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INTRODUCTION

A. Background

The purpose of the 6™ and Garrison Bridge Replacement Project, hereafter called “the project,” is to
replace a deteriorating bridge on 6™ Avenue over Garrison Street.

This project includes the replacement of the bridge, addition of sidewalks along Garrison Street, and
associated drainage and water quality improvements. Photographs of the bridge and various existing
drainage features are included in Section IlI.

B. Location

1.

Description

The project, CDOT Project No. FBR 0063-046, is located in the eastern portion of the City of
Lakewood, in the west Denver metro area. Figure 1-1 shows the project location and limits. The
Colorado Department of Transportation (CDOT), Federal Highway Administration (FHWA), and
the City of Lakewood (The City) are the primary stakeholders in the project.

Streets, Highways, and Right-of-Way

The project site is located along approximately 2,500 linear feet of 6™ Avenue (US 6) over
Garrison Street in Lakewood, Colorado. The proposed right-of-way width of 6™ Avenue just east
of Garrison Street is 260’, transitioning to 200’ at the east end of the project limits. The
proposed right of way width of 6™ Avenue west of Garrison Street is generally 280'.

1/4 Section, Section, Township, Range

The project site is located in Sections 3 and 10 of Township 4 South, Range 69 West.

Major Drainageways

There are no major drainageways within the site. Lakewood Gulch is located approximately 0.31
miles to the north and Mclintyre Gulch is located approximately 0.35 miles to the south. Runoff
from the project site drains north towards Lakewood Gulch.
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Figure 1-1: Project Site Map

C. Description of Property

1.

Area in Acres

The area of disturbance for the project is approximately 10.33 acres. The area of disturbance
beyond the original footprint of roadways is 2.99 acres.

Ground Cover

The area around the project is mostly developed with urban residential and commercial
properties. Native grasses cover the existing roadway embankments, gore points and ditches of
the intersection. Soils in the area are mostly within the Hydrologic Soils Group C. See Appendix
B for Hydrologic Soils Group Map. The topography varies throughout the site with as little as 1%
along the roadways to steeper than 50% along highway embankments.

General Project Description

The project includes the removal and replacement of the bridge on 6™ Avenue over Garrison
Street. A modified roadway profile will require new pavement along the approaches to the
bridge. Sidewalks will be added under the bridge along Garrison Street. Associated work will be
completed to meet drainage and water quality requirements.

Irrigation Facilities

There are no irrigation facilities within the project limits. The Rocky Mountain Ditch is located
approximately 0.46 miles east of the bridge, but not within the project limits.



Land Use

Proposed land use is the same as existing: Roadway.

Wetlands

There are no wetlands within the project limits.



HYDROLOGY

A. Major Basin Description

1.

Drainage Studies and Reports
Lakewood Guich

Flood Hazard Area Delineation — Lakewood Gulch, for UDFCD, City of Lakewood, City and County
of Denver and Jefferson County, prepared by Sellards & Grigg, Inc., dated February 1979

Lakewood Gulch Major Drainageway Planning Phase B Report, for UDFCD, City and County of
Denver, City of Lakewood and Jefferson County, prepared by Sellards & Grigg, Inc., dated
December 1979.

Mclintyre Gulch

Flood Hazard Area Delineation — Mclntyre Gulch, for UDFCD and City of Lakewood, prepared by
Hydro-Triad, Ltd., dated October 1977

Major Drainage Basin Characteristics

Lakewood Gulch and MclIntyre Gulch are located within FEMA-regulated floodplains, but the
base flood elevation limits do not extend to the project area. The basins are generally made up
of urban development.

Historic Drainage Patterns

Runoff from 6™ Avenue in the vicinity of the Garrison Street Bridge drains to inlets and storm
pipes that convey the flows north to Lakewood Gulch.

See Proposed Drainage Basin Map in Appendix A.
Identification of Lakes, Ponds, and Dams

There are no lakes, ponds, or dams within the project area.

B. Sub-Basin Description

1.

Master Plan Improvements

There are no master planned drainage improvements within the project area.

Existing Drainage Patterns

6" Avenue — The bridge over Garrison Street is the high point in the area along 6™ Avenue.
Runoff flows east and west from the bridge to vane grate inlets along the side of
6™ Avenue. The inlets are connected to a storm system that conveys the flows to
Lakewood Gulch.

Garrison St. — Runoff on Garrison Street flows in a curb and gutter system to combination inlets
in the vicinity of the bridge. The inlets are connected to a storm system that
conveys the flows to Lakewood Gulch. Surface street flows are also directed
northward to Lakewood Gulch.



3. Offsite Drainage Flow Patterns and Impacts

No offsite flows will be conveyed to the proposed storm and water quality systems. Offsite
runoff on Garrison Street will continue to flow to the existing drainage system, bypassing the
proposed water quality facilities.

C. Hydrologic Criteria
1. Design Rainfall

One Hour Point Rainfall

Frequency Rainfall (inches)

2-year 0.96 (minor storm)
5-year 1.35

10-year 1.57

50-year 2.27

100-year 2.60 (major storm)

2. Runoff Calculation Method

The Rational Method will be used to calculate stormwater runoff from the project area. The
maximum limit of application of the Rational Method is a tributary basin of approximately 160
acres. All basins tributary to the project area are less than 160 acres.

The rational formula is: Q=CIA
Where: Q = maximum rate of runoff in cubic feet per second
C = runoff coefficient

| = the average intensity of rainfall in inches per hour for a duration equal to the
time of concentration. Minimum time of concentration of 5 minutes is used for
calculation of intensity.

A = basin area in acres

D. Geology, Land Use, Soil Type

The land use for the project area was determined from existing aerial images for the project
area. The project area consists of proposed roadway widening with offsite contributions to the
roadway area from business and residential properties. See Appendix B for the soils data and
map.

E. Design Frequency

The 5-year design storm was used to size the minor drainage system for the project. The 50-year
storm event was used to size the pipes located in the roadway sag on the western side of the
project. The 100-year storm will continue to flow overland along streets, as it currently does for
existing conditions.

F. Hydrologic Discharge

The hydrologic discharge for the 5-year and 50-year storm events are summarized in Appendix B.
50-year storm events are shown to verify the spread width of the sag inlets at US 6.

G. Future Upstream Development

The basins tributary to the proposed water quality ponds are nearly fully developed.
Redevelopment of the properties may occur, but will not impact the drainage and water quality
facilities proposed for this project.



lll. EXISTING DRAINAGE FACILITIES

A. Lakewood Drainage System

The drainage system on Garrison Street and frontage roads comprising of inlets, pipes and manholes, is
owned and maintained by the City of Lakewood. No modifications or improvements to these systems
are proposed for this project, with the exception of an inlet on the curb return at the northwest corner
of the bridge will be replaced due to sidewalk and curb return improvements. See Appendix F for as-
built drawings of the existing drainage system.

Looking east on north side of 6™ Avenue Looking southwest from intersection



B. CDOT Drainage System

Inlets, manholes, and pipes located on 6™ Avenue are owned and maintained by CDOT. Inlets are
located on both sides of 6™ Avenue east and west of the bridge.

Looking east along 6™ Avenue Looking east along 6™ Avenue

Inlet on 6™ Avenue, west of bridge Inlet on 6™ Avenue, east of bridge



Inlet on 6™ Avenue, west of bridge Spillway southwest of bridge, looking west



V. DESIGN DISCUSSION

A. General Concept

1.

Proposed Drainage System and Drainage Patterns

a. The minor storm pipe system will convey the 5-year peak flow. The 50-year storm event was
used to size the pipes located in the roadway sag on the western side of the project. Some
pipes will convey the 100-year flow, but others will surcharge to the streets during the 100-
year event.

b. There are no major storm systems proposed for this project.

Compliance with Offsite Runoff Considerations

a. Offsite flows will be conveyed as in existing conditions but will bypass proposed water quality
facilities. Offsite flows will be conveyed through and around the project area in existing and
proposed piped drainage systems.

b. Runoff from the new drainage systems will not impact off site properties.

Assumptions, Techniques, and Methodologies

The project will provide a cost effective design for the water quality ponds that meets the
requirements for the Clean Water Act.

Inroads Storm and Sanitary was used to model the storm pipe and inlet system for the project.
Its interface with Microstation allows for ease of modifications to the storm system design with
changes to the roadway design. The minimum time of concentration used by Inroads Storm and
Sanitary for this urban roadway project is 5 minutes. 5 minutes was used for all roadway basins
on this project due to their small size.

B. Specific Details

1.

Drainage Problems Encountered

a. No drainage problems were encountered

Pond Storage Requirements

Due to minimal increase in runoff, no detention ponds are required for this project as agreed
upon by CDOT and the City of Lakewood. Water quality ponds will be designed to hold the water
quality capture volume for 100% of the area tributary to the pond. The City of Lakewood agreed
that the paved area east of the proposed easternmost inlets would not be required to be treated
since the proposed paved area is the same as the existing paved area and the runoff could not
feasibly be drained through the proposed ponds.

Maintenance and Access

The water quality ponds will be maintained by the City of Lakewood. The ponds will be accessed
from the adjacent ramps.

Drainage Easements

All drainage facilities are located within the CDOT right-of-way or City of Lakewood-owned
property. No easements are required.

Impacts on Downstream Properties

There are no adverse impacts to downstream properties.



Concerns by CDOT, Lakewood, and Property Owners

a. There are no known drainage concerns by CDOT, Lakewood, or property owners.

Design Details

a. Present and future land uses remain the same as a combination of residential and
commercial properties.

b. The 100-year runoff from the project area will be conveyed overland to the adjacent streets
where the flows will then be conveyed northeasterly to Lakewood Gulch.

c. This project complies with the requirements of Sections 402 NPDES and 404 of the Clean
Water Act.

Structure Alternatives

a. Standard CDOT inlet structures are recommended for the project to simplify future
maintenance and reduce construction cost. Type R inlets will be used on most curb
applications. Vane Grate inlets will be used on 6™ Avenue. An existing curb inlet will be
replaced with a Type 13 grate inlet on the curb return north and west of the bridge.

C. Hydraulic Criteria

1.

Capacity of the Downstream Drainage System

An analysis of the existing drainage system was not included in the scope of work for the project.
There will be a slight increase in runoff due to the increase in bridge width at Garrison Street, but
the initial flows will be attenuated through the water quality ponds.

Storm Sewer System Layout Including Inlets

The storm sewer system has been designed to convey runoff from the 5-year storm event. Inlets
were sized and spaced to keep the maximum spread within the shoulder on Highways (US 6).
The spread on the SW exit ramp slightly exceeds the shoulder width, but the single lane ramp
width is approximately 22’ in the vicinity of the affected inlets. The 50-year storm event was
used to size the pipes and inlets located in the roadway sag on the western side of the project.

Inlets were placed within the approach slab on either side of the bridge to capture runoff from
the bridge. A minimum pipe size of 18 inches was used for the bridge drainage system.

Vane grate inlets are used for the drainage on US 6. A 30% clogging factor is used for on-grade
inlets and a 50% clogging factor is used in sump locations.

See drainage plans for the storm system layout.

Water Quality Pond Design

Water quality facilities have been designed to capture and detain the Water Quality Capture
Volume (WQCV) in accordance with the CDOT MS4 permit with the exception of a section of
newly paved area on 6™ Avenue at the east end of the project and minor curb and sidewalk
replacements on Garrison Street that could not feasibly be treated in the proposed water quality
facilities. As underground water quality facilities would be expensive and are not preferred by
the entities responsible for maintenance, this section of pavement remains untreated.

The ponds are designed as an Extended Detention Basin (EDB) with a forebay and a trickle
channel and will drain within 40 hours. The northeast water quality pond and the southwest
water quality pond will spill onto the adjacent ramps when the capacities of the ponds are
exceeded.



D. Adaptations from Criteria
1. No detention required for this project as agreed upon by CDOT and the City of Lakewood.

2. No water quality treatment required for pavement replacement at east end of project or
new sidewalk and curb replacement on Garrison Street as agreed upon by CDOT and the City

of Lakewood.



V. RECOMMENDED DESIGN

A.

Storm Drain Systems

Two new storm drain systems consisting of storm pipe, inlets, manholes, ditches, and ponds have been
incorporated into the design discharging to the following water quality facilities:

NE WQ POND: Storm drain improvements for the project area located from Station 109+27 (crest of
the bridge) to Station 119+55 drain to the proposed Northeast Water Quality Pond. The contributing
basin area is approximately 3.36 acres.

SW WQ POND: Storm drain improvements for the project area located from station 100+00 (west end
of the project limits) to Station 109+27 (crest of the bridge) drain to the proposed Southwest Water
Quality Pond. The contributing basin area is approximately 3.58 acres.

Water Quality

Water quality ponds will be Extended Detention Basins (EDB) with forebays and trickle channels. They
will be sized to store the Water Quality Capture Volume (WQCV), based on the impervious area in the
basin tributary to the pond. The following are statistics for each pond:

NE WQ POND: Northeast WQ Pond will be located at the northeast corner of the intersection of 6"
Avenue and Garrison Street. The drainage basin tributary to the pond extends from the crest of the
bridge to the east end of the new inlets in 6™ Avenue near the east end of the project.

SW WQ POND: Southwest WQ_Pond will be located at the southwest corner of the intersection of 6"
Avenue and Garrison Street. The drainage basin tributary to the pond extends from the west end of
the project limits to the crest of the bridge.

See Appendix D for more detailed information on Water Quality.

Hydraulic Modeling

There are no large waterways within the project requiring hydraulic modeling.



VI. SUMMARY

A.

Compliance with Criteria and Standards

Work is in compliance with the following:

e City of Lakewood Criteria

e CDOT Criteria

e UDFCD Drainage Criteria Manual

Due to minimal increase in runoff, it was agreed upon by CDOT and the City that no detention facilities
would be incorporated into this project.

Drainage Concept
Damage Control of Drainage Design

The proposed drainage pipe system is designed to convey the minor storm event (5-year). There are
no major event drainage systems for this project. The drainage design is effective in controlling erosion
and flooding from the design storm runoff.

There are no adverse drainage impacts of the work on upstream or downstream properties.

Stormwater Management Plan

Refer to the Project Plan Sheets for a complete description of the Stormwater Management Plan.
Stormwater erosion and sediment will be managed with temporary BMPs during construction and
permanent BMPs after construction.

Water Quality

Water Quality will be improved on the site as follows:

e The water quality capture volume will be treated in water quality facilities, which meet the
requirements of the CDOT MS4 permit, with the exception of a section of newly paved area on 6"
Avenue at the east end of the project that could not feasibly be treated in the proposed water
quality facilities. The water quality ponds will be maintained by the City of Lakewood.

Existing Drainage Facilities

Existing drainage facilities within the project limits will remain in place. New facilities will be connected
to them.

There are no existing detention or water quality facilities that detain or treat stormwater runoff from
the project area.

Proposed Drainage Facilities

New storm drainage pipe systems were designed to collect and convey the 5-year flow from areas
tributary to the project site. There will be no adverse drainage impacts either upstream or
downstream of the project site due to the project improvements.
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Appendix A

Drainage Basin Map
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Soil Map—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties

105° 6' 7'W
105° 5'54"W

491270 491330 491420 491|510

39° 43'34"N 39° 43'34"N

4397290 4397320 4397350 4397380

4397260

()
Q
=
-
(7]
o
=} |
(72)
~~

4397230

4397200

39° 43'28"N 39° 43'28"N

491270 491300 491330 491360 491390 491420 491450 491480 491510 491540

Map Scale: 1:1,370 if printed on A landscape (11" x 8.5") sheet.

105° 6'7"W

Meters
N o 20 40 80 120

Feet
0 50 100 200 300
Map projection: Web Mercator Comer coordinates: WGS84  Edge tics: UTM Zone 13N WGS84

105° 5'54"W

USDA  Natural Resources Web Soil Survey 12/27/2013
== Conservation Service National Cooperative Soil Survey Page 1 of 3



Soil Map—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Golden Area, Colorado, Parts of Denver,
Douglas, Jefferson, and Park Counties
Survey Area Data:  Version 7, May 1, 2009

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Apr 29, 2011—Apr 13,
2012

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Soil Map—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties

Map Unit Legend

Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties (CO641)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
34 Denver-Urban land complex, 0 41 55.6%
to 2 percent slopes
35 Denver-Urban land complex, 2 3.2 44 .4%
to 5 percent slopes
Totals for Area of Interest 7.3 100.0%
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AASHTO Group Classification (Surface)—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties
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AASHTO Group Classification (Surface)—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area:  Golden Area, Colorado, Parts of Denver,
Douglas, Jefferson, and Park Counties
Survey Area Data:  Version 7, May 1, 2009

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed:
13,2012

Apr 29, 2011—Apr

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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AASHTO Group Classification (Surface)—Golden Area, Colorado, Parts of Denver, Douglas,

Jefferson, and Park Counties

AASHTO Group Classification (Surface)

Jefferson, and Park Counties (CO641)

AASHTO Group Classification (Surface)— Summary by Map Unit — Golden Area, Colorado, Parts of Denver, Douglas,

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

34 Denver-Urban land A-6 4.1 55.6%
complex, 0 to 2
percent slopes

35 Denver-Urban land A-6 3.2 44 .4%
complex, 2t0 5
percent slopes

Totals for Area of Interest 7.3 100.0%

Description

AASHTO group classification is a system that classifies soils specifically for
geotechnical engineering purposes that are related to highway and airfield

construction. It is based on particle-size distribution and Atterberg limits, such as
liquid limit and plasticity index. This classification system is covered in AASHTO

Standard No. M 145-82. The classification is based on that portion of the soil that
is smaller than 3 inches in diameter.

The AASHTO classification system has two general classifications: (i) granular
materials having 35 percent or less, by weight, particles smaller than 0.074 mm in

diameter and (ii) silt-clay materials having more than 35 percent, by weight,
particles smaller than 0.074 mm in diameter. These two divisions are further

subdivided into seven main group classifications, plus eight subgroups, for a total
of fifteen for mineral soils. Another class for organic soils is used.

For each soil horizon in the database one or more AASHTO Group Classifications
may be listed. One is marked as the representative or most commonly occurring.
The representative classification is shown here for the surface layer of the soil.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule: Lower

Layer Options (Horizon Aggregation Method): Surface Layer (Not applicable)
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Hydrologic Soil Group—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties
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Hydrologic Soil Group—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park Counties

MAP LEGEND
Area of Interest (AOI) (] (e}
Area of Interest (AOI) ‘ = c/D
Soils ‘ = D
Soil Rating Polygons

|:| A (] Not rated or not available
|:| AD Water Features
|:| Streams and Canals

B

Transportation
B s&D 4+  Rails
|:| c — Interstate Highways
|:| C/o US Routes
l:l D Major Roads
[ ] Notrated or not available Local Roads
Soil Rating Lines Background

A e Aerial Photography
mm AID
-]
wm B/D
o C
e C/D
mee D
L Not rated or not available

Soil Rating Points

A
A/D
B
B/D

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Golden Area, Colorado, Parts of Denver,
Douglas, Jefferson, and Park Counties
Survey Area Data:  Version 7, May 1, 2009

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Apr 29, 2011—Apr 13,
2012

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Hydrologic Soil Group—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park

Counties
Hydrologic Soil Group
Hydrologic Soil Group— Summary by Map Unit — Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park
Counties (CO641)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
34 Denver-Urban land C 4.1 55.6%
complex, 0 to 2
percent slopes
Denver-Urban land C 3.2 44 .4%
complex, 2t0 5
percent slopes
Totals for Area of Interest 7.3 100.0%
Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.
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Hydrologic Soil Group—Golden Area, Colorado, Parts of Denver, Douglas, Jefferson, and Park

Counties
Rating Options
Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher
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Hydrologic Basin Calculations






Drainage Reports

Element Type: Area
Date: Monday, January 27, 2014 5:35:23 PM
Drainage Data File: 19478-DRAIN

ID AttachedTo Q Coef Intensity TimeOfConc. Area
(cfs) (in/h) (min) (ac)
A101V1 101v1 1.00 0.88 4.55 5.00 0.25
Al102Vv1 102v1 0.52 0.88 4.55 5.00 0.13
A103V1 103V1 0.44 0.88 4.55 5.00 0.11
A103V3 103Vv3 0.33 0.88 4.55 5.00 0.08
A103Vv4 103v4 2.06 0.88 4.55 5.00 0.51
A104Vv1 104v1 0.85 0.88 4.55 5.00 0.21
A104V2 104v2 0.52 0.88 4.55 5.00 0.13
A104V3 104Vv3 0.64 0.88 4.55 5.00 0.16
A105V1 105V1 2.18 0.88 4.55 5.00 0.54
A105V2 105Vv2 0.61 0.88 4.55 5.00 0.15
A106V1 106V1 1.39 0.88 4.55 5.00 0.35
Al107C1 107C1 0.44 0.30 4.55 5.00 0.32
Al110WQ1 110wQ1 0.73 0.50 4.55 5.00 0.32
A114WQ1 114WQ1 1.84 0.50 4.55 5.00 0.81
Al17V1 117v1 4.41 0.88 4.55 5.00 1.10
A120V1 120v1 0.95 0.88 4.55 5.00 0.24
Al20V2 120v2 4.76 0.88 4.55 5.00 1.19
A120V3 120V3 0.09 0.88 4.55 5.00 0.02
A307R1 307R1 1.28 0.88 4.55 5.00 0.32
A541N1 541IN1 1.06 0.88 4.55 5.00 0.26

Number of items reported: 20






US 6 Over Garrison Street BY: Gcs

Basin Calculations - Rational Method DATE: 1/8/2014

Basin Descriptions REVISED BY: GCs
DATE: 1/27/2014

Basin Descriptions
On-site proposed roadway basins were calculated using the proposed profile for 6th Avenue and the SW off-ramp.
Off-site basins were calculated from existing topography and field visits to verify existing drainage patterns.
There are two major basins included in the design for 6th and Garrison.

Proposed SW Water Quality Pond

Begin Sta. 100+00 West Project Limits
Pond Sta. 109+62 Center of Pond
End Sta. 109+26.72 Crown of 6th Ave

Proposed NE Water Quality Pond

Begin Sta. 109+26.72 Crown of 6th Ave

Pond Sta. 115+18 Center of Pond

End Sta. 119+55 Furthest Inlets That Can Capture Project Runoff

Area not treated for Water Quality Pond
Begin Sta 119+55 Furthest Inlets That Can Capture Project Runoff
End Sta. 125+00 East Project Limits - Not able to be captured due to lower elevation than pond

Garrison Street
Existing Inlet Replaced

Time of Concentration
5 minute minimum Time Of Concentration used for urban conditions

Basin Descriptions



US 6 Over Garrison Street

Basin Calculations - Rational Method

Basin Summary

BY: GCS
DATE: 1/8/2014
UPDATED: GCS
DATE: 1/27/2014

ONSITE OFFSITE
IMPERVIOUS TOTAL TOTAL
BASIN ID DRAINS TO AEE(E:)A AREA ON SITE lMPiE\élAOUS OFF SITE lMPiE\élAOUS
(AC) AREA (AC) (AC) AREA (AC) (AC)
SW WQ POND
A101V1 101V1 0.25 0.25 0.25 0.25
A102V1 102v1 0.13 0.13 0.13 0.13
A103V1 103V1 0.11 0.11 0.11 0.11
A103V3 103V3 0.08 0.08 0.08 0.08
A103V4 103Vv4 0.51 0.51 0.51 0.51
A104V1 104V1 0.21 0.21 0.21 0.21
A104V2 104V2 0.13 0.13 0.13 0.13
A104V3 104V3 0.16 0.16 0.16 0.16
A105V1 105V1 0.54 0.54 0.54 0.54
A105V2 105V2 0.15 0.15 0.15 0.15
A106V1 106V1 0.35 0.35 0.35 0.35
A107C1 107C1 0.32 0.08 0.32 0.08
A307R1 307R1 0.32 0.32 0.32 0.32
A110WQ1 110WQ1 0.32 0.00 0.32 0.00
Totals 3.58 3.02 3.58 3.02 0.00 0.00
NE WQ POND
A114WQ1 114WQ1 0.81 0.00 0.81 0.00
Al117V1 117V1 11 1.10 1.10 1.10
A120V1 120V1 0.24 0.24 0.24 0.24
A120V2 120V2 1.19 1.19 1.19 1.19
A120V3 120V3 0.02 0.02 0.02 0.02
Totals 3.36 2.55 3.36 2.55 0.00 0.00
Garrison
A54IN1 54IN1 0.26 0.26 0.26 0.26
Totals 0.26 0.26 0.26 0.26 0.00 0.00
PROJECT TOTALS 7.20 5.83 7.20 5.83 0.00 0.00

INPUT

Basins




US 6 Over Garrison Street
Basin Calculations - Rational Method

"C" Coefficients
5-Year

BY: GCS
DATE: 1/8/2014

UPDATED: GCS
DATE: 1/27/2014

asivio | aneauo) [FABSELAYEY |y, | BUSNESS | | WATER | | RESDENTAL | o | ponps | | Comgeste |omaotere x
SW WQ POND 0.10 0.87 1.0 0.45 0.88
A101V1 0.25 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.22
A102V1 0.13 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.11
A103V1 0.11 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.10
A103V3 0.08 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.07
A103v4 0.51 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.45
A104V1 0.21 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.18
A104V2 0.13 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.11
A104V3 0.16 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.14
A105V1 0.54 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.48
A105V2 0.15 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.13
A106V1 0.35 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.31
A107C1 0.32 0.10 75 0.87 0 0.98 0 0.45 0 0.88 25 0.30 0.09
A307R1 0.32 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.28
A110WQ1 0.32 0.10 55 0.87 0 0.98 45 0.45 0 0.88 0 0.50 0.16
Totals 3.58 0.79 2.84
NE WQ POND
A114WQ1 0.81 0.10 55 0.87 0 0.98 45 0.45 0 0.88 0 0.50 0.40
Al17V1 1.10 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.97
A120V1 0.24 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.21
A120V2 119 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 1.05
A120V3 0.02 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.02
Totals 3.36 0.79 2.65
Garrison
A54IN1 0.26 0.10 0 0.87 0 0.98 0 0.45 0 0.88 100 0.88 0.23
Totals 0.26 0.88 0.23

* Land use percentages obtained from aerial photo of existing area and survey information.
_INPUT

C_5_Yr_CDOT




US 6 Over Garrison Street
Basin Calculations - Rational Method

"C" Coefficients
50-Year

BY:
DATE:
UPDATED:
DATE:

GCs
1/8/2014
GCs
1/27/2014

LAWNS, CLAYEY

BUSINESS WATER RESIDENTIAL PAVED ROADS . Composite "C"  x
0 0 0 0 0, " "
BASIN ID AREA (AC) uggk* % e % NP O % — % NP O % |Composite "C50' -
SW WQ POND 0.30 0.88 1.0 0.55 0.92

A101V1 0.25 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.23
A102Vv1 0.13 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.12
A103V1 0.11 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.10
A103V3 0.08 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.07
A103Vv4 0.51 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.47
A104V1 0.21 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.19
A104Vv2 0.13 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.12
A104V3 0.16 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.15
A105V1 0.54 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.50
A105Vv2 0.15 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.14
A106V1 0.35 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.32
A107C1 0.32 0.30 75 0.88 0 1.00 0 0.55 0 0.92 25 0.46 0.15
A307R1 0.32 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.29

A110WQ1 0.32 0.30 55 0.88 0 1.00 45 0.55 0 0.92 0 0.62 0.20
Totals 3.58 0.85 3.05

NE WQ POND

A114WQ1 0.81 0.30 55 0.88 0 1.00 45 0.55 0 0.92 0 0.62 0.50
Al117V1 1.10 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 1.01
A120V1 0.24 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.22
A120V2 1.19 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 1.09
A120V3 0.02 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.02
Totals 3.36 0.85 2.84

Garrison
A54IN1 0.26 0.30 0 0.88 0 1.00 0 0.55 0 0.92 100 0.92 0.24
Totals 0.26 0.92 0.24
INPUT

* Land Use obtained from aerial photo of existing area and survey information.

C_50_Yr_CDOT




US 6 Over Garrison Street
Basin Calculations - Rational Method

"C" Coefficients

BY: GCS

DATE: 1/8/2014

UPDATED: GCS

100-Year DATE: 1/27/2014
LAWNS, CLAYEY BUSINESS WATER RESIDENTIAL PAVED ROADS Composite Composite "C"  x
0 0 0 0 0,
EENIE RS SOIL "C100" * L "C100" * L "C100" * & "C100" * & "C100" * o "C100" Area
SW WQ POND 0.40 0.89 1.0 0.60 0.93

A101V1 0.25 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.23
A102Vv1 0.13 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.12
A103V1 0.11 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.10
A103V3 0.08 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.07
A103Vv4 0.51 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.47
A104V1 0.21 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.20
A104Vv2 0.13 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.12
A104V3 0.16 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.15
A105V1 0.54 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.50
A105Vv2 0.15 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.14
A106V1 0.35 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.33
A107C1 0.32 0.40 75 0.89 0 1.00 0 0.60 0 0.93 25 0.53 0.17
A307R1 0.32 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.30

A110WQ1 0.32 0.40 55 0.89 0 1.00 45 0.60 0 0.93 0 0.67 0.21
Totals 3.58 0.87 3.12

NE WQ POND

A114WQ1 0.81 0.40 55 0.89 0 1.00 45 0.60 0 0.93 0 0.67 0.54
Al117V1 1.10 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 1.02
A120V1 0.24 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.22
A120V2 1.19 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 111
A120V3 0.02 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.02
Totals 3.36 0.87 291

Garrison
A54IN1 0.26 0.40 0 0.89 0 1.00 0 0.60 0 0.93 100 0.93 0.24
Totals 0.26 0.93 0.24
INPUT

* Land Use obtained from aerial photo of existing area and survey information.

C_100_Yr_CDOT




US 6 Over Garrison Street

Basin Calculations - Rational Method

Percent Impervious

BY: GCS
DATE: 1/8/2014
UPDATED: GCS
DATE: 1/27/2014

BASIN ID AREA (AC) LAWNgb'CtAYEY L BuilsNu/E 5 R W/?)I/OER 0 RESISOEDZTIAL % QSXE[S) % ﬁ?.wn;Z?\zgisu/o AL
0% 100%
SW WQ POND 0 95 0 50 100

AL01V1 025 [) [) 95 0 0 [) 50 0 100 100 100.0 025
AL02V1 013 ) 0 95 0 0 [) 50 0 100 100 100.0 013
A103V1 011 0 [) 95 0 0 [) 50 0 100 100 100.0 011
A103V3 0.08 0 [) 95 0 0 [) 50 0 100 100 100.0 0.08
A103V4 051 [) [) 95 0 0 [) 50 0 100 100 100.0 051
A104V1 021 [) [) 95 0 0 0 50 0 100 100 100.0 021
A104V2 013 [) [) 95 0 0 [) 50 0 100 100 100.0 013
A104V3 0.16 0 [) 95 0 0 [) 50 0 100 100 100.0 0.16
AL05V1 054 [) [) 95 0 0 [) 50 0 100 100 100.0 054
AL05V2 015 [) [) 95 0 0 [) 50 0 100 100 100.0 015
AL06V1 035 [) [) 95 0 0 0 50 0 100 100 100.0 035
A107C1 032 [) 75 95 0 0 [) 50 0 100 25 25.0 0.08
A307R1 032 [) [) 95 0 0 0 50 0 100 100 100.0 032

A110WQ1 032 [) 55 95 0 0 45 50 0 100 0 0.0 0.00
Totals 358 84.4 3.02

NE WQ POND

A114WQ1 0.81 0 55 95 0 0 45 50 0 100 0 0.0 0.00
AL17V1 1.10 [) 0 95 0 0 0 50 0 100 100 100.0 1.10
A120V1 024 0 0 95 0 0 0 50 0 100 100 100.0 0.24
A120V2 1.19 0 0 95 0 0 0 50 0 100 100 100.0 119
A120V3 0.02 0 0 95 0 0 0 50 0 100 100 100.0 0.02
Totals 336 75.9 255

Garrison
AS4IN1 0.26 [} 0 95 0 0 0 50 0 100 100 100.0 0.26
Totals 0.26 100.0 0.26
INPUT

Note: Land Use obtained from aerial photo of existing area and survey information.

%_Impervious




US 6 Over Garrison Street

Basin Calculations - Rational Method

Calculated Runoff

BY: GCS
DATE: 1/8/2014
UPDATED: GCS
DATE: 1/27/2014

BASIN ID @FérEQ Cs Cso | Cuoo (in/lar)l (inllsr?r)l (nbfﬂ)l (§Z) (3580) (2;20) COMMENTS
SW WQ POND
A101V1 0.25 088 | 092 | 093 | 458 7.80 8.75 1.0 1.8 2.0
A102V1 0.13 088 | 092 | 093 | 458 7.80 8.75 0.5 0.9 1.1
A103V1 0.11 088 | 092 | 093 | 458 7.80 8.75 0.4 0.8 0.9
A103V3 0.08 088 | 092 | 093 | 458 7.80 8.75 0.3 0.6 0.7
A103V4 0.51 088 | 092 | 093 | 458 7.80 8.75 21 3.7 4.2
A104V1 0.21 088 | 092 | 093 | 458 7.80 8.75 0.8 1.5 1.7
A104V?2 0.13 088 | 092 | 093 | 458 7.80 8.75 0.5 0.9 1.1
A104V3 0.16 088 | 092 | 093 | 458 7.80 8.75 0.6 1.1 1.3
A105V1 0.54 088 | 092 | 093 | 458 7.80 8.75 2.2 3.9 4.4
A105V2 0.15 088 | 092 | 093 | 458 7.80 8.75 0.6 1.1 1.2
A106V1 0.35 088 | 092 | 093 ]| 6.30 10.73 12.04 1.9 35 3.9
A107C1 0.32 030 | 0.46 | 053 | 6.30 10.73 12.04 0.6 1.6 2.1
A307R1 0.32 088 | 092 | 093 ]| 6.30 10.73 12.04 1.8 3.2 3.6
A110WQ1 0.32 050 | 062 | 0.67 | 4.58 7.80 8.75 0.7 1.5 1.9
Totals 3.58 079 | 0.85 | 0.87 | 4.58 7.80 8.75 13.0 23.8 27.3 TC =5 min.
NE WQ POND
A114WQ1 0.81 050 | 062 | 0.67 | 4.58 7.80 8.75 1.8 3.9 4.7
A117V1 1.10 088 | 092 | 093 | 458 7.80 8.75 4.4 7.9 9.0
A120V1 0.24 088 | 092 | 093 | 458 7.80 8.75 1.0 1.7 2.0
A120V2 1.19 088 | 092 | 093 | 458 7.80 8.75 4.8 8.5 9.7
A120V3 0.02 088 | 092 | 093 | 458 7.80 8.75 0.1 0.1 0.2
Totals 3.36 079 | 0.85 | 0.87 | 4.58 7.80 8.75 12.1 22.2 25.5 TC =5 min.
Garrison
A54IN1 0.26 088 | 092 | 093 | 458 7.80 8.75 1.0 1.9 2.1
Totals 0.26 088 | 092 | 093 | 458 7.80 8.75 1.0 1.9 2.1 TC = 5 min.

; 1=(28.5x P1) /(10 +Tc)"0.786 , Eg. (RA-3) Urban Drainage, Where P1(2-yr)=0.96, P1(5-yr)=1.35, P1(10-yr)=1.57, P1(25-yr)=2.00, P1(50-yr)=2.30, P1(100-yr)=2.58

Input

Proposed Q







Appendix C

Hydraulic Data






Inroads Storm and Sanitary Output






Drainage Reports

Element Type: Inlet
Date: Monday, January 27, 2014 5:33:04 PM
Drainage Data File: 19478-DRAIN

Inlet ID Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope
(ft) (cfs) (cfs) (cfs) D)) (fr) (fr) (fr) (ft) ) ™)
101v1 Grate 2 1.00 0.95 0.05 30 0.13 6.51 5519.77 2 1.73 2.00
102v1 Grate 2 0.52 0.45 0.12 30 0.11 5.28 5518.25 2 1.70 2.00
103V1 Grate 2 0.44 0.44 0.12 30 0.11 5.38 5517.16 2 1.50 2.00
103Vv3 Grate 2 0.33 0.36 0.08 30 0.10 5.07 5516.43 2 1.30 2.00
103v4 Grate 2 2.06 1.62 0.44 30 0.22 11.23 5517.63 2 0.40 2.00
104vV1 Grate 2 0.85 1.78 0.00 50 0.17 8.67 5517.52 2 0.00 2.00
104v2 Grate 2 0.52 0.67 0.00 50 0.09 4.52 5517.36 2 0.00 2.00
104v3 Grate 2 0.64 0.54 0.18 30 0.11 5.71 5515.18 2 1.80 2.00
105v1 Grate 2 2.18 1.68 0.49 30 0.24 11.88 5517.61 2 0.33 2.00
105v2 Grate 2 0.61 0.58 0.23 30 0.17 8.28 5517.60 2 0.31 2.00
106V1 Grate 2 1.39 1.19 0.20 30 0.18 9.06 5518.30 2 0.57 2.00
107C1 Grate 3 0.44 0.44 0.00 50 0.09 0.69 5503.50 3 0.00 25.00
110WQ1 Grate 6 0.73 3.75 8.09 30 0.39 13.35 5499.00 6 3.84 2.00
114wWQ1 Grate 6 1.84 4.41 6.73 30 0.42 14.49 5497.28 6 2.29 2.00
117v1 Grate 2 4.41 3.43 0.98 30 0.20 10.02 5505.67 2 3.36 2.00
120v1 Grate 2 0.95 1.75 0.18 30 0.15 7.26 5498.91 2 3.57 2.00
120v2 Grate 2 4.76 3.66 1.09 30 0.20 10.19 5498.99 2 3.57 2.00
120V3 Grate 2 0.09 1.14 0.05 30 0.12 6.05 5498.78 2 3.56 2.00
307R1 Curb Opening 10 1.28 1.38 0.08 30 0.24 5.57 5504.35 10 2.00 2.00
541IN1 Grate 3 1.06 1.06 0.00 50 0.17 1.98 5497.51 3 0.00 1.10
EX118 Grate 3 0.00 0.00 0.00 30 0.00 0.00 5495.95 3 2.32 2.00
EXIN105 Grate 3 0.00 0.00 0.00 30 0.00 0.00 5507.93 3 24.32 2.00
EXIN1_CAP INLET Grate 3 0.00 0.00 0.00 30 0.00 0.00 5517.89 3 0.50 2.00

Number of items reported: 23



Drainage Reports

Element Type: Manhole
Date: Tuesday, January 28, 2014 1:15:34 PM
Drainage Data File: 19478-DRAIN

1D Shape Width Invertin InvertOutRimElevation  TotalFlow
o o o o (cfs)
105M1 Circular 4.00(SW) 5506.53 (N) 5504.78 5516.09 0.00
108M1 Circular 4.00(SW) 5497.65 (E) 5497.55 5502.40 2.00
110M1 Circular 4.00 (W) 5496.17 (N) 5496.07 5500.40 2.00
110M2 Circular 5.00 (W) 5495.65 0.00 5501.05 5.75
117M1 Circular 5.00 (E) 5493.13 (N) 5493.13 5513.92 9.71
118M1 Circular 4.00(SW) 5490.91(NE) 5490.80 5495 .37 4.41
(W) 5490.90
305M1 Circular 5.00 (N) 5505.83 (E) 5504.24 5511.50 9.66
307M1 Circular 4.00(SW) 5500.59(NE) 5499.76 5504 .40 2.00
EX118MH Circular 4.00(SW) 5490.49 0.00 5494 .69 4.41
EXMH54 Circular 4.00(SW) 5494.92 0.00 5497.81 1.06
(W) 5494.97

Number of items reported: 10



Drainage Reports

Element Type:

Date:

Pipe

Monday, January 27, 2014 5:33:34 PM

Drainage Data File:

Pipe IDHeight

)

Width
(n

Invertin

o

InvertOut TotalFlow Capacity

(o

(cfs)

(cfs)

Velocity EntranceHGL

(ft/s)

o

EXitHGL

(o

Roughness

P1

P2
P181
P182
P183
P185
P186
P187
P188
P190
P191
P192
P193
P194
P195
P196
P201
P202
P203
P204
P205
P206
P207
P208
PEX1
PEX2
PEX3
PEX6
PEX209
PEX4A
PEXS5A
PEXS5B

24
24
18
18
24
18
18
24
24
18
18
18
18
24
18
18
24
24
18
18
18
18
24
24
24
24
24
12
18
12
24
24

24
24
18
18
24
18
18
24
24
18
18
18
18
24
18
18
24
24
18
18
18
18
24
24
24
24
24
12
18
12
24
24

19478-DRAIN

Slope Length

) (o
0.400 32
3.858 44
0.500 57
0.500 57
0.500 99
0.500 85
0.499 34
0.500 57
0.500 116
2.905 83
0.500 64
0.719 52
1.057 21
1.112 15
3.903 39
1.000 138
0.400 291
0.410 269
1.000 3
0.500 97
3.955 53
0.400 189
10.000 21
2.669 213
1.264 74
0.805 108
2.210 45
0.500 10
1.519 519
1.025 98
1.000 13
1.000 31

Number of items reported: 32

5493.13
5497.71
5512.97
5512.95
5512.18
5511.67
5511.18
5511.01
5510.72
5515.08
5512.56
5512.14
5496 .07
5495.80
5499 .52
5497 .55
5494 .29
5492.00
5495 .56
5495.53
5499.76
5495.04
5507.88
5504.24
5507 .47
5504.78
5503.91
5494 .97
5502.85
5501.60
5491.04
5490.80

5493.00
5496.00
5512.68
5512.66
5511.68
5511.24
5511.01
5510.72
5510.14
5512.66
5512.24
5511.77
5495 .85
5495.64
5497 .99
5496.17
5493.13
5490.90
5495 .53
5495.04
5497 .65
5494 .29
5505.83
5498.56
5506.53
5503.91
5502.92
5494 .92
5494 97
5500.59
5490.91
5490.49

APONORFRPOOOCOCOONAR,PAONRFRUINFPFRPOOONNUOIRRFRERO

.30
.15
.62
.68
.03
-16
.67
-09
.61
-95
-39
.81
.00
.75
.38
-00
.71
.41
.14
-80
.00
.48
.66
-65
.00
-00
.00
-06
.00
-00
.00
.41

14.31
44 .43
7.43
7.43
16.00
7.43
7.42
16.00
15.99
17.90
7.43
8.90
10.80
23.85
20.75
10.50
14.31
14.48
10.50
7.43
20.89
6.64
71.54
36.96
0.00
0.00
0.00
2.52
0.00
3.61
0.00
22.62

4.85
11.77
3.36
3.40
4.50
3.64
3.85
5.11
5.18
5.35
3.21
3.95
1.13
6.24
6.63
4.57
3.09
4.04
0.64
2.72
7.45
3.67
15.86
9.88
0.00
0.00
0.00
3.06
0.00
4.71
0.00
5.58

5494 .68
5498.39
5513.95
5513.94
5512.95
5512.82
5512.23
5512.01
5512.24
5515.31
5513.00
5512.60
5497 .82
5497 .22
5499.79
5498.00
5495.69
5493.78
5496.99
5496.80
5500.08
5496.35
5508.38
5504.93

0.00

0.00

0.00
5495.58

0.00
5502.13

0.00
5492.16

5494 .
5496.
5513.
5513.
5512.
5512.
5512.
5512.
5511.
5513.
5512.
5512.
5497.
5497.
5498.
5497.
5494 .
5492.
5496.
5496.
5498.
5495.
5506.
5499.

5495.
5501.
5491.

54
68
67
65
45
37
07
27
66
00
68
84
22
06
39
84
93
44
88
50
00
70
33
26

.00
.00
.00

63

.00

12

.00

86

0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013



Network Outfall Report

1_SWWQ POND_WEST INFLOW_5YR.txt

Date: Monday, January 27, 2014 5:28:49 PM

Drainage Data File:

Inlets: 101Vl

Inlet 1D Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
101v1 0.95 0.05 30 0.13 6.51 5519.77 2 1.73 2.00 0.00 (E) 5515.08
Pipes: P190
Pipe IDHeight Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) (fv) (fv) (cfs) (cfs) (ft/s) (fv) (fv)
P190 18 5515.08 5512.66 0.95 17.90 5.35 5515.31 5513.00 0.013
Inlets: 102V1
Inlet 1D Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
102v1 0.45 0.12 30 0.11 5.28 5518.25 2 1.70 2.00 (W) 5512.66 (E) 5512.56
Pipes: P191
Pipe IDHeight Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) (fv) (fv) (cfs) (cfs) (ft/s) (fv) (fv)
P191 18 5512.56 5512.24 1.39 7.43 3.21 5513.00 5512.68 0.013
Inlets: 103Vl
Inlet 1D Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
103v1 0.44 0.12 30 0.11 5.38 5517.16 2 1.50 2.00 (W) 5512.24 (E) 5512.14
Pipes: P192
Pipe IDHeight Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) (fv) (fv) (cfs) (cfs) (ft/s) (fv) (fv)
P192 18 5512.14 5511.77 1.81 8.90 3.95 5512.60 5512.84 0.013
Inlets: 103V3
Inlet 1D Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
103Vv3 0.36 0.08 30 0.10 5.07 5516.43 2 1.30 2.00 (W) 5511.77 (E) 5511.67
Pipes: P185
Pipe IDHeight Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) (fv) (fv) (cfs) (cfs) (ft/s) (fv) (fv)
P185 18 5511.67 5511.24 2.16 7.43 3.64 5512.82 5512.37 0.013
Inlets: 104V3
Inlet 1D Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
104V3 0.54 0.18 30 0.11 5.71 5515.18 2 1.80 2.00 (W) 5511.24 (N) 5511.18

Page 1



1_SWWQ POND_WEST INFLOW_5YR.txt

Pipes: P186
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) (in) (€] (o o o (cfs) (cfs) (ft/s) (o o
P186 18 18  0.499 34 5511.18 5511.01 2.67 7.42 3.85 5512.23 5512.07 0.013

Inlets: 103v4

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o
103v4 Grate 2 2.06 1.62 0.44 30 0.22 11.23 5517.63 2 0.40 2.00 0.00 (E) 5512.97
Pipes: P181
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o o (cfs) (cfs) (ft/s) (o o
p181 18 18 0.500 57 5512.97 5512.68 1.62 7.43 3.36 5513.95 5513.67 0.013

Inlets: 105V1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o
105V1 Grate 2 2.18 1.68 0.49 30 0.24 11.88 5517.61 2 0.33 2.00 0.00 (W) 5512.95
Pipes: P182
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o o (cfs) (cfs) (ft/s) (o o
P182 18 18  0.500 57 5512.95 5512.66 1.68 7.43 3.40 5513.94 5513.65 0.013

Inlets: 104Vl

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
104vV1 Grate 2 0.85 1.78 0.00 50 0.17 8.67 5517.52 2 0.00 2.00 (E) 5512.66 (S) 5512.18
(W) 5512.68
Pipes: P183
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o o (cfs) (cfs) (ft/s) (o o
P183 24 24  0.500 99 5512.18 5511.68 5.03 16.00 4.50 5512.95 5512.45 0.013

Inlets: 104V2

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
104v2 Grate 2 0.52 0.67 0.00 50 0.09 4.52 5517.36 2 0.00 2.00 (N) 5511.68 (E) 5511.01
(S) 5511.01
Pipes: P187
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o o (cfs) (cfs) (ft/s) (o o
P187 24 24  0.500 57 5511.01 5510.72 8.09 16.00 5.11 5512.01 5512.27 0.013
Inlets: 105V2
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o

Page 2



1_SWWQ POND_WEST INFLOW_5YR.txt

105V2 Grate 2 0.61 0.58 0.23 30 0.17 8.28 5517.60 2 0.31
Pipes: P188
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o o (cfs) (cfs) (ft/s) (o o
P188 24 24  0.500 116 5510.72 5510.14 8.61 15.99 5.18 5512.24 5511.66 0.013

Inlets: 106V1

2.00 (W) 5510.72 (E) 5510.72

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o
106V1 Grate 2 1.39 1.19 0.20 30 0.18 9.06 5518.30 2 0.57 2.00 (W) 5510.14 (S) 5507.88
Pipes: P207
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o o (cfs) (cfs) (ft/s) (o o
P207 24 24 10.000 21 5507.88 5505.83 9.66 71.54 15.86 5508.38 5506.33 0.013

Manholes: 305M1

1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o o (€] (cfs)
305M1 Circular 5.00 (N) 5505.83 (E) 5504.24 5511.50 9.66
Pipes: P208
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o o (cfs) (cfs) (ft/s) (o o
P208 24 24  2.669 213 5504.24 5498.56 9.65 36.96 9.88 5504.93 5499.26 0.013

Inlets: 307R1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
307R1 Curb Opening 10 1.28 1.38 0.08 30 0.24 5.57 5504.35 10 2.00 2.00 0.00 (N) 5499.52
Pipes: P195
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o o (cfs) (cfs) (ft/s) (o o
P195 18 18  3.903 39 5499.52 5497.99 1.38 20.75 6.63 5499.79 5498.39 0.013

Inlets: 107C1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
107C1 Grate 3 0.44 0.44 0.00 50 0.09 0.69 5503.50 3 0.00

Pipes: P2
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in @in) (€] o o (fo (cfs) (cfs) (ft/s) o) o
P2 24 24 3.858 44 5497.71 5496 .00 11.15 4443 11.77 5498.39 5496.68 0.013

Number of items reported: 28
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2_SWWQ POND_WEST INFLOW_50YR.txt
Network Outfall Report
Date: Monday, January 27, 2014 5:34:23 PM
Drainage Data File: 19478-DRAIN
Inlets: 101Vl

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
() (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
101v1 Grate 2 1.68 1.48 0.19 30 0.16 7.90 5519.77 2 1.73 2.00 0.00 (E) 5515.08
Pipes: P190
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o (fo (cfs) (cfs) (ft/s) (o o
P190 18 18 2.905 83 5515.08 5512.66 1.48 17.90 6.13 5515.37 5513.12 0.013

Inlets: 102V1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
102v1 Grate 2 0.87 0.73 0.33 30 0.13 6.67 5518.25 2 1.70 2.00 (W) 5512.66 (E) 5512.56
Pipes: P191
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P191 18 18  0.500 64 5512.56 5512.24 2.20 7.43 3.66 5513.12 5513.45 0.013

Inlets: 103Vl

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (D] (o) o o o (€] (€D) o o
103v1 Grate 2 0.74 0.73 0.34 30 0.14 6.85 5517.16 2 1.50 2.00 (W) 5512.24 (E) 5512.14
Pipes: P192
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P192 18 18 0.719 52 5512.14 5511.77 2.90 8.90 1.64 5513.45 5513.39 0.013

Inlets: 103V3

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
103v3 Grate 2 0.55 0.63 0.26 30 0.13 6.56 5516.43 2 1.30 2.00 (W) 5511.77 (E) 5511.67
Pipes: P185
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (€3] o
P185 18 18  0.500 85 5511.67 5511.24 3.51 7.43 1.99 5513.38 5513.26 0.013

Inlets: 104V3

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
104V3 Grate 2 1.07 0.87 0.46 30 0.14 7.18 5515.18 2 1.80 2.00 (W) 5511.24 (N) 5511.18
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2_SWWQ POND_WEST INFLOW_50YR.txt

Pipes: P186
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P186 18 18  0.499 34 5511.18 5511.01 4.33 7.42 2.45 5513.17 5512.92 0.013

Inlets: 103v4

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
() (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o
103v4 Grate 2 3.46 2.44 1.02 30 0.27 13.63 5517.63 2 0.40 2.00 0.00 (E) 5512.97
Pipes: P181
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o (fo (cfs) (cfs) (ft/s) (o o
p181 18 18  0.500 57 5512.97 5512.68 2.44 7.43 3.76 5514.21 5513.73 0.013

Inlets: 105V1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o
105V1 Grate 2 3.65 2.53 1.12 30 0.29 14.42 5517.61 2 0.33 2.00 0.00 (W) 5512.95
Pipes: P182
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P182 18 18  0.500 57 5512.95 5512.66 2.53 7.43 3.80 5514.19 5513.71 0.013

Inlets: 104Vl

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (D] (o) o o o (€] (€D) o o
104vV1 Grate 2 1.42 3.56 0.00 50 0.28 13.76 5517.52 2 0.00 2.00 (E) 5512.66 (S) 5512.18
(W) 5512.68
Pipes: P183
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (€3] o
P183 24 24  0.500 99 5512.18 5511.68 8.44 16.00 5.16 5513.57 5513.20 0.013

Inlets: 104V2

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
104v2 Grate 2 0.88 1.20 0.00 50 0.13 6.66 5517.36 2 0.00 2.00 (N) 5511.68 (E) 5511.01
(S) 5511.01
Pipes: P187
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (€3] o
P187 24 24  0.500 57 5511.01 5510.72 13.57 16.00 4.32 5512.87 5512.44 0.013
Inlets: 105V2
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
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2_SWWQ POND_WEST INFLOW_50YR.txt

105V2 Grate 2 1.02 0.96 0.58 30 0.21 10.53 5517.60 2 0.31 2.00 (W) 5510.72 (E) 5510.72
Pipes: P188
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P188 24 24  0.500 116 5510.72 5510.14 14.43 15.99 5.76 5512.40 5511.82 0.013

Inlets: 106V1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
() (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o
106V1 Grate 2 2.33 1.82 0.51 30 0.22 11.00 5518.30 2 0.57 2.00 (W) 5510.14 (S) 5507.88
Pipes: P207
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o (fo (cfs) (cfs) (ft/s) (o o
P207 24 24 10.000 21 5507.88 5505.83 16.04 71.54 18.35 5508.53 5506.47 0.013

Manholes: 305M1

1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (fo (€] (cfs)
305M1 Circular 5.00 (N) 5505.83 (E) 5504.24 5511.50 16.04
Pipes: P208
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P208 24 24  2.669 213 5504.24 5498.56 16.03 36.96 11.34 5505.16 5499.48 0.013

Inlets: 307R1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (D] (o) o o o (€] (€D) o o
307R1 Curb Opening 10 2.15 2.06 0.54 30 0.28 7.74 5504.35 10 2.00 2.00 0.00 (N) 5499.52
Pipes: P195
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (€3] o
P195 18 18  3.903 39 5499.52 5497.99 2.06 20.75 7.48 5499.84 5498.61 0.013

Inlets: 107C1

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
107C1 Grate 3 0.74 0.74 0.00 50 0.12 0.97 5503.50 3 0.00 25.00 (S) 5497.99 (E) 5497.71
(W) 5498.56
Pipes: P2
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in (in) (D) (ft) (fv) (fv) (cfs) (cfs) (ft/s) ft) (fv)
P2 24 24 3.858 44 5497.71 5496.00 18.38 4443 13.47 5498.61 5496.90 0.013

Number of items reported: 28
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Network Outfall Report
Date:
Drainage Data File:

Pipes: PEX4A

Monday, January 27, 2014 5:31:15 PM
19478-DRAIN

3_SWWQ POND OUTFALL_OFFSITE BYPASS_5YR.txt

Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) o) o
PEX4A 12 12 1.025 98 5501.60 5500.59 2.00 3.61 4.71 5502.13 5501.12 0.013
Manholes: 307M1
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (fo (€] (cfs)
307M1 Circular 4.00(SW) 5500.59(NE) 5499.76 5504.40 2.00
Pipes: P205
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o (fo (cfs) (cfs) (ft/s) o) o
P205 18 18 3.955 53 5499.76 5497 .65 2.00 20.89 7.45 5500.08 5498.00 0.013
Manholes: 108M1
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (fo (€] (cfs)
108M1 Circular 4.00(SW) 5497.65 (E) 5497.55 5502.40 2.00
Pipes: P196
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) o) o
P196 18 18  1.000 138 5497 .55 5496.17 2.00 10.50 4.57 5498.00 5497.84 0.013
Manholes: 110M1
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (fo (€] (cfs)
110M1 Circular 4.00 (W) 5496.17 (N) 5496.07 5500.40 2.00
Pipes: P193
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) o) o
P193 18 18  1.057 21 5496.07 5495.85 2.00 10.80 1.13 5497.82 5497.22 0.013
Inlets: 110WQ1
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o
110WQ1 Grate 6 0.73 3.75 8.09 30 0.39 13.35 5499.00 6 3.84 2.00 (S) 5495.85 (E) 5495.80
Pipes: P194
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (€3] o
P194 24 24 1.112 15 5495.80 5495.64 5.75 23.85 6.24 5497.22 5497.06 0.013
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3_SWWQ POND OUTFALL_OFFSITE BYPASS_5YR.txt
Manholes: 110M2-NEW RIM_COVER

1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (Q)9] (ft) (cfs)
110M2-NEW RIM_COVER Circular 4.00 (W) 5495.64 0.00 5501.05 5.75

Number of items reported: 10
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4_NEWQ POND_SOUTH INFLOW_5YR.txt
Network Outfall Report
Date: Monday, January 27, 2014 5:32:16 PM
Drainage Data File: 19478-DRAIN

Inlets: 120V3

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
() (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
120v3 Grate 2 0.09 1.14 0.05 30 0.12 6.05 5498.78 3.56 2.00 0.00 (W) 5495.56
Pipes: P203
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o (fo (cfs) (cfs) (ft/s) (o o
P203 18 18  1.000 3 5495 .56 5495.53 1.14 10.50 0.64 5496.99 5496.88 0.013
Inlets: 120V2
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
120v2 Grate 2 4.76 3.66 1.09 30 0.20 10.19 5498.99 3.57 2.00 (E) 5495.53 (N) 5495.53
Pipes: P204
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P204 18 18  0.500 97 5495 .53 5495.04 4.80 7.43 2.72 5496.80 5496.50 0.013
Inlets: 120V1
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (D] (o) o o o (€] (€D) o o
120v1 Grate 2 0.95 1.75 0.18 30 0.15 7.26  5498.91 3.57 2.00 (S) 5495.04 (W) 5495.04
Pipes: P206
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P206 18 18  0.400 189 5495.04 5494 .29 6.48 6.64 3.67 5496.35 5495.70 0.013
Inlets: 117V1
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft) (cfs) (cfs) (cfs) (€D} (o) o o (¢13) (€] (€D) o o)
117v1 Grate 2 4.41 3.43 0.98 30 0.20 10.02 5505.67 3.36 2.00 (E) 5494.29 (W) 5494.29
Pipes: P201
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (€3] o
P201 24 24 0.400 291 5494.29 5493.13 9.71 14.31 3.09 5495.69 5494 .93 0.013
Manholes: 117M1
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (o (ft) (cfs)
117M1 Circular 5.00 (E) 5493.13 (N) 5493.13 5513.92 9.71
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4_NEWQ POND_SOUTH INFLOW_SYR.txt

Pipes: P1
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) (o o
P1 24 24 0.400 32 5493.13 5493.00 9.30 14.31 4.85 5494.68 5494 .54 0.013

Number of items reported: 10
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Network Outfall Report
Date: Monday, January 27, 2014 5:32:50 PM
Drainage Data File: 19478-DRAIN

Inlets: EX118

5_NEWQ POND_OUTFALL_5YR.txt

Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
() (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
EX118 Grate 3 0.00 0.00 0.00 30 0.00 0.00 5495.95 3 2.32 2.00 0.00 (N) 5491.04
Pipes: PEX5A
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o (fo (cfs) (cfs) (ft/s) (o o
PEX5A 24 24 1.000 13 5491.04 5490.91 0.00 0.00 0.00 0.00 0.00 0.013
Inlets: 114WQ1
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
114WQ1 Grate 6 1.84 4.41 6.73 30 0.42 14.49 5497.28 6 2.29 2.00 0.00 (E) 5492.00
Pipes: P202
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] o o (fo (cfs) (cfs) (ft/s) o) o
P202 24 24  0.410 269 5492.00 5490.90 4.41 14.48 4.04 5493.78 5492 .44 0.013
Manholes: 118M1
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (o (ft) (cfs)
118M1 Circular 6.00(SW) 5490.91(NE) 5490.80 5495.37 4.41
(W) 5490.90
Pipes: PEX5B
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in (in) (D) (ft) (fv) (fv) (cfs) (cfs) (ft/s) ft) (fv)
PEX5B 24 24 1.000 31 5490.80 5490.49 4.41 22.62 5.58 5492.16 5491.86 0.013
Manholes: EX118MH
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (fo (€] (cfs)
EX118MH Circular 4.00(SW) 5490.49 0.00 5494 .69 4.41

Number of items reported: 7
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Report Between Structures
Date: Monday, January 27, 2014 5:31:53 PM

Drainage Data File: 19478-DRAIN

6_GARRISON_54IN1_5YR.txt

Inlets: 54IN1
Inlet 1D Type Length Q Inlet Capacity Bypass Flow Clogging Flow Depth Spread Elevation Length Long. Slope Cross Slope Invertin InvertOut
(ft)y (cfs) (cfs) (cfs) (€D} (o) o o o (€] (€D) o o)
541IN1 Grate 3 1.06 1.06 0.00 50 0.17 1.98 5497.51 3 0.00 1.10 0.00(NE) 5494.97
Pipes: PEX6
Pipe IDHeight Width Slope Length Invertin InvertOut TotalFlow Capacity Velocity EntranceHGL ExitHGL Roughness
(in) @in) (€] (o o o (cfs) (cfs) (ft/s) (o o
PEX6 12 12 0.500 10 5494 .97 5494 .92 1.06 2.52 3.06 5495.58 5495.63 0.013
Manholes: EXMH54
1D Shape Width Invertin InvertOutRimElevation TotalFlow
o o (o (ft) (cfs)
EXMH54 Circular 4.00(SW) 5494.92 0.00 5497.81 1.06

W) 549497

Number of items reported: 3
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1. INTRODUCTION

This report presents the water quality analysis for roadway improvements along 6"
Avenue (US 6) at Garrison Street between Milepost 279.62 and Milepost 280.09.
Figure 1 shows the project location, which is located within the City of Lakewood,
Colorado. The project area is located in a part of Sections 3 and 10, Township 4
South, Range 69 West of the 6™ P.M., Jefferson County, Colorado. The project limits
are entirely within CDOT right-of-way, CDOT-owned properties, and the City of
Lakewood properties and easements within the City limits of Lakewood, Colorado.

The surrounding areas are a mixture of residential and commercial urban
development. There are no existing water quality facilities in the vicinity of the
project area. Mclntyre Gulch crosses Garrison Street south of 6™ Avenue between
West 2" Avenue and West 3™ Pl and Lakewood Gulch crosses Garrison Street
north of 6™ Avenue between West 9" Avenue and Lakewood Village Dr. Stormwater
runoff from the project site drains to the existing storm system in West 6™ Avenue,
which conveys the flows east and north to Lakewood Gulch. There are no irrigation
laterals within the project area.
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Figure 1 — Project Location



Lakewood Gulch ultimately discharges to the South Platte River approximately 4.5
miles east of the project. The majority of the runoff from newly paved areas
discharges to water quality facilities through the newly designed storm sewer with
the exception of pavement replacement at the east end of the project, which is noted
in Section 3 of this report. The proposed southwest water quality facility discharges
to the existing storm drain system in Garrison Street and the proposed northeast
water quality facility discharges to the existing storm drain system in West 6™
Avenue.

Figure 2 in Appendix A shows the project is within CDOT’s municipal separate
system (MS4) permit coverage area.

It is proposed to replace the existing Garrison Street Bridge with a new bridge. This
will require roadway replacement improvements along each of the approaches to the
bridge in addition to the new and replaced retaining walls on both sides of the 6™
Avenue. Figure 3 is the Water Quality Plan showing the site location, proposed
improvements, project limits and area of disturbance.

2. DISCUSSION OF CDOT MS4 / NDRD REQUIREMENTS

The purpose of this water quality report is to address Colorado Department of Health
and Environment (CDPHE) permanent water quality requirements for MS4
compliance. CDOT’s MS4 permit covers the project areas within the CDOT right-of-
way, while project areas beyond the CDOT right-of-way are covered by the City of
Lakewood’'s MS4 permit. The design includes ponds to provide the water quality
capture volume (WQCYV) in conformance with the MS4 permits. Technical and
design details regarding the permanent water quality facilities are described in a
separate drainage report. Some information between this water quality report and
the drainage report is duplicated so each report can stand alone and address
pertinent issues. The project drainage and water quality design are in accordance
with CDOT and Urban Drainage and Flood Control District (UDFCD) criteria and
guidelines.



3. PERMANENT WATER QUALITY BMPS

The BMPs recommended for this project are in accordance with the CDOT Erosion
and Stormwater Quality Guide and Urban Drainage Flood Control District Best
Management Practice Design Manual to ensure that permanent BMPs are adequate
to protect the water quality as per the New Development and Redevelopment
Planning Procedure.

This project constructs two water quality ponds to provide WQCYV for the new paved
surfaces within the project limits. The ponds are planned to be extended detention
basins (EDBs) with concrete forebays. They are located at the northeast corner of
6™ Avenue and Garrison Street and at the southwest corner of 6™ Avenue and
Garrison Street. Micropools will not be included within the outfall structures.

The EDB ponds are designed to empty within 40 hours after stormwater runoff
ceases. A water quality pond uses a much smaller outlet than a flood control
detention basin, which extends the emptying time for more frequently occurring
runoff events to facilitate pollutant removal from the stormwater. A retaining wall is
provided at one side of each of the ponds to achieve the desired water quality
capture volume and to tie into the fill slope of 6™ Avenue.

Northeast Water Quality Pond

The NE WQ pond was designed to include WQCYV for a total contributing area of
3.36 acres, of which 2.55 acres is impervious. The WQCYV for this area is 0.102 ac-
ft.

Southwest Water Quality Pond

The SW WQ pond was designed to include WQCYV for a total contributing area of
3.58 acres, of which 3.02 acres is impervious. The WQCYV for this area is 0.128 ac-
ft.

Area of disturbance

The total area of disturbance is approximately 10.33 acres. The area of disturbance
outside the existing roadway footprint is 2.99 acres.

Disturbed area not treated

There is a pavement section on 6™ Avenue at the east end of the project with an
area of approximately 1.47 acres that will be removed, regraded, and replaced. The
net pavement increase is zero. The runoff from this section of pavement cannot
feasibly be conveyed to the Northeast water quality pond. Since there is no net



pavement increase in this area, CDOT and the City of Lakewood agreed that this
area would not need to be treated for water quality.

Approximately 0.08 acres of modified areas on Garrison Street, including
improvement of shoulders, curb/gutter and sidewalks are also not treated for water
quality.

Overview

The proposed water quality facilities can fit within the proposed rights of way, can
achieve the required water quality capture volume for the areas tributary to them,
have maintenance access, meet CDOT and City of Lakewood MS4 requirements,
and are the types of facilities that have been approved by CDOT, Lakewood, and the
Urban Drainage and Flood Control District.

The design of the facilities was done according to Urban Drainage and Flood Control
District criteria. The facilities will be maintained by CDOT.

See Appendix A for water quality capture volume (WQCYV) calculations.

4. MAINTENANCE AND OPERATION

A. Water Quality Pond including Forebay

The Northeast and Southwest water quality ponds are located at the northeast
and southwest corners of 6™ Avenue and Garrison Street. They will have a single
cell outlet structure with screen and orifice plate, which is designed for a 40-hour
drain time. Two storm sewer lines drain into each pond at a concrete lined
forebay. The forebay is designed to drain within 5 minutes and intercept
sediment and large debris. Access to the northeast pond will be from the West 6"
Avenue NE off ramp. Access to the southwest pond will be from the SW off ramp.
5:1 slopes were requested by the City in place of a formalized maintenance path
to the forebay and pond outlet. The anticipated maintenance work that will be
required to ensure continued effectiveness of the facility will be done by the City
of Lakewood forces and will include:

e Mowing the native grass in the water quality basin, removing vegetation
that may clog the outlet structures.

e Clean trash and debris from the trash rack and grates. Dispose of material
off-site.

e Clear orifice holes so that water can continue to flow.



e Remove sediment from the basins when levels reach the lowest hole or
the forebay outlet pipe is blocked. This can be done with hand shovels,
bob-cats, or skid steers. Remove the material off-site to prevent re-
polluting the pond.

e Reseed as necessary to prevent erosion.

e Add additional erosion control items to stabilize the site.

e Tighten or replace trash rack bolts and screens as necessary to keep the
structure in working order.

The facilities will be owned by CDOT and maintained by the City of Lakewood
maintenance staff.
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Design Procedure Form: Extended Detention Basin (EDB)

Sheet 1 of 4

Designer: Douglas P. Stewart, PE

Company: CH2M HILL

Date: January 29, 2014

Project: US 6 Over Garrison Street (Southwest Water Quality Pond)
Location: Lakewood Colorado

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, |, la= 84.4 %
B) Tributary Area's Imperviousness Ratio (i = 1,/ 100 ) i= 0.844
C) Contributing Watershed Area Area = 3.580 ac
D) For Watersheds Outside of the Denver Region, Depth of Average de = in

Runoff Producing Storm

Choose One

E) Design Concept _

(Select EURV when also designing for flood control) @ water Quality Capture Volume (WQCV)

O Excess Urban Runoff Volume (EURV)

F) Design Volume (1.2 WQCV) Based on 40-hour Drain Time Vbesion= 0.128 ac-ft
(Voesien = (1.0*(0.91*i*-1.19* i+ 0.78 *i)/ 12 * Area * 1.2) I

G) For Watersheds Outside of the Denver Region, VbESIGN OTHER™ ac-ft
Water Quality Capture Volume (WQCV) Design Volume
(Vwacv otHer = (d6*(Vpesien/0.43))

H) User Input of Water Quality Capture Volume (WQCV) Design Volume VbEsiGN USERT ac-ft
(Only if a different WQCV Design Volume is desired)
Choose One
1) Predominant Watershed NRCS Soil Group °
A
Os
@®c/D

2. Basin Shape: Length to Width Ratio L:W= 4.0 i1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)
3. Basin Side Slopes
A) Basin Maximum Side Slopes Z= 0.10 ft/ ft TOO STEEP (< 3)
(Horizontal distance per unit vertical, 4:1 or flatter preferred)
4. Inlet

A) Describe means of providing energy dissipation at concentrated
inflow locations:

Pond 1 SW UD-BMP_v3.02.xls, EDB 1/29/2014, 2:52 PM



Design Procedure Form: Extended Detention Basin (EDB)

Designer: Douglas P. Stewart, PE
Company: CH2M HILL
Date: January 29, 2014
Project: US 6 Over Garrison Street (Southwest Water Quality Pond)
Location: Lakewood Colorado
5. Forebay

A) Minimum Forebay Volume
(Vemn = 2% of the WQCV)
B) Actual Forebay Volume

C) Forebay Depth
(De = 18

inch maximum)
D) Forebay Discharge
i) Undetained 100-year Peak Discharge

i) Forebay Discharge Design Flow
(Qr = 0.02* Qu0)

E) Forebay Discharge Design

Vemin = 0.002 ac-ft
Ve = ac-ft
D= 12.0 in

Q100 = 19.11 cfs
Qe= 0.38 cfs
Choose One

O Berm With Pipe (flow too small for berm w/ pipe)

@© wall with Rect. Notch
O wall with V-Notch Weir

D) Depth of Design Volume (EURV or 1.2 WQCV) Based on the Design
Concept Chosen Under 1.E.

E) Volume to Drain Over Prescribed Time

F) Drain Time
(Min Tp, tor WQCV= 40 hours; Max Tp, for EURV= 72 hours)

G) Recommended Maximum Outlet Area per Row, (A,)
H) Orifice Dimensions:

i) Circular Orifice Diameter or

1) Number of Columns

J) Actual Design Outlet Area per Row (A,)

K) Number of Rows (nr)

L) Total Outlet Area (Ay)

Pond 1 SW UD-BMP_v3.02.xls, EDB

G) Rectangular Notch Width Calculated Wy = 3.8 in
Choose One
6. Trickle Channel
O concrete
A) Type of Trickle Channel O Soft Bottom
F) Slope of Trickle Channel S= ft/ft
7. Micropool and Outlet Structure
A) Depth of Micropool (2.5-feet minimum) Dy = ft
B) Surface Area of Micronool (10 ft? minimum) Am= sq ft
C) Outlet Type
Choose One

O orifice Plate
O Other (Describe):

H= feet
WQCV = 0.107 ac-ft
To= hours
Ao = square inches
Dorifice = inches
ne = number
Ao = square inches
n = number
Ao = square inches

1/29/2014, 2:52 PM




Design Procedure Form: Extended Detention Basin (EDB)

Sheet 3 of 4
Designer: Douglas P. Stewart, PE
Company: CH2M HILL
Date: January 29, 2014
Project: US 6 Over Garrison Street (Southwest Water Quality Pond)
Location: Lakewood Colorado

8. Initial Surcharge Volume

A) Depth of Initial Surcharge Volume Dis = in
(Minimum recommended depth is 4 inches)

B) Minimum Initial Surcharge Volume Vis = cu ft
(Minimum volume of 0.3% of the WQCV)

C) Initial Surcharge Provided Above Micropool V= cu ft

9. Trash Rack Choose One
O circular (up to 2" diameter)

A) Type of Water Quality Orifice Used O Rectangular (2" high)

B) Water Oualitv Screen Onen Area: A. = 38.5%(e*%%PyA , A= square inches

Choose One
O s.5. Well Screen with 60% Open Area*

O Other (Describe):

D) For 2" High Rectanqular Opening:

i) Width of Rectangular Opening (W grifice) W = inches
ii) Width of Water Quality Screen Opening (W gpening) Wopening = ft

iii) Height of Water Quality Screen (Hrg) Hrg = f#t

iv) Type of Screen, Describe if "Other" Choose One

O Aluminum Amico-Klemp SR Series (or equal)
O Other (Describe):

v) Cross-bar Spacing inches

vi) Minimum Bearing Bar Size

Pond 1 SW UD-BMP_v3.02.xls, EDB 1/29/2014, 2:52 PM



Design Procedure Form: Extended Detention Basin (EDB)

Sheet 4 of 4
Designer: Douglas P. Stewart, PE
Company: CH2M HILL
Date: January 29, 2014
Project: US 6 Over Garrison Street (Southwest Water Quality Pond)
Location: Lakewood Colorado

10. Overflow Embankment

A) Describe embankment protection for 100-year and greater overtopping:

B) Slope of Overflow Embankment Ze = ft/ft
(Horizontal distance per unit vertical, 4:1 or flatter preferred)

Choose One

11. Vegetation O Irrigated

O Not Irrigated

12. Access

A) Describe Sediment Removal Procedures

Notes:

Pond 1 SW UD-BMP_v3.02.xls, EDB 1/29/2014, 2:52 PM



Design Procedure Form: Extended Detention Basin (EDB)

Sheet 1 of 4

Designer: Douglas P. Stewart, PE

Company: CH2M HILL

Date: January 29, 2014

Project: US 6 Over Garrison Street (Northeast Water Quality Pond)
Location: Lakewood, Colorado

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, |, la= 75.9 %
B) Tributary Area's Imperviousness Ratio (i = 1,/ 100 ) i= 0.759
C) Contributing Watershed Area Area = 3.360 ac
D) For Watersheds Outside of the Denver Region, Depth of Average de = in

Runoff Producing Storm

Choose One

E) Design Concept _

(Select EURV when also designing for flood control) @ water Quality Capture Volume (WQCV)

O Excess Urban Runoff Volume (EURV)

F) Design Volume (1.2 WQCV) Based on 40-hour Drain Time Vbesion= 0.102 ac-ft
(Voesien = (1.0*(0.91*i*-1.19* i+ 0.78 *i)/ 12 * Area * 1.2) e

G) For Watersheds Outside of the Denver Region, VbESIGN OTHER™ ac-ft
Water Quality Capture Volume (WQCV) Design Volume
(Vwacv otHer = (d6*(Vpesien/0.43))

H) User Input of Water Quality Capture Volume (WQCV) Design Volume VbEsiGN USERT ac-ft
(Only if a different WQCV Design Volume is desired)
Choose One
1) Predominant Watershed NRCS Soil Group °
A
Os
@®c/D

2. Basin Shape: Length to Width Ratio L:W= 4.0 i1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)
3. Basin Side Slopes
A) Basin Maximum Side Slopes Z= 0.01 ft/ ft TOO STEEP (< 3)
(Horizontal distance per unit vertical, 4:1 or flatter preferred)
4. Inlet

A) Describe means of providing energy dissipation at concentrated
inflow locations:

Pond 2 NE UD-BMP_v3.02.xls, EDB 1/29/2014, 3:14 PM



Design Procedure Form: Extended Detention Basin (EDB)

Designer: Douglas P. Stewart, PE
Company: CH2M HILL
Date: January 29, 2014
Project: US 6 Over Garrison Street (Northeast Water Quality Pond)
Location: Lakewood, Colorado
5. Forebay

A) Minimum Forebay Volume
(Vemn = 2% of the WQCV)
B) Actual Forebay Volume

C) Forebay Depth
(De = 18

inch maximum)
D) Forebay Discharge
i) Undetained 100-year Peak Discharge

i) Forebay Discharge Design Flow
(Qr = 0.02* Qu0)

E) Forebay Discharge Design

Vemin = 0.002 ac-ft
Ve = ac-ft
D= 12.0 in

Q100 = 27.27 cfs
Qe= 0.55 cfs
Choose One

O Berm With Pipe (flow too small for berm w/ pipe)

@© wall with Rect. Notch
O wall with V-Notch Weir

D) Depth of Design Volume (EURV or 1.2 WQCV) Based on the Design
Concept Chosen Under 1.E.

E) Volume to Drain Over Prescribed Time

F) Drain Time
(Min Tp, tor WQCV= 40 hours; Max Tp, for EURV= 72 hours)

G) Recommended Maximum Outlet Area per Row, (A,)
H) Orifice Dimensions:

i) Circular Orifice Diameter or

1) Number of Columns

J) Actual Design Outlet Area per Row (A,)

K) Number of Rows (nr)

L) Total Outlet Area (Ay)

Pond 2 NE UD-BMP_v3.02.xls, EDB

G) Rectangular Notch Width Calculated Wy = 4.4 in
Choose One
6. Trickle Channel
O concrete
A) Type of Trickle Channel O Soft Bottom
F) Slope of Trickle Channel S= ft/ft
7. Micropool and Outlet Structure
A) Depth of Micropool (2.5-feet minimum) Dy = ft
B) Surface Area of Micronool (10 ft? minimum) Am= sq ft
C) Outlet Type
Choose One

O orifice Plate
O Other (Describe):

H= feet
WQCV = 0.085 ac-ft
To= hours
Ao = square inches
Dorifice = inches
ne = number
Ao = square inches
n = number
Ao = square inches

1/29/2014, 3:14 PM




Design Procedure Form: Extended Detention Basin (EDB)

Sheet 3 of 4
Designer: Douglas P. Stewart, PE
Company: CH2M HILL
Date: January 29, 2014
Project: US 6 Over Garrison Street (Northeast Water Quality Pond)
Location: Lakewood, Colorado

8. Initial Surcharge Volume

A) Depth of Initial Surcharge Volume Dis = in
(Minimum recommended depth is 4 inches)

B) Minimum Initial Surcharge Volume Vis = cu ft
(Minimum volume of 0.3% of the WQCV)

C) Initial Surcharge Provided Above Micropool V= cu ft

9. Trash Rack Choose One
O circular (up to 2" diameter)

A) Type of Water Quality Orifice Used O Rectangular (2" high)

B) Water Oualitv Screen Onen Area: A. = 38.5%(e*%%PyA , A= square inches

Choose One
O s.5. Well Screen with 60% Open Area*

O Other (Describe):

D) For 2" High Rectanqular Opening:

i) Width of Rectangular Opening (W grifice) W = inches
ii) Width of Water Quality Screen Opening (W gpening) Wopening = ft

iii) Height of Water Quality Screen (Hrg) Hrg = f#t

iv) Type of Screen, Describe if "Other" Choose One

O Aluminum Amico-Klemp SR Series (or equal)
O Other (Describe):

v) Cross-bar Spacing inches

vi) Minimum Bearing Bar Size

Pond 2 NE UD-BMP_v3.02.xls, EDB 1/29/2014, 3:14 PM



Design Procedure Form: Extended Detention Basin (EDB)

Sheet 4 of 4
Designer: Douglas P. Stewart, PE
Company: CH2M HILL
Date: January 29, 2014
Project: US 6 Over Garrison Street (Northeast Water Quality Pond)
Location: Lakewood, Colorado

10. Overflow Embankment

A) Describe embankment protection for 100-year and greater overtopping:

B) Slope of Overflow Embankment Ze = ft/ft
(Horizontal distance per unit vertical, 4:1 or flatter preferred)

Choose One

11. Vegetation O Irrigated

O Not Irrigated

12. Access

A) Describe Sediment Removal Procedures

Notes:

Pond 2 NE UD-BMP_v3.02.xls, EDB 1/29/2014, 3:14 PM



@ CcHZ2MHILL

US 6 Over Garrison

Preliminary and Final Engineering Design

Technical Leadership Team (TLT) Meeting Minutes - No. 03
Purpose: Water Quality Pre-FIR Meeting

Day: Monday Date: November 25, 2013, 10:00 am

CDOT R1 - Corporate Circle

Location: Fossil Trace Conference Room Golden, CO
Participants:
Attendee Representing Attendee Representing
Jana Spiker CDOT
Holly Huyck CDOT
Doug Stewart CH2M HILL

Discussion Items

The purpose of this Technical Leadership Team (TLT) meeting is to present a preliminary
Permanent Water Quality design layout and discuss its issues and alternatives.

Action items are in bold type and key decisions are highlighted, both are summarized in
tables at the end of this document.

Key agenda items are listed below:

Water Quality Design Discussion

Doug laid out a project area map delineating the drainage basins of concern for the project.
The first area encompassed the disturbed area west of Garrison Avenue. There are two off-
site flow storm drains that will bypass the project area to prevent offsite flows from
overwhelming the water quality facility. Attempts were made to include treatment for
offsite flows west of Garrison, but there is limited space for a surface BMP, without
including walls. CDOT has stated in the past that they would prefer to not include walls in
water quality ponds. Due to the raising of the roadway, a wall may be required along
either the highway or one side of the water quality pond. An Extended Detention Basin
(EDB) Water Quality pond is proposed for this basin between 6th Avenue and the SW
Frontage Road. The pond would discharge to an existing drainage system along Garrison
Street, which flows north to Lakewood Gulch. This will be called Basin No. 1 or the SW
Basin

PAGE 1 OF 3




TECHNICAL LEADERSHIP TEAM MEETING #03 MINUTES

The next BMP basin is located east of Garrison, extending only as far along 6 Avenue as
the area can be drained back to a water quality facility. An EDB is proposed between 6th
Avenue and the NE Frontage Road. The pond would discharge to an existing drainage
system just east of the pond, which discharges to a system of roadside ditches and culverts
that flow to Lakewood Gulch. This will be called Basin No. 2 or the NE Basin.

The limits of disturbance for the project extend farther east than the NE Basin limits, but
this area could not be drained back to an on-site pond. CDOT maintenance has stated that
they would prefer not to use underground vaults for water quality, but they have been
using them more frequently on other projects. Holly discussed a developing policy to
apply funding dollars for meeting water quality requirements instead of multiple small
permanent BMPs. In this way, project money that would have gone toward an on-site
facility could go toward an off-site regional facility. Development of this process and
guidelines is still underway. Holly will coordinate further with Dave Baskett of City of
Lakewood to discuss underground vaults, funding for off-site treatment and a
maintenance agreement between the City and CDOT.

Water Quality Report Discussion

The following discussion was in regard to the Sample Permanent Water Quality Report
outline dated 7/25/13.

Section 1 - Disturbance vs. Project Limits. Both can be the same outline and area, but don’t
have to be. Disturbance usually occurs in grassed areas or where pavement is to be
removed.

Section 2 - CDOT MS4 versus Local Jurisdiction MS4. CDOT M$S4 is used when permanent
water quality is located within the CDOT right-of-way or CDOT owned properties. If
runoff from disturbed area within the CDOT property cannot be treated on CDOT
property, then the local jurisdiction must be consulted to determine if their MS4
requirements should be followed.

Section 3.2 - Permanent WQ options considered. Only discuss those options that could be
feasibly used on the project site. Do not need to discuss options that don’t fit within the
topography or have been excluded from selection by CDOT Maintenance or other
jurisdictions who will maintain it.

Section 3.4 - Table added to Report Text. Holly would like to keep the table shown on the
Water Quality Plan as it is with no modifications, but she would like to copy the Table from
the WQ report to the report text and a column added for pervious areas.

Section 3.4 -6 - Holly will review the text to clarify NEW imperious area versus ALL
impervious area for area required for treatment.

Seciton 3.4 -8 - Holly will review the text to clarify REQUIRED versus ACTUAL areas
treated and to define applicable exclusions.

Other Items

Holly requested that we include Water Quality reports and maps, drainage plans and
SWMP plans all together in the final ProjectWise directory so that her team does not have
to search other directories for these references.

PAGE 2 OF 3



TECHNICAL LEADERSHIP TEAM MEETING #03 MINUTES

Holly and Doug discussed temporary BMPs for temporary Bridge detours. In Holly’s
opinion, she would connect any inlets along the detour route directly to the existing storm
system, ASSUMING that there is only runoff from impervious roadway areas. If runoff
from disturbed grass areas was directed to the detour, then temporary sediment traps
should be considered. She recommended that Susie be included in this discussion.

Doug will provide Holly with an 11”x17” plan sheet showing the preliminary permanent
water quality basins and systems layout.

DECISION LIST
Decision Made by
Copy the Table from the WQ report to the report text and a column added
for pervious areas. CDOT
ACTION ITEMS
No. TLT Meeting #01 Responsibility Status
1 | Holly will coordinate further with Dave Baskett of City of Holly Huyck

Lakewood to discuss underground vaults, funding for off-
site treatment and a maintenance agreement between the
City and CDOT.

Holly will update the text to reference NEW imperious Holly Huyck
area instead of ALL impervious area for area required for
treatment.

Holly will update the text to clarify required versus actual | Holly Huyck
areas treated and to define applicable exclusions.

Doug will provide Holly with an 11”x17” plan sheet Doug Stewart
showing the preliminary permanent water quality basins
and systems layout.
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Engineering Justification for Pipe Materials for

US 6 Over Garrison Street

To: Scott Leiker, PE, CDOT Region 1 Hydraulics
Date: February 7, 2014
From: Douglas P. Stewart, PE, CH2M HILL

Project Number: CDOT Federal Aid Project No.: FBR 0063-046
CH2M HILL: 473244.05.PD.HY

Introduction

This Pipe Materials Justification Report was prepared to document the research and process for
selecting acceptable pipe materials for the US 6 Over Garrison Street Project, as outlined in the
current CDOT Pipe Material Selection Policy.

Step 1: Application

This project specifies 18 inches to 24 inches reinforced concrete pipe for storm drain mains and
laterals. The following justification supports this decision based on specific engineering
requirements for the project.

Step 2: Abrasion Level

The abrasion level for the storm drain pipes is Abrasion Level 1, which applies to pipe with no
bed load and low velocities.

Step 3: Corrosion Level

See attached excerpt from the Geotechnical Report by RockSol. See attached annotations on
Table 1 of the CDOT Pipe Material Selection Policy.

CR Level 0 for Storm Drains.

Step 4: Selection of Pipe Material Type
See annotations on Figure 2 of the CDOT Pipe Material Selection Policy.

Acceptable pipe materials for CR 0 based on CDOT pipe selection criteria are RCP, PE, and
PVC. The City of Lakewood has requested the use of only RCP due to their maintenance needs.

Step 5: Verify Fill Height
Fill for this project falls within the acceptable ranges as shown in the Standard Plans.

Step 6: Exceptions to CDOT Pipe Materials Selection Policy

The City of Lakewood has requested to use only RCP, which is an exception to the CDOT Pipe
Materials Selection Policy.

Conclusion

RCP will be used on this project for the following reasons:



Soil tests for water soluble sulfate concentrations were measured in samples obtained
from the exploratory borings by RockSol. The RockSol test results indicate that the
water soluble sulfate concentrations in soil were less than or equal to 0.10 percent by
weight. This level of water soluble sulfate concentration is characterized by CDOT as a
Class 0 (SP0) severity of sulfate exposure for concrete in contact with site soils. The
water soluble sulfate concentrations encountered represent a “negligible” degree of
sulfate attack on concrete according to the American Concrete Institute (ACI), which
defines the degree of attack on concrete as negligible (0.0 to 0.1%). , moderate (0.1-
0.2%),” severe (0.2-2.0%), and very severe (over 2.0%) as described in ACI, Section 318,
Chapter 4. Groundwater will not be encountered during storm drain installations,
therefore, its sulfate content was not considered in the pipe design.

Section 603 of CDOT Standard Specifications for Road and Bridge Construction is used
for the storm drain systems for this project.

Only RCP pipe shall be used for the storm drains, as requested by the City of
Lakewood.



January 29, 2014

CH2M HILL
9193 South Jamaica Street
Englewood, Colorado 80112

Attention: Mr. Aaron Swafford, P.E.

Subject: Pavement Design Report, US 6 over Garrison Street Bridge Replacement
Project, Lakewood, Colorado, Colorado Department of Transportation Project
No. FBR 0063-046 (19478), RockSol Project Number 321.01

Dear Mr. Swafford:

RockSol Consulting Group, Inc. (RockSol) has performed a geotechnical investigation for the
US 6 over Garrison Street Bridge Replacement Project.

This Pavement Design Report presents a brief discussion of the subsurface conditions
encountered, a summary of the lab testing performed on recovered soil and bedrock samples,
and pavement design recommendations to assist with design of pavements for the subject
project.

Surface and groundwater hydrology, hydraulic engineering, and environmental studies including
contaminant characterization were not included in RockSol’'s scope of work.

Project Description

The existing three-span bridge structure, identified as the US 6 over Garrison Bridge (Structure
No. F-16-ER) is proposed to be replaced by a new single-span bridge over Garrison Street.
The new structure may be slightly wider to accommodate wider shoulders within US 6 and
lengthened to an approximate span length of 85 feet to allow for new 8-foot wide sidewalks and
4-foot wide bike lanes along northbound and southbound Garrison Street.  Planned
improvements will also include correcting the vertical curve deficiency on US 6 by raising the
grade for US 6 to the east and west of Garrison Street and lowering the bridge over Garrison
Street. The existing connection ramp configurations and tie in grades to US 6 are proposed to
generally remain the same. The grade of the eastbound US 6 off-ramp to Garrison Street will
be raised slightly for a portion of its length.

Proposed construction phasing will include the construction of a temporary bridge over Garrison
Street to the south of the existing bridge structure and the construction of temporary retaining
wall systems at the southwest and southeast quadrants of the overpass to allow westbound
(WB) traffic to shift into the existing eastbound (EB) US 6 lanes while the WB bridge section is
removed and replaced. During bridge construction the EB US 6 traffic will be shifted to the
temporary bridge alignment. New pavement construction will be required for EB and WB US 6
within the project limits. Temporary (detour) pavement will also be required for EB US 6 as part
of the construction phasing.

Project Site Conditions

The existing US 6 bridge over Garrison Street is a three span structure consisting of continuous
welded girder center spans supported by two sets of six-concrete column piers. The existing
bridge carries three lanes of traffic in each direction over Garrison Street and is approximately
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90 feet in width. US 6 is presently surfaced with flexible pavement. The existing US 6 approach
embankments (fill placement) are approximately 20 feet in height at the bridge abutments.
Concrete slope paving (approximate 2H:1V slope) is present at each abutment with
embankment side slopes of approximately 3H:1V to 4H:1V.

A mix of commercial and residential development borders the project area. Topography at the
site generally consists of flat to mild slopes with a general trend of decreasing elevation to the
north and east.

Subsurface Investigation

In August and September 2013, RockSol drilled 13 boreholes to evaluate the subsurface
conditions for the US 6 over Garrison Bridge Replacement project. The borehole locations are
identified as BR-1 through BR-6, RW-1 through RW-5 and PV-1 through PV-2, as shown on
Figure 2, Borehole Location Plan. Boreholes BR-1 through BR-6 were drilled at the
approximate location of the proposed bridge structure, Boreholes RW-1 through RW-5 were
drilled to assist with retaining wall foundation recommendations, and Boreholes PV-1 and PV-2
were drilled to assist with pavement thickness recommendations. The boreholes were located
by field survey provided by the project surveyor (HKS). Horizontal and vertical locations were
then provided to RockSol for inclusion on the Borehole Location Plan and on the borehole logs.
Pavement cores were obtained at Boreholes BR-1, BR-2, BR-5, RW-1, RW-2, RW-4, PV-1 and
PV-2.

Truck mounted CME-45 and CME-55 drill rigs were used for driling and sampling. The
boreholes were advanced using 4-inch outside diameter solid stem augers and 8 inch outside
diameter hollow stem augers to maximum depths ranging from approximately 10 feet to 80 feet
below existing grades. The boreholes were logged in the field by a representative of RockSol
with the depth to groundwater noted at the time of drilling. A monitoring well was drilled and
installed near Borehole BR-4 for the project environmental team (Pinyon Environmental).
Except for the monitoring well, the boreholes were backfilled at the completion of drilling and
groundwater level checks. Boreholes drilled within existing pavement were patched with
concrete and/or asphalt patch mixes.

Subsurface materials were sampled and resistance of the soil to penetration of the sampler was
performed using modified California barrel and standard split spoon samplers. The modified
California barrel sampler has an outside diameter of approximately 2.5 inches and an inside
diameter of 2 inches. The standard split spoon sampler used had an outside diameter of 2
inches and an inside diameter of 1%s-inches. Brass tube liners are used with the modified
California barrel sampler to retain samples for density, swell, and unconfined compressive
strength testing. Sample retaining liners are not used with the standard split spoon sampler.

Penetration Tests were performed at selected intervals using both a standard rope-cathead lift
system and an automatic lift system. Both hammer lift systems used a hammer weighing 140
pounds and falling 30 inches. The standard split spoon sampling method is the Standard
Penetration Test (SPT) described by ASTM Method D-1586. Penetration Tests were performed
using the modified California barrel sampler with a standard hammer weighing 140 pounds
falling 30 inches per ASTM D3550. The modified California Barrel sampling method is similar to
the SPT test with the difference being the sampler dimensions and the number of 6-inch
intervals driven with the hammer. Correlation of blow counts obtained from a modified
California sampler to blow counts obtained from a standard split spoon sampler is not available.
However, it is RockSol's experience that blow counts obtained with the modified California
sampler tend to be slightly greater than a standard split spoon sampler. Penetration resistance

RockSol Project No. 321.01 2 January 29, 2014
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values (blow counts) were recorded for each sampling event. Blow counts, when properly
evaluated, indicate the relative density or consistency of the soils. Depths at which the samples
were taken, the type of sampler used, and the blow counts that were obtained are shown on the
Boring Logs for each borehole. Individual Borehole Logs are included in Appendix A.
Engineering Geology Sheets for the project are included in Figures 2A through 2D.

Subsurface Conditions

Roadway Pavement

Flexible pavement (asphalt) was encountered at the ground surface at eight borehole locations.
Where flexible roadway pavement was encountered on US 6, the thickness generally ranged
from 6.0 inches to 9.5 inches. At Boreholes BR-1, BR-2, BR-5, PV-1, and RW-2 approximately
4.0 inches to 8.5 inches of flexible asphalt pavement was noted overlying 7.5 inches to 10.5
inches of rigid pavement. Aggregate base course material was not noted below the pavement
sections. A summary of the pavement section thicknesses encountered is presented in Table 1.

Table 1 — Existing Pavement Sections

s e Pa-\l;gltﬁ:ent
Borehole Location Thickness Thickness :
(inches) (inches) VhiElmEss
(inches)
BR-1 WB US 6 Shoulder 5 10Y4 15Y,
BR-2 EB US 6 Lane 1 7Y 912 17
11% (total)
BR-5 EB US 6 Lane 1 [2 distinct layers 8% 20
encountered]
PV-1 WB US 6 Shoulder TYa A 14%
PV-2 EB US 6 Shoulder 7Y% Not Encountered 7Y
RW-1 WB US 6 Shoulder 9V, Not Encountered 9V,
RW-2 WB US 6 Shoulder 4 7Y% 11%
RW-4 EB US 6 Shoulder 7% Not Encountered 74
RW-5 US 6 Frontage Road (SE) 6 Not Encountered 6

The pavement section noted at Borehole RW-5 is based on field measurements made by
RockSol during drilling operations. A pavement core was not recovered at Borehole RW-5. The
pavement core recovered at Borehole BR-5 included a layer of asphalt pavement, 8% inches in
thickness, over 8% inches rigid pavement, which was over a layer of asphalt pavement
approximately 3% inches in thickness. A summary of the recovered pavement cores is
presented in Appendix B, Pavement Core Log Summary. Included in the core log summary are
photographs of the recovered core sections and RockSol’'s general assessment of the condition
of each core.

Topsoil

Topsoil was encountered at the ground surface at four borehole locations. The topsoil
encountered was lightly organic sandy silt which supported a sparse covering of grasses and
weeds. A topsoil thickness of approximately 3 inches to 6 inches was estimated based on field
observations.

RockSol Project No. 321.01 3 January 29, 2014
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Fill Material

Beneath the pavement and topsoil, subsurface conditions encountered generally consisted of fill
material to approximate depths ranging from 3 feet to 24 feet below existing grades and
appears to be associated with the roadway embankment for US 6 over Garrison and the
entrance and exit ramps for US 6. Fill material was not noted in Borehole BR-3. The fill
material encountered generally consisted of medium stiff to very stiff sandy clay with gravel in
parts. In Boreholes BR-2, BR-6, PV-1, and PV-2, fill material consisting of silty to clayey sand
with gravel was encountered. Based on laboratory test results, the fill material encountered
predominantly classified as A-6 soils by the American Association of State Highway and
Transportation Officials (AASHTO) soil classification system. A-7-6 soils were also
encountered. A summary of laboratory test results with soil classifications is presented in
Appendix C.

Native Soils

Native soils encountered below the fill material or ground surface included stiff to hard sandy
clay and medium dense to dense silty to clayey sand with gravel in parts. Sandy silt and
gravelly sand were encountered at depths greater than 15 feet.

Bedrock

Sedimentary bedrock was encountered beneath the native soils in Boreholes BR-1 through BR-
6 and RW-5 at elevations ranging from 5,455 feet to 5,461 feet during drilling operations. The
bedrock generally consisted of very hard claystone. Very hard clayey sandstone and siltstone
bedrock layers were also noted in Boreholes BR-1 through BR-6. Bedrock was not noted to the
maximum depths drilled (approximately 10 feet to 50 feet) at Boreholes PV-1, PV-2 and RW-1
through RW-4.

Groundwater

Groundwater was encountered in 11 boreholes at elevations ranging from 5,479 feet to 5,493
feet (approximate depths ranging from 14 feet to 37 feet below existing grades) during drilling
operations. Groundwater was not encountered to the maximum depths drilled (approximately
10 feet below existing grades) at Boreholes PV-1 and PV-2.

A summary of the bedrock and groundwater elevations encountered is presented in Table 2.
The approximate groundwater and bedrock elevations are rounded to the nearest one-half foot
and are based on the depth to groundwater and bedrock noted during drilling and sampling
operations and the ground surface elevations provided by the project surveyor.

Based on the groundwater elevations presented in Table 2, there appears to be a decreasing
gradient predominately to the east. Based on the bedrock elevations presented in Table 2, the
bedrock surface elevation appears to be decreasing in the northeast direction.
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Table 2 — Approximate Groundwater and Bedrock Elevations

Borehole Ground Elevation Groundwater Elevation Bedrock Elevation
(feet) (feet) (feet) Note 1

BR-1 5,520.8 5,487 5,459
BR-2 5,521.3 5,486 5,458
BR-3 5,501.2 5,485 5,458
BR-4 5497.8 5,483.5 5,455
BR-5 5,520.4 5,483 5,455
BR-6 5,501.1 5,483 5,460
RW-1 5,514.0 5,493 Not Encountered
RW-2 5,518.9 5,490 Not Encountered
RW-3 5,504.8 5,491 Not Encountered
RW-4 5,516.4 5,479 Not Encountered
RW-5 5,499.5 5,479.5 5,461

Expansive Soil Discussion

Swell potential in the subgrade soils obtained within the upper 5 feet below existing and
proposed pavement grades ranged from 0.0 percent (swell) to 1.8 percent (swell), when tested
with a 200 pound per square foot (psf) surcharge, with the average swell less than 1 percent.

Swell potentials ranging from -1.0 percent (consolidation) to 3.0 percent (swell) were obtained in
subgrade soils deeper than 5 feet in the boreholes used for pavement recommendations and in
Boreholes in areas where no new pavement is anticipated. For pavement recommendations
swell potentials from tests in the upper 5 feet below existing and proposed pavement grades
where new pavement is anticipated were used.

Based on the swell test data, the pavement subgrade soils appear to possess a low swell
potential and low consolidation potential. Special earthwork requirements for mitigation of
expansive soils are not considered necessary for this project. New embankment material
placed for this project shall meet requirements of Section 203 (Excavation and Embankment) of
the CDOT Standard Specifications for Road and Bridge Construction, dated 2011, with a
minimum R-Value of 5 and a swell percentage less than 1 percent when tested with a 200-psf
surcharge.

A summary of laboratory test results is presented in Appendix C.

Sulfate Exposure Category

Cementitious material requirements for concrete in contact with site soils or groundwater are
based on the percentage of water soluble sulfate in either soil or groundwater that will be in
contact with concrete constructed for this project. Mix design requirements for concrete
exposed to water soluble sulfates in soils or water is considered by Colorado Department of
Transportation (CDOT) as shown in Table 3 and in the Standard Specifications for Road and
Bridge Construction, dated 2011 (CDOT Table 601-2).
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Table 3
Requirements to Protect Against Damage to Concrete
by Sulfate Attack from External Sources of Sulfate

Severity of Water-soluble . " Cementitious
sulfate sulfate (SOy), in dry SIED (B0, Water Ceme.ntltlous Material
. water, ppm Ratio, maximum .
exposure sail, percent Requirements
Class 0 0.00t0 0.10 0to 150 0.45 Class 0
Class 1 0.11 t0 0.20 151 to 1,500 0.45 Class 1
Class 2 0.21t02.0 1,500 to 10,000 0.45 Class 2
Class 3 2.01 or greater 10,001 or greater 0.40 Class 3

The concentration of water soluble sulfates measured in 21 soil samples obtained from
RockSol’s exploratory boreholes was less than 0.1 percent by weight. Based on the results of
the water soluble sulfate testing, Exposure Class 0 is considered appropriate for concrete in
contact with subgrade materials for the project.

Subgrade Support Testing

R-Value tests were performed on a sample of A-7-6 soil from Borehole PV-1 and on a sample of
A-6 soil from Borehole PV-2. A summary of the R-Value test results is shown in Table 4. All
samples tested were obtained within the upper 10 feet of the existing ground surface.

Table 4
Subgrade Soil R-Value Test Summary
Borehole Approximate Location AASHTO Classification R-Value
PV-1 WB US 6, Station 104+30, Lane 3 A-7-6 (8) 5
PV-2 EB US 6, Station 118+45, Outside Shoulder A-6 (19) 4

Based on the results of the R-Value testing and subgrade soil classification testing, RockSol
considers a subgrade support R-Value of 5 appropriate for pavement design purposes.

Pavement Thickness Recommendations (New Construction — 20/30 Year Design Life)

18 Kip equivalent single axle loads (ESALs) for US 6 within the project limits and US 6
Eastbound off-ramp at Garrison Street were provided to RockSol by CH2M HILL. The average
daily traffic for mainline US 6 was taken from the CDOT OTIS system and included 2012
(current) data, forecast data for the year 2035, and data for the year 2045 estimated by linear
extrapolation. Percent trucks accounted for approximately 3.1 percent to 3.2 percent of the
traffic volume with single unit trucks accounting for approximately 1.7 percent to 1.9 percent and
combination trucks accounting for approximately 1.4 percent and 1.3 percent respectively. A
summary of the traffic data used to develop the design life ESAL’s for this project is included in
Appendix D.

Design life ESAL’s are based on a project completion year of 2015. For new construction a
design life of twenty years was used for flexible pavement. A design life of thirty years was
used for rigid pavement.

Pavement thicknesses were calculated using the AASHTO Pavement Design and Analysis
System (DARWIn) and the NCHRP rigid pavement design supplemental spreadsheet software,
based on the 1998 AASHTO Supplemental Guide for rigid pavement. Structural coefficients of
0.15 and 0.44 were used for CDOT Class 6 aggregate base course and HMA, respectively,
when developing flexible pavement thickness recommendations. Elastic modulus values of
25,000 psi and 3,400,000 psi were used for CDOT Class 6 aggregate base course and PCC,
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respectively, when developing rigid pavement thickness recommendations. A Reliability Level
of 95 percent was used.

All permanent (20/30 year design life) pavement thicknesses presented are to be placed on top
of 6 inches of CDOT Class 6 Aggregate Base Course (ABC) since the design life ESAL values
are greater than 500,000.

Pavement thickness recommendations for mainline US 6 and the Eastbound US 6 off-ramp at
Garrison Street are presented in Table 5A.

Table 5A — Pavement Thickness Recommendations (New Construction)

Pavement Design | Structural Desian Lane Recommended Pavement
Roadway Tvpe Life Number 18kgES ALs Thickness (Note 1)

P (years) (in) Subgrade R-Value =5

US 6 Flexible 20 6.13 5,900,000 12.0 inches HMA over
. 6.0 inches ABC
West of Garrison 11.0 PCC over
Street Rigid 30 - 13,500,000 6.0 inches ABC
. 12.0 HMA over
US 6 _ Flexible 20 6.06 5,400,000 6.0 inches ABC
East of Garrison 105 PCC over
Street Rigid 30 - 12,400,000 6.0 inches ABC
. 10.0 HMA over
Eastbound Off-Ramp Flexible 20 511 1,500,000 6.0 inches ABC
at Garrison Street . 9.0 PCC over
Rigid 30 - 3,300,000 6.0 inches ABC

Note 1) HMA = Hot Mix Asphalt, ABC = Aggregate Base Course, PCC = Portland Cement Concrete

The recommended flexible pavement thickness values presented in Table 5A are rounded up to
the nearest Y-inch, per CDOT methodology. Recommended pavement thickness values for
rigid pavement shown in Table 5A include a Ya-inch thickness added to the calculated thickness
and then rounded up to the nearest %-inch, per CDOT methodology. Pavement thickness
calculation sheets for the pavement sections shown in Table 5A are included in Appendix E.

All flexible pavements will be Hot Mix Asphalt (HMA) using CDOT approved mix designs.
RockSol recommends using Grade SX or SMA mix for the surface layer and Grade S mix for
the lower (intermediate and base) layers. A gyratory design revolution (Ndes) of 100 is
recommended. Performance Grade Binder of PG 76-28 is recommended for the surface layer
(Grade SX or SMA mix). Performance Grade Binder of PG 64-22 is recommended for the
intermediate and base layers (Grade S mix). A summary of the recommended pavement lift
sections is presented in Tables 5B and 5C. Pavement design parameter sheets are presented
in Appendix F.

Table 5B — Recommended Flexible Pavement Lift Summary (US 6 EB and WB)

Lift Description Lift Thickness (inches) Grading Binder
Top Lift 2 SX or SMA PG 76-28
Intermediate Lift 3 2.25 S PG 64-22
Intermediate Lift 2 2.25 S PG 64-22
Intermediate Lift 1 25 S PG 64-22
Bottom Lift 3.0 S PG 64-22
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Table 5C — Recommended Flexible Pavement Lift Summary (US 6 EB Off-Ramp)

Lift Description Lift Thickness (inches) Grading Binder
Top Lift 2 SX or SMA PG 76-28
Intermediate Lift 2 25 S PG 64-22
Intermediate Lift 1 25 S PG 64-22
Bottom Lift 3.0 S PG 64-22

The contractor may choose alternative layer thicknesses to those shown in Tables 5B and 5C,
however, the layer thicknesses must conform to the minimum and maximum layer thickness
requirements presented in Table 3.7 of the 2014 CDOT Pavement Design Manual, or the
Manual designated at the time of bidding.

US 6 Detour Pavement Section Thickness Recommendations

Temporary detours will be required for Eastbound US 6 traffic while the bridge structure over
Garrison is constructed. RockSol understands that the detours may be required for 6 months to
18 months and that flexible pavement will be used. ESAL values for 6, 9, 12, and 18 month
detours were used to determine required pavement thicknesses for those time frames, based on
2012 ADT data obtained for US 6 from the CDOT OTIS site and projected to the year 2015.
The 2012 ADT values for the section of US 6 within the project limits were 100,000 vehicles per
day (both directions with 1.7 percent single unit trucks and 1.4 percent combination trucks.

Detour pavements were calculated utilizing a subgrade with an effective R-value of 5 for the
existing condition. A summary of the recommended flexible pavement sections for detours of 6,
9, 12, and 18 months are presented in Table 6.

Table 6 — Minimum Detour Pavement Thickness

Pavement | D€sign Design Structural Minimum Pavement
Roadway Tvoe Life Lane Number Thickness (Note 1)
yp (months) | 18k ESALs (in) Subgrade R-Value =5
6.5 inches HMA
6 160,000 over 6.0 inches ABC
7 inches HMA
9 250,000 over 6.0 inches ABC
7.5 inches HMA
12 325,000 over 6.0 inches ABC
8 inches HMA
Temporary Pavement | . 18 485,000 over 6.0 inches ABC
US 6 EB Lanes -
5 160.000 371 7.25 inches HMA
' ) over 4.0 inches ABC
7.75 inches HMA
9 250,000 3.96 over 4.0 inches ABC
8.0 inches HMA
12 325,000 4.12 over 4.0 inches ABC
8.75 inches HMA
18 485,000 4.37 over 4.0 inches ABC

Note 1) HMA = Hot Mix Asphalt, ABC = Aggregate Base Course, PCC = Portland Cement Concrete
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Pavement thickness calculation sheets for the detour pavement sections shown in Table 6 are
presented in Appendix E. Pavement design parameter sheets for the detour pavement sections
are included in Appendix F.

Subgrade Preparation (New Pavement)

For all new pavement areas, proof rolling with pneumatic tire equipment shall be performed
using a minimum axle load of 18 kips per axle after specified subgrade compaction has been
obtained. Areas found to be weak and those areas which exhibit soft spots, non-uniform
deflection or excessive deflection as determined by the project engineer shall be ripped,
scarified, wetted or dried if necessary, and re-compacted to the requirements for density and
moisture. Complete coverage of the proof roller will be required.

All pavement subgrade preparation, pavement materials, and pavement construction shall
conform to CDOT Standard Specifications for Road and Bridge Construction (2011). At a
minimum, subgrade moisture conditioning and compaction should meet the compaction
specifications outlined in Table 7.

Table 7 —Compaction Specifications

AASHTO Minimum Relative Compaction Moisture Content
Classification (Percentage of MDD), % (Deviation from OMC)
A-1, A-2-4, A-2-5, A-3, 95% of AASHTO T99 -2t0 +2

A-2-6, A-2-7, A-4, A-5

0,
A6 and A7 95% of AASHTO T99 0to+3

Based on swell test data, it is RockSol’'s opinion that moisture conditioning to a depth of 6
inches is appropriate for this project.
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PV1 | 2 60 | 1199 RW-2 | 19 | 47 27 76 CL__|A7-6(20)[ 204 | 1054 - . At Time of Drilling
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SUMMARY OF TEST RESULTS TYPE OF MATERIAL LEGEND
o » Classification Water Dry . - Classification Water Dry o . Classification Water Dry TEST BORING
Sample| Depth | Liquid [Pl %< #200 | sulfate |Sample| Depth | Liquid |Plasticity|%= #200 /| Sulfate |Sample| Depth | Liquid |Plasticity| %< #200 | sulfat
5| @ | umit index | Sieve. | USCS | AASHTO C(:Lz?m De(?/;"y G | 10| | Lmit | index’| Sieve | Uscs | AasHTO C"(f/fj"( D‘?Z'/f)"y o [T | iy | it | mdex | Sieve | uscs | aaskTo C"(?Afm De(f,f)'ty ) LITHOLOGY B Bridge Borehole
BRI | 4 214 | 104.8 BR2 | 4 249 | 98.2 BR3 | 1.9-14] 40 15 64 CL | A6() 0.00 B Asphalt Pavement Concrete 4 Erc_)rgnd V\;att)e'rll!_evel
BR1| 9 32 17 59 CL_| A6(7) | 181 | 1085 BR2 | 9 239 | 970 BR3 | 2 153 | 1103 - . t Time of Drilling
BR1 |14 191 | 1098 BR2 | 14 196 | 109.9 BR3 | 4 146 | 1172 B Fin-cLAy Fill - SAND oz 9 Blows for 12 Inches
N 218 [0 | om [ra | o1 267 | 80 N fos |oes Native - TOPSOIL Native - SAND, silty T 50Blows for 3 Inches
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SUMMARY OF TEST RESULTS TYPE OF MATERIAL LEGEND
o o Classification Water Dry . o Classification Water Dry o . Classification Water Dry TEST BORING
Sample| Depth | Liquid |Plasticity|%< #200 | sulfate |Sample| Depth | Liquid |Plasticity|%= #200 /| Sulfate |Sample| Depth | Liquid [Plasticity|%< #200 | sulfat
"5 | @ | Umit | Index | Sieve | USCS | AASHTO C(:Lz?m De(?/;"y G | 10| | Lmit | index’| Sieve | Uscs | AasHTO C"(f/fj"( D‘?Z'/f)"y o [T | iy | it | mdex | Sieve | uscs | aaskTo C"(?Afm De(f,f)'ty o LITHOLOGY B Bridge Borehole
BR4 | 010 | 46 2 56 CL | A76(14 002 | BR5 | 12510 46 27 52 CL_|A7-6(10 001 | BR6 | 24 299 | 945 B Asphalt Pavement Concrete Y  Ground Water Level
BR4 | 2 136 | 918 BR5 | 4 267 | 973 BR-6 | 29 298 | 917 - . At Time of Drilling
BR4 | 4 198 [ 1082 | 000 | BR5 | 9 206 | 1035 BR-6 | 34 277 | 962 | 002 B Fin-cLay Fill - SAND T2 9 Blows for 12 Inches
BR-4 9 21.5 100.7 BR-5 -20 BR-6 39 28.4 94.9 fLs . . . J—
BR-4 14 39 14 44 SC A-6 (3) 30.1 98.0 BR-5 10-20 52 30 60 CH A-7-6 (16 0.01 BR-6 44 21.0 106.0 Natlve : TOPSOIL Natlve : SAND’ Sllty e 50 Blows for 3 Inches
BR4 | 19 29.0 | 96.9 BR-5 | 14 200 | 107.2 BR6 | 49 254 | 94.0 2 e 7 Ve - 8617 ss Split Spoon Sampler
BR-4 24 356 | 88.1 BR-5 19 17.8 | 1111 BR-6 54 60 21 93 MH [ A-7-5(26) 34.9 m Native - SAND, gravelly 4 Native - SAND, clayey Required 8 Blows for 6 Inches
BR-4 29 41 18 47 SC A-7-6 (5)] 296 | 95.6 BR-5 29 17.0 | 1137 % Ve - % Ve - Required 6 Blows for 6 Inches
BR-4 34 24.0 | 104.1 BR-5 49 263 | 97.2 Native - CLAY Native - CLAY, sandy Required 7 Blows for 6 Inches
BR4 | 39 | 26 2 20 SM_| A1-b(0)] 19.9 | 1101 BR5 |74 269 | 965 [l Native - SILT, sandy % Bedrock - CLAYSTONE
BR4 | 44 221 | 1088 BR6 | 2 NP 14 SM_| A1a(0)] 32 | 1326 Bedrock - Interbedded 4
BR4 | 49 | 61 32 98 CH_|A76(37] 307 | 920 | 001 | BR6 | 4 192 | 1095 | 001 N B k - SANDSTONE
o |5 ze e [0 27 s = sILTSTONEICLAYSTONEL | Bedrock - SANDSTO ovow counss BIARBNIERATILEIRY SLieec e ore
BR4 | 59 182 | 1081 BRE 248 | 998 MODIFIED CALIFORNIA BARREL SAMPLER
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SUMMARY OF TEST RESULTS TYPE OF MATERIAL LEGEND
. o Classification Water Dry . o Classification Water Dry o . Classification Water Dry TEST BORING
Sample| Depth | Liquid |Plasticity|%< #200 | sulfate |Sample| Depth | Liquid |Plasticity|%< #200 | Sulfate |Sample| Depth | Liquid |Plasticity|%< #200 | sulfat
0| ) | Limit | index | Seve | USCS | AASHTO s bt G | | @ | Limt | Index | Sieve | USCS | AasHTO | Do G | 1D | @ | Limit | Index | Sieve | USCS | AASHTO Rt Rl o) LITHOLOGY B Bridge Borehole
RW4 | 2 178 | 1127 RW5 |4 192 | 1043 | 000 B Asphalt Pavement Concrete Y Ground Water Level
RW-4 | 4 37 18 49| sC A6(5)| 196 | 1075 RW-5 | 9 36 8 54 ML | A4(3) | 155 | 1049 . . At Time of Drilling
RW-4 |9 94 [ 1126 RW5 |14 218 | 99.9 B Fin-cLAy Fill - SAND TZ 9 Blows for 12 Inches
RW-4 |14 186 | 1007 RW5 |19 19.0 | 1095 pu . . . —
RW-4 | 19 34 9 27 SM A-2-4(0) 16.0 | 1100 RW-5 | 39 26.3 | 100.6 Native - TOPSOIL Native - SAND, silty 33 50 Blows for 3 Inches
RW-4 24 17.7 | 106.6 0.00 Pv-2 | 0.75-5| 38 22 87 CL A-6 (19) 0.00 7 Ve - 7 Ve - &6l ss Split Spoon Sampler
RW-4 | 29 7.7 | 1165 PV-2 2 57 | 1252 m Native - SAND, gravelly 4 Native - SAND, clayey Required 8 Blows for 6 Inches
RW-4 | 34 28.4 | 95.8 PV-2 4 234 1020 7 Ve - 7 Ve - Required 6 Blows for 6 Inches
RW-4 | 24 17.7 | 106.6 000 | PV-2 9 225 [ 101 Native - CLAY Native - CLAY, sandy Required 7 Blows for 6 Inches
Exj ij s 1;56; Il Native - SILT, sandy Y/, Bedrock - CLAYSTONE
e 1587 Bedrock - Interbedded B k - SANDSTONE
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CDOT PIPE MATERIAL SELECTION POLICY

Implementation

The CDOT Pipe Material Selection Policy has been developed by the Project Development
Branch for approval by the Chief Engineer

These Procedures for Pipe Material Selection supersede and replace all previous procedures,
guidelines, and policies regarding the selection of pipe materials used by CDOT.

These procedures also replace the CDOT Chief Engineer memo dated February 8, 1984, Pipe
to be Used in Storm Drains

The Colorado Department of Transportation will adopt the content of this policy:

Recommended for Approval

.
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y
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Scott McDaniel, Director of Staff Services “Date ~

Tim Hérris, Chief Eﬁgineer Date



CDOT PIPE MATERIAL SELECTION POLICY

Introduction

This policy was originally developed to comply with the provisions of the Final Rule published in
23 CFR 635.411 (b) published in the Federal Register on November 15, 2006. On July 6, 2012
the Moving Ahead for Progress in the 21! Century Act (MAP-21) was signed into law, with the
passage MAP-21 the federal requirement for this policy was nullified. The Colorado Department
of Transportation (CDOT) has determined the additional performance criteria outlined in the
original policy is beneficial to the state. Therefore this revised policy retains much of the original
policy and is to be incorporated into all CDOT design projects. CDOT will follow its standard
practices for the hydraulic and structural design of pipes. This policy replaces all previous
policies regarding the selection of pipe material for Storm Drains, Cross Drains, and Side
Drains. Under this policy, PMs will select the allowable pipe material options for each
installation on a specific project. The Contractor will choose the final pipe material from the list
of options provided in the Contract and as specified in applicable sections of the CDOT
Standard Specifications for Road and Bridge Construction. Any pipe that meets the corrosion
and abrasion criteria in this policy and is installed per the plans and specifications is assumed to
have a 50-year service life.

Selection Considerations

CDOT will evaluate the risk associated with the performance of the pipe materials. Risk will be
considered to the extent that it is influenced by the pipe, other materials, or installation
techniques as they are used in construction. Project design and material selection are based on
balancing engineering requirements with budget constraints.

The CDOT Pipe Material Selection Policy identifies the specific engineering and performance
criteria used to evaluate the acceptability of alternative pipe materials. CDOT will allow
alternative pipe materials where appropriate. A record of the determination of abrasion and
corrosion levels will be documented and maintained in the project design files.

Subsurface Drains and Embankment Protector Type 3 (M-Standard 615) are not covered by this
policy.
Definitions

Cross Drain —Pipes or culverts that convey flows from one side of the road to the other, and are
typically open on each end. Also known as a Cross Culvert.

Side Drain — A pipe or culvert which is typically parallel to the roadway and under a driveway or
a road approach to the mainline roadway.

Storm Drain — A network of pipes that connects inlets, manholes, and other drainage features to
an oultfall.

Subsurface Drain — A network of piping used to collect ground water, or relieve water pressure
from a wall or structure, and transport it to a location where it will not harm the roadway
features, or where it can be conveyed by another system, often a storm sewer. A common
example is a French Drain.

Type Il Embankment Protector — See M-Standard 615-1

Durability - A pipe or culverts ability to resist wear and tear or decay. Although structural
condition is a very important element in the performance of pipes, durability problems are a
common cause for replacement. Pipes are more likely to “wear away” than fail structurally.
Durability is affected by two mechanisms: corrosion and abrasion. Each is discussed in the
following sections.




CDOT PIPE MATERIAL SELECTION POLICY

Corrosion — Corrosion is the deterioration of material due to chemical or electrochemical
reaction with the environment. Corrosion of pipe materials may occur in many different types of
soils and waters. Corrosive soils and waters may contain acids, alkalis, dissolved salts,
organics, industrial wastes or chemicals, mine drainage, sanitary effluents, and dissolved or free
gases. Pipe corrosion is generally related to water and the chemicals that have reacted to,
become dissolved in, or been transported by the water.

Abrasion — Abrasion is the process of wearing down or grinding away the surface material of
pipes, as water l[aden with sand, gravel, or stones flow through a pipe. Abrasive forces increase
as the velocity of the water flowing through a pipe increases.

Alternative Materials — Alternative materials are the various pipe materials that will meet the
project requirements. The alternative materials will be identified in the Contract, and the
Contractor may select any one of them for use on the project.

Selection Process/Responsibility — All decisions regarding pipe material type will be based on
engineering practices and judgments. The Project Manager (PM) is responsible for all aspects
of the design of the project and for ensuring timely completion of tasks associated with project
advertisement. The PM will schedule work associated with this procedure to ensure compliance
with the project schedule. The PM will consider such factors as durability, environmental
considerations, soil conditions, fill heights, need for water tight joints, slopes of inverts, hydraulic
characteristics of pipe material inside surfaces, and other factors relevant to the project and or
specific pipe location.

The PM will specify on the plans or in the special provisions when water tight joints are required.
Siphons, irrigation systems, and storm drain systems require water tight joints.

Pipe extensions of existing pipes or systems shall be completed using similar material and
sizes. Exceptions to this may be made when conditions and engineering justifications merit
otherwise.

Local agencies and other organizations that will own and maintain the new pipe should be
consulted for guidance on pipe material type selection. Only pipe material types that have been
evaluated and approved for use by CDOT shall be used. In the event a local agency or
organization will own and maintain the new pipe and the guidance provided differs from this
policy, the guidance from the local agency or organization shall govern.

In some cases the results of the material type section process may produce alternative
materials types in differing pipe diameters. In such cases the PM may specify the appropriate
diameter for each material type or specify only the larger pipe diameter in the plans. When a
specific manning’s “n” value is critical to the pipe’s performance, the maximum/minimum value
shall be shown on the plans. If the larger diameter will not meet the minimum cover
requirements, or the material will not meet the Manning’s “n” value range. That material type
shall be disqualified at those location(s). Any Material type disqualified at a location during
design should be stated as such on the plans.

Step I: Determine Application — The PM will use the latest version of CDOT’s Drainage
Design Manual and CDOT’s Project Development Manual. The pipe selection process begins
when the PM determines the location of the new pipe. The PM will then determine and
document the specific use of the pipe:

e Cross Drain
e Side Drain
e Storm Drain
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Step lI: Determine Abrasion Level — An estimate of the potential for abrasion is required to
determine acceptable pipe types and whether there is a need for invert protection. The PM shall
select one of the following abrasion levels:

e Abrasion Level 1 — This level applies where the conditions are nonabrasive.
Nonabrasive conditions exist in areas of no bed load and very low velocities. This is the
level assumed for the soil side of drainage pipes. This is also the level assumed for the
inverts of cross drains and side drains installed in typically dry drainages.

o Abrasion Level 2 — This level applies where low abrasive conditions exist. Low abrasive
conditions exist in areas of minor bed loads of sand and velocities of 5 fps or less.

e Abrasion Level 3 — This level applies where moderately abrasive conditions exist.
Moderately abrasive conditions exist in areas of moderate bed loads of sand and gravel
and velocities between 5 fps and 15 fps.

e Abrasion Level 4 — This level applies where severely abrasive conditions exist. Severely
abrasive conditions exist in areas of heavy bed loads of sand, gravel, and rock and
velocities exceeding 15 fps.

Abrasion levels are intended to help the PM consider the impacts of bed-load wear on the invert
of pipe materials. The PM will determine the expected level of abrasion through visual
examination and documentation of the size of the materials in the stream bed and the average
slope of the channel. In some case sampling of the streambed material may be required to
assist the PM in determining the level of abrasion.

Where existing pipes are in place in the same drainage, the conditions of their inverts should be
documented and used as guidance. The expected stream velocity should be based upon 2-year
flow and less.

The PM will estimate and document the abrasive forces that will have an effect on the pipe
material; and document the following items:

e Measure or calculate the velocity of the water based upon 2-year flow and less.
e Estimate the bed-loading as:

o No bed load

o Minor bed load - silt and sand

o Moderate bed load — silt, sand, and gravel

o Heavy bed load - silt, sand, gravel, and rock
e Determine whether the abrasion level is 1, 2, 3, or 4 as defined above.

Step lll: Determine Corrosion Level — The station of each proposed pipe will be determined
by the PM. The PM will schedule the soil and water testing to ensure compliance with the
project advertisement date. Resistivity, PH and moisture levels will be determined in the field by
the Region as these tests are most efficiently and effectively conducted at the time of sampling.
The CDOT Materials and Geotechnical group is available to perform sulfate and chloride
testing, however, the PM will schedule this work appropriately to avoid project delays. The
Region should develop their ability to perform these simple tests in the Region to expedite
project design. The resulting sample testing information will be used in flow charts (Figures 1
and 2) to select appropriate material.

The PM will document the following properties of the soil and water using the designated test
procedure:

e Sulfate Levels - CPL 2103

e Chloride Levels - CPL 2104
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e Resistivity - ASTM G57
e pH-ASTM G51
e Moisture Levels

This information will be obtained at all pipe locations supplied by the PM and documented in the
project records by the PM. If the alluvium of the area is sufficiently homogeneous, a reduced
sampling schedule will be acceptable. This determination should only be made with input from
the Region Materials Engineers (or Staff Materials) and the Region Hydraulics Engineer.

Step IV: Selection of Pipe Material Type — Use the flowcharts in this document to identify
acceptable pipe material types. Use Figure 1 to determine if metal pipe is an allowable material
type, and then use, Table 2 to determine whether there are additional requirements for metal
pipes.

Step V: Verify Fill Height — Check Fill Height tables in the Standard Plans. Determine if
Project Special Provisions are required and/or if any other Standard Special Provisions are
applicable.

Step VI: Address Exceptions to CDOT Pipe Materials Selection Policy — \When sound
engineering judgment justifies an exception to this policy, the PM shall document this in a
justification letter. All justification letters shall be approved by the Region Program Engineer
(PE Ill) or their designee prior to final design.

Step VII: Documentation — All design decisions regarding pipe material type selection must be
documented and a letter placed in the project file. Copies of all selection letters are to be sent
to the Region Program Engineer or their designee prior to final design decisions being made, for
guidance and to verify consistency.

Project Pipe
‘ILocations

Table 1
Guidelines for selection of corrosion resistance levels
SOIL WATER
CR Level | Sulfate Chloride Sulfate Chloride
(SO4) (C) pH (SO4) (Ch) pH
‘\l/ % max % max ppm (max) | ppm (max)
*CRO 0.05 0.05 6.0-8.5 50 50 6.0-8.5
CR1 0.10 0.10 6.0-8.5 150 150 6.0-8.5
CR2 0.20 0.20 6.0-8.5 1,500 1,500 6.0-8.5
CR 3 0.50 0.50 6.0-8.5 5,000 5,000 6.0-8.5
CR4 1.00 1.00 5.0-9.0 7,500 7,500 5.0-9.0
CR5 2.00 2.00 5.0-9.0 10,000 10,000 5.0-9.0
CR6 >2.00 >2.00 <5** or >9 >10,000 >10,000 <5** or >9

*No special corrosion protection recommended when values are within these limits. **Concrete
pipe used when the pH of either the soil or water is less than 5 shall be coated in accordance
with subsection 706.07. When needed, specify the coating in a special provision or plan note.
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Table 2

Minimum Pipe Thickness For Metal Pipes Based On The Resistivity And pH Of The
Adjacent Soil

SOIL SIDE MINIMUM REQUIRED

‘ GAUGE THICKNESS FOR

L METAL PIPE MATERIAL

“;“‘Re3|st|wty, R (Ohm

O 052 in (18 Gauge) AIumlnlzed

5.0-9.0 Type 2

21,500

0.052 in (18 Gauge) Polymer

2250 Coated

3.0-12.0

Use the latest versions of these specifications, found at:
http://www.coloradodot.info/business/designsupport/construction-specifications/2011-Specs

For Storm Drains use Standard Specification 603, and write a Project Special Provision stating
the required corrosion classification as determined by this policy. (i.e. sulfate class)

Use appropriate pay items in these cases.

Figure 1
CROSS - DRAINS and SIDE — DRAINS

Verify abrasive level 1, 2. 3. or 4

!

Abrasive Level 1

or I evel 27%
YES NO
A\ 4 A\ 4
Determine Corrosion Resistance # Determine Corrosion Resistance #
(Table 1) (Table 1)

N N

CR 0 — All materials allowed for Class 0 by Table 624-1
CR 1 — All materials allowed for Class 1 by Table 624-1
CR 2 — All materials allowed for Class 2 by Table 624-1
CR 3 - All materials allowed for Class 3 by Table 624-1
CR 4 — All materials allowed for Class 4 by Table 624-1
CR 5 — All materials allowed for Class 5 by Table 624-1
CR 6 — All materials allowed for Class 6 by Table 624-1

CR 0-RCP, PE, and PVC allowed for Class 7 by Table 624- 1
CR 1-RCP, PE, and PVC allowed for Class 7 by Table 624-1"
CR 2 —RCP, PE, and PVC allowed for Class 8 by Table 624-1"
CR 3 —RCP, PE, and PVC allowed for Class 9 by Table 624-1"
CR 4 -RCP, PE, and PVC allowed for Class 9 by Table 624-1"
CR 5—-RCP, PE, and PVC allowed for Class 10 by Table 624-1"
CR 6 —RCP, PE, and PVC allowed for Class 10 by Table 624-1"

*Aluminum alloy pipe not allowed in environments with an Abrasion Level higher than 1.

' When concrete pipe is selected the sulfate content dictates the CR level. Cementitious
requirements for Sulfate Protection Classes are listed in 601.04. A higher level of protection
may be used. Concrete shall have a minimum compressive strength of 4,500 psi and
maximum water to cementitious ratio (w/cm) listed in 601.04. Concrete may be used when
the pH and chlorides exceed the levels listed in Table 1
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For Metal pipes, see “Minimum Pipe Thickness For Metal Pipes Based On The Resistivity And
pH Of The Adjacent Soil” (Table 2) in this document.

When extending an existing pipe, the same size and type of material must be specified. If
conditions are Abrasive level 1 or 2 and CR 0, specify material type from Section 603 pay items.

Figure 2
STORM-DRAINS

CDOT will only allow the use of reinforced concrete pipe (RCP) or Polyvinyl Chloride Pipe
(PVC) in accordance with Standard Plans M-603-2 and M-603-5 for storm drains

Determine Corrosion Resistance #

(Table 1)
Project Pipe — A4
L ti = CR 0—RCP or PVC allowed for Class 7 by Table 624-1
ocations CR 1 - RCP or PVC allowed for Class 7 by Table 624-1'

CR 2 —-RCP or PVC allowed for Class 8 by Table 624-1
CR 3 —RCP or PVC allowed for Class 9 by Table 624-1"
CR 4 —RCP or PVC allowed for Class 9 by Table 624-1"
CR 5 —RCP or PVC allowed for Class 10 by Table 624-1"
CR 6 —RCP or PVC allowed for Class 10 by Table 624-1"

— If abrasion level is 3 or 4, concrete shall have a minimum compressive strength of 4,500 psi.
Cementitious requirements for Sulfate Protection Classes are listed in 601.04. A higher level of
protection may be used.

When extending an existing pipe, the same size and type of material must be specified. If
conditions are Abrasive level 1 or 2 and CR 0, specify material type from Section 603 pay items.

TRIAL INSTALLATIONS & EVALUATION PROCESS

At any time, Manufacturers may request in writing to have materials not approved herein
evaluated for a specific application. Requests for trial installations shall follow the requirements
of P.D. 1401.1. Contact information for that procedure is given below:

Product Evaluation Coordinator
Colorado Department of Transportation
Materials and Geotechnical Branch
4670 Holly Street, Unit A

Denver, CO 80216

303-398-6500

o Manufacturers will provide all of the materials, equipment and labor required for the pipe
material to be evaluated at no cost to CDOT.

e The pipe material to be evaluated must meet applicable AASHTO and ASTM de3|gn and
material standards.

o Manufacturers will be responsible for all coordination with the Contractor, and any additional .
cost incurred by the Contractor as a result of the trial installation.

e CDOT will determine a suitable location for the trial installation.

e During installation, the manufacturer shall have a representative at the installation site. The
manufacturer will provide documentation to CDOT that the pipe material was designed and
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installed per all current and applicable AASHTO and CDOT design and installation
standards.
Trial installations shall perform satisfactorily for at least one year before conclusions
regarding product performance are made.
During the one year evaluation period, at a time chosen by CDOT, the manufacturer shall
provide laser video inspection services on the trial installation utilizing an inspection
contractor approved by CDOT.
The results of the laser video inspection shall be used to evaluate trial installations. The
results shall demonstrate compliance with CDOT and AASHTO deflection, joint separation,
buckling, tearing, sagging and cracking standards.
Monitoring may include research of the trial material in use in other states.
If further evaluation is required beyond one year, the supplier will be notified of the
justification for this evaluation extension.
An independent evaluation performed by a local agency or other organization may be
substituted for this trial installation and evaluation process if all of the following are true.
o The local agency or other organization owns and maintains the material being
evaluated.
o A representative with the local agency or organization can be contacted to verify the
information supplied.
o The installation specifications are available for CDOT to review.
o A trial installation was performed in Colorado on site applications similar to CDOT
projects.
o A laser video inspection was performed (or can be performed) a minimum of 1 year
after installation that produced satisfactory results.
Upon successful completion of the monitoring period, CDOT’s Materials Advisory Committee
(MAC) will review the performance and determine the acceptability of the material for future
inclusion into the CDOT Pipe Material Selection Policy. The MAC will forward
recommendations to the Chief Engineer.

If changes to this policy, including the introduction of new materials or drainage products,
are requested, they will be evaluated through the following process:
o The MAC’s Pipe Material Task Group (PMTG) will evaluate documentation concerning
changes to the policy.
o Documentation supporting the proposed change shall be submitted by the supplier to
the Product Evaluation Coordinator (PEC) at the address above.
o The PEC will compile all submitted documentation and submit it to the PMTG.
o The PMTG will evaluate proposals as submitted and make recommendations to the
MAC for voting.
o The MAC will review the PMTG recommendations and determine the future
acceptability of the material for inclusion into the CDOT Pipe Material Selection Policy.
The MAC will forward recommendations to the Chief Engineer for signature.
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REVISION OF SECTIONS 603, 624, 705, AND 712
DRAINAGE PIPE

In subsection 624.02 delete Table 624-1 and replace it with the following:

TABLE 624-1
Materials Allowed for Class of Pipe

Material Class of Pipe*

[EEN
o
~

Allowed** 5 6*

CSP

Bit. Co. CSP

A.F. Bo. CSP

CAP

<
<<zl z]|~
'ﬁ,-<ZZoo
</<[z|Zz|~

PCSP - both
sides

PVC®

PE®

PP

RCP (SP0)*>

RCP (SP1)*®

RCP (SP2)*”

RCP (SP3)*°

<|<|<[=<|<|=<|<| < |<[<]|<|<]|o
<|<|<[<[< <] <] <
<|<|<|zZ|<|<|<]| <
<|<[z|z|<|=<|<]| <
<|<|z|z|<|<|<] <
<|[Z|Z|Zz|<|<]|<] <X [X|<]|Z|z
<|Z2|1Z2|Z2|<|L[<L| <X |Z|KL(Z|2
<|<|<|<l<|=<|<| z |z|Zz|z|z|~
<|<|<|Z|<|<|<| Z2 |Z|Z|Z|Z2]|x
<|<|Z|Z|<|<|<| Zz |Zz|Zz|Zz|Z|©
<|zZ|Zz|Zz|<|<|<| Z2 |Zz|Zz|Zz|z

*

*

As determined by the Department in accordance with the CDOT Pipe Selection Guide.
Determination is based on abrasion and corrosion resistance.

* Y=Yes; N=No.
Coated Steel Structural Plate Pipe of equal or greater diameter, conforming to Section
510, may be substituted for Bit. Co. CSP at no additional cost to the project.
Aluminum Alloy Structural Plate Pipe of equal or greater diameter, conforming to
Section 510, may be substituted for CAP at no additional cost to the project.
SP= Class of Sulfate Protection required in accordance with subsection 601.04 as
revised for this project. RCP shall be manufactured using the cementitious material
required to meet the SP class specified.
For pipe classes 6 and 10, the RCP shall be coated in accordance with subsection 706.07
when the pH of either the soil or water is less than 5. The Contract will specify when
RCP is to be coated.
Concrete shall have a compressive strength of 4500 psi or greater.
In accordance with subsection 712.13.
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Miscellaneous Documents






RIGHT OF WAY LINES SHOWN ARE FOR INFORMATION
ONLY. THE CONTRACTOR SHALL FIELD VERIFY ACTUAL
RIGHT OF WAY LINES IF REQUIRED.

N

PLAN SHEETS CREATED FROM SCANNING PROJECT CXFRU 11-0006-13

e
(=8
—
E . =
3 = &
A - 7 2 =
. © - o
w
—~ ':l a e.\ Lt ‘:_:
© X | > e T £
Lot @ - = =
o e < © = S&w o
— . i = A —
—~ 5 2 ®© | v + B8 2 F g
W o -l a ~ 5 5 —~ a k)
- >~ - °
@ = o o . v 2 = 5 = ]
5 R ~ R ~§ 9 BF gy
APPROX. SCALE 1"=100" S - =1+ < & o E; I =
g I 8 - ] Fewsan &8
R v+ S P oz »w “la 6 09 2rg
("] ~N 2 o MM i © O L b o= %
- A I < &} 3 . o =% 353 86 © oo
o, Z < = G o © =z > o o
Uod i n 5 o & ] o Do w Yy o9
Low o s & ., O FE @ “oog Yo 8 o2
G- g v » oL e g x o o i o = gfcs
- (=]
i b AT e ~g ~ §¢ % B aE P Yae
= MmO N z +.® N o9 ] 2 £ E o g nyw
2 gfz % e E:  0 3 hEEEcs s
3 Sl “ N3 ogs V=
< . e
= =55 : ;oD T S . SE,
ng S = | ',EuE; & 22 B e = S -
" lex © | | h € x uow e
1 | I . —
1 . N.E. FRONTAGE ROAD
e e e Sy
12] _Sap. Sewer 12" _San., Sewer e e e e e e e e et e e
FRONTAGEZ/R0AD | N.W. FRONTAGE ROAD ] G o VDR
e : —_—— . — —— e oz T e T TRt COf T SR GCTRC ST AT TR o oa o ACTR -
De— | ] = — = B s Ak s o]
IYPICALSECTON 2 === TYPIGL SECTION 1 — FE = = — = St — — — 4 — | 4] = & — T R =
T S S ; s 4= = — — ——— : e : ' - : —
RN, =, e s e e —_ —_ - - - = = — _ - —_——_ = — = = —_ —_ = == == = =
| TYPICAL SECTION 2 | @ TYPICAL SECTION 1 = E A o o — e _— I e — _ — 1 — r — S g S it i s E e oo i s ST .
= it it —_— —_— — —_— —_— &~ T
| : . o .
- g e - o == Rl T T — o ™ = ad bl L= L o ki o o L o= o ) o a T o o o o o
STR. NO. F-16-ER Existing guerdrail type 3 locoted on the top of the retaining
ST R e e R i
e e PAVING LIMIT
/, [ — S.E. FRONTAGE ROAD
- T 7

i

=
O e
. - . 2 - STA. 248+63. =
: G c ESLe I o STA. 5+C0 Garrison St.
o LrE - o~ (__13 1
+ 2 -g 58 Sw g\- o
M o 5 + 5 o !
N ~=~ $5=8 3 il
= 8 o N 2Leegt ke My
4 E:-'E ;E:% < g o2 =g @ o~ THIS SECTION
= . <, ws 5585 = e INTERPOLATED FROM AERIAL PHOTOGRAPH
z RO~ 30 o022 ow 9o £
< s £ E. b u o wiz 0w CALL UTILITY NCTIFICATION
28 w5 .ud i B E ;& o CENTER OF (OLCRADD
L el e )
= + o~ wemlbuw oo o~ n : . .
13 Eu, 4y BuugfE gt 1-800-922-1987
= 3 e n o 5 = M _ CALL 2-BUSHNESS DATS IN ADYANCE
NS M T2 3 g Toce = I BEFORE YOU 0K, GRACE, OR EXCAVATE
< < . % £ T <g< T FOR THE MARKNG OF UNOERGROLND
= g o5 £ O <o ocogoo £T s © HEMBER UTILITIES.
%] 73] » = (¥ o=~
! & B hed, wEE Lo he & o
] : R — ) = Tugpes il copo iy -
_ Cotnputer Fite lriformot[gn | Sheet Revisions Colorado Department of Transportation As Constructed Project No./Code
Creotion Dete: 03/15/99  Initials: AS | (T | PLAN SHEET ©
S s 0T 2000 SOUTH HOLLY ST. No Revisions: 114103 NH 0062-011
Lasl Medification Date: 11/08/39 Initials: aK | C O ROOM 185 ; ! .
Full Path: C:\PROUECTS\12023 | (O = e DENVER, €O 80222 ised: Designer: Structur
- \PROJECTSN == fhone (303) 984-5250 FAX: (303) 984-5299 | Revised: A b 12023
Drowing File Nome: FINAL_MASTR13.DWG\SHEETS | D Reqi OEW -~ Detailer: | .
Acad Ver, R14  Scale~1"=100"  Units: ENGLISK | T eg'_orj 6__ - : i Sheel Subset: Subset Sheels: & of 10 | Sheet Number LH—{"







3

™
P 1
; 41 1 ——
4 P
i 1@
2R digh 2 = .
— [} B )
= e E
E |5 T
R |
s A It ”. = S ._.|ﬂ:. L
@ _ | b
.__v‘ LA 4 i . ) __.!i__....f
§fg b e, S | LE ot | [
. W . | m 8 Bk ]
Wl mg2.08 " L 301,08 i : . | 8 —4_ s
W S b NOSIMHVE s _ _ e 13 ;
m .H!.ln....|||__.m..,...,.r..u...ﬂ TRy FE=Z .n.nﬁlﬂ.....-.i T . _.Hm m
. m J//»_,/ ¥ P _ & | ol
*m /r/ iﬁ | _. i (| ? .l.—.lr.. —_—
. " s | ¥ i | i Sl
. 1] | ; : i
_“ { | | T * —_ L]
* i
w % P _ ; ! .
Y LA “ all | _
N ¢ it i RS (SN S W -
Jr/...... b ;“ I | | | ) i
_ 'SR N I _ (. »
) T B | “.
g T LS | T O A T N SN A |
_—.ﬂl.-.N.. .*__ __ _M.. “ “ . R _ ! _ '
o 3 | ." _lt | ! ) i * B -
4] A & ¥ £ _ i
xS (R ¥ i - - U N | WD
z @ & - 5 % :
' g 1 N S8 S S
= Mg ! _
| “w | .__" A,.__,.. _ _ ﬁ.
he by ] E |- I — e
J “ ._ i : o
g P
il ﬁ | | i
..||I.|.._ 1 _m L _ _ S— m " ..Tﬂ “ & -
o i--l;l.ﬂ“.ﬁ. I N L ¥ ! | i | : ;
wawmm o g Tl e Vo N
N | Co ] Pl R i _
i —— k _ _ | 4
- . # {4 ; i i ¥
i LN i _ |
T o _.__ : _ __ « i - S _
| I A # ; w .
by _....nfr . il .r_ i | _ | __
_ .l " T “I i e s o | L
# & | | o : ﬂ uw.___ Iy ) a
' | C_N _m qm___ u_ i m__ i E - -
Ve ekl thoral 1 m g | g
. i | Sedd ] <K am.o._ [ i ! e - ™ e T
. I~ IR B A : i o ; 5~
. PUpE : Ed _ .
OO e ) | S [ |
AR I IR S A n PP PR SHEW[S——
P .IL— o | | h .C_ | [ ; | : .
o | | T ! . . i [t _ i
[ Yo | h : ; :
sl _ * w ! _ : | : [ i
o | i i i | _ - — *.‘ —b - Rt | _I
! | e I ; i I B .
_m _ i ! | | /| ' . i . b _ .
|||||| i _ | _ ! - ! w _‘ : ‘ ‘ ! |
lllll | | ! [ | _m : " s : _ q.l..-.,ﬂb_l..:|.::r||1l.llr
_ b L o i I : :
! b P o) i _ [ “. R
nas I I A T L NN .
AR I A b g R ey 1 e
SRR R L o | i [
{ b P [ “ ; ! R i o
b i w“ orz __ __ ! i - e % ..... P _ ,.l_l _____ sy
[ e g e 4 1t t : i . o
wanmEe LS QNYTIOH - b ] .# T | Beees 2 1 - = | e e aa _ ' S h‘
CRRESRET . v | | = | i -
T 7 (1 “ “ | " Lol “ | I S R e |_<.i..5‘. S Rt _T: e s S i
[INLY A ! p L _ . _
vu__ mo__ “ ! f _ﬁ ! __ __ . k
b iR ;! b L L . 4\ I o
el L] | a_ 1 | .H ! _ﬁ
FEUN P |21 : “ | ; _ | ;
| m.p _ oo | o | . 1y i i [ .
Y “ | | H _U__ - - L;l i - e —
HAY . |1 |7 : " __ “. 1.
il N_;f,__ ! 1 po _ * _ “ | ! |
b bl P b ; | TRV WSS SO A ]
i % _ ' | ! S i _ ¥
" o [ Lo _ DN i L £ -
! L | P! ! ! ! _ ; :
S IL 3 | | " IS . f i if i _
| I5 . : i 1
| ; . . “ | _
_ _W_ P _ | __H. | _ 1. : e
__ _..M__ . __ ' T _ ' ‘ .
e | oot i R : e R S ——
uj.a _ _ __ : : _ f 1 _ I :
T 0] oo ek
& i b (S Sy & : il ;
£ | i | | “ h _ ;
_2 | I 1 o i i H ; IR S i- s
| ot L) _ B ; | .
- ) L e — 1 !
[ _ _ | _ i H .. — PR L: KR 3
S [ I T e T
- g . b : | : I . |
e e e e | | 1 A Pece s b T, Ferms - ; i
. b - LT L0 I It _ ! ' T | g ; |
1S 3NIANILIONI . “ ¥ _ _, __ " M ok b o NS N b T (O
e i | i | I T ! 0
s i Lo _ ; |
e Il | o2 _ " L _ [ |1_ o 7-@‘1--. - ! : _. ; &
Z. = | “ ¥ _ | _ _ .“ | i I B IS O N
= HIE R - T
il 1T 1A A M il S L.
| | __ | “ i m 3 _f
iy " 4 s _

T o
. R R TTRIRRCT R th ay i P ]
T e P

-4 nzg







FETEE] conumase

3

G TS

B Ak S s B T i St T
i of © :
a0, i i
- x o B ssac v J
<o : “
b Y] 1 3 __ g © W
= _ ; | &
i ; : i
= I 4 i
> L g vl | i
z ! P !
A I | B !
I
5 w : ;
Zz ! :
1ad i :
e : ; i
ui i i .
0 i & i
< |
m i
< ! ;
@ ; “ i
S sk ; g
o : ) f
< | | F
< i ! Co
B R S :
o L yi _....,.. !
Y % : i i i
& Al J |
= 1 i : ' ' |
® i _ : : _
" MK i ! ._
. H , i ! i [
p— i ; : i
- - |.:‘|_W. = ..y 3 i m _ “ :
1S Li3M3A3 ¥ | ..ﬁ. 1 L J¥ L !
O v i i i a0 | i
o[ (1 _” N |
e el . :
= b i | i | i
LK ! AN i o
| s ! e s S ¥ 2
I I 1S 11343A3 !
il ! @ “ R ST FE 2 ! ; >
___ ! | _ ‘
o 7z g i . ol
TRk H _
n_ — | | r
TR |
m_ i _ 4 ] it
I ; | i
oo /
B m “ _
u ¥ T
..... - L ! __ m
i |® | | 3
! H.
e i
| \ 4
| i
| g | gl
- 8 - :
= b i =
H mN U _M
e | g ;
L N : |y, -
“ .. B - ‘
./ . ,ﬁ,i 1S NHYTMOOV3W
| m __..v-...l....;..._...|u-u \
I i > t
| i [ :
" . | . I
(1 _ I
e - [ Vi w_ ¥
u, : { i .
5 I »
b [ L
Ma._ __ f .%. m_&- ! _ “ £z E
I ! I 13- | | :
L il g . i
3 i 3 | g -
\H i | ggz | ' - e W
o Y _ _ i !
i ¥ H | i
oo o A | i
(o - _ ; e
ol i | | i
) | | | |
| i |
| i _ -
o | |
| !
! | e
il _ _ _ ;
L B ] |
I c b S el AT
_._ ﬁ | 2 h_ | i :
v 3 L
ui \
__ = * “ | & e 1 |||||_:. e e
] L 1 | | £
Sy Xl | i !
gl X, | _ _ i |
LT T _ e, | g
WT ! e | ! |
| i o | | | _
| | i i i !
B . | __ _
| i - I SET S| B
les B . o “ i
v_m ! 1 __ “ I ; Lo |
- L g | i : :
lui I b il R
1z 1 N | il t ¢
| il i 5 i
Lol i b b :
[ 1 i ol [ I i S
b | " i !
[ 2 | i
_ “ ,,,_. 1 “ m o
| - |
I | os2 _ s w
ik I I ! _ 1 . 5 H
oo dr \ -
o il 4 K¢ :
{ | : G 3 i :
\\_ 1 i . _

TH GEERAT SN OF i
or
AL

1B
BEaNe







2 [ etc wman ] | i gy
L EGEND " U ure e I| srsion FROS N0, g i e, g
. 5 . P8 ocow | roiz-2 (el :
SANITARY SEWERS : o | i 52 | bl
] - I Lo ? : ROADWAY DRAINAGE LIGHTING & FENCING PLANS
T e e Existing sanifory sewsar e i - : U
i i L] —— —
— e O— - Existing z€wers to be avondoned , o - s _' = !_;;_:,
TTm —Cr em = Existing sawer to be plugged 2/ - i ] e . Yo iEy ok
& _ - — Eristing marhols PRYUITING Thw Wl - ! = e g
S B 2 e B i i
SR e New séwers and manncies H ‘ { % Igeg
WERS ! ' € (SmEL_
STORM SEWERS ; ! g PR S
G = i [ ]
R e Cxisting lines morholes and jnets ! : 2430 i E}&S
o i ) - ; 1 - -
SR melesiebman Existing iines ic be used Ly - - s
e g e . ) o 2 = Tty
______ o Sashing 1mes jo be plugged and/ o : - : —
inlefs ‘o he abundened | b e W FRO"”E GE BB T T - B
¢ e T = 3 i
Tt New lines, manhoies und inieTs i . T .
o - 3 und inle e _243 BSOS T
—_—g Drop intet Adjustment e g 0.49 SRS IRGM e
2 3 . >
UTILITY LINES #ft Control L ' I
O — ontrol Line .
Pt —is Power lines (underground T b — et e s E.?g’gﬂ L. ('5 b
Tel & Tel, iracatur\dergrour!d; Cigicusiion be_ thig L o = oW - e
——f— g —— Gas hnes r; :Ja;m 2 Ahie projeet oo i e e Bporox 240"
Wy Water lines 2 L ¢ R e
LAl R .:_.".f__:.=|_..,'.‘ -yl T LA PR e !
yi
1 Ry ‘--—"‘Q—" - ;
DETAIL ; ———
e Toid 8 Gl |7 - W : @
i o SR E
——— Concrete Combunmlor Curs B Gutter {Type I} *--&5_§_ﬁ ; R o
e i T asphctie Snouider Roi e S i e © - Diten (See Sectigns:
e Pe———— Concrete Gutfer . I e S U g .
i sty e Combination Curb 8 Gutier Sidewa B <3t - e — s
e e Concrete Borrier Jurs AT TR £ VenEm e m e - _1 E )
NUUL AL Dwe Resuras of Steeer Infe: sections = LT
il e Built or 9 15 Redius fo the e W % 5
#af Curd untess Showr enPlans.or S - P LI S s n s e e Lampmmasmmetel oo
“1&6 Uy the Eagineer Concrete \ pid ) 1 ¥ L
i DE Bui't oniy Where Shown - - 5, 3 e [ £ T4 e
i ; v 8
e ! Hemova:s gy IR Y i : : : ’ o
st o1 Structures = o7 o &
— e Legend see . D e o §
=i =
o8
Wl
——ﬂ+,_.-,t‘ TA
“Hlote
E&
Zia™
"':‘4".1'\-3‘-'







& i 32 i1 e 8 ' | ;B e | me  [F] S
;3 § ] NG a3 : E 00 Foi2-2(8) 53

> §§ ggl ia g '\ ROADWAY DRAINAGE , LIGHTING & FENCING PLANS
8 B agd i3 I i =
[ |84 Eq 2 o =29, R = \ oo 1]
| gg £ 05 g3 i 1 S = | LI
3 @ 8 Rt A e@ 183 oy
ﬁ% [ § 1 o rog-A et g : |- o i 2 E :
+ s | B é l 2 §°3 i) 1 h ‘¥ e i T8

5* % g 48 — li [ et @l T W

B4 TR 1y ] gr B H o5
2/ s E LI 1 \ I i 22 ! dog
5z SN EES : 5 o 38 H AT
i %8 3B: | L e | 4 0
el i oo
bzt o : e 4 H
e | e
D e L L HLLL . - o == . 7—@—-—_,__ N =—c g —d 4 e
T SRTON LINE ——— =+ = — s 3 g = o = S ——— s
T e e Y e e e e g
i @ zx.q H
A

__._____._.._-‘_.--._-.__._.__‘._i___________l___._ £ Il ,__._...._._._ 5 N
_______ E 4 _5_7%00Taper(peint sirigel — )

1 P e
2., fe—e— < \""—MnConcnhWnomil I0'R. R hpde 3 A o |
o & $1a.248+95 RCL 6th Ave. Bigg gt i !22 o
Lty NOTE See Typical Section 3 for Sprinkier System Detaiis,Sheetho. 3 % NOTE 255A isa Double Type(A Iniet- : gé Pem o - Y !
o See Shest No.52 for Sewsr, Utility,Curb and Gutter Legend NOTE® Existing cieni % ved. %g : ‘; E: i -— o g E |
. See Shest No g;hril.—l_zof'gomwuls w“,bwnld"“ - ‘nI"“” §a om o N§ |
T x mﬂﬂggl f: t'_;qt:inq and For::| Legend Eastbound Lane-Congrewe §° L +3d 13 :
Al " PN Warp New Concrete Pdvement io fil gg o g §8 l
. e 7 N T lexisting Concrete in Edstbound Lane S ~Nalgs I
: 1 e e U e : : g ﬁ 2 pbl |
B MEADOWLARK  SHOPPING  CENTER " ! 3 B Bl i
- i ! il . F: i
) ,f’“‘\._\_ & //\\ i
i St. - N T T
; E l Bi%grhuﬂ 51— 3 i
= L b ¥ - i
; / i
1. [ —:.“__’%;2 o 549G] !
8490 o I |
LksTR Mo F-i6-EQ | 1
: BL248+1336 - i i
s EL 9459 sag0! |
LA I ST {
- 4500
_______ !
b T s -~ T e S S O |
fitrosy L
5490 |
i
}
—Rt. Controt Line ? i
X 8610 a : & 5480
- e ——t—e
“ | ms00 ' : TS -
. ,_& & - -
8480 L gt 1
e F Tin . ! § )
feer i
a | B500 . - i
it : L ‘ P . c ,
i. __ : .. Existing Dich i
. % ; 260 8480} |
.!f

'_T'
il
E
5

R e A crE FBA RIAT TRiAd

R <)







2 _ T3 m_
g2 ) I's
Mm = L W W
2 i e ? _ g T T T IBRE] T
2 Il AT INHRRIR
b= m “ by 1 - m
91210 H HIIEE R
2 A HETIRAT IR
w _ IR
= 3 i " WL
3| @ m RHIE M
: I : 1
M ; |
ile !
m P
2 2 I i
e > i o = H +
_m L3 i H ! i !
gldg I - i _ :
2 i e 2 ' - |
i NI
B B ; A
q. gl od 3 | i B
Y a i €l 08 G bl :
8ef, (> _ L Ede2s ;
ol L s 2S5 E i
g8 . 2535 _
w ! wITeg frrne
17 e e 3 gD i :
S LA §3%9 o g
& sl oo = E
: kg5
.“ ol S 2
i 55855
1 a08.00
i nyeos
| LR
! e
i GEns e
dBEr:
4:r. e g [GRUE R R
_ AP T EERE
. | i
L i
* )
e ” e
Fs
4
ul
w Iz
L
a
-] 1 i
m E I mm ;
m W i e ’
i ! =
n L 3
1 i o 5 ¥
-t g .ID\ s
b : &,
2%
h Q!
1y m.?.
H o2 H
i [ 1
gy zwwmmmmw.
o gt ¥ >
. |
! TS BuINID|3Y 34812007 o = .
2 e FImI TS .
o SHEIOISON LY ;
i s i
T b ]
* ~ETJ0M BUNIDial oD i
b P P T O e e SRR
_ S O ed O QU 39VINOMA MN
__fm.uw\ . FoA i g
§ Oy 3vINOMA 3N ” 3 4
: 2 - Wb 4
b PR
S - b ;
- ] -
8 = B¢ ;
€9 &3 €3
jdr] P o ® 2O 3
EQ " 38 g
v 2 e @ o 9 o
E W s = Ewn o
2 & N -
20 8 28 25
g0 z0Q K oM
g o e iy “
e i ® o S
£33 2 ¢ B+ gge g3
® .. wn = F qm“ 2o o T
g
) ®s
Ll 0y
L
=

T,

=

g

B . .

5820

5510
 naca
3490







	US6GR_Stormdrain_Combined.pdf
	1_SWWQ POND_WEST INFLOW_5YR.pdf
	2_SWWQ POND_WEST INFLOW_50YR
	3_SWWQ POND OUTFALL_OFFSITE BYPASS_5YR
	4_NEWQ POND_SOUTH INFLOW_5YR
	5_NEWQ POND_OUTFALL_5YR
	6_GARRISON_54IN1_5YR




