED ON FIRST READING on October 30, 2012, and
ordered published in the BOULDER DAILY CAMERA.

THE BOARD OF COMMISSIONERS
OF THE COUNTY OF BOULDER, COLORADO

Cindy Domenico, Chair



ATTEST:

Clerk to the Board

ADOPTED ON SECOND AND FINAL READING on November 29, 2012.

THE BOARD OF COMMISSIONERS
OF THE COUNTY OF BOULDER, COLORADO

Cindy Domenico, Chair

ATTEST:

Clerk to the Board



TOWN OF LYONS

COMMERCIAL DEVELOPMENT AND
MiXED USE DEVELOPMENT

DESIGN STANDARDS AND GUIDELINES
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Sample Commercial and Mixed Use Design Standards and Guidelines - Town of
Lyons

This is provided for reference only. This is sample language used in previously published standards and
guidelines. This general language and intent could be merged with a truncated and reduce version of
the Boulder Ordinance. This general language and intent could be merged with an expanded and
customized Cherry Hills Village water quality ordinance.

In any case, these references are meant to provide general parameters, parts, and recommendations for
customizing an ordinance or other legislation to support the sustainable management of stormwater
quality in the Town of Lyons.



6. Dumpsters and their enclosures shall be located and designed to facilitate collection and
to minimize negative impact on-site or to neighboring properties, or public rights-of-way.
(S)

7. All dumpsters and all other waste disposal activities shall be adequately screened or
otherwise concealed from the view of persons traveling on any public street, sidewalk or
other public ways. (S)

H. Water Quality Control and Drainage

Intent: Preserve natural drainage and design stormwater improvements as landscape amenities
to enhance the project, slow stormwater runoff, capture water pollutants, prevent erosion and
minimize impervious surfaces. Storm water and snow-melt from rooftops, paved areas, and
lawns carry plant debris, soil particles, and dissolved chemicals into rivers and streams.
Site development plans should employ management and best engineering practices to protect
storm water discharge from these undesirable elements, before releasing water off site or
into the Town’s storm drainage system or natural waterways.

Site drainage should be designed to minimize water collection near building foundations,
entrances, service ramps and primary pedestrian routes.

In addition to the Town of Lyons’s Storm Drainage and Technical Criteria, the following
standards and guidelines apply.

Standards and Guidelines:

1. Storm water should not drain directly into the public storm drainage system or released
overland into rivers or streams without first going through peak runoff mitigation and
water quality treatment systems. (G)

2. Design all storm sewers, grassed swales and other drainage channels in accordance
with the Town of Lyons storm drainage design and technical criteria. (S)

3. Avoid hard concrete-lined channel designs, where practical. If a hard channel design is
necessary, use a more natural approach that incorporates river rock or natural rock
channel lining when possible. (G)

4. Utilize accepted design criteria and recommendations of the Urban Drainage and Flood
Control District (or other commonly recognized and appropriate engineering standards)
and the Town of Lyons for detention pond design and to enhance water quality. (S)

5. Design on-site drainage and detention facilities with attractive, landscape features and
amenities. (S)

6. Integrate local durable materials in pond design, such as flagstone terracing. (G)

7. Every development plan shall be accompanied by a drainage plan and report prepared by
a licensed professional engineer in the State of Colorado in accordance with the
Manual of Design Criteria and Standard Specifications for the Construction of Public
Improvements. (S)

8. The plan and report is subject to review and acceptance by the Town. (S)

13



9. The drainage design shall:

a.

d.

Restrict runoff from a parcel to historic conditions, unless otherwise indicated in
the Town’s Master Drainage Plan, or demonstrate that doing so would be
detrimental to the overall system; (S)

Accept and convey runoff in its historic manner, unless otherwise indicated in the
Town’s Master Drainage Plan, or unless other offsite permanent arrangements are
made. (S)

Include easements in favor of the Town to facilitate emergency maintenance of
controls, structures, features or other improvements that, when not operating
correctly, could result in damage to adjacent property or to the Town. (S)

Respect existing conditions and adjacent properties and follow general
topographic constraints of the site and adjacent lands. (S)

10. Drainage improvements serving a regional area may be turned over to the Town for
ownership and maintenance if accepted by the Board of Trustees and approved
easements and agreements are in place. Drainage improvements serving a common
ownership, cluster development, shopping plaza, industrial park, or other similar
development will remain under the ownership and maintenance of the owner or
managing association. Easements will be required in favor of the Town as noted above.

(S)

11. Drainage plans and reports shall be accompanied by an Erosion and Sediment Control
Plan. (S) Erosion and Sediment Control Plans are required for construction and for
permanent improvements. Erosion and Sediment Control Plans shall:

a.
b.

o o0

g.

Encompass the phasing of a development or site design. (S)

Be in consideration of other upstream and downstream property owners, drainage
conveyances, and the north and south St. Vrain Creeks. (S)

Protect existing vegetation. (S)

Minimize disturbance to natural lands and geologic features. (S)

Address construction related dust mitigation. (S)

Include details and specifications for the proper installation and maintenance of
temporary and permanent improvements. (S)

Comply with all applicable state and federal standards including but not limited to the
Colorado State Department of Health and Environment. (S)

12. Parking Lot Stormwater Management:

a.

b.

Stormwater runoff should be routed or directed over perimeter and interior
plantings to the greatest extent possible. (G)

Stormwater runoff management should facilitate infiltration as close to where it
falls as possible provided it does not harm structures or hard surface pavements.
(G)

The consolidation of planting islands to be used for storm water quality
enhancement is encouraged and allowed for the promotion of plant growth and
cleansing of runoff. (G)

The use of biofiltration techniques such as constructed rain gardens to filter
pollutants carried by runoff and infiltrate stormwater for irrigation is
recommended. (G)

Use of permeable concrete or asphalt pavement systems for parking lots is
strongly encouraged. (G)

14



13. The Town of Lyons considers sustainability to be an important consideration for today’s
actions. As such, drainage design should consider sustainability through local treatment
of surface runoff, infiltration and capture and use of runoff on site (provided such use is
not in violation of applicable State regulations).
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Purpose of this Manual

The purpose of this manual is to set forth the criteria to be used in the design of drainage
systems within the Town of Lyons, Colorado. All subdivision plats, planned unit development,
or any other proposed construction must include adequate storm drainage analysis using this
manual supplemented by the UDSCM and Boulder County criteria as a guide.

Whenever possible master drainage plan studies should be referenced for proposed
developments located within the study area. Although the Town of Lyons lies outside of the
Urban Drainage and Flood Control District, the regional drainage concepts written in the Urban
Storm Drainage Criteria Manual (USDCM) can be applied to Lyons. Many of the communities
outside of Denver have also adopted the UDSCM for their communities with an addendum to fit
their specific community needs.

All section numbers referenced are based off of USDCM Volumes 1, and 2 dated June 2001
Revised April 2008, and USDCM Volume 3 dated November 2010 available for download from
their website at www.udfcd.org.

Prior to any construction of development activity, there must be an adequate plan for storm
drainage in compliance with all regulations and specifications set forth in this Manual and
approved by the Town.

Master Drainage Study

Any annexation or planned unit development (PUD) in excess of 40 acres or phased
commercial/industrial development in excess of 10 acres is required to prepare a master
drainage study. The purpose of the study is to identify major drainageways, ponding areas,
siting and sizing of culverts, bridges, open channels and drainage basins which are tributary to
the proposed development. The master drainage study should discuss alternatives to the
drainage problems identified by the study. Downstream drainage facilities should be thoroughly
analyzed to confirm they can convey the developed runoff. The report shall include but not be
limited to:

e Calculations for peak flow from all off-site tributary drainage basins.

e Calculations for peak flow within the proposed development.

¢ Discussion and analysis of downstream facilities.

¢ Discussion of drainage problems and solutions which may be anticipated to occur within
the development.

e Reports shall be bound and typed on 8-1/2" x 11" paper.

The drawings shall include, but not limited to the following information:

¢ Any and all flood plains

e EXxisting topography (Two-foot intervals)

¢ Location and size of open channels, bridges, culverts, storm sewers, and ponding areas.
e |dentification of drainage basins within and tributary to the development.

e Location of all streets.
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e Scales as small as 1'=500" may be used to show the entire development and all off-site
drainage areas. (Drawings shall be 22" x 34").

Preliminary Drainage Report

A preliminary drainage report must be approved prior to approval of any final plat, planned
building group or planned unit development. The report must be approved by engineering and
planning staff prior to Planning Commission action. A Planning Commission action without
engineering approval risks violation of State statues for water rights, floodplain regulations, and
other water resource criterion.

The purpose of the preliminary drainage study is to identify and propose specific solutions to
any on-site drainage problems that will occur as a result of the proposed development. Off-site
information required on the preliminary drainage study is similar to that of the master drainage
study and may be omitted from the preliminary drainage study when adequately analyzed by a
master drainage study. The preliminary drainage report must include adequate topography to
verify all conclusions regarding off-site drainage. Unless known, the capacity of downstream
drainage structures must be thoroughly analyzed to determine their ability to convey the
developed discharge.

Whenever the possibility of downstream flooding or property damage exists, it will be necessary
to utilize either detention or retention ponds to reduce the developed discharge to an acceptable
rate.

The preliminary drainage report shall include, but not limited to:

e A description of the property (Township, Range, Section, surrounding developments,
major drainage channels, general topography, ground cover).

e Detailed analysis of receiving structures

e Adequate on-site analysis to determine the location and required capacity of culverts,
bridges, open channels, detention ponds and storm sewers

e Report shall be bound and typed on 8-1/2" x 11" paper. Drawings, figures, plates, and
tables shall be bound with the report or included in a folder/pocket attached to the
report.

Drawings accompanying the report shall include, but not limited to, the following:

e Scales as small as 1'=500" may be used to show the entire development and all off-site
drainage areas. (Drawings shall be 22" x 34").

¢ All floodplains affecting the property must be shown.

e Topography map of the development showing street layout and/or building location on a
contour interval not to exceed two feet

e Location and size of all drainage structures

e Drainage patterns within the proposed developments

Whenever open channels are planned, the following additional information shall be required:

e Preliminary profile showing existing and proposed grades
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o Cross sections on 100-foot stations showing existing and proposed cross sections and
required right-of-way

e Location and size of all structures

e As-built profiles of any existing utilities which may be affected by the channel
construction.

Inlet and storm sewer size calculations are not required with the preliminary drainage study
because the number of subbasins analyzed in the report should be held to the smallest practical
amount.

Final Drainage Report

The final drainage report shall be a detailed study and analysis of the proposed development. It
shall include detailed calculations for all runoff within the proposed development, and detailed
calculations for the design of all drainage structures within the development. The final drainage
report shall be typed on 8-1/2" x 11" paper. Drawings, figures, plates, and/or tables shall be
bound with the report or included in a folder/pocket attached to the report.

Construction plans for all drainage structures, grading plans and street grades, where
applicable, shall also be included with and considered as a part of the final drainage study.

Drawings and calculations comprising the final drainage report shall include but not limited to:

e Existing and proposed contours (Two-foot intervals)

e Location and elevations of city benchmarks. All elevations shall be on a NAVD 88
datum.

e Property lines

e Street, names and grades

e Existing drainage facilities and structures, including existing irrigation ditches, roadside
ditches, drainageways, swales, gutter flow directions, culverts, etc. All pertinent
information such as size, shape, slope, location, etc., shall also be included to facilitate
review and approval of drainage plans.

¢ Overall drainage area boundary and drainage subarea boundaries

e Proposed type of curb and gutter, gutter flow direction, including cross pans.

e Proposed storm sewers and open drainageways and right-of-way requirements,
including proposed inlets, manholes, culverts, erosion control and energy dissipation
devices, and other appurtenances.

e Proposed outfall point for runoff from the developed area and facilities to convey flows to
the final outfall point without damage to downstream properties.

e Routing and accumulative flows at various critical points for the minor storm runoff

¢ Routing and accumulative flows at various critical points for the major storm runoff

o Details of detention storage facilities and outlet works.

e Critical minimum finished floor elevations for protection from major storm runoff.

e An overall drawing of the proposed development which shall show the following
information:

o Location and size of all drainage structures
o0 General flow patterns within the development
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Finished floor elevations of all buildings

Flood level in all streets in which the curb is overtopped during the 100-year
storm.

All drainage basins within the development.

All floodplains within the proposed development

Location and elevation of all existing and proposed utilities affected by or
affecting the drainage design

All drawings shall be on 22" x 34" sheets.
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USDCM VOLUME 1

DRAINAGE POLICY

1.1 Policy - Accepted
1.2 Principles - Accepted
1.3 Basic Knowledge - Accepted

1.4 Planning - Accepted
Change:

“A master plan for storm drainage should be developed and maintained in an up-to-date fashion
at all times for each urbanizing drainage watershed in the Denver region.”

To:

“The town Masterplan should be updated based on annexations, hydrologic study changes by
FEMA, CWCB, or other agencies, and following capital improvement projects, or not less than
every five (5) years.”

1.5 Technical Issues- Accepted

Change:

“Proper design and construction of stormwater detention and retention basins are necessary to
minimize future maintenance and operating costs to avoid public nuisances and health hazards.
This is particularly important, given the many detention and retention facilities in the Denver
region.”

To:

Proper design and construction of stormwater detention basins are necessary to minimize future
maintenance and operating costs to avoid public huisances and health hazards.

Change:

“The various governmental agencies within the Denver region have adopted and need to
maintain their floodplain management programs.”

To:

The Town of Lyons has adopted the FEMA NFIP floodplain ordinance as required by the CWCB
and needs to maintain their floodplain management programs.

1.6 Flood Insurance - Accepted

1.7 Implementation - Accepted
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2.0 PRINCIPLES

21 Drainage Is a Regional Phenomenon That Does Not Respect the Boundaries Between
Government Jurisdictions or Between Properties - Accepted

2.2 A Storm Drainage System Is a Subsystem of the Total Urban Water Resource System -
Accepted

2.3 Every Urban Area Has an Initial (i.e., Minor) and a Major Drainage System, Whether
or Not They Are Actually Planned and Designed - Accepted

2.4 Runoff Routing Is Primarily a Space Allocation Problem - Accepted

2.5 Planning and Design of Stormwater Drainage Systems Generally Should Not Be Based
on the Premise That Problems Can Be Transferred From One Location to Another -
Accepted

2.6 An Urban Storm Drainage Strategy Should Be a Multi-Objective and Multi-Means
Effort - Accepted

2.7 Design of the Stormwater Drainage System Should Consider the Features and
Functions of the Existing Drainage System - Accepted

2.8 In New Developments, Attempts Should Be Made to Reduce Stormwater Runoff Rates
and Pollutant Load Increases After Development to the Maximum Extent Practicable
- Accepted

2.9 The Stormwater Management System Should Be Designed Beginning With the Outlet
or Point of Outflow From the Project, Giving Full Consideration to Downstream
Effects and the Effects of Off-Site Flows Entering the System - Accepted

2.10 The Stormwater Management System Should Receive Regular Maintenance -
Accepted

2.11 Floodplains Need to Be Preserved Whenever Feasible and Practicable - Accepted

2.12 Reserve Sufficient Right-of-Way for Lateral Movement of Incised Floodplains -
Accepted
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3.0 BASIC KNOWLEDGE - Deleted (Although the concepts by title are valuable to the
Town of Lyons, the content is UDFCD specific and is therefore deleted to avoid
confusion. i.e. 3.1.4 Library references plans and reports within the UDFCD.)

3.1 Data Collection - Deleted

3.1.1 Storm Runoff and Flood Damage - Deleted
3.1.2 Rainfall-Runoff Relationships - Deleted
3.1.3 Inventory of Successful Projects - Deleted
3.1.4 Library - Deleted

3.1.5 Runoff Magnitudes - Deleted

3.2 Floodplain Data - Deleted

3.2.1 Small Waterways - Deleted

3.2.2 Data Inventory- Deleted

3.2.3 Floodplains - Deleted

3.2.4 Priority for Data Acquisition - Deleted
3.3 Data Use- Deleted

3.3.1 Master Plan - Deleted

3.3.2 Public Cost - Deleted

3.3.3 Easements - Deleted

4.0 PLANNING

4.1 Total Urban System - Amended
Change:

“Master plans for storm drainage have been developed and maintained in an up-to-date fashion
for most of the watersheds in the Denver region. An effort to complete the coverage of master
plans for yet unplanned areas of the District should be continued until full coverage is achieved.”

To:

“The Town Master Plan should be updated based on annexations, hydrologic study changes by
FEMA, CWCB, or other agencies, and following capital improvement projects, or not less than
every five (5) years.”
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4.1.1 Development Plan - Accepted

4.1.2 Master Plan- Amended- Amended
Delete entire first paragraph
Change:

“The District has established a suitable format for master plan reports and drawings so that a
uniform planning approach and coordination of efforts can more easily be made. Master
planning should be done in enough detail and with adequate thoroughness to provide a ready
drainage development guide for the future in a particular watershed. ”

To:

“Any master plan for the town should be done in enough detail and with adequate thoroughness
to provide a ready drainage development guide for the future. Guidelines for drainage reports
are provided in sections for the Master Drainage Study, Preliminary Drainage Report, and Final
Drainage Report.”

4.1.3 Planning Process Ingredients- Amended

Change:

“2. Initial Drainage System Planning. All local and regional planning must take into consideration
the initial drainage system to transport the runoff from storms expected to occur once every 2 to
10 years.”

To:

2. Initial Drainage System Planning. All local and regional planning must take into consideration
the initial drainage system to transport the runoff from storms expected to occur once every 2
years.

4.1.4 Local and Regional Planning- Accepted
4.1.5 Site Planning- Accepted

4.1.6 Water Quality- Amended
Change:

“Sanitary sewage systems that overflow or bypass untreated sewage into surface streams
should not be permitted in the Denver region.”

To:

Sanitary sewage systems that overflow or bypass untreated sewage into surface streams
should not be permitted in the town.
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4.2 Multiple-Objective Considerations- Accepted
4.2.1 Lower Drainage Costs- Accepted

4.2.2 Open Space - Accepted

4.2.3 Transportation - Accepted

4.3 Natural Channels- Accepted

4.3.1 Channelization- Amended
Add:

It shall be the policy of the town to review proposed channel designs on a case-by-case basis.
Proposed modifications to natural channels shall be approved only if the work causes no injury
to water rights and is not in violation of State of Federal Law.

4.3.2 Channel Storage- Accepted

4.3.3 Major Runoff Capacity- Accepted

4.3.4 Maintenance and Maintenance Access- Accepted
4.4 Transfer of Problems- Accepted

4.4.1 Intra-Watershed Transfer- Accepted

4.4.2 Inter-Watershed Transfer- Accepted

4.4.3 Watershed Planning- Accepted

4.5 Detention and Retention Storage- Amended
Add:

“The policy of the Town of Lyons shall be to require regional and/or on-site detention for all
future developments. Temporary or interim detention/retention may be required if the
downstream regional facilities have not yet been constructed per the applicable Master Plan. It
is the town’s policy to require detention of runoff from the 100-year storm falling on the
developed site and release of the detained water at the rate of the runoff of the 5-year storm
falling on the undeveloped site. Detention releases based on soil types are not approved for the
town.

Proposed development must provide for the safe conveyance of offsite flows through the
proposed development site. Offsite flow may be routed through or around the proposed
detention facilities. Positive drainage must be provided. The town will not approve any
detention pond that does not drain in less than 72 hours, or causes injury to water rights, or is in
violation of State or Federal law.
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All detention facilities must be recorded with the State database: Stormwater Detention and
Infiltration Facility Notification in compliance with Colorado Revised Statute §37-92-
602(8)(b)(1)(A). Additional information is presented on the state website:
https://maperture.digitaldataservices.com/gvh/?viewer=cswdif

Owing to the updated guidance from the State Engineer on 72 hour drain time, retention
facilities must meet that same threshold. Retention facilities holding water longer than 72 hours
are subject to review by the State Engineer for water rights, augmentation, or other basin
requirements. At a minimum, any drainage plan proposing retention facilities must prove
infiltration rates of soils in the retention facility can empty the pond within 72 hours. Drainage
plans proposing retention must also consider clogging pore spaces in the pond bottom,
seasonal variation in groundwater and its impact on infiltration rates, and other criteria required
by the Town Engineer.

4.5.1 Upstream Storage - Accepted
4.5.2 Minimized Directly Connected Impervious Area Development-Accepted
4.5.3 Downstream Storage - Accepted

4.5.4 Reliance on Non-Flood-Control Reservoirs - Amended
Delete entire paragraph
Add:

“Jurisdictional dams are classified by the State Engineer as low, moderate, or high hazard
structures depending on conditions downstream. Dams are classified as high hazard
structures when, in the event of failure, there is a potential loss of life. Dams presently rated as
low or moderate hazard structures may be changed to high hazard rating if development occurs
within the potential path of flooding due to a dam breach. In this case, the reservoir owners
would be liable for the cost of upgrading the structure to meet the higher hazard classification.

The Policy of the Town of Lyons shall be to:

1. Restrict upstream development to areas outside of the jurisdictional dam water
surface elevation created by a 100-year storm plus freeboard.

2. Restrict downstream development to areas outside of the jurisdictional dam 100-
year floodplain. The jurisdictional dam 100-year floodplain is defined as either:

a. The 100-year floodplain downstream of the emergency spillway assuming
the dam is full to the elevation of the emergency spillway at the beginning of the 100-
year storm and the 100-year storm is routed through the dam and out the emergency
spillway,

b. Or the path that the basin's 100-year floodplain would form through the
downstream development if the dam were removed by the owner.

10
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4.5.5 Reliance on Embankments - Amended
Change:

“The detention of floodwaters behind embankments created by railroads, highways or roadways
resulting from hydraulically undersized culverts or bridges should not be utilized by the drainage
engineer for flood peak mitigation when determining the downstream flood peaks for channel
capacity purposes unless such detention has been covered by a binding agreement approved
by the District.”

To:

“The detention of floodwaters behind embankments created by railroads, highways or roadways
resulting from hydraulically undersized culverts or bridges should not be utilized by the drainage
engineer for flood peak mitigation when determining the downstream flood peaks for channel
capacity purposes unless such detention has been covered by a binding agreement approved
by the Town.

Historical development within the Town limits includes mining, rail, and associated infrastructure
subsequently repurposed in part or in full for private and public uses. Applicants should
carefully review existing topographic features to ensure stability of embankments, fill, slopes,
and other surface and sub-surface features.”

5.0 TECHNICAL CRITERIA

5.1 Design Criteria - Amended
Change:

“Storm drainage planning and design should adhere to the criteria developed and presented in
this Manual maintained by the District.”

To:

“Storm drainage planning and design should adhere to the criteria developed and presented in
this Manual maintained by the Town.”

5.1.1 Design Criteria- Amended

Change:

“The design criteria presented herein represent current good engineering practice, and their use
in the Denver region is recommended. The criteria are not intended to be an ironclad set of
rules that the planner and designer must follow; they are intended to establish guidelines,
standards and methods for sound planning and design.”

To:

“The design criteria presented herein represent current good engineering practice, and their use
in the Town of Lyons is recommended. The criteria are not intended to be an ironclad set of
rules that the planner, engineer, and designer must follow; they are intended to establish
guidelines, standards and methods for sound planning and design. The planner, engineer,
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designer, and owner should carefully coordinate with Town staff to collect the best available
data for the watersheds affecting the subject property.”

5.1.2 Criteria Updating - Accepted
5.1.3 Use of Criteria - Accepted
5.2 Initial and Major Drainage - Accepted

5.2.1 Design Storm Return Periods - Amended

Delete second paragraph

5.2.2 Initial Storm Provisions - Amended
Change:

“The initial storm drainage system, capable of safely handling 2- to 10-year floods depending on
local criteria, is necessary to reduce the frequency of street flooding and maintenance costs, to
provide protection against regularly recurring damage from storm runoff, to help create an
orderly urban system, and to provide convenience to urban residents.”

To:

“The initial storm drainage system, capable of safely handling 2-year floods, is necessary to
reduce the frequency of street flooding and maintenance costs, to provide protection against
regularly recurring damage from storm runoff, to help create an orderly urban system, and to
provide convenience to urban residents. Considerations shall be made to ensure downstream
facilities are sized to accept flows associated with any new development.”

5.2.3 Major Storm Provisions - Accepted
5.2.4 Critical Facilities - Accepted

5.2.5 Major Drainage Channels - Accepted
5.2.6 Tailwater -Accepted

53 Runoff Computation - Accepted
5.3.1 Accuracy - Accepted

5.4 Streets - Accepted

5.4.1 Use of Streets - Amended
Change:

“Bubblers (inverted siphons which convey flows beneath roadways) are not encouraged in the
Denver region because of possible plugging with sediment and difficulty in maintaining them.”

To:
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Bubblers (inverted siphons which convey flows beneath roadways) are not encouraged in Lyons
because of possible plugging with sediment and difficulty in maintaining them.”

Add:

“Street conveyance in portions of the Town is an important means of stormwater conveyance
due to limitations of excavation for pipe systems in the rock subgrade present in the majority of
the northern side of the St. Vrain.”

5.5 Irrigation Ditches- Amended
Add:

Lyons does not allow the discharge of stormwater runoff from developed areas into irrigation
ditches and facilities except as required by water rights or where such discharges are in
conformance with approved Master Drainage plans. Further, wherever new development will
alter patterns of drainage into irrigation ditches by increasing flow rates or volumes, or will
change the historic concentration points of runoff, the Town shall require each new
development to obtain written consent of the appropriate ditch company before approving the
drainage design and development.

Where irrigation and stormwater conveyance intersect, the Town will recommend gravity flow for
the stormwater system to prevail and siphon, pump, or other forced flow regimes be reserved
for irrigation flows. Irrigation systems typically have a routine maintenance cycle built around
seasonal flow patterns unlike perpetual flows within Town storm sewer systems.”

5.5.1 Use of Ditches- Amended
Change:

“Land planners downhill from a ditch should plan for pre-ditch drainage conditions as well as
continued ditch seepage.”

To:

“Land planners and engineers with a proposed development downhill from a ditch shall plan for
pre-ditch drainage conditions as well as continued ditch seepage.

Add:

For new development, it shall be the policy of Lyons to prohibit undetained discharges to
roadside ditches located in the Town right-of-way. In the event a proposed development
wishes to design stormwater discharge to a Town right-of-way, the developer, at the request of
the Town, shall have the requirement to design and construct drainage improvements to the
right-of-way at the developers’ own expense. Such improvements shall include, but not be
limited to: detention ponds, armored channels, culverts, level spreaders, and other drainage
facilities. Cost-sharing of such needed improvements may be borne by adjacent, upstream, or
downstream developments, such cost sharing to be negotiated by the developer. The Town of
Lyons will require written agreements and construction bonding of such offsite drainage
improvements.
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5.5.2 Ditch Perpetuation - Accepted

5.5.3 Conformance With Master Plan - Accepted
Change:

“Use of irrigation ditches for collection and transport of either initial or major storm runoff should
be prohibited unless specifically provided in a District's master plan or approved by the District
and the ditch owner.”

To:

“Use of irrigation ditches for collection and transport of either initial or major storm runoff should
be prohibited unless specifically provided in the Town’s master plan or approved in writing by
the Town and the ditch owner.”

5.6 Detention and Retention Facilities Maintenance - Amended
Change:

“The significant cost of handling stormwater runoff, coupled with the social benefits to be
derived from proper storm drainage facilities, points towards the use of detention and retention
basins for storage of stormwater runoff in the Denver region. Maintenance provisions must be
arranged. Maintenance of detention or retention facilities includes the removal of debris,
excessive vegetation from the embankment, and sediment. Without maintenance, a
detention/retention facility will become an unsightly social liability and eventually become
ineffective.”

To:

“The significant cost of handling stormwater runoff, coupled with the social benefits to be
derived from proper storm drainage facilities, points towards the use of detention basins for
storage of stormwater runoff in the Town. Maintenance provisions must be arranged,
documented, and reviewed annually. Maintenance of detention facilities includes the removal of
debris, trimming excessive vegetation from the embankment, sediment removal, and other
procedures set forth by Town Maintenance personnel and engineering staff. Without
maintenance, a detention facility will become an unsightly social liability, eventually become
ineffective, and ultimately could become a threat to public health and safety.”

5.6.1 Water Quality - Accepted

Add:

“Colorado House Bill 1005, provides that rain barrels can only be installed at single-family
households and multi-family households with four or fewer units. A maximum of two rain barrels
can be used at each household and the combined storage of the two rain barrels cannot exceed
110 gallons. Rain barrels can only be used to capture rainwater from rooftop downspouts and
the captured rainwater must be used to water outdoor lawns, plants and/or gardens on the
same property from which the rainwater was captured. Rain barrel water cannot be used for
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drinking or other indoor water uses. The capture and use of rainwater using rain barrels does
not constitute a water right.

The Town will consider drainage plans that utilize rain barrels to offset water quality and
detention requirements. In no circumstance will rain barrels completely eliminate other water
quality or detention requirements.”
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6.0 FLOODPLAIN MANAGEMENT

6.1 Purpose - Amended
Delete:

“Various governmental agencies within the Denver region should initiate floodplain management
programs.”

6.2 Goals - Amended

Change:

“To reduce the vulnerability of Denver region residents to the danger and damage of floods.”
To:

To reduce the vulnerability of the Town'’s residents to the danger and damage of floods.
6.3 National Flood Insurance Program- Accepted
6.3.1 Participation - Accepted

6.3.2 New Development - Amended

If a CLOMR/LOMR submittal is heeded with a development application, Lyons shall follow the
requirements of the floodplain ordinance.

The Town of Lyons reserves the right to outsource engineering review of all CLOMR and LOMR
submittals received with a development application. The Developers shall reimburse the
Lyons for all outsourced engineering review costs. Upon FEMA approval of a CLOMR or
LOMR, payment of all outsourced engineering review costs is due and payable to Lyons. It is
possible for developers to contract directly with one of the Town’s outsourced
Consultant(s) for the preparation of CLOMR’s and LOMR's, if they so desire. However, the
Town maintains the right to in in-house or outsourced independent review of the application
before providing Town concurrence.”
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6.4 Floodplain Management - Accepted
6.5 Floodplain Filling- Accepted

6.6 New Development - Accepted

6.7 Strategies and Tools - Accepted
6.7.1 Exposure to Floods - Accepted

6.7.2 Development Policies - Accepted
6.7.3 Preparedness- Accepted

6.7.4 Flood Proofing - Accepted

6.7.5 Flood Forecasting - Accepted

6.7.6 Flood Modification - Accepted

6.7.7 Impact of Modification - Accepted
7.0 IMPLEMENTATION

7.1 Adoption of Drainage Master Plans - Amended
Change:

“This Manual and master plans should be adopted and used by all governmental agencies
operating within the District.”

To:

This Manual and masterplans should be adopted and used by all parties operating within the
Town.

7.1.1 Manual Potential - Accepted

7.2 Governmental Operations - Accepted

7.3 Amendments - Amended
Change:

“Problems in urban drainage administration encountered by any governmental agency should be
reviewed by the District to determine if equity or public interests indicate a need for drainage policy,
practice, or procedural amendments. The District should continually review the needs of the Denver
region in regard to urban runoff criteria and should recommend changes as necessary to this Manual.”

To:

Problems in urban drainage administration encountered by anyone should be reviewed by the Town to
determine if equity or public interests indicate a need for drainage policy, practice, or procedural
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amendments. The Town should continually review the needs of the town in regard to urban runoff criteria
and should recommend changes as necessary to this Manual.

7.4 Financing - Accepted
7.4.1 Drainage Costs - Accepted

7.5 Drainage Improvements - Amended
Add:

The policy of Lyons regarding the design and construction of improvements within the Master
Drainage Plan shall be set forth below:

a. Lyons shall identify needed design and construction of improvements as set forth in
adopted Master Drainage Plans for existing and future growth areas.

b. The drainage systems for future development and redevelopment shall be designed
and constructed by the Developer(s).

c. The Developers shall be responsible for design and construction of temporary or
interim storm drainage systems required due to the lack of adequate storm drainage
facilities downstream of new development.

d. The Developers may be responsible for design and construction of permanent storm
drainage systems required due to the lack of adequate storm drainage facilities
downstream of new development.

8.0 REFERENCES - Accepted

18



Town of Lyons Storm Drainage Criteria Addendum

DRAINAGE LAW - Deleted

1.0 SUMMARY OF CURRENT GENERAL PRINCIPLES OF DRAINAGE AND FLOOD
CONTROL LAW - Deleted

1.1 Introduction - Deleted

1.2 Legal Principles - Deleted
2.0 GENERAL PRINCIPLES OF DRAINAGE LAW - Deleted

2.1 Private Liability - Deleted

2.1.1 Common Enemy Rule - Deleted

2.1.2 Civil Law Rule- Deleted

2.1.3 Reasonable Use Rule - Deleted

2.2 Municipal Liability - Deleted

2.2.1 Planning Drainage Improvements - Deleted

2.2.2 Construction, Maintenance, and Repair of Drainage Improvements - Deleted
2.2.3 Summary - Deleted

2.3 Municipal Liability for Acts of Others - Deleted

2.3.1 Acts or Omissions of Municipal Officers, Agents, or Employees - Deleted
2.3.2 Municipal Liability for Acts of Developers - Deleted

2.4 Personal Liability of Municipal Officers, Agents, and Employees - Deleted
3.0 DRAINAGE IMPROVEMENTS BY A LOCAL GOVERNMENT - Deleted

3.1 Constitutional Power- Deleted

3.2 Statutory Power - Deleted

3.2.1 Statutes—Municipalities - Deleted

3.2.1.1 Municipal Powers—Public Property and Improvements - Deleted

3.2.1.2 Public Improvements—Special Improvement Districts in Municipalities - Deleted
3.2.1.3 Public Improvements—Improvement Districts in Municipalities - Deleted

3.2.1.4 Sewer and Water Systems—Municipalities - Deleted
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3.2.2 Statutes—County - Deleted

3.2.2.1 Public Improvements—Sewer and Water Systems - Deleted
3.2.2.2 County Public Improvement Districts - Deleted

3.2.2.3 Public Improvements—Local Improvement Districts—Counties- Deleted
3.2.2.4 Flood Control—Control of Stream Flow - Deleted

3.2.2.5 Conservancy Law—Flood Control - Deleted

3.2.2.6 Drainage Districts - Deleted

3.2.3 Statutes—State - Deleted

3.2.3.1 Colorado Land Use Act - Deleted

3.2.3.2 Drainage of State Lands - Deleted

3.2.3.3 Water Conservation Board of Colorado - Deleted

3.2.3.4 State Canals and Reservoirs - Deleted

3.2.3.5 Regulatory Impairment of Property Rights - Deleted
3.2.3.6 Intergovernmental Relationships - Deleted

3.2.4 Urban Drainage and Flood Control Act - Deleted
4.0 FINANCING DRAINAGE IMPROVEMENTS - Deleted

4.1 Capital Improvement - Deleted

4.2 Local Improvement - Deleted

4.3 Special Improvement - Deleted

4.4 Service Charge - Deleted

4.5 Developer’s Cost - Deleted

4.6 The Taxpayers Bill of Rights, Article X, Section 20, Colorado Constitution - Deleted

4.7 Water Activities—Enterprise Statute 37-45.1-101 C.R.S - Deleted
5.0 FLOODPLAIN MANAGEMENT - Deleted

5.1 Floodplain Regulations - Deleted

5.1.1 Constitutional Considerations- Deleted
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5.1.2 Statutory Grants of Power - Deleted

5.1.3 Court Review of Floodplain Regulations - Deleted
5.1.3.1 Restriction of Uses - Deleted

5.1.3.2 Health Regulations - Deleted

5.1.3.3 Determination of Boundaries - Deleted

5.2 Flood Insurance- Deleted

5.3 Flood Warning Systems and Notification - Deleted
6.0 SPECIAL MATTERS - Deleted

6.1 Irrigation Ditches- Deleted
6.2 Dams and Detention Facilities- Deleted
6.3 Water Quality - Deleted

6.4 Professional Responsibility - Deleted
7.0 CONCLUSION- Deleted
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PLANNING

1.0 THE DRAINAGE SUBSYSTEM - Accepted

1.1 Planning - Accepted

1.2 Planning Philosophy - Accepted

1.3 Drainage Management Measures - Accepted

1.4 Water Quality - Accepted
2.0 EARLY PLANNING ADVANTAGES - Accepted

2.1 Advantages - Accepted
2.2 New Development - Accepted
2.3 Get the Facts - Accepted

2.4 Regulatory Considerations - Accepted
3.0 CONSIDER DRAINAGE BENEFITS - Accepted

3.1 Benefits- Accepted
4.0 MASTER PLANNING

4.1 Master Plan - Accepted

4.2 Uniformity - Accepted
5.0 PLANNING FOR THE FLOODPLAIN

5.1 Floodplains - Accepted
5.2 Concept of Floodplain Regulation - Accepted

5.3 Tools- Accepted
6.0 PLANNING FOR MAJOR DRAINAGE

6.1 Major Drainage - Accepted
6.2 Initial Route Considerations - Accepted
6.3 The Master Plan - Accepted

6.4 Open Channels- Accepted
7.0 PLANNING FOR INITIAL DRAINAGE

7.1 Initial Drainage - Amended
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Change:

“The initial storm has been defined for the area served by the District to have a return frequency
ranging from once in 2 years to once in 10 years.”

To:

The initial storm has been defined for Lyons to have a return frequency once in 2 years.

7.2 Streets - Accepted
8.0 PLANNING FOR STORAGE

8.1 Upstream Storage - Accepted
8.2 Downstream Storage - Accepted
8.3 Channel Storage -Accepted

8.4 Other Benefits-Accepted
9.0 PLANNING FOR STORM SEWERS

9.1 Storm Sewers -Amended
Change:

“It is what directly contributes to the orderly growth of a community by handling the storm runoff
expected to occur once every two to ten years.”

To:

It is what directly contributes to the orderly growth of a community by handling the storm runoff
expected to occur once every two years.

9.2 Function of Storm Sewers -Accepted
9.3 Layout Planning-Accepted

9.4 System Sizing ~Amended
Change:

“The suggested design return periods to be used by local jurisdictions in the Denver region for
storm sewer design for all land uses is 2- to 10-years.”

To:

The design return period to be used for storm sewer design in Lyons is the 2-year storm for all
land uses. Storm sewers passing flow under Town roads shall have a minimum design
capacity for the 10-year storm and a minimum diameter of 18 inches or equivalent open
area. System sizing design shall adhere to Boulder County street inundation criteria.
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9.5 Inlets -Accepted

9.6  Alternate Selection-Accepted
10.0 PLANNING FOR OPEN SPACE

10.1 Greenbelts -Accepted
11.0 PLANNING FOR TRANSPORTATION

11.1 Coordination Needed-Accepted
12.0 CLEAN WATER ACT SECTION 404 PERMITTING PROCESS

12.1 Purpose of the 404 Permit-Accepted

12.2 Activities Requiring Permit-Accepted

12.3 Who Should Obtain a Permit-Accepted

12.4 Definition of Waters of the United States-Accepted

12.5 Pre-Application Meetings-Accepted
13.0 REFERENCES
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RAINFALL
1.0 OVERVIEW - Amended

Rainfall values were determined using NOAA ATLAS 2 Volume Ill. These values were used
into UDFCD’s UD-Rain v.1.01 spreadsheet to convert these values from the 6-hr and 24-hr
storms present in the NOAA ATLAS to more frequently used storm durations. Intensity-
Duration-Frequency and Depth-Duration-Frequency graphs and tables were created using point
values from the UD-Rain worksheet. Intensity-Duration-Frequency values can be seen in Table
1 and Figure 1. Depth-Duration-Frequency values can be found in Table 2 and Figure 2.

2.0 RAINFALL DEPTH-DURATION-FREQUENCY
2.1 Rainfall Depth-Duration-Frequency Maps - Deleted

2.2 Rainfall Depths For Durations Between 1- and 6-Hours - Amended
Table 1: Rainfall Depth (in) at Time Duration

Return Rainfall Depth in Inches at Time Duration
Period . ) . .
5-min 10-min 15-min 30-min 1-hr 2-hr 3-hr 6-hr 24-hr
2-yr 0.27 0.43 0.54 0.62 0.95 1.10 1.22 1.40 1.90
5-yr 0.38 0.61 0.77 0.89 1.35 1.56 1.71 1.95 2.65
10-yr 0.46 0.73 0.92 1.06 1.61 1.85 2.02 2.30 3.05
25-yr 0.55 0.88 1.10 1.28 1.95 2.22 2.43 2.75 3.80
50-yr 0.64 1.02 1.28 1.48 2.26 2.55 2.76 3.10 4.25
100-yr 0.72 1.15 1.45 1.68 2.55 2.84 3.06 3.40 4.85
500-yr 0.90 1.44 1.81 2.09 3.19 3.56 3.83 4.26 6.01

3.0 DESIGN STORM DISTRIBUTION FOR CUHP
31 Temporal Distribution

3.2 Adjustment to Rainfall Distribution for Watershed Size - Amended

Due to the size of the Lyons watershed, there is no need for any area adjustment.
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4.0 INTENSITY-DURATION CURVES FOR RATIONAL METHOD - Amended

Table 2: Rainfall Intensity (in/hr) at Time Duration

Return Rainfall Intensity in Inches Per Hour at Time Duration
Period 5-min 10-min 15-min 30-min 1-hr 2-hr 3-hr 6-hr 24-hr
2-yr 3.22 2.57 2.16 1.49 0.95 0.59 0.44 0.26 0.09
5-yr 4.58 3.65 3.07 2.12 1.35 0.84 0.62 0.37 0.13
10-yr 5.47 4.37 3.66 2.53 1.61 1.00 0.74 0.44 0.15
25-yr 6.60 5.27 4.42 3.05 1.95 1.21 0.90 0.53 0.18
50-yr 7.66 6.11 5.13 3.55 2.26 1.40 1.04 0.62 0.21
100-yr 8.66 6.91 5.80 4.01 2.55 1.59 1.18 0.70 0.24
500-yr 10.83 8.63 7.25 5.01 3.19 1.98 1.47 0.87 0.30

5.0 BASIS FOR DESIGN STORM DISTRIBUTION - Accepted
6.0 SPREADSHEET DESIGN AIDS - Accepted

7.0 EXAMPLES - Deleted

7.1 Example Computation of Point Rainfall - Deleted

7.2 Example Distribution of Point Rainfall - Deleted

7.3 Example Preparation of Intensity-Duration-Frequency Curve - Deleted

8.0 REFERENCES - Accepted
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Intensity - Duration - Frequency Curve
Lyons, Colorado
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Figure 1: Intensity-Duration-Frequency Curve
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Rainfall Depth (in)
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Figure 2: Depth-Duration-Frequency Curve
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RUNOFF
1.0 OVERVIEW - Accepted

2.0 RATIONAL METHOD - Accepted

2.1

2.2

2.3

2.4

2.4.1

2.4.2

2.4.3

2.4.4

2.4.5

2.5

2.6

Rational Formula- Accepted

Assumptions- Accepted

Limitations- Accepted

Time of Concentration - Accepted

Initial Flow Time- Accepted

Overland Travel Time - Accepted

First Design Point Time of Concentration in Urban Catchments- Accepted
Minimum Time of Concentration- Accepted

Common Errors in Calculating Time of Concentration - Accepted
Intensity- Accepted

Watershed Imperviousness- Amended

The intensity for a design point should be selected from Error! Reference source not found.

2.7

Runoff Coefficient - Accepted

3.0 COLORADO URBAN HYDROGRAPH PROCEDURE- Accepted

3.1

3.2

3.2.1

3.2.2

3.2.3

3.3

3.3.1

Background- Accepted

Effective Rainfall for CUHP- Accepted
Pervious-Impervious Area- Accepted
Depression Losses- Accepted
Infiltration- Accepted

CUHP Parameter Selection- Accepted

Rainfall- Accepted
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3.3.2 Catchment Description- Accepted
3.3.3 Catchment Delineation Criteria- Accepted

3.3.3 Combining and Routing Sub-Catchment CUHP Hydrographs- Accepted
4.0 EPA SWMM AND HYDROGRAPH ROUTING- Accepted

4.1 Software Description- Accepted

4.1.1 Surface Flows and Flow Routing Features- Accepted
4.1.2 Flow Routing Method of Choice - Accepted

4.2 Data Preparation for the SWMM Software- Accepted
4.2.1 Step 1—Method of Discretization - Accepted

4.2.2 Step 2—Estimate Coefficients and Functional/Tabular Characteristic of Storage and
Outlets- Accepted

4.2.3 Step 3—Preparation of Data for Computer Input - Accepted

5.0 OTHER HYDROLOGIC METHODS - Accepted

5.1 Published Hydrologic Information -Amended
Change:

“The District has prepared hydrologic studies for the majority of the major drainageways within
District boundaries. These studies contain information regarding peak flow and runoff volume
from the 2-year through 100-year storm events for numerous design points within the
watershed. They also contain information regarding watershed and sub-watershed boundaries,
soil types, percentage imperviousness, and rainfall. The studies are available at the District
library. When published flow values are available from the District for any waterway of interest,
these values should be used for design unless there are compelling reasons to modify the
published values.”

To:

The Town of Lyons has a master plan containing information regarding peak flow and runoff
volume from the 2-year through 100-year storm events for numerous design points within the
watershed. The report also contains information regarding watershed and sub-watershed
boundaries, soil types, percentage imperviousness, and rainfall. The study is available through
the Town. These flow values should be used for design unless there are compelling reasons to
modify the published values.

5.2 Statistical Methods - Amended

Statistical methods should not be applied to watersheds within Lyons.
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6.0 SPREADSHEETS AND OTHER SOFTWARE - Accepted
7.0 EXAMPLES - Accepted

7.1 Rational Method Example 1 - Accepted

7.2 Rational Method Example 2 - Accepted

7.3 Effective Rainfall Example- Accepted
8.0 REFERENCES

APPENDIX A - DETAILS OF THE COLORADO URBAN HYDROGRAPH PROCEDURE
(CUHP) - Accepted
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STREETS/INLETS/STORM SEWERS

1.0 INTRODUCTION

1.1 Purpose - Accepted

1.2 Urban Stormwater Collection and Conveyance Systems - Accepted

1.3 Components of Urban Stormwater Collection and Conveyance Systems- Accepted
Change:

“Urban stormwater collection and conveyance systems within the District are comprised of three
primary components: (1) street gutters and roadside swales, (2) stormwater inlets, and (3)
storm sewers (and appurtenances like manholes, junctions, etc.).”

To:

Urban stormwater collection and conveyance systems within the town are comprised of three
primary components: (1) street gutters and roadside swales, (2) stormwater inlets, and (3)
storm sewers (and appurtenances like manholes, junctions, etc.).

1.4 Minor and Major Storms - Accepted

2.0 STREET DRAINAGE
2.1 Street Function and Classification - Accepted

2.2 Design Considerations - Amended
Change:

“Based on these considerations, the District has established encroachment (spread) standards
for the minor storm event. These standards were given in the POLICY chapter and are repeated
in Table ST-2 for convenience.”

To:

Based on these considerations, the town has established encroachment (spread) standards for
the minor storm event. These standards were given in the POLICY chapter of the USDCM and
are repeated in Table ST-2 for convenience.

2.3 Hydraulic Evaluation - Accepted
2.3.1 Curb and Gutter- Accepted

2.3.1.1 Gutters With Uniform Cross Slopes (i.e., Where Gutter Cross Slope = Street Cross Slope) -
Accepted
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2.3.1.2 Gutters With Composite Cross Slopes (i.e, Where Gutter Cross Slope # Street Cross
Slope) - Accepted

2.3.1.3 Allowable Gutter Hydraulic Capacity - Amended
Change:

“There are two sets of reduction factors developed for Denver metropolitan areas (Guo 2000b).”

To:

There are two sets of reduction factors developed for Denver metropolitan areas (Guo 2000b)
and shall be utilized for the town.

2.4 Major Storm Hydraulics
2.4.1 Purpose and Objectives - Accepted

2.4.2 Street Hydraulic Capacity - Accepted
3.0 INLETS

3.1 Inlet Functions, Types and Appropriate Applications - Accepted
Add:

The standard inlets permitted for use in the town streets are:

Table 3: Permitted Inlet Type Use

INLET TYPE PERMITTED USE

Curb Opening Inlet Type R All street types with 6” vertical curb
Grated Inlet Type C All streets with a roadside ditch or swale
Grated Inlet Type 13 Alleys or private drives with a valley gutter
Combination Inlet Type 13 All street types with 6” vertical curb

3.2 Design Considerations - Accepted

3.3 Hydraulic Evaluation - Accepted

3.3.1 Grate Inlets (On a Continuous Grade) - Accepted

3.3.2 Curb-Opening Inlets (On a Continuous Grade) - Accepted
3.3.3 Combination Inlets (On a Continuous Grade) - Accepted

3.3.4 Slotted Inlets (On a Continuous Grade) - Accepted
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3.3.5 Inlets Located in Sumps - Accepted
3.3.6 Inlet Clogging- Accepted

3.3.6 Inlet Clogging - Amended
Add:

To account for effects which decrease the capacity of the various types of inlets, such as debris
plugging, pavement overlaying and variations in design assumptions, the theoretical capacity
calculated for the inlets is to be reduced by the factors presented below for the standard inlets
permitted for use in the town.

Table 4: Allowable Inlet Capacity

ALLOWABLE INLET CAPACITY

CONDITION INLET TYPE PERCENT OF
THEORETICAL CAPACITY
ALLOWED

Sump or Continuous Grade CDOT Type R

5’ length 88

10’ length 92

15’ length 95
Continuous Grade Combination Type 13 66
Sump Grate Type C 50
Sump Grate Type 13 50
Sump Combination Type 13 65

3.4 Inlet Location and Spacing on Continuous Grades
3.4.1 Introduction- Accepted

3.4.2 Design Considerations - Amended
Delete:

“Table ST-2 lists pavement encroachment standards for minor storms in the Denver
metropolitan area.”

3.4.3 Design Procedure- Accepted
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4.0 STORM SEWERS
4.1 Introduction - Accepted

4.2 Design Process, Considerations, and Constraints - Amended
Change:

“Pipes sizes smaller than 15 inches are not recommended for storm sewers.”
To:

The minimum size storm sewer pipe within a Public Right-of-Way or Public Drainage Easement
shall be 15 inches in diameter or equivalent open area.

4.3 Storm Sewer Hydrology
4.3.1 Peak Runoff Prediction- Accepted
4.4 Storm Sewer Hydraulics (Gravity Flow in Circular Conduits)

4.4.1 Flow Equations and Storm Sewer Sizing - Amended
Add:

“The Manning’s roughness coefficient “n” for all storm sewer pipe capacity Boulder County
calculations shall be 0.013 regardless of pipe material (i.e. Concrete, PVC, or HDPE) with the
exception of corrugated metal pipes which shall have a coefficient of 0.025.”

4.4.2 Energy Grade Line and Head Losses - Accepted

4.4.2.1 Losses at the Downstream Manhole—Section 1 to Section 2 - Accepted

4.4.2.2 Losses in the Pipe, Section 2 to Section 3. - Accepted

4.4.2.3 Losses at the Upstream Manhole, Section 3 to Section 4 - Accepted

4.4.2.4 Juncture and Bend Losses at the Upstream Manhole, Section 4 to Section 1 - Accepted
4.4.2.5 Transitions - Accepted

4.4.2.6 Curved Sewers - Accepted

4.4.2.7 Losses at Storm Sewer EXxit - Accepted

4.5 Hydraulic and Energy Grade Line Calculations - Amended
Add:

“The hydraulic grade line and energy grade line shall be calculated for each storm sewer
system and included in the Final Drainage Report. Each storm sewer system shall be
profiled on the Final Construction Drawings and shall include the design flow hydraulic
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grade line (HGL). The energy grade line (EGL) for the design flow shall be at least 6 inches
below the final finished elevation of the manhole rims and inlet flow lines.”

5.0 SPREADSHEETS - Accepted

6.0 EXAMPLES - Accepted

6.1 Example—Triangular Gutter Capacity- Accepted

6.2 Example—Composite Gutter Capacity - Accepted

6.3 Example—Composite Gutter Spread - Accepted

6.4 Example—V-Shaped Swale Capacity - Accepted

6.5 Example—V-Shaped Swale Design- Accepted

6.6 Example—Major Storm Street Capacity- Accepted

6.7 Example—Grate Inlet Capacity - Accepted

6.8 Example—Curb-Opening Inlet Capacity - Accepted

6.9 Example—Curb-Opening Inlet Capacity - Accepted

6.10 Example—Combination Inlet Capacity - Accepted

6.11 Example—Curb-Opening Inlet in a Sump Condition- Accepted
6.12 Example—Storm Sewer Hydraulics (Akan and Houghtalen 2002) - Accepted

6.13 Example—Storm Sewer Hydrology- Accepted
7.0 REFERENCES
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MAJOR DRAINAGE
1.0 INTRODUCTION

1.1

1.2

1.3

1.4

1.5

1.5.1

1.5.2

1.5.3

1.54

General - Accepted

Types of Major Drainage Channels - Accepted

Overview of Chapter - Accepted

Issues in Major Drainage Planning and Engineering - Accepted
Fluvial Geomorphology - Accepted

Stream Channel Characterization - Accepted

Effects of Urbanization on Stream Channels - Accepted

Stable Channel Balance - Accepted

References for Additional Information - Accepted

2.0 PLANNING

2.1

2.2

2.3

2.4

2.4.1

2.4.2

2.4.3

2.4.4

2.4.5

2.4.6

2.4.7

2.4.8

2.4.9

General - Accepted

Impacts of Urbanization and Associated Effects - Accepted
Special Considerations for Semi-Arid Climates - Accepted
Route Considerations - Accepted

Present Flow Path - Accepted

Historic Flow Path-Accepted

Permitting and Regulations - Accepted

Public Safety-Accepted

Public Acceptance -Accepted

Alternate Routes - Accepted

Maintenance - Accepted

Route Cost - Accepted s

Recreational Use Potential - Accepted

2.4.10 Environmental Considerations - Accepted
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2.4.11 Presentation of Choice - Accepted

2.4.12 Underground Conduits - Accepted

2.4.13 Two-Stage Channels - Accepted

2.5 Layout - Accepted

2.5.1 Working Map - Accepted

2.5.2 Preliminary Plan and Profile - Accepted

2.6 Master Planning or Preliminary Design - Accepted
2.6.1 (Criteria for Final Hydrology - Accepted

2.7 The Master Plan - Accepted

2.7.1 Report-Amended

The previous section, 4.1  Master Plan - Accepted

, along with Preliminary Drainage Report and Final Drainage Report outlined the requirements
for drainage studies within the town.

2.7.2 Drawings -Amended
See Section 2.7.1 for links to drawing requirements for drainage studies within the town.

3.0 OPEN CHANNEL DESIGN PRINCIPLES

3.1 General Open Channel Flow Hydraulics - Accepted
3.1.1 Types of Flow in Open Channels - Accepted

3.1.2 Roughness Coefficients - Accepted

3.1.3 Flow Regime -Accepted

3.1.3.1 Critical Flow - Accepted

3.1.3.2 Subcritical Flow -Accepted

3.1.3.3 Supercritical Flow - Amended
Change:

“In the Denver region, all channels carrying supercritical flow shall be lined with continuously
reinforced concrete linings, both longitudinally and laterally.”

To:
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“In Lyons, all channels carrying supercritical flow shall be lined with continuously reinforced
concrete linings, both longitudinally and laterally.”

3.2 Preliminary Design Criteria
3.2.1 Design Velocity-Accepted
3.2.2 Design Depths-Accepted
3.2.3 Design Slopes

3.2.3.1 Channel Slope-Accepted

3.2.3.2 Side Slopes - Amended
Add following Paragraph 1:

“For constructed or natural channels with side slopes steeper than 2:1, appropriate construction
setbacks not less than 5 feet laterally from the channel edge may be required to allow potential
future channel meandering. Rock excavated channels may be submitted for approval of smaller
setbacks based on consistency, erosion potential, and stability of the rock subgrade. Access for
maintenance may require easement.”

3.2.4 Curvature and Transitions-Accepted
3.2.5 Design Discharge Freeboard -Accepted
3.2.6 Erosion Control -Accepted

3.2.7 Summary of Preliminary Design Guidance-Amended
Add to Table MD-2:

“Grass lined open channels conveying < 50 cfs may reduce the minimum 1.0 foot freeboard
requirement to the freeboard required to conveying 1.33 times the 100-year design flow. The
reduced freeboard may only occur if a 1.0-foot minimum freeboard is not physically or
reasonably possible and a variance request is submitted.”

3.2.8 Maintenance Eligibility - Amended
Delete first paragraph
Add:

Lyons will only maintain eligible major drainage ways by special agreement. The
requirements below must be satisfied as of (adoption date) for a major drainage channel to be
eligible for maintenance. Note that the town’s “Maintenance Eligibility Guidelines” may change
with time.
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3.2.8.1 Natural Channels (Open Floodplain Design) - Accepted
3.2.8.2 Open Floodway Design (Natural Channel With Floodplain Encroachment) - Accepted

3.2.8.3 Grass-Lined Channel Design-Amended
Change:

“The design for a grass-lined channel must meet the following criteria to be eligible for District
maintenance:”

To:

The design for a grass-lined channel must meet the following criteria to be eligible for
maintenance:

3.3 Choice of Channel Type and Alignment

3.3.1 Types of Channels for Major Drainageways- Accepted

3.3.2 Factors to Consider in Selection of Channel Type and Alignment-Accepted
3.3.3 Environmental Permitting Issue-Accepted

3.3.4 Maintenance-Amended
Change:

“A maintenance access road with a minimum passage width of 12 feet shall be provided along
the entire length of all major drainageways. The local government may require the road to be
surfaced with 6 inches of Class 2 roadbase or a 5-inch-thick concrete slab.”

To:

The town and the design engineer shall work together to provide access to all major
drainageways as determined appropriate at the time of preliminary and final design.
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3.4 Design Flows-Accepted

3.5 Choice of Channel Lining- Accepted
4.0 OPEN-CHANNEL DESIGN CRITERIA

4.1 Grass-Lined Channels- Accepted

4.1.1 Design Criteria -Accepted

4.1.1.1 Design Velocity and Froude number - Accepted
4.1.1.2 Design Depths-Accepted

4.1.1.3 Design Slopes - Accepted

4.1.1.4 Curvature-Accepted

4.1.1.5 Design Discharge Freeboard - Accepted

4.1.2 Grass and Vegetation Selection and Use - Accepted
4.1.3 Channel Cross Sections-Accepted

4.1.3.1 Side Slopes - Accepted

4.1.3.2 Depth-Accepted

4.1.3.3 Bottom Width-Accepted

4.1.3.4 Trickle and Low-Flow Channels - Accepted

4.1.3.5 Outfalls Into Channel-Accepted

4.1.4 Roughness Coefficients - Accepted

4.1.5 Trickle and Low-Flow Channels - Amended
Add:

“Under drain pipes shall not be used in lieu of trickle channel within the town but will be
considered by the town on a case-by-case basis. Any under drain pipe that is installed will
require clean outs not less than every 50 feet, pipe bedding, and headwalls or manholes at the
outlet.
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4.1.6 Erosion Control -Accepted

4.1.6.1 Erosion at Bends - Accepted

4.1.6.2 Riprap Lining of Grass-lined Channels - Accepted
4.1.7 Water Surface Profile - Accepted

4.1.8 Maintenance-Amended
Change:

“A stable maintenance access road with a minimum passage width of 12 feet shall be provided
along the entire length of all major drainageways. The local government may require the road to
have an all-weather surface such as a 5-inch-thick concrete pavement.”

To:

The town and the design engineer shall work together to provide access to all major
drainageways as determined appropriate at the time of preliminary and final design.

4.1.9 Calculation Tool - Accepted

4.1.10 D e s i g n Submittal Checklist - Accepted
4.2 Composite Channels - Accepted

4.2.1 Design Criteria -Accepted

4.2.2 Design Procedure -Accepted

4.2.3 Life Expectancy and Maintenance - Amended
Change:

“A maintenance access road with a minimum passage width of 12 feet shall be provided along
the entire length of all major drainageways. The local government may require the road to be
surfaced with 6 inches of Class 2 roadbase or a 5-inch-thick concrete slab.”

To:

The town and design engineer shall work together to provide access to all major drainageways
as determined appropriate at the time of preliminary and final design.
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4.2.4 Calculation Example for Wetland Bottom Channel - Accepted
4.2.5 Design Submittal Checklist - Accepted

4.3 Concrete-Lined Channels - Accepted

4.3.1 Design Criteria

4.3.1.1 Design Velocity and Froude Number - Accepted
4.3.1.2 Design Depths - Accepted

4.3.1.3 Curvature- Accepted

4.3.1.4 Design Discharge Freeboard - Accepted

4.3.2 Concrete Lining Specifications

4.3.2.1 Concrete Lining Section - Accepted

4.3.2.2 Concrete Joints- Accepted

4.3.2.3 Concrete Finish -Accepted

4.3.2.4 Underdrain - Accepted

4.3.3 Channel Cross Section - Accepted

4.3.3.1 Side Slopes -Accepted
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4.3.3.2 Depth - Accepted

4.3.3.3 Bottom Width - Accepted

4.3.3.4 Trickle and Low-Flow Channels - Accepted
4.3.3.5 Outfalls Into Channel - Accepted

4.3.4 Safety Requirements - Accepted

4.3.5 Calculation Tools - Accepted

4.3.6 Maintenance - Accepted

4.3.7 Design Submittal Checklist- Accepted
4.4 Riprap-Lined Channels - Accepted
4.4.1 Types of Riprap - Accepted

4.4.1.1 Ordinary and Soil Riprap - Accepted
4.4.1.2 Grouted Boulders - Accepted

4.4.1.3 Wire-Enclosed Rock (Gabions) - Amended

Change:

“For these reasons, the District discourages the use of wire-enclosed rock.”
To:

For these reasons, the town discourages the use of wire-enclosed rock.
4.4.2 Design Criteria-Accepted

4.4.2.1 Design Velocity - Accepted

4.4.2.2 Design Depths - Accepted

4.4.2.3 Riprap Sizing - Accepted

4.4.2.4 Riprap Toes - Accepted

4.4.2.5 Curves and Bends - Accepted

4.4.2.6 Transitions - Accepted

4.4.2.7 Design Discharge Freeboard - Accepted
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4.4.3 Roughness Coefficient - Accepted
4.4.4 Bedding Requirements - Accepted
4.4.4.1 Granular Bedding - Accepted
4.4.4.2 Filter Fabric- Accepted

4.4.5 Channel Cross Section

4.4.5.1 Side Slopes - Accepted

4.4.5.2 Depth - Accepted

4.4.5.3 Bottom Width - Accepted

4.4.5.4 Outfalls Into Channel -Accepted
4.4.6 Erosion Control- Accepted

4.4.7 Maintenance - Amended
Change:

“A maintenance access road with a minimum passage width of 12 feet shall be provided along
the entire length of all major drainageways. The local government may require the road to have
an all-weather surface such as 5-inch-thick concrete pavement.”

To:

The town and design engineer shall work together to provide access to all major drainageways
as determined appropriate at the time of preliminary and final design.

4.4.8 Calculation Example- Accepted

4.4.9 Design Submittal Checklist- Accepted

4.5 Bioengineered Channels - Amended
Change:

“The District advocates the integration of bioengineering techniques into drainage planning,
design, and construction when the use of such channels is consistent with the District’s policies
concerning flow carrying capacity, stability, maintenance, and enhancement of the urban
environment and wildlife habitat.”

To:

The town advocates the integration of bioengineering techniques into drainage planning, design,
and construction when the use of such channels is consistent with the town’s policies
concerning flow carrying capacity, stability, maintenance, and enhancement of the urban
environment and wildlife habitat.
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4.5.1 Components - Accepted
4.5.2 Applications - Accepted

4.5.3 Bioengineering Resources - Amended
Change:

“The purpose of this section is to provide the designer with an overview of bioengineering and
basic guidelines for the use of bioengineered channels on major drainage projects within the
District.”

To:

The purpose of this section is to provide the designer with an overview of bioengineering and
basic guidelines for the use of bioengineered channels on major drainage projects within the
town.

4.5.4 Characteristics of Bioengineered Channels - Amended

Change (1):

“In the absence of grade control structures, especially in the semi-arid climate of the Denver
area, purely bioengineered channels will normally be subject to bed and bank erosion, channel
instability, and degradation.”

To:

In the absence of grade control structures, especially in the semi-arid, high altitude climate of
the Lyons area, purely bioengineered channels will normally be subject to bed and bank
erosion, channel instability, seasonal variations, and degradation.

Change (2):

“In addition to grade controls, most bioengineered channels require some structural methods to
assist the vegetation with maintaining channel stability.”

To:

In addition to grade controls, bioengineered channels will require some structural methods to
assist the vegetation with maintaining channel stability.

4.5.5 Advantages of Bioengineered Channels - Amended
Change:

“Public reaction to bioengineered channels is generally favorable, not only in metropolitan
Denver, but also regionally and nationally.”

To:

Public reaction to bioengineered channels is generally favorable, not only in northern Colorado,
but also regionally and nationally.

Change (6):
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“Create a living system that may strengthen over time.”
To:

Create a living system that will strengthen over time.
Add (8):

“8. Are less costly to maintain”

4.5.6 Technical Constraints - Amended

Change:

“The following constraints are associated with bioengineered channels:”
To:

The following constraints may be associated with bioengineered channels:
Change (2):

“The semi-arid conditions that characterize Denver can be at odds with the need for an
adequate water supply for maintaining the vegetation”

To:

The semi-arid conditions that characterize Lyons can be at odds with the need for an adequate
water supply for maintaining the vegetation

Change (3):

“A basic design criterion within the District is to demonstrate channel stability during the major
(100-year) storm, due to public safety and property protection concerns within urban areas.”

To:

A basic design criterion within Lyons is to demonstrate channel stability during the major (100-
year) storm, due to public safety and property protection concerns within urban areas.

Delete:

“Large trees can threaten the integrity of structural protection by root invasion, by toppling and
damaging the protection works, by toppling and directing flow into an adjacent unprotected
bank, or by leaving voids in embankments due to decomposition.”

Change:

“Many of these problems may be avoided through selection of the appropriate type and species
of vegetation. Such selections and expert advice must be obtained from qualified individuals in
revegetation and bioengineering. Invasion by other species is quite likely over the years the
bioengineered channel is in operation.”

To:

Many of these problems may be avoided through selection of the appropriate type and species
of vegetation. Such selections and expert advice must be obtained from qualified individuals in



Town of Lyons Storm Drainage Criteria Addendum

revegetation and bioengineering. Consideration of native plant species can provide additional
confidence in the long term sustainability of the natural vegetation. Resources available through
the Colorado State University Extension and Colorado Native Plant Society can be useful
references during planning, design, and management of a project.

4.5.7 Design Guidelines -Accepted

4.6 Natural Channels
Change:

“Natural waterways in the Denver region are sometimes in the form of steep-banked gulches,
which have eroding banks and bottoms.”

To:

Natural waterways are sometimes in the form of steep-banked gulches, which have eroding
banks and bottoms.

Change:

“In the Denver area, most natural waterways will need drops and/or erosion cutoff check
structures to maintain a mild channel slope and to control channel erosion.”

To

In Lyons, most natural waterways will need drops and/or erosion cutoff check structures to
maintain a mild channel slope and to control channel erosion.

Change (2):

“A water surface profile should be defined in order to identify the 100-year floodplain, to control
earthwork, and to build structures in a manner consistent with the District's and local floodplain
regulations and ordinances.”

To:

A water surface profile should be defined in order to identify the 100-year floodplain, to control
earthwork, and to build structures in a manner consistent with the Lyons floodplain regulations
and ordinances.

4.7 Retrofitting Open-Channel Drainageways - Accepted
4.7.1 Opportunities for Retrofitting -Accepted
4.7.2 Objectives of Retrofitting - Accepted

4.7.3 Natural and Natural-Like Channel Creation and Restoration - Accepted
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5.0 RECTANGULAR CONDUITS
51 Hydraulic Design - Accepted
5.1.1 Entrance -Accepted

5.1.2 Internal Pressure -Accepted
5.1.3 Curves and Bends -Accepted
5.1.4 Transitions - Accepted

5.1.5 Air Entrainment - Accepted
5.1.6 Major Inlets - Accepted

5.1.7 Sedimentation -Accepted

52 Appurtenances -Accepted
5.2.1 Energy Dissipators - Accepted
5.2.2 Access Manholes - Accepted
5.2.3 Vehicle Access Points - Accepted
5.2.4 Safety - Accepted

5.2.5 Air Venting -Accepted
6.0 LARGE PIPES - Accepted

6.1 Hydraulic Design - Accepted

6.1.1 Entrance -Accepted

6.1.2 Internal Pressure -Accepted

6.1.3 Curves and Bends - Accepted

6.1.4 Transitions -Accepted

6.1.5 Air Entrainment and Venting - Accepted
6.1.6 Major Inlets - Accepted

6.2 Appurtenances -Accepted

6.3 Safety - Accepted
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7.0 PROTECTION DOWNSTREAM OF PIPE OUTLETS
7.1 Configuration of Riprap Protection -Accepted

7.2 Required Rock Size -Accepted

7.3 Extent of Protection -Accepted

7.4 Multiple Conduit Installations - Accepted
8.0 Sediment -Accepted

9.0 Examples -Accepted
9.1 Example MD-1: Normal Depth Calculation with Normal Worksheet
9.2 Example MD-2: Composite Section Calculations Using Composite Design Worksheet

9.3 Example MD-3: Riprap Lined Channel Calculations Using Riprap Channel Worksheet
10.0 REFERENCES
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USDCM VOLUME 2

HYDRAULIC STRUCTURES

1.0 USE OF STRUCTURES IN DRAINAGE

1.1 Introduction - Accepted

1.2 Channels Used for Boating - Accepted

1.3 Channel Grade Control Structures - Accepted
1.4 Wetland Channel Grade Control - Accepted
1.5 Conduit Outlet Structures - Accepted

1.6 Bridges - Accepted

1.7 Transitions and Constrictions - Accepted
1.8 Bends and Confluences - Accepted

1.9 Rundowns- Accepted

1.10 Energy Dissipation- Accepted

1.11 Maintenance - Accepted

1.12 Structure Safety and Aesthetics - Accepted
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2.0 CHANNEL GRADE CONTROL STRUCTURES (CHECK AND DROP STRUCTURES)
21 Planning for the Future - Accepted

2.1.1 Outline of Section - Accepted

2.1.2 Boatable Channels - Deleted

2.1.3 Grass and Wetland Bottom Channels - Accepted

2.1.4 Basic Approach to Drop Structure Design -Accepted

2.2 Drop Selection - Accepted

2.3 Detailed Hydraulic Analysis - Accepted

2.3.1 Introduction- Accepted

2.3.2 Crest and Upstream Hydraulics -Accepted

2.3.3 Water Surface Profile Downstream of the Crest - Accepted

2.3.7.1 Critical Depth Along a Drop Structure. - Accepted

2.3.7.2 Hydraulic Analysis. - Accepted

2.3.7.3 Manning'’s n for Concrete, Boulders and Grouted Boulders - Accepted
2.3.7.4 Avoid Low Froude Number Jumps in Grass-Lined Channels. - Accepted
2.3.4 Hydraulic Jump Location - Accepted

2.3.5 Jump and Basin Length- Accepted

2.3.6 Seepage Analysis- Accepted

2.3.7 Force Analysis - Accepted

2.3.7.1 Shear Stress - Accepted

2.3.7.2 Buoyant Weight of Structure - Accepted

2.3.7.3 Impact, Drag and Hydrodynamic Lift Forces - Accepted

2.3.7.4 Turning Force - Accepted

2.3.7.5 Friction - Accepted

2.3.7.6 Frost Heave - Accepted

2.3.7.7 Seepage Uplift Pressure -Accepted
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2.3.7.8 Dynamic Pressure Fluctuations- Accepted

2.3.7.9 Overall Analysis - Accepted

2.4 Simplified Drop Structure Designs for District’s Grass-Lined Channels
2.4.1 Introduction and Cautions -Accepted

2.4.2 Applicability of Simplified Channel Drop Designs -Accepted
2.4.3 Simplified Grouted Sloping Boulder Drop Design - Accepted
2.4.4 Vertical Hard Basin Drops -Accepted

2.5 Baffle Chute Drops- Accepted

2.6 Seepage Control - Accepted

2.6.1 Seepage Analysis Methods -Accepted

2.6.2 Foundation/Seepage Control Systems - Accepted

2.7 Simplified Minimum Design Approach for Boatable Channels - Deleted
2.8 Construction Concerns: Grass-Lined Channels -Accepted
2.8.1 Foundation/Seepage Control - Accepted

2.8.2 Badffle Chute Construction - Accepted

2.8.3 Vertical Hard Basin Construction - Accepted

2.8.4 Sloping Grouted Boulder Construction -Accepted

2.9 Low-Flow Check and Wetland Structures - Accepted

3.1 General - Accepted

3.2 Impact Stilling Basin - Accepted

3.2.1 Modified Impact Basins for Smaller Outlets - Accepted

3.2.2 Low-flow Modifications - Accepted

3.2.3 Multiple Conduit Installations - Accepted

3.2.4 General Design Procedure for Type IV Impact Basin - Accepted
3.3 Pipe Outlet Rundowns - Accepted

3.3.1 Baffle Chute Rundown - Accepted
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3.3.2 Grouted Boulder Chute Rundown - Accepted

3.4 Low Tailwater Riprap Basins at Pipe Outlets

3.4.1 General -Accepted

3.4.2 Objective - Accepted

3.4.3 Low Tailwater Basin Design- Accepted

3.4.3.1 Finding Flow Depth and Velocity of Storm Sewer Outlet Pipe -Accepted
3.4.3.2 Riprap Size- Accepted

3.4.3.3 Basin Length - Accepted

3.4.3.4 Basin Width - Accepted

3.4.3.5 Other Design Requirements -Accepted

3.5 Culvert Outlets - Accepted
4.0 BRIDGES

4.1 Basic Criteria - Accepted
4.1.1 Design Approach- Accepted

4.1.2 Bridge Opening Freeboard - Amended
Add:

“The bridge low chord elevation shall be a minimum 1-foot above the 100-year water energy
grade line.”

4.2 Hydraulic Analysis - Accepted

4.2.1 Expression for Backwater -Accepted

4.2.2 Backwater Coefficient - Accepted

4.2.3 Effect of M and Abutment Shape (Base Curves) - Accepted
4.2.4 Effect of Piers (Normal Crossings)-Accepted

4.3 Design Procedure -Accepted
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5.0 TRANSITIONS AND CONSTRICTIONS

5.1 Introduction -Accepted

5.2 Transition Analysis - Accepted

5.2.1 Subcritical Transitions - Accepted

5.2.2 Supercritical Transition Analysis - Accepted
53 Constriction Analysis - Accepted

5.3.1 Constrictions With Upstream Subcritical Flow - Accepted
6.0 BENDS AND CONFLUENCES

6.1 Introduction - Accepted

6.2 Bends - Accepted

6.2.1 Subcritical Bends -Accepted
6.2.2 Supercritical Bends - Accepted
6.3 Confluences - Accepted

6.3.1 Subcritical Flow Confluence Design - Accepted
7.0 RUNDOWNS

7.1 Cross Sections - Accepted

7.2 Design Flow - Accepted

7.3 Flow Depth -Accepted

7.4 Outlet Configuration for Trickle Channel - Accepted
7.5 Outlet Configuration for Wetland Channel - Accepted

7.6 Grouted Boulder Rundowns - Accepted
8.0 MAINTENANCE

8.1 General - Accepted
8.2 Access - Accepted

8.3 Maintenance Optimization - Accepted

9.0 BOATABLE DROPS - Accepted



9.1

9.2

9.2.1
9.2.2
9.2.3
9.2.4
9.2.5

9.3
10.0

10.1
10.2

10.3
11.0

12.0
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Introduction - Accepted

Retrofitting Existing Structures - Accepted
Downstream Face - Accepted

Boat Chute- Accepted

Sharp Edges- Accepted

Barriers and Signing- Accepted

Portages - Accepted

Safety - Accepted

STRUCTURE AESTHETICS, SAFETY AND ENVIRONMENTAL IMPACT
Introduction - Accepted

Aesthetics and Environmental Impact - Accepted

Safety- Accepted
CHECKLIST -Accepted

REFERENCES
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CULVERTS

1.0 INTRODUCTION AND OVERVIEW - Accepted
1.1 Required Design Information - Accepted
1.1.1 Discharge -Accepted

1.1.2 Headwater - Amended

Add:
The maximum culvert headwater to diameter ratios is:
STORM FREQUENCY HEADWATER TO DIAMETER
10-Year HW/D<1.0
100-Year HW/D< 1.5

The minimum culvert capacities are:

MINIMUM CAPACITY
(RECURRENCE INTERVAL)

STREET CLASSIFICATION

Local 10-Year
Collector 10-Year
Arterial 10-Year

When the flow exceeds the capacity of the culvert and overtops the cross street, the flow over
the street crown shall not exceed the minor storm and major storm depth limits presented in
Chapter 3, Planning, Section 9.4 of the manual. Lyons may require additional culvert capacity
in order to prevent flooding of adjacent properties.

1.1.3 Tailwater - Accepted

1.1.4 Outlet Velocity -Accepted
2.0 CULVERT HYDRAULICS

2.1 Key Hydraulic Principles- Accepted

2.1.1 Energy and Hydraulic Grade Lines -Amended
Add:

“The hydraulic grade line and energy grade line shall be determined for each culvert system and
included in the Final Drainage Report. Each culvert system shall be profiled on the Final
Construction Drawings and shall include the design flow hydraulic grade line.”
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2.1.2 Inlet Control - Accepted
2.1.3 Outlet Control - Accepted
2.2 Energy Losses - Accepted
2.2.1 Inlet Losses -Accepted
2.2.2 Outlet Losses -Accepted

2.2.3 Friction Losses -Accepted
3.0 CULVERT SIZING AND DESIGN

3.2 Use of Capacity Charts -Accepted

3.3 Use of Nomographs- Accepted

3.4 Computer Applications, Including Design Spreadsheet - Accepted
35 Design Considerations -Accepted

3.5.1 Design Computation Forms- Accepted

3.5.2 Invert Elevations - Accepted

3.5.3 Culvert Diameter- Amended
Add:

“Lyons requires a minimum culvert diameter of 15 inches. Lyons may require additional culvert
capacity in order to prevent flooding of adjacent properties.”

Add:

“The Manning’s roughness coefficient “n” for all culvert pipe sizing calculations shall be
0.013 regardless of pipe material (Concrete, PVC, or HDPE) with the exception of
corrugated metal pipes which shall have a coefficient of 0.025.”

3.5.4 Limited Headwater -Accepted
3.6 Culvert Outlet- Accepted

3.7 Minimum Slope - Accepted

4.0 CULVERT INLETS

4.1 Projecting Inlets - Amended
Add:
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At a minimum, a culvert entrance and outlet shall include a flared end section. Erosion
protection (riprap, etc.) may be required.

4.1.1

4.1.2

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.3

4.3.1

4.3.2

4.3.3

4.3.4

4.4

Corrugated Metal Pipe -Accepted
Concrete Pipe - Accepted

Inlets with Headwalls - Accepted
Corrugated Metal Pipe -Accepted
Concrete Pipe - Accepted
Wingwalls - Accepted

Aprons 24 -Accepted

Special Inlets - Accepted
Corrugated Metal Pipe - Accepted
Concrete Pipe - Accepted

Mitered Inlets - Accepted

Long Conduit Inlets- Accepted

Improved Inlets - Accepted

5.0 Inlet Protection

5.1

5.2

Debris Control - Accepted

Buoyancy - Accepted

6.0 OUTLET PROTECTION

6.1

6.2

Local Scour- Accepted

General Stream Degradation - Accepted



7.0 GENERAL CONSIDERATIONS

7.1

7.2

7.3

7.4

7.5

7.6

7.6.1

7.6.2

7.6.3

7.7

7.8

Culvert Location- Accepted
Sedimentation- Accepted

Fish Passage - Accepted

Open Channel Inlets - Accepted
Transitions - Accepted

Large Stormwater Inlets - Accepted
Gratings - Accepted

Openings - Accepted

Headwater - Accepted

Culvert Replacements - Accepted

Fencing for Public Safety - Accepted

8.0 TRASH/SAFETY RACKS - Amended

Change:

Town of Lyons Storm Drainage Criteria Addendum

“The District strongly recommends against the installation of trash racks at culvert outlets,
because debris or a person carried into the culvert will impinge against the rack, thus leading to
pressurized conditions within the culvert, virtually destroying its flow capacity and creating a
greater hazard to the public or a person trapped in the culvert than not having one.”

To:

The town strongly recommends against the installation of trash racks at culvert outlets, because
debris or a person carried into the culvert will impinge against the rack, thus leading to
pressurized conditions within the culvert, virtually destroying its flow capacity and creating a
greater hazard to the public or a person trapped in the culvert than not having one.

8.1

Collapsible Gratings - Amended

Change:

“The District does not recommend the use of collapsible gratings.”

To:

Lyons does not recommend the use of collapsible gratings.
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8.2 Upstream Trash Collectors- Accepted
9.0 DESIGN EXAMPLE

9.1 Culvert Under an Embankment - Accepted
10.0 CHECKLIST -Accepted

11.0 CAPACITY CHARTS AND NOMOGRAPHS - Accepted
12.0 REFERENCES
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STORAGE

1.0 OVERVIEW- Accepted

2.0 APPLICATION OF DIFFERENT TYPES OF STORAGE - Amended
Add (6):

“Above ground parking lot detention ponds may be utilized when land area for a grassed lined
detention pond is not available. To prevent damage to and floatation of automobiles, parking lot
detention ponds shall not exceed 12 inches in depth at any point. Parking lot detention ponds
shall have signage to inform the general public about the potential for flooding. The 100-year
water surface elevation of a parking lot detention pond shall not encroach into a public street.”

3.0 HYDROLOGIC AND HYDRAULIC DESIGN BASIS
31 Procedures for the Sizing of Storage Volumes - Accepted
3.1.1 Use of Simplified On-Site Detention Sizing Procedures - Accepted

3.1.2 Use of Hydrograph Routing Detention Sizing Procedure - Amended
Change:

“Whenever the area limits described above in Section 3.1.1. are exceeded (for tributary
catchments larger than 90 acres for empirical equations and FAA Method and 160 acres for the
Full Spectrum Detention method), the District recommends the use of hydrograph flood routing
procedures (e.g., using CUHP- generated hydrographs and reservoir routing calculations).”

To:

Whenever the area limits described above in Section 3.1.1. are exceeded (for tributary
catchments larger than 90 acres for empirical equations and FAA Method and 160 acres for the
Full Spectrum Detention method), the town recommends the use of hydrograph flood routing
procedures (e.g., using CUHP- generated hydrographs and reservoir routing calculations).

Add:

“Sizing of detention storage volumes shall utilize outflow hydrographs that have been properly
calculated to account for variable head discharge rates.

3.1.3 Water Quality Capture Volume in Sizing Detention Storage - Amended
Add:

“The water quality capture volume shall be considered a portion of the total 100-yr detention
pond volume.”

3.2 Sizing of On-Site Detention Facilities

3.2.1 Maximum Allowable Unit Release Rates for On-Site Facilities - Amended

Change:
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“These maximum releases rates will apply for all on-site detention facilities unless other rates
are recommended in a District- approved master plan.”

To:

These maximum releases rates will apply for all on-site detention facilities unless other rates are
recommended in the town master plan.

3.2.2 Empirical Equations for the Sizing of On-Site Detention Storage Volumes- Amended
Change:

“The following set of empirical equations provided preliminary estimates of on-site detention
facility sizing for areas within the District.”

To:

The following set of empirical equations provided preliminary estimates of on-site detention
facility sizing for areas within Lyons.

Change:

“If the District has a master plan that contains specific guidance for detention storage or sizing of
on-site detention facilities, those guidelines should be followed instead.”

To:

Where the town’s master plan contains specific guidance for detention storage or sizing of on-
site detention facilities, those guidelines should be followed instead.

3.2.3 Rational Formula-Based Modified FAA Procedure - Accepted
3.2.4 Simplified Full-Spectrum Detention Sizing (Excess Urban Runoff Flow Control) - Accepted
3.2.5 Excess Urban Runoff Flow Control at Regional Facilities -Accepted

3.2.6 Multi-Level Control - Amended
Change:

“The District recommends that no more than two levels of controls, in addition to the WQCV
controls, be used for on-site detention facilities.”

To:

The town recommends that no more than two levels of controls, in addition to the WQCV
controls, be used for on-site detention facilities.

3.2.7 On-Site Detention and UDFCD 100-year Floodplain Management Policy - Accepted

3.3 Design Storms for Sizing Storage Volumes- Amended
Add:
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The 10-year and 100-year storms shall be the design storms for all water quality and detention
pond designs, respectively, within Lyons. Each storm should be detained to be released at the
historic rate for each respective storm.

3.3.1 Water Quality Capture Volume - Accepted

3.3.2 Drainage and Flood Control - Amended
Change:

“Whenever a District-approved master plan recommends detention sites and release rates, or
on-site detention/retention storage and release rates, this sizing and rates should be used in
final design of detention/retention facilities.”

To:

Whenever a town-approved master plan recommends detention sites and release rates, or on-
site detention/retention storage and release rates, this sizing and rates should be used in final
design of detention/retention facilities.

3.3.3 Spillway Sizing - Amended

Add:

“Each detention pond shall contain an emergency spillway capable of conveying the peak
100-year storm discharge draining into the detention pond. The invert of the emergency
spillway shall be set equal to or above the 100-year water surface elevation. The depth of flow
out the emergency spillway shall be < 6 inches and the spillway shall have effective erosion
protection.”

3.3.4 Retention Facilities - Amended
Change:

“When a retention basin is proposed as a temporary solution, the District recommends that it be
sized to capture, as a minimum, the runoff equal to 1.5 times the 24-hour, 100-year storm plus
1-foot of freeboard.”

To:

When a retention basin is proposed as a temporary solution, the town recommends that it be
sized to capture, as a minimum, the runoff equal to 1.5 times the 24-hour, 100-year storm plus
1-foot of freeboard.

Add:

“The town will not approve any detention or retention pond that does not drain in less than 72
hours, or causes injury to water rights, or is in violation of State or Federal law.

3.4 Reservoir Routing of Storm Hydrographs for Sizing of Storage Volumes - Amended
Change (2):
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“Determine the inflow hydrograph to the storage basin and the allowable peak discharge from
the basin for the design storm events. The hydrograph may be available in published district
outfall system planning or a major drainageway master plan report. The allowable peak
discharge is limited by the local criteria or by the requirements spelled out in a District-approved
master plan.

To:

The allowable peak discharge is limited by the local criteria or by the requirements spelled out in
a town-approved master plan.

3.4.1 |Initial Sizing -Accepted

3.4.2 Initial Shaping - Amended
Change:

“This does not mean that the District encourages the use of storage facilities with uniform
geometric properties. To the contrary, the District encourages designers to collaborate with
landscape architects to develop storage facilities that are visually attractive, fit into the fabric of
the landscape, and enhance the overall character of an area.”

To:

This does not mean that the town encourages the use of storage facilities with uniform
geometric properties. To the contrary, the town encourages designers to collaborate with
landscape architects to develop storage facilities that are visually attractive, fit into the fabric of
the landscape, and enhance the overall character of an area.

3.4.3 Outlet Works Design - Accepted
3.4.4 Preliminary Design - Accepted

3.4.5 Final Design -Accepted
4.0 FINAL DESIGN CONSIDERATIONS -Amended

Change:

“The District urges all designers to review and adhere to the guidance in such references
because the failure of even small embankments can have serious consequences for the public
and the municipalities downstream of the embankment.”

To:

The town urges all designers to review and adhere to the guidance in such references because
the failure of even small embankments can have serious consequences for the public and the
municipalities downstream of the embankment.
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4.1 Storage Volume - Accepted
4.2 Potential for Multiple Uses - Accepted
4.3 Geometry of Storage Facilities- Accepted

4.3 Geometry of Storage Facilities - Amended

Change:

“Several key features should be incorporated in all storage facilities located within the District.”
To:

Several key features should be incorporated in all storage facilities located within Lyons.

4.4 Embankments and Cut Slopes - Amended
Change (2):

“Freeboard — The elevation of the top of the embankment shall be a minimum of 1 foot above
the water surface elevation when the emergency spillway is conveying the maximum design or
emergency flow.”

To:

Freeboard — The elevation of the top of the embankment shall be a minimum of 1 foot above the
100-year water surface elevation in the detention pond.

Add (5):

Emergency Spillway Downstream Protection — In order to protect the emergency spillway
from catastrophic erosion failure, buried riprap shall be placed from the emergency spillway
downhill to the embankment toe of slope and covered with 6 inches of topsoil. The riprap shall
be sized at the time of final engineering design. Grouting of the riprap may be required

Add (6):

Concrete Cutoff Wall — A concrete cutoff wall, 8 inches thick, 3 foot deep, extending 5 feet into
the embankment beyond the emergency spillway opening, is encouraged on all private
detention ponds and required on all publicly-owned regional detention ponds. A concrete
cutoff wall will permanently define the emergency spillway opening. The emergency spillway
elevation shall be tied back into the top of embankment using a maximum slope of 4:1.

4.5 Linings - Accepted
4.6 Inlets- Accepted

4.7 Outlet Works - Amended
Add:

The outlet pipe of regional detention ponds shall contain a minimum of two (2) concrete cutoff
walls embedded a minimum of 18" into undisturbed earthen soil. The cutoff walls shall be a
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minimum of 8 inches thick. The outlet pipe bedding material shall consist of native earthen
soil and not granular bedding material to at least the first downstream manhole or daylight point.

4.8 Trash Racks - Amended
Add:

For safety reasons, trash rack angles are to be 3 horizontal to 1 vertical (3:1) or flatter per
Urban Drainage research (Nelson & Kroeger, 2005).

4.9 Vegetation - Accepted

4.10 Operation and Maintenance- Amended
Add (15):

An operations maintenance manual for each water quality pond, detention pond, and outlet
structure facility shall be developed and provided to the town at the time of final submittal.

4,11 Access -Amended
Add:

Drivable access applies only to Regional Detention facilities within Lyons.  Each regional
detention pond will be considered on a case-by-case basis at the time of final design.

4.12 Geotechnical Considerations - Accepted

4.13 Environmental Permitting and Other Considerations -Accepted
5.0 DISTRICT MAINTENANCE ELIGIBILITY FOR DETENTION FACILITIES - Amended
Add:

Regional Master Planned detention ponds, designed and constructed by or on behalf of Lyons,
shall be owned and maintained by the town as specified in the applicable Development
Agreement(s). All other detention ponds shall be considered privately owned and privately
maintained.

6.0 DESIGN EXAMPLES - Accepted

6.1 Example—Empirical Equations Sizing of a Detention Basin
6.2 Example—Rational Method Analysis

6.3 Example—Hydrograph Procedure Preliminary Sizing
7.0 CHECKLIST - Accepted

8.0 REFERENCES
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FLOOD PROOFING

1.0 FLOOD PROOFING

1.1 Definition of Flood Proofing - Accepted

1.2 Overview of Flood-Proofing Methods - Accepted

1.2.1 C(Classification of Flood Proofing - Amended
Change:

“In the Denver metropolitan area, flood-proofing efforts should focus on permanent measures
due to the rapid response of most of the Front Range stream systems.”

To:

“In Lyons, flood-proofing efforts should focus on permanent measures due to the rapid response
of most of the Front Range stream systems.”

1.2.2 FEMA Recommended Methods - Accepted
1.3 Approach of Manual Relative to Flood-Proofing Guidance - Accepted
1.4 Regulatory Considerations - Accepted

1.5 Flood Proofing In the Context of Overall Floodplain Management - Accepted
2.0 WHEN TO FLOOD PROOF

2.1 How Flooding Can Damage Structures - Accepted
2.1.1 Depth/Elevation of Flooding - Accepted

2.1.2 Flow Velocity -Accepted

2.1.3 Flood Frequency- Accepted

2.1.4 Rate of Rise and Rate of Fall - Accepted

2.1.5 Duration - Accepted

2.1.6 Debris Impact -Accepted

2.2 When Flood Proofing is Not Appropriate - Accepted
2.3 Typical Causes of Flooding Problems - Accepted
2.3.1 Inadequate Street Conveyance -Accepted

2.3.2 Inadequate Storm Sewer Conveyance -Accepted
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2.3.3 Inadequate Drainage Channel Conveyance - Accepted

2.3.4 Sewage Backup- Accepted
3.0 FLOOD PROOFING METHODS

3.1 Overview of Six Methods Identified by FEMA - Accepted
3.1.1 Elevation- Accepted

3.1.2 Wet Flood Proofing - Accepted

3.1.3 Dry Flood Proofing- Accepted

3.1.4 Relocation- Accepted

3.1.5 Levees and Floodwalls - Accepted

3.1.6 Demolition- Accepted

3.2 Engineering Aspects- Accepted

3.2.1 Analysis of Flood Hazards- Accepted

3.2.2 Site Characteristics- Accepted

3.2.3 Building Characteristics - Accepted

3.3 Selection of Flood-Proofing Techniques - Accepted
3.3.1 Regulatory Considerations - Accepted

3.3.2 Appearance - Accepted

3.3.3 Accessibility -Accepted

3.3.4 Human Intervention Required - Accepted

3.3.5 Benefit/Cost Analysis -Accepted

3.3.6 Other -Accepted
4.0 PROVIDING ASSISTANCE TO PROPERTY OWNERS

4.1 Decision Making Process for Property Owners- Accepted

4.1.1 Determine Flood Hazards - Amended

Change:

“Information about flooding in the area is available from the District and local officials.”
To:
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“Information about flooding in the area is available from the Town of Lyons.”
4.1.2 Inspect Structure - Accepted

4.1.3 Contact Local Officials - Accepted

4.1.3 Contact Local Officials - Amended

Change:

“The District and local officials have copies of the FIS and FIRM published for the community by
FEMA.”

To:

“The town and local officials have copies of the FIS and FIRM published for the community by
FEMA.”

4.1.4 Consult With Professionals - Accepted

4.2 Potential Sources of Financial Assistance at Federal, State, and Local Levels - Accepted

5.0 REFERENCES
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REVEGETATION
1.0 INTRODUCTION -Amended

Change:

“This chapter provides information on methods and plant materials needed for revegetation of
drainage facilities within the Urban Drainage and Flood Control District (District).”

To:

This chapter provides information on methods and plant materials needed for revegetation of
drainage facilities within the town of Lyons.

Change:

“The semi-arid nature of the climate, prevalence of introduced weeds, and variety of soil types
encountered in the District virtually mandate prompt implementation of a revegetation plan to
achieve revegetation success.”

To:

The semi-arid nature of the climate, prevalence of introduced weeds, and variety of soil types
encountered in Lyons virtually mandate prompt implementation of a revegetation plan to achieve
revegetation success. Specific consideration of native plant species and their inherent
limitations and advantages should be part of every revegetation plan.”

2.0 SCOPE OF THIS CHAPTER AND RELATION TO OTHER RELEVANT DOCUMENTS -
Amended

Add:
See revisions to RV tables included in this chapter for seed mix recommendations.

3.0 GENERAL GUIDELINES FOR REVEGETATION
3.1 Plant Materials - Accepted

3.2 Site Preparation - Amended
Add:

Before revegetation work is started, an inventory of vegetation should be taken. If noxious
weeds, as listed on the State of Colorado index, exist on-site, appropriate steps need to be
taken before, during, and after work is completed, to control their spread. Contact the
Town of Lyons for additional information if needed.

3.3 Seeding and Planting - Amended
Add:

Seed mixtures should be coated with Mycorrhiza at the rate of 2 pounds per acre at the time of
seeding. If mulching with straw, be sure the straw is seed free and weed free.
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3.4 Maintenance - Amended
Change:

“Access to and grazing on recently revegetated areas should be limited with temporary fencing
and signage while plants are becoming established (normally the first year).”

To:

Access to and grazing on recently revegetated areas should be limited with temporary fencing
and signage while plants are becoming established (for 1 to 2 years at least).

Change:

“Weed infestations should be managed using appropriate physical, chemical, or biological
methods as soon as possible. (See the other documents referenced for details on weed
management options.)”

To:

Weed infestations should be managed using appropriate physical or chemical methods as soon
as possible.

Add:

The project owners/developer, not Lyons, will be responsible for site maintenance until
vegetative establishment.

4.0 PREPARATION OF A PLANTING PLAN
4.1 General - Accepted

4.2 Soil Amendments - Amended
Change:

“Since soil pH is typically suitable within the District, amendments are usually needed for
increasing organic matter content or providing nutrients in the form of fertilizers.”

To:

“Since soil pH is typically suitable within Lyons, amendments are usually needed for increasing
organic matter content or providing nutrients in the form of fertilizers.”

Change:

“Consideration should be given to importing topsoil, instead of amending poor quality subsaoil, as
this may be less expensive.”

To:

“Consideration should be given to importing topsoil, from the vicinity, instead of amending poor
quality subsoil, as this may be less expensive.”

Change:
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“Both of these materials are relatively new and show promise as soil conditioners and sources
of slow-release fertilizers for revegetation work in the District.”

To:

Both of these materials are relatively new and show promise as soil conditioners and sources of
slow-release fertilizers for revegetation work in the town.

4.2.1 Humate Conditioner -Accepted
4.2.2 Biosol- Accepted

4.3 Recommended Seed Mixes - Amended
Change:

“Recommended seed mixes for the bottom (wet soils) and side slopes of drainage facilities
within the District are included in Tables RV-1 and RV-2.”

To:

Recommended seed mixes for the bottom (wet soils) and side slopes of drainage facilities within
Lyons are included in Tables RV-1 and RV-2.

Add:

The inclusion of wild flowers in the seed mix is optional in Lyons. Areas seeded along Boulder
County roads may be spot sprayed in the county to control the spread of noxious weeds. This
spraying may affect some wild flower species. Do not plant trees or shrubs in the town right-of-
way.

Delete:

Redtop (Agrostis alba) from Table RV-1

Nuttall's sunflower (Holianthus nuttallii) from Table RV-1

Canadian bluegrass (Ruebens) (Poa compressa) from Table RV-2
Flax* (Linum lewisii) from Table RV-2

Blue Flax (Linum lewisii) from Table RV-3

Canby bluegrass (Poa canbyi) from Table RV-4

Flax (Linum lewisii) from Table RV-4

Change:
Growth Growth Lbs
Common Name (Variety) Scientific Name Season Form Seeds/Lb | PLS/Acre
Blue grama (Hachita) Chondrosum gracile Warm | Sod/bunch 825,000 21
To:

Blue grama (Hachita) ‘Chondrosum gracile ‘ Warm ‘ Sod/bunch 825,000 0.3
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Change:
Growth Growth Lbs
Common Name (Variety) Scientific Name Season Form Seeds/Lb | PLS/Acre
Sand dropseed Sporobolus cryptandrus | Warm Bunch 5,298,000 0.3
To:
Sand dropseed Sporobolus cryptandrus ‘ Warm ‘ Bunch 5,298,000 21

Delete:

Flax (Linum lewisii) from Table RV-5

Blue Flax (Linum lewisii) from Table RV-7

California poppy (Eschscholtzia californica) from Table RV-7

Blackeyed Susan (Rudbeckia hirta) from Table RV-7

Rubber rabbitbrush (Chrysothamnus nauseosus) from Table RV-8

Spanish bayonet (Yucca glauca) from Table RV-8

Smart weed (Polygonum persicaria) from Table RV-9

Foxtail barley (Hordeum jubatum) from Table RV-9

Refer to Grass Seeding Recommendations for Boulder County:
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4.4 Trees, Shrubs and Wetland Plantings - Accepted

4.5 Mulching - Amended
Add:

e At least 70 percent of the mulch by weight shall be 10 inches or more in length.
e The appropriate use of fabric blankets under trees and shrubs is suggested

4.6 Bioengineering- Accepted
4.7 Collection of Live Stakes, Willow Cuttings, and Poles - Accepted
4.7.1 Harvest Procedure -Accepted

4.7.2 Installation -Accepted
5.0 POST-CONSTRUCTION MONITORING - Amended

Change:

“This is especially important for establishing native species since it may take several years for
vegetation to become adequately established. Sites should be observed several times during
their first two growing seasons and at least once a year thereafter.”

To:

“This is especially important for establishing native species since it may take three to five years
for vegetation to become adequately established. Sites should be observed several times
during their first two or three growing seasons and at least twice a year thereafter.”

6.0 REFERENCES

DESIGN EXAMPLES - Accepted

Add:

Use the UDFCD C1, C2, C3 coefficients within the “Detention Volume by Modified FAA Method”
spreadsheet.
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USCDM VOLUME 3

PREFACE

1.0 Acknowledgements - Accepted

2.0 Purpose - Accepted

3.0 Overview - Accepted

4.0 Revisions to USDCM Volume 3 - Accepted

5.0 Acronyms and Abbreviations - Accepted
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CHAPTER 1 - STORMWATER MANAGEMENT AND PLANNING

1.0 Introduction - Accepted

2.0 Urban Stormwater Characteristics - Accepted

3.0 Stormwater Management Requirements under the Clean Water Act - Accepted
3.1 Clean Water Act Basics - Accepted

3.2 Colorado’s Stormwater Permitting Program - Accepted

3.2.1 Construction Site Stormwater Runoff Control - Accepted

3.2.2 Post-construction Stormwater Management - Accepted

3.2.3 Pollution Prevention/Good Housekeeping - Accepted

3.3 Total Maximum Daily Loads and Stormwater Management - Accepted

4.0 Four Step Process to Minimize Adverse Impacts of Urbanization - Amended

Change:

“UDFCD has long recommended a Four Step Process for receiving water protection that
focuses on reducing runoff volumes, treating the water quality capture volume (WQCV),
stabilizing drainageways, and implementing long-term source controls.”

To:

Lyons recommends a Four Step Process for receiving water protection that focuses on reducing
runoff volumes, treating the water quality capture volume (WQCYV), stabilizing drainageways,
and implementing long-term source controls.

4.1 Step 1. Employ Runoff Reduction Practices - Accepted

4.2 Step 2. Implement BMPs That Provide a Water Quality Capture Volume with Slow
Release - Accepted

4.3 Step 3. Stabilize Drainageways - Accepted

Change:

“Many drainageways within UDFCD boundaries are included in major drainageway or outfall
systems plans, identifying needed channel stabilization measures.”

To:

The Lyons master plan identifies needed channel stabilization measures along drainageway in
the town.
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4.4 Step 4. Implement Site Specific and Other Source Control BMPs - Accepted

5.0 Onsite, Subregional and Regional Stormwater Management - Accepted
6.0 Conclusion - Amended

Change:

“UDFCD criteria are based on a Four Step Process focused on reducing runoff volumes, treating
the remaining WQCYV, stabilizing receiving drainageways and providing targeted source controls
for post-construction operations at a site.”

To:

Lyons criteria is based on Four Step Process focused on reducing runoff volumes, treating the
remaining WQCYV, stabilizing receiving drainageways and providing targeted source controls for
post-construction operations at a site.

7.0 References
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Chapter 2 - BMP Selection

1.0 BMP Selection - Accepted

1.1 Physical Site Characteristics - Accepted

1.2 Space Constraints - Accepted

1.3 Targeted Pollutants and BMP Processes - Accepted
1.4 Storage-Based Versus Conveyance-Based - Accepted
1.5 Volume Reduction- Accepted

1.6 Pretreatment - Accepted

1.7 Treatment Train- Accepted

1.8 Online Versus Offline Facility Locations- Accepted
1.9 Integration with Flood Control - Accepted

1.9.1 Sedimentation BMPs- Accepted

1.9.2 Infiltration/Filtration BMPs- Accepted

1.10 Land Use, Compatibility with Surroundings, and Safety - Accepted
1.11 Maintenance and Sustainability- Accepted

1.12 Costs- Accepted
2.0 BMP Selection Tool - Accepted

3.0 Life Cycle Cost and BMP Performance Tool - Accepted

3.1 BMP Whole Life Costs - Amended
Change:

“In addition, UDFCD recommends the cost of administering a stormwater management program
also be included as a long-term cost for BMPs. Reporting whole life costs in terms of net present
value (NPV) is an effective method for comparing mutually exclusive alternatives (Newnan
1996).”

To:

In addition, the cost of administering a stormwater management program also be included as a
long-term cost for BMPs. Reporting whole life costs in terms of net present value (NPV) is an
effective method for comparing mutually exclusive alternatives (Newnan 1996).

Change:
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“All cost estimates are considered "order-of-magnitude" approximations, hence UDFCD's
recommendation of using this concept primarily at the planning level.”

To:

All cost estimates are considered "order-of-magnitude” approximations, hence the Town’s
recommendation of using this concept primarily at the planning level.

Change:

e “Contingency/Engineering/Administration Costs: The additional costs of designing
and permitting a new BMP are estimated as a percentage of the total construction costs.
For Denver-area projects, a value of 40% is recommended if no other information is
available.”

To:

o Contingency/Engineering/Administration Costs: The additional costs of designing
and permitting a new BMP are estimated as a percentage of the total construction costs.
For Lyons projects, a value of 40% is recommended if no other information is available.

Change:

o “Administration Costs: The costs of administering a stormwater management program
are estimated as percentage of the average annual maintenance costs of a BMP. For
Denver-area projects, a value of 12% is recommended if no other information is
available.”

To:

o “Administration Costs: The costs of administering a stormwater management program
are estimated as percentage of the average annual maintenance costs of a BMP. For
Lyons projects, a value of 12% is recommended if no other information is available.”

3.2 BMP Performance
Change:

“Instead, UDFCD recommends an approach that is expected to predict long-term (i.e. average
annual) BMP pollutant removal and runoff volume reduction with reasonable accuracy, using
BMP performance data reported in the International Stormwater BMP Database (as discussed in
Section 1.3).”

To:

“Instead, Lyons recommends an approach that is expected to predict long-term (i.e. average
annual) BMP pollutant removal and runoff volume reduction with reasonable accuracy, using
BMP performance data reported in the International Stormwater BMP Database (as discussed in
Section 1.3).”
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3.3 Cost Effectiveness - Accepted

4.0 Conclusion- Accepted

5.0 References
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Chapter 3 - Calculating the WQCV and Volume Reduction

1.0
2.0
2.1
2.2
2.3

2.4
3.0

4.0
4.1
4.2

4.3

Introduction - Accepted

Hydrologic Basis of the WQCV

Development of the WQCV - Accepted

Optimizing the Capture Volume - Accepted
Attenuation of the WQCV (BMP Drain Time) - Accepted

Excess Urban Runoff Volume (EURV) and Full Spectrum Detention - Accepted
Calculation of the WQCV - Accepted

Quantifying Volume Reduction - Accepted
Conceptual Model for Volume Reduction BMPs—Cascading Planes - Accepted
Watershed /Master Planning-level Volume Reduction Method - Accepted

Site-level Volume Reduction Methods - Accepted

4.3.1 SWMM Modeling Using Cascading Planes - Accepted

4.3.2 IRF Charts and Spreadsheet- Accepted

4.4
5.0

5.1
5.2

5.3
6.0

7.0

Other Types of Credits for Volume Reduction BMPs/LID - Accepted

Examples
Calculation of WQCV- Accepted
Volume Reduction Calculations for Storage-based Approach- Accepted

Effective Imperviousness Spreadsheet- Accepted

Conclusion - Accepted

References
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Chapter 4 - Treatment BMPs

1.0 Overview - Accepted
2.0 Treatment BMP Fact Sheets - Amended

Change:

“UDFCD does not provide endorsement or approval of specific practices; instead, guidance is
provided identifying when use of underground BMPs may be considered and the minimum
criteria that should be met when site constraints do not enable aboveground treatment of runoff
or when underground devices are used to provide pretreatment for site-specific or watershed-
specific purposes.”

To:

Lyons does not provide endorsement or approval of specific practices; instead, guidance is
provided identifying when use of underground BMPs may be considered and the minimum
criteria that should be met when site constraints do not enable aboveground treatment of runoff
or when underground devices are used to provide pretreatment for site-specific or watershed-
specific purposes.

3.0 References

Treatment BMP Fact Sheets

T-1 Grass Buffer - Accepted

T-2  Grass Swale - Accepted

T-3  Bioretention (Rain Garden or Porous Landscape Detention) - Accepted
T-4  Green Roof - Accepted

T-5  Extended Detention Basin (EDB) - Accepted

T-6  Sand Filter - Accepted

T-7 Retention Pond - Amended
Add:

Retention facilities are normally not allowed in Lyons, but will be considered for special
circumstances.

Retention facilities shall be sized to contain a volume equal to twice the 100-year storm runoff
volume plus one foot of freeboard. Water within a retention facility shall be mechanically
removed and disposed of off-site by the property owner within 48 hours after a storm event.
Lyons will not approve any detention or retention pond that does not drain in less than 72 hours,
or causes injury to water rights, or is in violation of State or Federal law.



Town of Lyons Storm Drainage Criteria Addendum

T-8  Constructed Wetland Pond - Accepted

T-9  Constructed Wetland Channel - Accepted

T-10 Permeable Pavements: - Accepted

T-10.1 Permeable Interlocking Concrete Pavements (PICP) - Accepted
T-10.2 Concrete Grid Pavement - Accepted

T-10.3 Pervious Concrete - Accepted

T-10.4 Porous Gravel Pavement - Accepted

T-10.5 Reinforced Grass Pavement - Accepted

T-11 Underground BMPs - Accepted

T-12 Outlet Structures - Accepted
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Chapter 5 - Source Control BMPs

1.0 Introduction - Accepted

2.0 Structural Source Controls - Accepted

3.0 Procedural Source Control BMPs - Accepted
3.1 Municipal Operations- Accepted

3.2 Commercial and Industrial Operations- Accepted

3.3 Residential Activities-Accepted

4.0 Combining Source Control BMPs to Target Pollutants of Concern - Accepted
5.0 References

Source Control BMP Fact Sheets

S-1 Covering Outdoor Storage and Handling Areas - Accepted
S-2 Spill Prevention, Containment and Control - Accepted

S-3 Disposal of Household Waste - Accepted

S-4 Illicit Discharge Controls - Accepted

S-5 Good Housekeeping - Accepted

S-6 Preventative Maintenance - Accepted

S-7 Vehicle Maintenance, Fueling and Storage - Accepted

S-8 Use of Pesticides, Herbicides and Fertilizers - Accepted
S-9 Landscape Maintenance - Accepted

S$-10 Snow and Ice Management - Accepted

S-11 Street Sweeping and Cleaning - Accepted

S-12 Storm Sewer System Cleaning - Accepted
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Chapter 6 - BMP Maintenance

1.0 Introduction - Accepted

2.0 Defining Maintenance Responsibility for Public and Private Facilities - Accepted
3.0 Developing a Maintenance Plan - Accepted

4.0 Grass Buffers and Swales - Accepted

4.1 Inspection- Accepted

4.2 Debris and Litter Removal - Accepted

4.3 Aeration - Accepted

4.4 Mowing - Accepted

4.5 Irrigation Scheduling and Maintenance - Accepted

4.6 Fertilizer, Herbicide, and Pesticide Application - Accepted

4.7 Sediment Removal - Accepted

5.0 Bioretention (Rain Garden or Porous Landscape Detention) - Accepted
5.1 Inspection - Accepted

5.2 Debris and Litter Removal - Accepted

5.3 Mowing and Plant Care - Accepted

5.4 Irrigation Scheduling and Maintenance - Accepted

5.5 Replacement of Wood Mulch - Accepted

5.6 Sediment Removal and Growing Media Replacement - Accepted

6.0 Green Roofs - Accepted
6.1 Inspection- Accepted
6.2 Plant Care and Media Replacement - Accepted

6.3 Irrigation Scheduling and Maintenance - Accepted

7.0 Extended Detention Basins (EDBs) - Accepted
7.1 Inspection - Accepted

7.2 Debris and Litter Removal - Accepted
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7.3 Mowing and Plant Care - Accepted

7.4 Aeration - Accepted

7.5 Mosquito Control - Accepted

7.6 Irrigation Scheduling and Maintenance - Accepted

7.7 Sediment Removal from the Forebay, Trickle Channel, and Micropool - Accepted
7.8 Sediment Removal from Basin Bottom - Accepted

7.9 Erosion and Structural Repairs - Accepted

8.0 Sand Filters - Accepted

8.1 Inspection - Accepted

8.2 Debris and Litter Removal - Accepted
8.3 Filter Surface Maintenance - Accepted

8.4 Erosion and Structural Repairs - Accepted

9.0 Retention Ponds and Constructed Wetland Ponds - Accepted
9.1 Inspection - Accepted

9.2 Debris and Litter Removal - Accepted

9.3 Aquatic Plant Harvesting - Accepted

9.4 Mosquito Control - Accepted

9.5 Sediment Removal from the Forebay - Accepted

9.6 Sediment Removal from the Pond Bottom - Accepted

10.0 Constructed Wetland Channels - Accepted
10.1 Inspection - Accepted

10.2 Debris and Litter Removal - Accepted

10.3 Aquatic Plant Harvesting - Accepted

10.4 Sediment Removal - Accepted

11.0 Permeable Pavement Systems - Accepted
11.1 Inspection - Accepted

11.2 Debris Removal, Sweeping, and Vacuuming - Accepted
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11.3 Snow Removal - Accepted

11.4 Full and Partial Replacement of the Pavement or Infill Material - Accepted

12.0 Underground BMPs - Accepted
12.1 Inspection- Accepted

12.2 Debris Removal, Cartridge Replacement, and Vacuuming - Accepted

13.0 References
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Chapter 7 - Construction BMPs

1.0 Introduction - Accepted

2.0 Fundamental Erosion and Sediment Control Principles
2.1 Erosion - Accepted

2.2 Sedimentation - Accepted

2.3 Effective Erosion and Sediment Control- Accepted

3.0 Colorado Construction Stormwater Discharge Permits - Accepted

3.1 Preparing and Implementing a Stormwater Management Plan (SWMP) - Accepted
3.1.1 General SWMP Recommendations - Accepted

3.1.2 SWMP Elements - Accepted

3.2 Inspections - Accepted

3.2.1 Inspection Frequency - Accepted

3.2.2 Inspection Records - Accepted

3.3 Maintenance - Accepted

3.4 Disposition of Temporary Measures - Accepted

3.5 2009 Federal Effluent Limitation Guidelines - Accepted

4.0 Overview of Construction BMPs - Accepted
4.1 Erosion Control Measures - Accepted

4.2 Sediment Control Measures - Accepted

4.3 Site Management - Accepted

4.4 Materials Management - Accepted

4.5 Proprietary BMPs - Accepted
5.0 BMP Selection and Planning- Accepted

5.1 Site Assessment - Accepted
5.2 Slope-Length and Runoff Considerations - Accepted

53 Using the Revised Universal Soil Loss Equation - Accepted
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54 BMP Functions - Accepted

5.5 Consistency with Other Plans - Accepted

5.5.1 Drainage Plans - Accepted

5.5.2 Post Construction Stormwater Management- Accepted
5.5.3 Air Quality Plans - Accepted

5.6 Guidelines for Integrating Site Conditions and BMPs into a SWMP - Accepted

6.0 Construction Dewatering - Accepted

7.0 Construction in Waterways - Accepted

8.0 Considerations for Linear Construction Projects - Accepted
8.1 General Considerations - Accepted

8.2 Underground Utility Trenching Criteria - Accepted

9.0 References

Construction BMP Fact Sheets - Accepted
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Erosion Controls

EC-1 Surface Roughening (SR) - Accepted

EC-2 Temporary and Permanent Seeding (TS/PS) EC-3 Soil Binders (SB) - Accepted
EC-4 Mulching (MU) - Accepted

EC-5 CompostBlanket and Filter Berm (CB) - Accepted

EC-6 Rolled Erosion Control Products (RECP) (multiple types) - Accepted
EC-7 Temporary Slope Drains (TSD) - Accepted

EC-8 Temporary Outlet Protection (TOP) - Accepted

EC-9 Rough Cut Street Control (RCS) - Accepted

EC-10 Earth Dikes and Drainage Swales (ED/DS) - Accepted

EC-11 Terracing (TER) - Accepted

EC-12 Check Dams (CD) (multiple types) - Accepted

EC-13 Streambank Stabilization (SS) - Accepted

EC-14 Wind Erosion / Dust Control (DC) - Accepted

Materials Management
MM-1 Concrete Washout Area (CWA) - Accepted
MM-2 Stockpile Management (SP) (multiple types) - Accepted

MM-3 Good Housekeeping Practices (GH) - Accepted
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Sediment Controls

SC-1 SiltFence (SF) - Accepted

SC-2 Sediment Control Log (SCL) - Accepted

SC-3 Straw Bale Barrier (SBB) - Accepted

SC-4 Brush Barrier (BB) - Accepted

SC-5 Rock Sock (RS) - Accepted

SC-6 Inlet Protection (IP) (multiple types) - Accepted
SC-7 Sediment Basin (SB) - Accepted

SC-8 Sediment Trap (ST) - Accepted

SC-9 Vegetative Buffers (VB) - Accepted

SC-10 Chemical Treatment (CT) - Accepted

Site Management and Other Specific Practices

SM-1 Construction Phasing/Sequencing (CP) - Accepted

SM-2 Protection of Existing Vegetation (PV) - Accepted

SM-3 Construction Fence (CF) - Accepted

SM-4 Vehicle Tracking Control (VTC) (multiple types) - Accepted
SM-5 Stabilized Construction Roadway (SCR) - Accepted

SM-6 Stabilized Staging Area (SSA) - Accepted

SM-7 Street Sweeping and Vacuuming (SS) - Accepted

SM-8 Temporary Diversion Methods (TDM) - Accepted

SM-9 Dewatering Operations (DW) - Accepted

SM-10 Temporary Stream Crossing (TSC) (multiple types) - Accepted
SM-11 Temporary Batch Plant (TBP) - Accepted

SM-12 Paving and Grinding Operations (PGO) - Accepted



TOWN OF LYONS STORMWATER MASTERPLAN 306
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2016-05-19
2016-05-23
2016-05-19
2016-05-19
2016-05-19
2016-05-19
2016-05-19
2016-05-19
2016-05-19
2016-05-19

version

status

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected
1 inspected

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected
1 inspected
1 inspected
1 inspected
1 inspected
1 inspected

1 inspected

latitude

40.2331652
40.2331909
40.2482842
40.2480579
402423174
40.2413708
40.2393558
40.2311476
40.2312295
40.2301823
40.2301503
40.2290742
40.229115
40.2278534
40.2280352
40.2389236
40.2388568
40.2433555
40.2433988
40.2447981
40.2448842
402474342
40.2473807
40.2480354
40.2482343
40.2175219
40.2314862
40.2295659
40.2482546
40.231203
40.2299535
40.2308538
40.231314
40.2318222
40.2319115
40.2327013
40.232806
40.2480894
40.214927
40.2149311
40.2194159
40.2197487
40.2187282
40.218614
40.2168896
40.2226678
40.2167204
40.2152228
40.2153835
40.2153626
40.2141902
40.2142278
40.2140845
40.2141146
40.2143574
40.2136764
40.2147836
40.2150597
40.2159243
40.2177675
40.2133509
40.213272
40.2134342
40.2133641
40.2169747
40.217046
40.2150104
40.2150492
40.2169776
40.2167937
402172763
40.2212145
40.2226579
40.2227606
40.2227539
40.2226426
40.2153738
40.2214267
40.2216996
40.2225582
40.222551
40.222517
40.222474
40.218993
40.2191679
40.2167943
40.2137881
40.2147218
40.2147502
40.2153609
40.2164718
40.2165297
40.2166488
40.2176468
40.2158743
40.2152593
40.2152407
40.2142496
40.2141293
40.2138671
40.2184317
40.218507
40.2195357
40.2197017
40.2197786
40.2198617
40.2212139
40.2211984
40.2217056
40.2204403
40.2207976
40.2200294
40.220066
40.2182517
40.2181508
40.2221736
40.22286645
40.2228403
40.2191053
402177418
40.2170725
40.2153709
40.2154073
40.2172045
40.2198944
40.2213253
40.2219046
40.2205423
40.2200845
40.2275603
40.2204691
40.2215535
40.2230554
40.2229179
40.2253771
40.22570283
40.2254387
40.2247064
40.2246304
40.2248392
40.2241425
40.224167
40.2230369
40.2212565
40.2213955
40.222335
40.2224834
40.2217249
40.2303712
40.2303757
40.2335862
40.2333576
40.2292118
40.2292748
40.228833
40.2286686
40.2266527
40.2265545
40.2250745
40.2252315
40.221368
40.2214993
40.2213835
40.2224821
40.2233206
40.2231378

longitude type

-105.291165 Conveyance,Box

-105.2011585 Conveyance,Box
-105.2898495 Conveyance,Box
-105.2898487 Conveyance Box
-105.2011063 Conveyance,Pipe
-105.2012574 Conveyance,Pipe
~105.2009709 Conveyance,Pipe
-105.2889191 Conveyance,Pipe
-105.2886781 Conveyance,Pipe
-105.2885815 Conveyance,Pipe
-105.2883225 Conveyance,Pipe
-105.2883208 Conveyance,Pipe
-105.2881939 Conveyance,Pipe
-105.2056397 Conveyance,Pipe
-105.2056501 Conveyance,Pipe
-105.2878973 Conveyance,Pipe
-105.2878418 Conveyance,Pipe
-105.2873077 Conveyance,Pipe
-105.2875433 Conveyance,Pipe
-105.2866839 Conveyance,Pipe
-105.2870547 Conveyance,Pipe
~105.2870062 Conveyance,Pipe
-105.2871685 Conveyance,Pipe
-105.2893543 Conveyance,Pipe
~105.2893009 Conveyance,Pipe
-105.2591607 Conveyance,Pipe
-105.2794515 Conveyance,Pipe

-105.2762046 Inlet,Grate
-105.290942 Inlet,Grate
-105.2786585 Inlet,Grate
-105.2765276 Inlet,Vault
-105.2805609 Inlet,Vault
-105.2802544 Inlet,Vault
-105.2795581 Inlet,Vault
-105.2795971 Inlet,Vault
-105.2797183 Inlet,Vault
-105.2799045 Inlet,Vault
-105.290929 Outlet,Pipe

-105.2722927 Conveyance Box
-105.2722092 Conveyance Box
-105.2566276 Conveyance Box
-105.2566101 Conveyance,Box
-105.2588601 Conveyance,Box
-105.2588147 Conveyance Box
-105.2743606 Conveyance Other ~ Bridge
-105.2715795 Conveyance Other  Bridge
-105.2630615 Conveyance Other ~ MH
-105.2600741 Conveyance,Other ~ MH
-105.259708 Conveyance,Other i
-105.2595767 Conveyance,Other ~ Detention
-105.2600874 Conveyance,Other ~ MH
-105.2600818 Conveyance,Other ~ MH
-105.2601591 Conveyance Other  MH
-105.2509145 Conveyance Other  MH
-105.2509775 Conveyance Other ~ MH
-105.2608023 Conveyance,Other ~ MH
-105.2507888 Conveyance,Other ~ MH
-105.2509233 Conveyance,Other ~ MH
-105.2607987 Conveyance,Other ~ MH
-105.2601132 Conveyance Other ~ Bridge
-105.2746192 Conveyance,Pipe
-105.2747123 Conveyance,Pipe
-105.2747894 Conveyance,Pipe
-105.2745695 Conveyance,Pipe
-105.274369 Conveyance,Pipe
-105.2742719 Conveyance,Pipe
-105.2718973 Conveyance,Pipe
~105.2719002 Conveyance,Pipe
-105.2724245 Conveyance,Pipe
-105.2724432 Conveyance,Pipe
-105.260948 Conveyance,Pipe

-105.2546648 Inlet,Grate
-105.2716116 Inlet,Other
-105.2716053 Inlet,Other
-105.2717141 Inlet,Other
-105.2717072 Inlet,Other
-105.2595201 Inlet,Pipe
-105.2692506 Inlet,Vault
-105.2701795 Inlet,Vault
-105.2721068 Inlet,Vault
-105.2720667 Inlet,Vault
-105.2701384 Inlet,Vault
-105.2701288 Inlet,Vault
-105.2652931 Inlet,Vault
-105.2652484 Inlet,Vault
-105.2641497 Inlet,Vault
-105.2629573 Inlet,Vault
-105.2626159 Inlet,Vault
-105.2626927 Inlet,Vault
-105.2620319 Inlet,Vault
-105.2632989 Inlet,Vault
-105.2633998 Inlet,Vault
-105.26343 Inlet, Vault
-105.2625239 Inlet,Vault
-105.2608785 Inlet,Vault
-105.2601433 Inlet,Vault
-105.2599769 Inlet,Vault
-105.2602424 Inlet,Vault
-105.2599872 Inlet,Vault
-105.2609284 Inlet,Vault
-105.2591426 Inlet,Vault
-105.2592187 Inlet,Vault
-105.2566674 Inlet,Vault
-105.2566269 Inlet,Vault
-105.2559328 Inlet,Vault
-105.2559633 Inlet,Vault
-105.2547105 Inlet,Vault
-105.2548421 Inlet,Vault
-105.2562264 Inlet,Vault
-105.2577333 Inlet,Vault
-105.2569189 Inlet,Vault
-105.257886 Inlet,Vault
-105.2570719 Inlet,Vault
-105.2595899 Inlet,Vault
-105.2594355 Inlet,Vault
-105.2678024 Outlet,Pipe
-105.2715198 Outlet,Pipe
-105.2711771 Outlet,Pipe
-105.2648587 Outlet,Pipe
-105.262139 Outlet,Pipe
-105.2638845 Outlet,Pipe
-105.2596787 Outlet,Pipe
-105.2594481 Outlet,Pipe
-105.2613499 Outlet,Pipe
-105.2565731 Outlet,Pipe
-105.2554654 Outlet,Pipe
-105.2558192 Outlet,Pipe
-105.2564101 Outlet,Pipe
-105.2566357 Outlet,Pipe

6in drain

6in drain

-105.2703456 Conveyance Box
-105.265487 Conveyance Other ~ Bridge
-105.2644192 Conveyance,Other ~ MH
-105.2664768 Conveyance,Other ~ MH
-105.2658163 Conveyance,Other ~ MH
-105.2712769 Conveyance Other ~ Bridge
-105.2723969 Conveyance Other  Bridge
-105.2722679 Conveyance,Other ~ MH
-105.2684367 Conveyance,Other ~ MH
-105.2684356 Conveyance,Other ~ MH
-105.2699721 Conveyance,Other ~ MH
-105.2699815 Conveyance,Other ~ MH
-105.2699385 Conveyance,Other ~ MH
-105.2655884 Conveyance,Other ~ MH
-105.2639939 Conveyance,Other ~ MH
-105.2653689 Conveyance,Pipe
-105.2653206 Conveyance,Pipe
-105.2655159 Conveyance,Pipe
-105.2652762 Conveyance,Pipe
-105.2715381 Conveyance,Pipe
-105.2716369 Conveyance,Pipe
-105.2698777 Conveyance,Pipe
-105.2697992 Conveyance,Pipe
-105.2703637 Conveyance,Pipe
-105.2702896 Conveyance,Pipe
-105.2705196 Conveyance,Pipe
-105.2706709 Conveyance,Pipe
-105.2678717 Conveyance,Pipe
-105.2678378 Conveyance,Pipe
-105.2674961 Conveyance,Pipe
-105.267541 Conveyance, Pipe

-105.2654272 Inlet,Grate

-105.2663223 Inlet,Grate

type_other material
Other

Other
Other
Other
Metal
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other

Concrete
Concrete

Concrete

Rock

Concrete
Metal

Concrete
Other

Metal

LyonsDataCollection.ds

material_o
60x28 concrete
60x28 concrete
75x75 con
75%75 con

18in. CMP
36in cmp.
18in cmp
24in cmp
36in cmp.
36in cmp.
12in cmp
12in cmp
18in plastic
18in plastic
24in con
24 con
24in con
24in con
36in con
36in con
36in con
36in con
36in con
36in con
24in cmp.
48in con

16ft
5ft concrete

10ft concrete
10ft con

5ft con

24in con
72x24 con
72x24in
8ftx13ft
8ftx3ft
ax12t

ax12t

18in cmp
18in. Cmp
30in cmp.
30in cmp,
18in cmp
18in cmp
30in con
30in con
24in cmp.
24in cmp.
560in cmp

28x38 rop
10ft con
10ft con
st con
st con
sit

st con
10ft

sit

48in con
16x28 cmp
3t

30in rep
18in rcp
12in pve
30in rep
28x38 rop
24in rep
24in rcp
24in rcp
18in rcp
18in rep
18in rcp

12in cast iron

condition sediment water_qual maintenanc

Acceptable Moderate None

Acceptable High None
New Low None
New Low None

Deficient Moderate None
Acceptable Moderate None

Acceptable Low  None
Deficient  High  None
Good  Low  None
Acceptable Low  None

Low  None

Deficient High  None
Deficient High  None

Good Low None
Good Moderate None
New Low None
New Low None
New Low None
New Low None
New Low None
New Low None
New Low None
New Low None
New Low None
New Low None
Good Low None
Good Moderate None
Good Moderate None
New Low ione
Good Low None
Good Low None
Good Low None
Good Low None
Good Low None
Good Low None
0od Low None
Good Low None
New Low None
New Low None
New Low None
Good
Good Low
Good Low
Good Low
Good
Good Low None

Acceptable Moderate None
Gox ione
Acceptable Moderate None

Deficient  Moderate None
Good  Low  None
Good  Low  None
Acceptable Low  None
Acceptable Low  None
Acceptable Low  None
Acceptable Low  None
Good  Low
Good  Low
Good  Moderate None
Good  Low  None
Good  Low  None
Good  Low  None
Good
New Low  None
New Low  None
New Low  None
New Low  None
New Low  None
New Low  None
Good  Low  None
Good  Low  None
Good  Low  None
Good  Low  None
Good one
Good  Low  None
Good  Low  None
Good  Low  None
Good  Low  None
Good ow ne
Good  Moderate None
Good  Low  None
Good
Good  Low
Good
Good
Good
Good  Low
Good  Low  None
Good  Low
Good
Good
Good
Good
Good
Good
Good  High
Good  Moderate
Good  Low
Good  Low
New Low
New Low
New Moderate None
Good  Low  None
Good  Low  None
Good  Moderate None
Good  Low  None
Good  Low  None
Good
Good
Good  High
Good
Good  High
Good  High
Good  Moderate
Good  Low
Good
Good  Moderate
Acceptable High
Acceptable Moderate
Good  Moderate
Good  Low
Good  High
Good  Low
Good  Low
Good
Good  Low
Good
Good
Good  Low

od
Acceptable High
Acceptable Low
Good  Moderate

Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Power Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Power Tools
Power Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools
Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools

Hand Tools
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1 inspected

1 inspected

40.2235603
40.2234941
40.2236389
40.223668
40.2236544
40.2236633
40.223486
40.2237538
40.2234773
40.2230521
40.2232022
40.2231853
40.2232232
40.2231071
40.2291889
40.2292462
40.2277616
40.2276147
40.2265129
40.2267243
40.2267102
40.2266446
40.2257047
40.2255084
40.2255033
40.2253489
40.2257915
40.2251553
40.2239101
40.224113
40.2251341
40.2248056
40.2266333
40.2265972
40.2231894
40.2230623
40.2220591
40.2192627
40.2212209
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40.2228773
40.2237033
40.2266995
40.2235518
40.2214936
40.2213908
40.2216403
40.2219432
40.222721
40.2215018
40.221501
40.2231169
40.2239874
40.2302468
40.2309321
40.2309193
40.2310306
40.2332492
40.2332223
40.2315109
40.231636
40.2277685
40.2255263
40.2255467
40.2264102
40.2277096
40.2254876
40.2242172
40.2244481
40.2240348
40.2246009
40.2246997
40.2247566
40.2246376
40.2248379
40.2246212
40.2247895
40.2244197
40.2241202
40.2242228
40.2242032
40.2261098
40.2261683
40.2232375
40.2236466
40.224585
40.2215291
40.2221165
40.2229476
40.2226976
40.2241645
40.2203051
40.2192813
40.2213944
40.2205181
40.2215026
40.2231691
40.22304
40.2237676
40.2227549
40.2231592
40.2309262
40.2332522
40.2311372
40.23158461
40.2270313
40.2275465
40.2254571
40.2266458
40.2266701
40.2236591
40.2211899
40.216571
40.2165272
40.2377251
40.2479032
40.2327983
40.2327928
40.2328078
40.2417262
40.2475076
40.2475678
40.2442036
40.2442231
40.2389371
40.2389849
40.2383152
40.2381176
40.2380005
40.2379853
40.2378602
40.2376782
40.2376347
40.2375556
40.2374686
40.2373111
40.2372803
40.2366513
40.2366221
40.2359609
40.2359543
40.2336007
40.2335684
40.2314845
40.2315499
40.2316825
40.2316352
40.229525
40.2294036
40.228681
40.2286553
40.2285389
40.2285281
40.2285886
40.2285863
40.2285634
40.2285558
40.2281921
40.2281904
40.2281087
40.2281187
40.2279889
40.22796
40.2272871
40.2272056
40.2272561
40.227263

-105.266796 Inlet,Grate Metal
-105.2673747 Inlet,Grate Metal
-105.267229 Inlet,Grate Metal
-105.2698235 Inlet,Grate Metal
-105.270023 Inlet,Grate Metal
-105.2702192 Inlet,Grate Metal
-105.2715266 Inlet,Grate Metal
-105.2715395 Inlet,Grate Metal
-105.2711476 Inlet,Grate Metal
-105.2715545 Inlet,Grate Metal
-105.2715433 Inlet,Grate Metal
-105.2700451 Inlet,Grate: Metal
-105.2710827 Inlet,Grate Metal
-105.2707346 Inlet,Grate Metal
-105.2663996 Inlet,Grate Metal
-105.2662106 Inlet,Grate Metal
-105.265069 Inlet,Grate: Metal
-105.2677105 Inlet,Grate Metal
-105.2680067 Inlet,Grate Metal
-105.2697667 Inlet,Grate Metal
-105.2704128 Inlet,Grate Metal
-105.2704336 Inlet,Grate: Metal
-105.2715044 Inlet,Grate Metal
-105.2697223 Inlet,Grate Metal
-105.2699113 Inlet,Grate: Metal
-105.2699542 Inlet,Grate Metal
-105.2722905 Inlet,Grate Metal
-105.2711853 Inlet,Grate Metal
-105.2700164 Inlet,Grate Metal
-105.2690117 Inlet,Grate Metal
-105.2675733 Inlet,Grate Metal
-105.2675356 Inlet,Grate Metal
-105.2654244 Inlet,Grate Metal
-105.2650378 Inlet,Grate: Metal
-105.2653051 Inlet,Grate: Metal
-105.2655738 Inlet,Grate Metal
-105.2644204 Inlet,Grate Metal
-105.2658289 Inlet,Pipe Other
-105.2653441 Inlet,Pipe Other
-105.267394 Inlet,Pipe Other
-105.2658799 Inlet,Pipe Other
-105.2673317 Inlet,Pipe Other
-105.2648906 Inlet,Pipe Other
-105.265363 Inlet,Pipe Other
-105.2644357 Inlet, Vault Other
-105.2645293 Inlet, Vault Other
-105.2644691 Inlet, Vault Other
-105.264636 Inlet,Vault Other
-105.2656092 Inlet, Vault Other
-105.267299 Inlet,Vault Other
-105.2674874 Inlet, Vault Other
-105.2676306 Inlet, Vault Metal
-105.2690311 Inlet, Vault Other
-105.2713803 Inlet, Vault Other
-105.2706749 Inlet, Vault Other
-105.2707259 Inlet, Vault Other
-105.2707445 Inlet, Vault Other
-105.2695643 Inlet, Vault Other
-105.2696765 Inlet, Vault Other
-105.2687897 Inlet, Vault Other
-105.2687384 Inlet, Vault Other
-105.2703885 Inlet, Vault Rock
-105.2716835 Inlet, Vault Other
-105.2719377 Inlet, Vault Other
-105.2728955 Inlet, Vault Other
-105.2742588 Inlet, Vault Other
-105.2722475 Inlet, Vault Metal
-105.2715182 Inlet, Vault Other
-105.2715132 Inlet, Vault Other
-105.2701709 Inlet, Vault Other
-105.2685068 Inlet, Vault Other
-105.2684221 Inlet, Vault Other
-105.2685698 Inlet, Vault Other
-105.2681707 Inlet, Vault Other
-105.2699926 Inlet, Vault Other
-105.271094 Inlet,Vault Other
-105.2713254 Inlet, Vault Other
-105.2702709 Inlet, Vault Other
-105.2699809 Inlet, Vault Other
-105.2640774 Inlet, Vault Other
-105.2642301 Inlet, Vault Other
-105.265016 Inlet,Vault Other
-105.2651404 Inlet, Vault Other
-105.2657449 Inlet, Vault Other
-105.2662419 Inlet, Vault Other
-105.2669831 Inlet, Vault Other
-105.263731 Inlet,Vault Other
-105.2643747 Inlet, Vault Other
-105.2649672 Inlet, Vault Other
-105.2651318 Inlet, Vault Other
-105.2675572 Inlet, Vault Other
-105.265699 Outlet,Pipe Other
-105.2658518 Outlet,Pipe Other
-105.2653732 Outlet, Pipe Other
-105.2653152 Outlet,Pipe Other
-105.2678051 Outlet,Pipe Other
-105.2662062 Outlet,Pipe Other
-105.2661188 Outlet,Pipe Other
-105.2673226 Outlet,Pipe Other
-105.2700082 Outlet,Pipe Other
-105.2705389 Outlet,Pipe Other
-105.2704472 Outlet, Pipe Other
-105.2697168 Outlet,Pipe Other
-105.2708196 Outlet,Pipe Other
-105.2682089 Outlet,Pipe Other
-105.2658693 Outlet,Pipe Other
-105.2676961 Outlet,Pipe Other
-105.2722786 Outlet Pipe Other
-105.2651142 Outlet, Pipe Other
-105.2651643 Outlet, Pipe Other
-105.2652881 Outlet, Pipe Other
-105.2639145 Outlet, Pipe Other
-105.2723206 Conveyance Box Other
-105.272307 Conveyance,Box Other
-105.2014144 Conveyance,Channel Other
-105.2896484 Conveyance Other  Bridge
-105.2898881 Conveyance Other ~ Bridge Other
-105.2895117 Conveyance Other ~ Bridge Other
-105.288911 Conveyance Other  Bridge Other
-105.2883521 Conveyance Other ~ Bridge
-105.2897452 Conveyance,Pipe Other
-105.2895155 Conveyance,Pipe Other
-105.2005544 Conveyance,Pipe Other
-105.200417 Conveyance,Pipe Other
-105.2910597 Conveyance,Pipe Other
-105.2910286 Conveyance,Pipe Other
-105.2012079 Conveyance,Pipe Other
-105.2012643 Conveyance,Pipe Other
-105.2913169 Conveyance,Pipe Other
-105.2013041 Conveyance,Pipe Other
-105.2013894 Conveyance,Pipe Other
-105.2014356 Conveyance,Pipe Other
-105.2914923 Conveyance, Pipe Other
-105.2015047 Conveyance,Pipe Other
-105.2015328 Conveyance,Pipe Other
-105.2015833 Conveyance,Pipe Other
-105.2015795 Conveyance,Pipe Other
-105.2018888 Conveyance,Pipe Other
-105.2919621 Conveyance,Pipe Other
-105.2022461 Conveyance,Pipe Other
-105.2021908 Conveyance,Pipe Other
-105.2024276 Conveyance,Pipe Other
-105.2023144 Conveyance,Pipe Other
-105.2891258 Conveyance,Pipe Other
-105.2890646 Conveyance,Pipe Other
-105.2890064 Conveyance,Pipe Other
-105.2889838 Conveyance,Pipe Other
-105.2884274 Conveyance,Pipe Other
-105.28845 Conveyance, Pipe Other
-105.2882469 Conveyance,Pipe Other
-105.2882536 Conveyance,Pipe Other
-105.2040837 Conveyance,Pipe Other
-105.2939519 Conveyance,Pipe Other
-105.2033854 Conveyance,Pipe Other
-105.2931973 Conveyance,Pipe Other
-105.2918669 Conveyance,Pipe Other
-105.2017523 Conveyance,Pipe Other
-105.2002395 Conveyance,Pipe Other
-105.2001159 Conveyance,Pipe Other
-105.2897168 Conveyance,Pipe Other
-105.2896128 Conveyance,Pipe Other
-105.2881143 Conveyance,Pipe Other
-105.2879718 Conveyance,Pipe Other
-105.2868708 Conveyance,Pipe Other
-105.2867632 Conveyance,Pipe Other
-105.2866447 Conveyance,Pipe
-105.2866287 Conveyance,Pipe Other
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5e2c398a-dfcc-441e-a2e6-94e9a10332c6
6bd3c5d0-5801-4743-8312-7ebb9b7a0b61
1b306b02-6346-40eb-a97f-9d13ab1a3125
9aaff543-3303-49a2-abc2-024e9fe2478e.
c55a361¢-0876-4616-a505-6b669270287
d69a1c76-3c63-4f21-9df1-09a2d354bb65
ff33a00c-2586-4ef0-b87b-50615ef3dffa
4d3c7df8-2eb6-470a-a101-76815c62bbdd
360e2484-a00c-4793-9562-H98078179847
26940126-6db3-4884-b3f5-dc312166e25d



334 2016-05-23
335 2016-05-23
336 2016-05-23
337 2016-05-23
338 2016-05-23
339 2016-05-23
340 2016-05-23
341 2016-05-23
342 2016-05-23
343 2016-05-23
344 2016-05-23
345 2016-05-23
346 2016-05-23
347 2016-05-23
348 2016-05-23
349 2016-05-23
350 2016-05-23
351 2016-05-23
352 2016-05-23
353 2016-05-23
354 2016-05-23
355 2016-05-23
356 2016-05-23
357 2016-05-23
358 2016-05-23
359 2016-05-23
360 2016-05-23
361 2016-05-23
362 2016-05-23
363 2016-05-23
364 2016-05-23
365 2016-05-23
366 2016-05-23
367 2016-05-23
368 2016-05-23
369 2016-05-23
370 2016-05-23
371 2016-05-23
372 2016-05-23
373 2016-05-23
374 2016-05-23
375 2016-05-23
376 2016-05-23
377 2016-05-23
378 2016-05-23
379 2016-05-23
380 2016-05-23
381 2016-05-23
382 2016-05-23
383 2016-05-23
384 2016-05-23
385 2016-05-23
386 2016-05-23
387 2016-05-23
388 2016-05-23
389 2016-05-23
390 2016-05-23
391 2016-05-23
392 2016-05-23
393 2016-05-23
394 2016-05-23
395 2016-05-23
396 2016-05-23
397 2016-05-23
398 2016-05-23
399 2016-05-23
400 2016-05-23
401 2016-05-23
402 2016-05-23
403 2016-05-23
404 2016-05-23
405 2016-05-23
406 2016-05-23
407 2016-05-23
408 2016-05-23
409 2016-05-23
410 2016-05-23
a11 2016-05-23
412 2016-05-23
413 2016-05-23
414 2016-05-23
415 2016-05-23
416 2016-05-23
a7 2016-05-23
418 2016-05-23
419 2016-05-23
420 2016-05-23
421 2016-05-23
422 2016-05-23
423 2016-05-23
424 2016-05-23
425 2016-05-23
426 2016-05-23
427 2016-05-23
428 2016-05-23
429 2016-05-23
430 2016-05-23
431 2016-05-23
432 2016-05-23
433 2016-05-23
434 2016-05-23
435 2016-05-23
436 2016-05-23
437 2016-05-24
438 2016-05-24
439 2016-05-24
440 2016-05-24
441 2016-05-24
442 2016-05-24
443 2016-05-24
444 2016-05-24
445 2016-05-24
446 2016-05-24
447 2016-05-24
448 2016-05-24
449 2016-05-24
450 2016-05-24
451 2016-05-24
452 2016-05-24
453 2016-05-24
454 2016-05-24
455 2016-05-24
456 2016-05-24
457 2016-05-24
458 2016-05-24
459 2016-05-24
460 2016-05-24
461 2016-05-24
462 2016-05-24
463 2016-05-24
464 2016-05-24
465 2016-05-24
466 2016-05-24
467 2016-05-24
468 2016-05-24
469 2016-05-24
470 2016-05-24
471 2016-05-24
0
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2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
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2016-05-24
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2016-05-24
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2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24
2016-05-24

1 inspected

1 inspected

40.227213
40.2273141
40.2270893
40.2271093
40.2267674
40.2268139
40.2267232
40.2268325
40.2314607

40.230872
40.2423415
40.2422703
40.2415369
40.2415837
40.2399579
40.2400477
40.2393199
40.2393416
40.2392715
40.2391028
40.2382066
40.2382544
40.2366965
40.2366631
40.2310422
40.2303779
40.2305541
40.2305035

40.226608
40.2268434
40.2140224
40.2140354
40.2141585
40.2142329
40.2144938
40.2146031
40.2141411

40.214096
40.2138975
40.2138155
40.2146142
40.2146701
40.2154468
40.2153976
40.2168128
40.2168672
40.2170983
40.2171543

40.217553

40.217582
40.2180502
40.2180906
40.2177824
40.2177186
40.2173164
40.2172639
40.2186577
40.2186112
40.2203804
40.2203615
40.2203638
40.2191018
40.2191692

40.220581
40.2190532
40.2190325
40.2134527
40.2132806
40.2132359
40.2261004
40.2231931
40.2240491
40.2239219
40.2242272
40.2243892
40.2244847
40.2245035
40.2246081
40.2246194
40.2247364
40.2247169
40.2247479
40.2248356
40.2249881
40.2250301
40.2251075
40.2251441
40.2250753

40.227343
40.2272793
40.2231002
40.2231265
40.2242318
40.2276948
40.2275522
40.2275268
40.2277198
40.2231589
40.2271578
40.2265998
40.2260172
40.2274829
40.2265808
40.2209663
40.2230902

40.223096
40.2231113
40.2231132

40.223124
40.2231091
40.2242052
40.2171305
40.2179726
40.2177096
40.2172387
40.2172462
40.2177483
40.2181179
40.2178214
40.2166442
40.2169415
40.2151634
40.2151905
40.2168897
40.2168099
40.2165764
40.2164965
40.2164771
40.2163272
40.2153065
40.2128575
40.2129368
40.2126933
40.2125426
40.2125216
40.2111647
40.2142607
40.2278402
40.2147662
40.2149152
40.2149988
40.2144074
40.2171166

40.215039
40.2157529
40.2155693
40.2205245
40.2214724
40.2231099
40.2246589
40.2222384

40.222029
40.2219809
40.2217997
40.2217527
40.2216748
40.2215848
40.2214526
40.2213683
40.2208352

40.220775
40.2203967
40.2203483
40.2202364
40.2201403

40.220106
40.2199942

-105.2865411 Conveyance,Pipe Other
-105.2867482 Conveyance,Pipe Other
-105.2864085 Conveyance,Pipe Other
-105.2864084 Conveyance,Pipe Other
-105.2858156 Conveyance,Pipe Other
-105.2859508 Conveyance,Pipe Other
-105.2855515 Conveyance,Pipe Other
-105.2856151 Conveyance,Pipe Other
-105.2820093 Conveyance,Pipe Other
-105.2823282 Conveyance,Pipe Other
-105.2879863 Conveyance,Pipe Other
-105.2877377 Conveyance,Pipe Other
-105.2880813 Conveyance,Pipe Other
-105.2878304 Conveyance,Pipe Other
-105.2880598 Conveyance,Pipe Other
-105.2878606 Conveyance,Pipe Other
-105.2880301 Conveyance,Pipe Other
-105.2880234 Conveyance,Pipe Other
-105.2878186 Conveyance,Pipe Other
-105.2878567 Conveyance,Pipe Other
-105.2879533 Conveyance,Pipe Other

-105.288123 Conveyance,Pipe Other
-105.2880233 Conveyance,Pipe Other
-105.2879768 Conveyance,Pipe Other
-105.2839891 Conveyance,Pipe Other
-105.2836876 Conveyance,Pipe Other
-105.2771603 Conveyance,Pipe Other
-105.2770637 Conveyance,Pipe Other
-105.2735483 Conveyance,Pipe Other
-105.2737779 Conveyance,Pipe Other
-105.2742984 Conveyance,Pipe Other
-105.2741814 Conveyance,Pipe Other
-105.2722468 Conveyance,Pipe Other
-105.2722558 Conveyance,Pipe Other
-105.2722378 Conveyance,Pipe Other
-105.2722344 Conveyance,Pipe Other
-105.2722472 Conveyance,Pipe Other
-105.2722467 Conveyance,Pipe Other
-105.2722209 Conveyance,Pipe Other
-105.2722151 Conveyance,Pipe Other
-105.2721804 Conveyance,Pipe Other

-105.272228 Conveyance,Pipe Other

-105.272265 Conveyance,Pipe Other
-105.2723723 Conveyance,Pipe Other
-105.2723761 Conveyance,Pipe Other
-105.2723492 Conveyance,Pipe Other
-105.2723466 Conveyance,Pipe Other
-105.2723649 Conveyance,Pipe Other
-105.2723969 Conveyance,Pipe Other
-105.2723757 Conveyance,Pipe Other
-105.2725042 Conveyance,Pipe Other
-105.2724405 Conveyance,Pipe Other
-105.2724537 Conveyance,Pipe Other
-105.2724397 Conveyance,Pipe Other
-105.2724312 Conveyance Pipe Other

-105.272437 Conveyance,Pipe Other
-105.2728708 Conveyance,Pipe Other
-105.2728991 Conveyance,Pipe Other

-105.271759 Inlet,Grate Metal
-105.2714187 Inlet,Pipe Other
-105.2715217 Outlet,Pipe Other
-105.2610298 Conveyance,Box Other
-105.2607349 Conveyance,Box Other

-105.2634633 Conveyance Other  Bridge
-105.2612196 Conveyance Other ~ Bridge
-105.2612955 Conveyance,Other  Irrigation gate
-105.2611379 Conveyance,Other ~ MH
-105.2615074 Conveyance,Other ~ MH

-105.261455 Inlet,Vault Other
-105.2709949 Conveyance,Channel Concrete
-105.2651355 Conveyance,Pipe Other
-105.2653316 Conveyance,Pipe Other
-105.2653189 Conveyance,Pipe Other
-105.2652983 Conveyance,Pipe Other
-105.2653104 Conveyance,Pipe Other
-105.2653258 Conveyance,Pipe Other
-105.2653264 Conveyance,Pipe Other
-105.2653536 Conveyance,Pipe Other
-105.2653566 Conveyance,Pipe Other
-105.26547 Conveyance, Pipe Other
-105.2653288 Conveyance,Pipe Other
-105.2653574 Conveyance,Pipe Other
-105.2653234 Conveyance,Pipe Other
-105.2653433 Conveyance,Pipe Other
-105.2653373 Conveyance,Pipe Other
-105.2653586 Conveyance,Pipe Other
-105.2654345 Conveyance,Pipe Other
-105.2654666 Conveyance,Pipe Other
-105.2676685 Conveyance,Pipe Other
-105.2676878 Conveyance,Pipe Other

-105.2643454 Inlet,Grate
-105.264509 Inlet,Grate

-105.269685 Inlet,Grate Metal
-105.2649887 Inlet,Pipe Other
-105.2703719 Inlet,Pipe Other
-105.2699579 Inlet,Pipe

-105.265264 Outlet,Box Metal
-105.2697381 Outlet,Pipe Other
-105.2699442 Outlet,Pipe Other
-105.2659657 Inlet,Other Unknown vault Metal
-105.2698002 Inlet,Grate Metal
-105.2688887 Inlet,Grate Metal
-105.2686316 Conveyance,Channel Concrete
-105.2684239 Conveyance,Channel Concrete
-105.2686197 Inlet,Pipe Other
-105.2684111 Outlet,Pipe Other
-105.2684142 Outlet,Pipe Other
-105.2592083 Conveyance Other ~ Unknown  Concrete
-105.2598483 Conveyance,Pipe Other
-105.2610431 Conveyance,Pipe Other
-105.2590724 Conveyance,Pipe Other
-105.2591181 Conveyance,Pipe Other
-105.2590713 Inlet,Pipe Other
-105.2596636 Outlet,Pipe Other
-105.2590413 Outlet,Pipe Other
-105.2578983 Conveyance,Box Other
-105.2577977 Conveyance,Box Other
-105.2547845 Conveyance,Box Other
-105.2544322 Conveyance,Box Other
-105.2586357 Conveyance,Pipe Other
-105.2585041 Conveyance,Pipe Other
-105.2581568 Conveyance,Pipe Other
-105.2582618 Conveyance,Pipe Other
-105.2580653 Conveyance,Pipe Other
-105.2581191 Conveyance,Pipe Other
-105.2543985 Outlet,Pipe Other
-105.2488407 Conveyance,Box Other
-105.2488253 Conveyance,Box Other
-105.2489455 Conveyance,Box Other
-105.2490686 Conveyance,Box Other
-105.2490941 Conveyance,Box Other
-105.2492399 Conveyance,Box Other
-105.2536818 Inlet,Grate Metal
-105.2742071 Inlet,Pipe Other

-105.2621098 Conveyance Other ~ MH
-105.2621701 Conveyance Other ~ MH
-105.2619453 Conveyance Other ~ MH
-105.2623268 Conveyance Other ~ Mh
-105.2623293 Conveyance Other ~ MH
-105.2617043 Inlet,Grate Other
-105.2609717 Inlet,Grate
-105.2613168 Inlet,Grate
-105.2550197 Conveyance Other ~ MH
-105.2644235 Conveyance Other  Mh
-105.2673625 Conveyance Other ~ Mh
-105.2700191 Conveyance Other ~ Mh

-105.2548371 Conveyance,Pipe Other
-105.2540627 Conveyance,Pipe Other
-105.2540501 Conveyance, Pipe Other
-105.2541804 Conveyance,Pipe Other
-105.2542174 Conveyance,Pipe Other
-105.2542253 Conveyance,Pipe Other

-105.254282 Conveyance,Pipe Other
-105.2542539 Conveyance,Pipe Other
-105.2542595 Conveyance,Pipe Other
-105.2544446 Conveyance,Pipe Other
-105.2545169 Conveyance,Pipe Other
-105.2547736 Conveyance,Pipe Other
-105.2549367 Conveyance,Pipe Other
-105.2549977 Conveyance,Pipe Other
-105.2550572 Conveyance,Pipe Other
-105.2550066 Conveyance,Pipe Other
-105.2552154 Conveyance,Pipe Other
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Summary of CUHP Input Parameters (Version 2.0.0

Depression Storage

Horton's Infiltration Parameters

DCIA Level and Fractions

Dist. to Decay Dir. Con'ct Receiv.
Area Centroid Length Slope Percent Pervious Imperv. | Initial Rate | Final Rate Coeff. Imperv. Perv. Percent Eff.|
Catchment Name/ID| SWMM Node/ID Raingage Name/ID (sq.mi.) (miles) (miles) (ft./ft.) Imperv. (inches) (inches) (in./hr.) (in.hr.) (1/sec.) | DCIA Level | Fraction Fraction Imperv.
AV500 2YR 0.143 0.324 0.769 0.035 20.0 0.40 0.10 3.55 0.54 0.0018 0.00 0.40 0.13 17.00
AV510 2YR 0.026 0.151 0.255 0.022 20.0 0.40 0.10 4.30 0.59 0.0018 0.00 0.40 0.13 16.66
AV515 2YR 0.040 0.150 0.346 0.049 20.0 0.40 0.10 4.33 0.59 0.0018 0.00 0.40 0.13 16.65
AV520 2YR 0.122 0.310 0.730 0.049 20.0 0.40 0.10 4.04 0.57 0.0018 0.00 0.40 0.13 16.79
AV525 2YR 0.047 0.530 0.874 0.029 20.0 0.40 0.10 437 0.59 0.0018 0.00 0.40 0.13 16.64
AV600 2YR 0.151 0.284 0.551 0.060 20.0 0.40 0.10 3.02 0.50 0.0018 0.00 0.40 0.13 17.26
AV700 2YR 0.054 0.255 0.473 0.030 20.0 0.40 0.10 4.50 0.60 0.0018 0.00 0.40 0.13 16.58
AV705 2YR 0.376 0.692 1.189 0.060 20.0 0.40 0.10 3.13 0.51 0.0018 0.00 0.40 0.13 17.20
AV800 2YR 1.364 1.381 3.162 0.060 20.0 0.40 0.10 3.47 0.53 0.0018 0.00 0.40 0.13 17.06
AV805 2YR 0.500 0.658 1.288 0.060 20.0 0.40 0.10 3.01 0.50 0.0018 0.00 0.40 0.13 17.27
AV900 2YR 0.082 0.208 0.445 0.060 20.0 0.40 0.10 3.03 0.50 0.0018 0.00 0.40 0.13 17.26
AV905 2YR 0.080 0.369 0.697 0.060 20.0 0.40 0.10 3.04 0.50 0.0018 0.00 0.40 0.13 17.26
E100 2YR 0.068 0.194 0.385 0.060 20.0 0.40 0.10 3.61 0.54 0.0018 0.00 0.40 0.13 16.99
E105 2YR 0.029 0.106 0.287 0.057 20.0 0.40 0.10 3.52 0.53 0.0018 0.00 0.40 0.13 17.04
E110 2YR 0.383 0.412 1.152 0.060 20.0 0.40 0.10 3.19 0.51 0.0018 0.00 0.40 0.13 17.19
E115 2YR 0.060 0.197 0.422 0.060 20.0 0.40 0.10 3.16 0.51 0.0018 0.00 0.40 0.13 17.20
E120 2YR 0.027 0.182 0.387 0.060 20.0 0.40 0.10 3.15 0.51 0.0018 0.00 0.40 0.13 17.20
E200 2YR 0.044 0.257 0.498 0.060 20.0 0.40 0.10 4.07 0.57 0.0018 0.00 0.40 0.13 16.78
E205 2YR 0.043 0.238 0.410 0.059 20.0 0.40 0.10 4.50 0.60 0.0018 0.00 0.40 0.13 16.58
E300 2YR 0.297 0.634 1.149 0.060 20.0 0.40 0.10 3.18 0.51 0.0018 0.00 0.40 0.13 17.19
E305 2YR 0.141 0.386 0.697 0.060 20.0 0.40 0.10 3.30 0.52 0.0018 0.00 0.40 0.13 17.13




CUHP OUTPUT
2-YEAR



Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Total | Runoff per

W50 Before W75 Before Peak Volume | Excess Excess Peak [Peak Flow| Volume [ Unit Area

Catchment Name/ID User Comment for Catchment T Cp (min.) Peak (min.) Peak (min.) |Peak (cfs) (c.f) (inches) (c.f) (min.) (cfs) (c.f) (cfs/acre)
AV500 0.115 0.153 40.2 5.03 20.9 3.56 8.4 107 331,782 0.17 58,029 41.0 13 58,028 0.14
AV510 0.115 0.071 39.6 2.47 20.6 1.74 4.1 20 60,149 0.17 10,059 40.0 2 10,060 0.14
AV515 0.115 0.087 31.0 237 16.1 1.67 3.9 39 93,255 0.17 15,584 36.0 4 15,584 0.17
AV520 0.115 0.143 38.1 4.48 19.8 3.17 7.5 96 283,140 0.17 48,170 41.0 11 48,169 0.15
AV525 0.115 0.093 93.5 7.00 48.6 4.95 11.7 15 109,481 0.17 18,276 59.0 2 18,276 0.07
AV600 0.114 0.157 27.4 3.62 143 2.55 6.0 166 351,747 0.19 66,563 39.0 19 66,562 0.20
AV700 0.115 0.099 45.8 3.78 23.8 2.67 6.3 35 124,436 0.17 20,593 42.0 4 20,593 0.12
AV705 0.114 0.211 45.4 7.66 23.6 5.41 12.8 249 874,576 0.18 159,143 45.0 33 159,138 0.14
AV800 0.114 0.311 68.8 16.73 35.8 11.82 27.9 595 3,168,083| 0.18 557,981 61.0 84 557,973 0.10
AV805 0.114 0.230 42.2 7.76 22.0 5.48 12.9 356 1,162,689 0.19 220,330 45.0 48 220,329 0.15
AV900 0.114 0.120 28.0 2.88 14.6 2.03 4.8 88 191,555 0.19 36,198 38.0 10 36,194 0.20
AV905 0.114 0.118 46.3 4.51 24.1 3.19 7.5 52 186,473 0.19 35,188 43.0 7 35,188 0.14
E100 0.115 0.110 27.7 2.64 14.4 1.86 4.4 74 157,724 0.17 27,544 36.0 8 27,544 0.19
E105 0.115 0.075 26.7 1.84 13.9 1.30 3.1 33 67,591 0.18 11,890 35.0 4 11,888 0.19
E110 0.114 0.212 34.6 5.95 18.0 4.20 9.9 332 890,439 0.18 160,734 41.0 41 160,732 0.17
E115 0.114 0.103 30.8 2.75 16.0 1.94 4.6 58 138,521 0.18 25,105 37.0 7 25,104 0.18
E120 0.114 0.072 40.9 2.56 213 1.81 43 20 61,928 0.18 11,239 41.0 2 11,239 0.14
E200 0.115 0.090 43.6 3.33 22.6 2.35 5.5 30 102,257 0.17 17,383 41.0 4 17,383 0.13
E205 0.115 0.090 38.8 2.98 20.2 2.10 5.0 33 100,478 0.17 16,628 40.0 4 16,627 0.14
E300 0.114 0.197 45.9 7.24 23.9 5.12 121 194 689,301 0.18 124,593 45.0 25 124,589 0.13
E305 0.114 0.153 36.8 4.61 19.1 3.26 7.7 115 328,152 0.18 58,396 40.0 14 58,396 0.16




CUHP OUTPUT
5-YEAR



Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Total | Runoff per

W50 Before W75 Before Peak Volume | Excess Excess Peak [Peak Flow| Volume [ Unit Area

Catchment Name/ID User Comment for Catchment T Cp (min.) Peak (min.) Peak (min.) |Peak (cfs) (c.f) (inches) (c.f) (min.) (cfs) (c.f) (cfs/acre)
AV500 0.113 0.153 39.9 4.99 20.8 3.53 83 107 331,782 0.47 155,650 41.0 37 155,649 0.40
AV510 0.114 0.071 39.3 2.45 20.5 173 4.1 20 60,149 0.41 24,951 38.0 6 24,952 0.35
AV515 0.114 0.086 30.8 2.34 16.0 1.66 3.9 39 93,255 0.41 38,598 36.0 11 38,597 0.43
AV520 0.114 0.143 37.8 4.44 19.7 3.14 7.4 97 283,140 0.43 122,935 40.0 30 122,931 0.39
AV525 0.114 0.093 92.8 6.93 48.3 4.90 11.5 15 109,481 0.41 45,178 56.0 5 45,178 0.17
AV600 0.113 0.157 27.3 3.59 14.2 2.53 6.0 167 351,747 0.52 182,669 37.0 57 182,671 0.59
AV700 0.114 0.099 45.5 3.74 23.7 2.65 6.2 35 124,436 0.40 50,237 41.0 11 50,237 0.31
AV705 0.113 0.211 45.1 7.60 23.5 5.37 12.7 250 874,576 0.51 442,840 45.0 95 442,836 0.39
AV800 0.113 0.310 68.4 16.58 35.6 11.71 27.6 598 3,168,083| 0.48 1,515,916/ 60.0 235 1,515,914 0.27
AV805 0.113 0.229 42.0 7.69 21.8 5.44 12.8 358 1,162,689 0.52 604,295 44.0 137 604,287 0.43
AV900 0.113 0.119 27.9 2.86 145 2.02 4.8 89 191,555 0.52 99,398 36.0 30 99,388 0.58
AV905 0.113 0.118 46.1 4.47 24.0 3.16 7.5 52 186,473 0.52 96,683 42.0 20 96,682 0.39
E100 0.114 0.109 27.5 2.61 143 1.85 4.4 74 157,724 0.47 73,629 36.0 23 73,629 0.53
E105 0.113 0.075 26.5 1.82 13.8 1.29 3.0 33 67,591 0.48 32,202 35.0 10 32,198 0.55
E110 0.113 0.212 34.4 5.90 17.9 4.17 9.8 334 890,439 0.50 448,633 41.0 120 448,629 0.49
E115 0.113 0.103 30.6 2.73 15.9 1.93 4.5 58 138,521 0.51 69,966 37.0 20 69,965 0.52
E120 0.113 0.072 40.6 2.54 21.1 1.80 4.2 20 61,928 0.51 31,305 40.0 7 31,306 0.42
E200 0.114 0.090 43.3 3.29 22.5 2.33 5.5 31 102,257 0.43 44,293 41.0 10 44,293 0.34
E205 0.114 0.089 38.5 2.95 20.0 2.08 4.9 34 100,478 0.40 40,565 38.0 10 40,562 0.35
E300 0.113 0.196 45.7 7.18 23.8 5.07 12.0 195 689,301 0.50 347,582 45.0 74 347,578 0.39
E305 0.113 0.152 36.5 4.57 19.0 3.23 7.6 116 328,152 0.49 161,321 40.0 41 161,322 0.45




CUHP OUTPUT
10-YEAR



Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Total Runoff per

W50 Before W75 Before Peak Volume | Excess Excess Peak [Peak Flow| Volume [ Unit Area

Catchment Name/ID User Comment for Catchment T Cp (min.) Peak (min.) Peak (min.) |Peak (cfs) (c.f) (inches) (c.f) (min.) (cfs) (c.f) (cfs/acre)
AV500 0.113 0.153 39.8 4.97 20.7 3.51 83 108 331,782 0.71 236,910 41.0 52 236,906 0.57
AV510 0.113 0.071 39.2 2.44 20.4 1.72 4.1 20 60,149 0.64 38,422 38.0 9 38,423 0.52
AV515 0.113 0.086 30.7 2.33 16.0 1.65 3.9 39 93,255 0.64 59,463 36.0 16 59,462 0.63
AV520 0.113 0.142 37.7 4.42 19.6 3.12 7.4 97 283,140 0.67 188,710 40.0 44 188,708 0.56
AV525 0.113 0.093 92.6 6.90 48.1 4.88 115 15 109,481 0.64 69,642 59.0 8 69,642 0.25
AV600 0.113 0.157 27.2 3.57 14.1 2.53 6.0 167 351,747 0.77 272,000 36.0 79 272,000 0.82
AV700 0.113 0.098 45.4 3.73 23.6 2.63 6.2 35 124,436 0.62 77,486 41.0 16 77,486 0.45
AV705 0.113 0.210 45.0 7.57 23.4 5.35 12.6 251 874,576 0.76 663,856 45.0 133 663,850 0.55
AV800 0.113 0.310 68.2 16.51 35.5 11.67 27.5 600 3,168,083 0.73 |2,301,411| 61.0 338 2,301,397 0.39
AV805 0.113 0.229 41.9 7.67 21.8 5.42 12.8 359 1,162,689 0.77 899,575 44.0 191 899,550 0.59
AV900 0.113 0.119 27.8 2.85 145 2.01 4.7 89 191,555 0.77 148,046 36.0 42 148,029 0.80
AV905 0.113 0.118 46.0 4.46 23.9 3.15 7.4 52 186,473 0.77 144,040 43.0 28 144,039 0.54
E100 0.113 0.109 27.5 2.61 143 1.84 4.3 74 157,724 0.71 112,226 35.0 33 112,226 0.75
E105 0.113 0.075 26.4 1.82 13.7 1.28 3.0 33 67,591 0.72 48,959 35.0 15 48,953 0.78
E110 0.113 0.211 34.3 5.88 17.9 4.15 9.8 335 890,439 0.76 673,656 40.0 167 673,647 0.68
E115 0.113 0.103 30.6 2.72 15.9 1.92 4.5 59 138,521 0.76 104,971 36.0 28 104,969 0.73
E120 0.113 0.072 40.5 2.53 21.1 1.79 4.2 20 61,928 0.76 46,955 39.0 10 46,957 0.58
E200 0.113 0.090 43.1 3.28 22.4 2.32 5.5 31 102,257 0.67 68,031 41.0 14 68,030 0.50
E205 0.113 0.089 38.4 2.93 20.0 2.07 4.9 34 100,478 0.62 62,567 38.0 14 62,563 0.52
E300 0.113 0.196 45.6 7.15 23.7 5.05 119 195 689,301 0.76 521,776 45.0 103 521,767 0.54
E305 0.113 0.152 36.4 4.55 19.0 3.22 7.6 116 328,152 0.74 243,683 40.0 57 243,685 0.63
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Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Total Runoff per

W50 Before W75 Before Peak Volume | Excess Excess Peak [Peak Flow| Volume [ Unit Area

Catchment Name/ID User Comment for Catchment T Cp (min.) Peak (min.) Peak (min.) |Peak (cfs) (c.f) (inches) (c.f) (min.) (cfs) (c.f) (cfs/acre)
AV500 0.112 0.152 39.6 4.94 20.6 3.49 8.2 108 331,782 1.46 482,767 47.0 112 482,760 1.22
AV510 0.113 0.071 39.0 2.42 20.3 171 4.0 20 60,149 139 83,320 44.0 19 83,323 1.17
AV515 0.113 0.086 30.5 2.32 15.9 1.64 3.9 39 93,255 1.38 129,096 41.0 36 129,086 1.41
AV520 0.112 0.142 375 4.39 19.5 3.10 7.3 97 283,140 141 399,533 45.0 97 399,536 1.24
AV525 0.113 0.093 92.1 6.85 47.9 4.84 11.4 15 109,481 138 151,428 65.0 18 151,428 0.60
AV600 0.112 0.156 27.1 3.56 14.1 2.51 5.9 168 351,747 1.52 532,914 42.0 161 532,913 1.66
AV700 0.113 0.098 45.2 3.70 235 2.62 6.2 36 124,436 137 170,550 49.0 36 170,548 1.05
AV705 0.112 0.210 44.8 7.52 233 5.32 12.5 252 874,576 1.50 1,312,011 51.0 280 1,312,003 1.16
AV800 0.112 0.309 67.9 16.41 35.3 11.60 27.4 603 3,168,083 1.47 14,648,010 66.0 738 4,647,936 0.85
AV805 0.112 0.229 41.7 7.62 21.7 5.39 12.7 360 1,162,689 1.52 1,762,026 50.0 396 1,761,947 1.24
AV900 0.112 0.119 27.7 2.83 14.4 2.00 4.7 89 191,555 151 290,134 41.0 86 290,103 1.62
AV905 0.112 0.118 45.8 4.43 23.8 3.13 7.4 53 186,473 1.51 282,357 50.0 58 282,354 113
E100 0.112 0.109 27.3 2.59 142 1.83 4.3 75 157,724 145 229,132 41.0 69 229,128 1.59
E105 0.112 0.075 26.3 1.81 13.7 1.28 3.0 33 67,591 1.47 99,033 40.0 30 99,021 1.63
E110 0.112 0.211 34.2 5.84 17.8 4.13 9.7 336 890,439 1.50 1,333,533] 46.0 346 1,333,521 1.41
E115 0.112 0.103 30.4 2.70 15.8 191 4.5 59 138,521 1.50 207,628 42.0 57 207,621 1.51
E120 0.112 0.072 40.3 2.52 21.0 1.78 4.2 20 61,928 1.50 92,849 45.0 21 92,852 1.21
E200 0.112 0.090 42.9 3.26 22.3 2.31 5.4 31 102,257 141 144,193 47.0 31 144,192 1.11
E205 0.113 0.089 38.2 2.92 19.9 2.06 4.9 34 100,478 1.37 137,713 44.0 33 137,703 1.18
E300 0.112 0.196 45.4 7.11 23.6 5.02 119 196 689,301 1.50 1,032,599 51.0 217 1,032,578 1.14
E305 0.112 0.152 36.3 4.53 18.9 3.20 7.5 117 328,152 1.48 486,642 45.0 120 486,636 1.32
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Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 2.0.0

Unit Hydrograph Parameters and Results

Excess Precip.

Storm Hydrograph

W50 W75 Time to Time to Total Runoff per

W50 Before W75 Before Peak Volume | Excess Excess Peak [Peak Flow| Volume [ Unit Area

Catchment Name/ID User Comment for Catchment T Cp (min.) Peak (min.) Peak (min.) |Peak (cfs) (c.f) (inches) (c.f) (min.) (cfs) (c.f) (cfs/acre)
AV500 0.112 0.152 39.6 4.93 20.6 3.49 8.2 108 331,782 1.83 608,777 48.0 139 608,770 1.52
AV510 0.112 0.071 39.0 2.42 20.3 171 4.0 20 60,149 1.76 106,108 46.0 24 106,112 1.47
AV515 0.112 0.086 30.5 2.32 15.8 1.64 3.9 40 93,255 1.76 164,420 42.0 45 164,407 1.75
AV520 0.112 0.142 375 4.38 19.5 3.10 7.3 98 283,140 179 506,880 47.0 121 506,883 1.55
AV525 0.112 0.093 92.0 6.84 47.8 4.83 114 15 109,481 1.76 192,889 68.0 24 192,890 0.78
AV600 0.112 0.156 27.1 3.55 14.1 2.51 5.9 168 351,747 1.89 665,948 42.0 197 665,952 2.03
AV700 0.112 0.098 45.1 3.70 23.4 2.61 6.2 36 124,436 1.75 217,650 49.0 45 217,648 1.32
AV705 0.112 0.210 44.7 7.51 233 5.31 12.5 252 874,576 1.88 1,643,799 52.0 347 1,643,800 1.44
AV800 0.112 0.309 67.8 16.38 35.2 11.57 27.3 604 3,168,083 185 15,851,739| 68.0 936 5,851,640 1.07
AV805 0.112 0.229 41.6 7.61 21.7 5.38 12.7 361 1,162,689 1.89 2,201,765 51.0 491 2,201,693 1.53
AV900 0.112 0.119 27.7 2.83 14.4 2.00 4.7 89 191,555 1.89 362,582 42.0 105 362,540 1.98
AV905 0.112 0.118 45.7 4.43 23.8 3.13 7.4 53 186,473 1.89 352,883 50.0 72 352,878 1.40
E100 0.112 0.109 27.3 2.59 142 1.83 4.3 75 157,724 1.83 289,041 41.0 85 289,040 1.95
E105 0.112 0.074 26.3 1.80 13.7 1.27 3.0 33 67,591 1.84 124,704 41.0 37 124,689 2.00
E110 0.112 0.211 34.1 5.83 17.8 4.12 9.7 337 890,439 1.88 1,671,341 47.0 427 1,671,320 1.74
E115 0.112 0.103 30.4 2.70 15.8 191 4.5 59 138,521 1.88 260,178 42.0 70 260,171 1.84
E120 0.112 0.072 40.3 2.52 21.0 1.78 4.2 20 61,928 1.88 116,343 46.0 26 116,345 1.51
E200 0.112 0.090 42.9 3.26 22.3 2.30 5.4 31 102,257 1.79 182,955 48.0 39 182,952 1.39
E205 0.112 0.089 38.1 291 19.8 2.06 4.8 34 100,478 1.75 175,746 46.0 41 175,731 1.49
E300 0.112 0.195 45.3 7.10 23.6 5.02 11.8 197 689,301 1.88 1,294,100] 52.0 270 1,294,076 1.42
E305 0.112 0.152 36.2 4.52 18.8 3.19 7.5 117 328,152 1.86 611,434 46.0 148 611,422 1.64
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