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CH2M HILL

9193 South Jamaica St
Englewood, CO 80112
Tel 303-771-0900

February 9, 2012
Project Number 407259

William P. Ruzzo, P.E.

Cherry Creek Basin Water Quality Authority
8390 East Crescent Parkway, Suite 500
Greenwood Village, Colorado 80111

Subject:  Response to Comments on the Cherry Creek at 12-Mile Park Draft Stream Reclamation
Plan

Dear Mr. Ruzzo

The purpose of this letter is to address the comments received on the Cherry Creek at 12-Mile Park Draft Stream
Reclamation Plan from yourself and Tim Metzger/Cherry Creek State Park (CCSP). The following comments, with
responses, were received:

Comments from Cherry Creek Basin Water Quality Authority (Bill Ruzzo)

Comment 1:

The reference list should include my analysis of water quality benefits, even though it is in the text and included as
Appendix I. Also, the version in Appendix | was labeled “draft”, which was subsequently accepted by the TAC and
is, therefore, final. However, having it labeled as draft should not affect the report.

Response 1:
The analysis of water quality benefits has been included in the references list in the report.

Comment 2:
A detail of the creek access for Phase Il was not provided, but a description is included in the text.

Response 2:
The creek access may be revised with final design; therefore a detail is not included in the Stream Reclamation
Plan Report but will be included in the final design for Phase 2.

Comments from Cherry Creek State Parks (Tim Metzger):

Comment 3:

On sheet 11 on the site access detail it looks like they are all rock steps. | checked my notes and we never really
talked about what the access point would look like. | always thought they would be treated timber framed steps
similar to the ones at Tower Loop. We can discuss the pros and cons of each material.

Response 3:

Access materials, including boulders, timber, and other materials will be reviewed during the final design phase.
The selected material will be included in final design detail drawings. For budgeting purposes rock steps were
assumed in the Stream Reclamation Plan to be conservative.
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Comment 4:

On the alternatives evaluation report the trail realignment along phase two was part of the Basin Authority
project. In the stream reclamation report the trail realignment is shown as “done by others”. Did we discuss this
and determine the trail realignment that is needed because of the back sloping of the stream reclamation plan
was Parks responsibility?

Response 4:

The Phase 2 Preliminary Construction Drawings and cost estimate have been revised to include the trail
realignment as a part of the Cherry Creek Basin Water Quality Authority Stream Reclamation Plan.

Comment 5:

In several meetings we discussed the need for fence to be placed both on top near the trail to prevent dogs from
shortcutting the access point and below to prevent dogs from going straight up the hill. In your plan there is a
fence on top but not below. It is a tough balance of giving the vegetation enough protection to get started and
having miles of fence everywhere. In the cross section where there are willows or boulders we might not need a
bottom fence. In cross section B there are no willows to prevent dogs from just going uphill. This cross section
does have soil riprap and an erosion control blanket so maybe a fence isn’t needed here either. We can discuss.

Response 5:
Permanent and temporary fencing at the toe of the channel slope will be reviewed during the final design phase.

This letter responds to each of the comments received by the primary reviewers, Bill Ruzzo and Tim Metzger, for
the Cherry Creek at 12-Mile Park Draft Stream Reclamation Plan. Each comment was either incorporated into the
Final Stream Reclamation Plan or will be addressed during final design for Phase 2.

Sincerely,

CH2M HILL

Scott Yanagihara
Project Manager

c: Tim Metzger/Cherry Creek State Park
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1. Purpose and Scope

The purpose of this Stream Reclamation Plan is to document and present alternatives for
restoring a segment of Cherry Creek located at 12-Mile Park, at the upstream end of Cherry Creek
State Park (CCSP). Exhibit 1-1 shows the project area. The existing eastern or right bank of the
channel has degraded in locations resulting in active erosion. The channel has also experienced a
breakout or breach of the right bank of the low flow channel into the floodplain resulting in
overbank erosion and additional environmental damage. Cherry Creek Basin Water Quality
Authority (CCBWQA) contracted CH2M HILL to develop a recommended plan to stabilize the
eroded banks and restore the channel to the historic alignment. The objectives for the project area
are:

e Provide stream reclamation of Cherry Creek defined as enhancing water quality benefits
through stream bank stabilization, by protecting and improving riparian vegetation, and
providing more frequent connections between the main channel and the floodplain

» Stabilize the bed profile and outer channel banks to prevent bank erosion from migrating
further upstream or downstream

» Identify bank restoration requirements for the breached area of the creek to allow for
temporary or permanent repairs in a timely fashion that are consistent with the overall
Stream Reclamation Plan and that restores the creek flow to the pre-breached alignment

» With the approval of the Authority Representatives, evaluate and assess pertinent
information by others and acknowledge the information and source(s) in the Stream
Reclamation Plan

* Minimize erosion, sediment transport, and bacterial contamination from the Dog Off
Leash Area (DOLA) of 12-Mile Park and integrate the CCSP dog management plan into
the Stream Reclamation Plan

e Minimize operation and maintenance requirements while preserving long term
performance of the stream reclamation

The Alternatives Analysis report was presented at the June 2011 Technical Advisory Committee
(TAC) meeting. The recommended alternatives were approved at that time. The selected
alternatives are carried forward in this plan with the development of Construction Drawings and
Preliminary Design Drawings presented in Appendix A and B, respectively. The engineer’s cost
opinion is presented in Section 5.
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EXHIBIT 1-1
Project Location Map
Cherry Creek Stream Reclamation at 12-Mile Park Project

2. Study Area

Cherry Creek is a major drainageway serving as the principal means of conveying runoff from
south to north through Douglas, Arapahoe, and Denver Counties to the South Platte River.
Cherry Creek Reservoir was constructed by the United States Army Corps of Engineers (USACE)
as a flood control facility to protect downstream communities from catastrophic flooding. Since
the construction of the reservoir, CCSP has become a premier recreational facility for the State of
Colorado. The reservoir can experience significant nutrient loading from the contributing
watershed that damages the health of the reservoir. The contributing area of the watershed from
the upper reaches of Cherry Creek to the upstream limits of CCSP is approximately 361 square
miles.

Ne

Orchard Road \

The project area is located at the 12-Mile DOLA located at the southern end of CCSP. The project
includes approximately 3,000 feet of stream bank restoration adjacent to the DOLA. At the
northern end of the project Cherry Creek has left its banks and established a new flow path,
abandoning more than a mile of the historic flow path threatening the existing habitat. Due to the
urgency of repair for the breakout of the channel, the project has been broken into two phases,
with Phase 1 being the restoration of the channel alignment and repair of the bank where the
Creek has left its banks. Construction Drawings for the Phase 1 area are included with Appendix
A. Preliminary Design Drawings the remainder of the project are presented in Appendix B.



3. Site Assessment

This section provides a brief summary of the findings of the Site Assessment Report. Additional
information can be found in the Cherry Creek at 12-Mile Park Site Assessment Report (CH2M
HILL, 2010).

Park Use Characteristics

The 12-Mile Park DOLA was originally utilized as a sports dog training facility. As development
around the park increased the park use changed to primarily an off leash dog park. Adjacent to
the DOLA is an equestrian concessions area where horses are stabled and from which horse
owners can access the CCSP trails.

As the park has seen an increase in usage there has been an increase in channel bank degradation
as well as conflicts between dogs and horses. In an effort to improve the recreational experience
at the park, Colorado State Parks is working to develop a plan for improving the DOLA. The
plan, as of the date of this document, includes new dog waste stations, strategic fencing,
improved trails, and new creek crossings. The plans for improvements to the DOLA are included
as Appendix C.

Accessibility to the waters of Cherry Creek from the DOLA along much of the channel length is
currently limited, in that any access must be made on foot over fairly steep and uneven terrain.
Vertical or steep banks become more difficult or impossible to traverse when wet. There are no
formal access points for users with limited mobility or who would qualify under the Americans
with Disabilities Act (ADA). CCSP desires that any new facility make a good faith effort to
include at least one ADA accessible access point. In the opinion of CCSP, one of the goals of the
stream reclamation project is to provide access to the creek for park users and that one of the
access points needs to be ADA accessible. The Phase 1 improvements provide this one ADA
accessible access point.

Survey

To provide an accurate plan on which to develop comprehensive solutions, a field survey of the
project area was performed in August of 2010. The survey limits include the 3,000 feet of Cherry
Creek from the existing trail on the east side to the west channel bank as shown in Exhibit 1-1.
Additional survey was collected in June of 2011 to provide more accurate detail of the breakout
area. The additional survey was used to finalize the construction drawings for Phase 1 of the
improvements, and to accurately determine the volume of material required to be removed from
the site with the Phase 1 improvements.

Geotechnical Evaluation

CH2M HILL engaged the services of CTL Thompson Inc. to perform a geotechnical evaluation of
the project area. CTL Thompson Inc. performed five borings along the eastern channel bank and
took soil samples on the channel bank for material characterization and for total phosphorus
testing. The geotechnical investigation determined that the borings contained 20 feet to more
than 40 feet of silty to very clayey fine to medium grained sand with variable amounts of gravel.
Sandstone bedrock was found in the southern most borings around 39 feet below the channel
bank elevation.

ACZ Laboratories, Inc. performed phosphorus testing on the topsoil at each boring location.
Using the EPA Method to calculate total phosphorus, the total phosphorus varies from 290 to 590
ppm (0.6 to 1.2 Ibs/ ton).



Recommendations and additional geotechnical detail can be found in the geotechnical report in
the Cherry Creek at 12-Mile Park Site Assessment Report (2010). The geotechnical report is
included as Appendix D to this report.

Site Review

Cherry Creek was observed for channel degradation, channel bank erosion and instability, and
extreme degradation. There are no existing channel improvements or hydraulic structures within
the project reach.

In general, Cherry Creek through the project area can be distinguished by three different channel
reaches. The reaches were identified due to the similarities of channel characteristics through the
channel reach. The east bank of Cherry Creek has experienced loss of vegetation and soil as a
result of heavy traffic from park users through the entire project area. The project reaches are
described below and shown on the recommended plan summary figure:

Reach 1: Upstream Reach - Characterized by a groundwater fed secondary channel that has a
lower invert than the mainstem of Cherry Creek. The east bank is characterized by steep to near
vertical banks that are 15 - 20 feet above the invert of the secondary channel with vegetation loss
due to park use.

EXHIBIT 1-2
Reach 1: Upstream Reach (looking north, downstream)
Cherry Creek Stream Reclamation at 12-Mile Park Project

Reach 2: Downstream Reach - Downstream of Reach 1, the groundwater fed channel joins with
the mainstem of Cherry Creek. The eastern bank decreases in height to between five and fifteen
feet upstream of the breakout area and approximately three feet in height downstream of the
breakout area. The lowered eastern bank provides easier access to the channel, and as a result
there are numerous areas where the vegetation has been trampled and soil erosion has resulted.



EXHIBIT 1-3
Reach 2: Downstream Reach (looking south, upstream)
Cherry Creek Stream Reclamation at 12-Mile Park Project

Reach 3: Channel Breakout Reach - Within reach 2, Cherry Creek has experienced a breach of
the eastern bank resulting in Cherry Creek leaving the historic flow path and flowing north rather
than turning to the west as it has for the last 70 years. Based on discussion with CCSP staff and
Park Concessionaires, it appears that the loss of vegetation in the area due to heavy park use
resulted in the vulnerable east bank. The east bank overtopped during a large runoff event in
2009. The overtopping caused localized erosion washing out the east bank, creating a new
channel with an invert lower than the historic flow path. This breakout of the channel is the most
significant problem identified in the site assessment.



EXHIBIT 1-4
Reach 3: Channel Breakout Reach (looking north, downstream)
Cherry Creek Stream Reclamation at 12-Mile Park Project

Environmental Evaluation

Through and in the vicinity of the project reach, Cherry Creek consists of a very active stream
system with several braided channels, areas of sand deposition, vertical cut banks, several well-
developed wetlands, and densely forested riparian areas. The various elements of the stream
system create a mosaic of diverse habitat types.

As previously described, the project area consists of three stream reaches. In Reach 1, wetlands
extend across a broad, active floodplain. Wetlands in this reach are dominated by cattail (Typhus
latifolia) and bulrush (Schoenoplectus spp.). Sandbar willow (Salix exigua), plains cottonwood
(Populus deltoides subsp. monilifera) and peachleaf willow (Salix amygdaloides) create a dense
overstory in places. Maps showing wetland areas within the project area are presented in
Appendix E.

In Reach 2, wetlands on the northeast bank are more confined to narrow margins along the
channel and are dominated by sandbar willow and reed canarygrass (Phalaroides arundanaceae).
Wider sandbar willow and plains cottonwood wetlands occur along the southwest bank and
along the toe of the south bank of a groundwater-fed channel just upstream of Reach 2. West of
the new breakout channel, surface water no longer consistently flows and shallow-rooted wetland
vegetation along the historic channel will likely decrease. Deeper-rooted trees and shrubs will
likely persist, but the number of new seedlings and saplings may decrease over time. Currently
the damp sandy channel bottom provides an excellent growth medium for the establishment of
willow and cottonwood seedlings.

The new channel in Reach 3 flows through an area that was previously a cattail/bulrush wetland
and a small pond surrounded by a broad sandbar willow wetland. Sediment deposited by the



new channel has buried wetland vegetation along its length and in a wetland at its northern
extent. If sediment deposition is eliminated and the sediment is not too deep, wetland vegetation
will reestablish in the deposition areas. A more detailed environmental discussion is provided in
the Site Assessment Report (2010).

The Cherry Creek riparian corridor provides potential habitat for two species listed as threatened
under the Endangered Species Act: Ute ladies’-tresses orchid (ULTO) (Spiranthes diluvialis) and
Preble’s meadow jumping mouse (Zapus hudsonius preblei). Although conditions along Cherry
Creek in Douglas and Arapahoe counties appear to be suitable for ULTO, it is not known to be
present. Along Colorado’s Front Range, Preble’s is found below 7,800 feet in elevation, generally
in lowlands with medium to high moisture along permanent or intermittent streams. Preble’s is
known to occur along Cherry Creek in Douglas County and was captured on Cherry Creek about
four miles south of the project area in 2000. Although known to be present on Cherry Creek in
Douglas County, Preble’s has not been captured on Cherry Creek in Arapahoe County.

Hydrologic Evaluation

No new hydrologic modeling was performed as part of this site assessment. Rather, existing
hydrologic data was reviewed to determine the most appropriate flow rates on which to base the
design. Documents reviewed as part of this study are listed below:

e Cherry Creek Corridor - Reservoir to Scott Road Major Drainageway Planning
Preliminary Design Report by URS (2004).

 FEMA FIS (as reported by URS Cherry Creek Corridor Study)

e Channel Forming Discharge (Ruzzo, 2010)

Additional data from the sources is included in Appendix F. Table 3-1 shows a comparison of the
hydrology within the project area.

TABLE 3-1
Comparison of Existing Hydrologic Data for Cherry Creek at 12-Mile Park

Recurrence Interval Cherry Creek Corridor Report? FEMA FIS
2-Year Existing 2,142 -
2-Year Developed 4,429 -
5-Year Existing 5,892 -
5-Year Developed 9,537 -
10-Year Existing 10,071 10,300
10-Year Developed 14,655 -
25-Year Existing 20,200 -
25-Year Developed 25,821 -
50-Year Existing 31,217 31,000
50-Year Developed 36,946 -
100-Year Existing 49,021 51,000
100-Year Developed 54,285 -
500-Year Existing - 150,000

! peak flow rates presented in cubic feet per second (cfs).
% Peak flow rates from URS (2004) at UDSWM Design Point 286, at the Cherry Creek Reservoir.



In addition to the existing hydrologic data for Cherry Creek at 12-Mile Park, the mean annual
flow, bank full flow, and base flow were determined for the project reach. The results of the mean
annual flow analysis were presented in a Technical Memorandum by William P. Ruzzo, P.E. titled
Cherry Creek at 12-Mile Park — Channel Forming Discharge. The results of this analysis suggest a
range for the mean annual flow. The results are presented in Table 3-2.

TABLE 3-2
Mean Annual Flow for Cherry Creek at 12-Mile Park
Peak Flow (cfs)

Mean Annual Flow (min) 300

Mean Annual Flow (max) 800

The bank full flow is defined as the flow contained in the low flow channel from top of bank to
top of bank and was determined for representative cross sections within the project reach using
the Hydrologic Engineering Center River Analysis System (HEC-RAS). Where one bank is at a
higher elevation than the other bank, the bank full flow extends to the top of the lower bank. The
bank full flow rates are presented in Table 3-3. Cross section locations are shown in Figure 3-1.

TABLE 3-3
Bank Full Flow Analysis for Cherry Creek at 12-Mile Park
River Station Model Q Total (cfs)

3119.66 Historic/Breakout 505
2821.608 Historic/Breakout 570
2490.509 Historic/Breakout 345
2367.207 Historic/Breakout 335
2042.742 Historic/Breakout 405
1605.955 Historic/Breakout 385
1303.384 Historic/Breakout 585
1150.922 Historic/Breakout 810
459.4117 Historic 70
343.4038 Historic 20
730.4002 Breakout 520
497.3197 Breakout 255

The base flow for the project area varies from approximately 5 to 20 cfs. As shown in Table 3-2,
the mean annual flow is in the range of 300 to 800 cfs. As shown in Table 3-3, the bank full flow
varies from approximately 300 to 800 cfs upstream of the breakout area and is typically less
downstream of the breakout.
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Hydraulic Evaluation

Two HEC-RAS models were created for the project reach. The first HEC-RAS model is aligned
with the historic flow path and the second model is aligned along the breakout flow path. Both
models are the same upstream of the breakout area.

The values for flow depth and velocity from the hydraulic analysis are presented in Table 3-4.
The values presented in Table 3-4 represent a range of values since the flow characteristics
change between cross sections. The cross sections downstream of the breakout area, both along
the historic flow path and the breakout flow path, have more variability in the depths and
velocities than the cross sections upstream of the breakout area. Additional HEC-RAS
information is included in Appendix G.

TABLE 3-4
Typical Depth and Velocity Values from HEC-RAS Analysis
2-Year Existing  2-Year Developed  Mean Annual Min  Mean Annual Max  Bank Full

Depth (ft) 2-4 4-5 1-3 2-4 2-3
Velocity (ft/s) 3-4 4-6 2-6 2-6 3-6

Stream Stability Analysis

The existing channel slope varies throughout the project reach from 0.015 ft/ft to 0.0015 ft/ft with
an average channel slope through the project reach of approximately 0.003 ft/ft. A qualitative
and quantitative analysis was performed to determine the sediment transport rate and stable
sediment transport rate for Cherry Creek at 12-Mile Park. Based on a review of aerial
photographs and an analysis to determine the stable slope based on a stable slope sediment
transport rate, it has been determined that the project reach for Cherry Creek at 12-Mile Park is
currently at a stable slope for the existing channel geometry and flow conditions. The average
results of the stable slope analysis are presented in Table 3-5. The results are the average of the
stable slope determined using the bank full, 2-year existing, and 2-year future peak flows.

TABLE 3-5

Average Stable Slope for Cross Section for Cherry Creek at 12-Mile Park
Cross Section Average Stable Slope (%)

28+21 0.37%

27+18 0.28%

16+05 0.35%

13+03 0.47%

4+59 0.56%

4+97 0.90%

Average by Cross Section 0.48%

Average without 4+97 0.41%




The stable slope analysis using the stable sediment transport rate for Cherry Creek at 12-Mile
Park suggests that the stable slope along the historic flow path is approximately 0.4%. It must be
understood that the concepts used for the computation of sediment transport innately include a
margin of error and in general the methods used in this analysis result in a slope that will reduce
the degradation and aggradation of the main channel. Although the project reach as a whole has
been determined to be at a stable condition, there may still be local areas of degradation and
aggradation within the project reach caused by local changes in the main channel geometry and
flow conditions. According to the Cherry Creek Corridor — Reservoir to Scott Road Major Drainageway
Planning Preliminary Design Report (URS, 2004), the slope of this reach is 0.41% and the channel
condition is aggrading to stable, which is consistent with the results of the stable slope analysis
performed for this study.

Because the historic channel has been determined to be in a stable condition, the downcutting
observed directly upstream of the breakout area can be attributed to the breakout flow path
attempting to reach a stable slope. This is consistent with the aerial photography review which
shows that the main channel has experienced little horizontal channel meandering over the last 20
years before the breakout occurred. The conclusion that the historic flow path is at a stable slope
is also consistent with recent site visits in which the downcutting was not observed before the
breakout occurred.

The stream stability geomorphic characteristics used for this analysis and the stable slope
calculations are presented in Appendix H.

4. Alternatives Analysis

Alternatives were developed for the project area to address problems identified during the site
assessment. The primary needs identified in the site assessment were repair of the breakout area,
bank stabilization of the east bank, water quality enhancements, and providing specific creek
access points along the east bank for park users. This section summarizes alternatives considered
to address the problems identified. The complete alternatives analysis including a recommended
plan can be found in the Cherry Creek at 12-Mile Park Alternatives Evaluation Report (CH2M HILL,
2011).

Bank Stabilization Alternatives

Bank stabilization techniques evaluated during the alternatives analysis phase included both
structural and non-structural alternatives. Non-structural alternatives were defined as those
alternatives that rely on measures such as re-vegetation to provide bank stabilization without the
use of hardened structures. Non-structural bank stabilization alternatives likely impact a greater
area due to grading the bank to a flatter slope to allow vegetation to establish. The following non-
structural bank stabilization alternatives were considered:

Lay Back Slopes - lay back slopes to a 3:1 or 4:1 (H:V) slope with soil riprap and re-vegation for
bank stabilization purposes.

Boardwalk Toe Protection - sandy beach area and boardwalk along the creek for pedestrian
traffic and lay back slopes to a 3:1 or 4:1 (H:V) slope with soil riprap and re-vegetation.

Soil Wraps - combination of soil wraps at the toe of slope for 2.5 vertical feet with laying back the
slopes to a 3:1 or 4:1 (H:V) slope with soil riprap and re-vegetation.

Terraced Slope - modification of the soil wraps alternative that includes soil wraps at the toe of

slope for 2.5 vertical feet, laying back the slope to a 3:1 or 4:1 (H:V) slope up to the approximate
10



midpoint of the slope, a 2.5 foot vertical boulder wall at the approximate midpoint of the slope,
then laying back the slope to a 3:1 or 4:1 slope to catch grade.

Boulder Toe Protection - this alternative includes a vertical boulder wall at the toe of slope
followed by laying back the slope to a 3:1 or 4:1 (H:V) slope with soil riprap and revegetation to
catch existing grade.

Structural alternatives provide bank stabilization through the use of a hardened structure and
generally impact less area because these alternatives can be placed at near vertical slopes. The
following structural bank stabilization alternatives were considered during the alternatives
evaluation phase:

Stacked Boulders - this alternative includes grouted boulders stacked near vertical with wetland
plantings adjacent to the creek.

Sculpted Concrete - near vertical sculpted concrete colored and shaped to look natural with the
surrounding area.

Soil Cement - soil cement lifts are stacked at a near vertical angle to provide bank stabilization

Mechanically Stabilized Earth (MSE) Walls - soil constructed with horizontal reinforcing
elements and a facing to provide bank stabilization. The face of the MSE wall is typically vertical
and the horizontal elements extend into backfilled soil to provide stability.

Unit costs per linear foot for each bank stabilization alternative were evaluated for two typical
sections and are presented in Table 4-1 and 4-2. Unit costs for each of the bank stabilization
alternatives were taken from the Urban Drainage and Flood Control District (UDFCD) bid tabs
programs, past project, and various other sources.

TABLE 4-1
Unit Cost Per Linear Foot for 12 Foot High Bank with 1.5:1 Side Slopes
Alternative $/ILF
Lay Back Slopes $200
Boardwalk Toe Protection $420
Boulder Toe Protection $190
Soil Wraps/Lay Back Slope $220
Terraced Slope $290
Stacked Boulders $350
Sculpted Concrete $1,720
Soil Cement $650

Mechanically Stabilized Earth $340




TABLE 4-2
Unit Cost Per Linear Foot for 5 Foot High Bank with 2:1 Side Slopes

Alternative $/ILF
Lay Back Slopes $80
Boardwalk Toe Protection $310
Boulder Toe Protection $110
Soil Wraps/Lay Back Slope $140
Terraced Slope N/A
Stacked Boulders $210
Sculpted Concrete $570
Soil Cement $210
Mechanically Stabilized Earth $120

The data in Table 4-1 and 4-2 suggest that the most cost effective bank stabilization alternatives
for both typical sections are the alternatives where the bank is sloped back, including the lay back
slopes alternative, the boulder toe protection alternative, the soil wraps alternative, and the
terraced slope alternative. Although these alternatives are the most cost effective alternatives,
they also cause the most disturbance to the park. In general, the structural bank stabilization
alternatives are more costly for both typical sections, although the unit cost differential between
the structural and non structural bank stabilization alternatives is less for the typical section with
the lower bank height.

Water Quality Alternatives

Three water quality alternatives were identified in the Alternatives Analysis Report; constructed
wetlands, upland ponds, and upland bio-swales. Each of the water quality alternatives is
designed to address water quality at a different location in reference to the creek. See below for a
description of the water quality alternatives for the Cherry Creek at 12-Mile Park project area.
Unit costs for each of the water quality alternatives are presented in Table 4-3.

Constructed Wetlands

A constructed wetland is a new or restored wetland vegetative area that acts as a filter to remove
sediments and soluble pollutants from water. Constructed wetlands occur within the creek and
can also act as a physical barrier where it is unlikely that dogs or pedestrians would pass through
the constructed wetland to access a different part of the creek due to the density of plants and the
depth of water.

Upland Ponds

An upland pond is designed to capture stormwater runoff and detain it for many hours after
storm runoff ends which allows time for sediment and other pollutants, such as dog waste, to
settle out before the stormwater is discharged into Cherry Creek. An upland pond can include a
small wetland area within the pond which enhances the removal of soluble pollutants. The
upland pond would be located near the breakout area on the north side of the creek to capture
stormwater runoff from the DOLA. The upland pond could be a sand infiltration basin where the
water is allowed to infiltrate without a formal outlet structure, or an extended detention basin
which has a formal outlet structure.



Upland Bio-Swales

Upland bio-swales are vegetated channels with a flat slope designed to convey runoff while
removing sediment and other pollutants. The upland bio swales would be located adjacent to the
trail along the east bank of Cherry Creek. Because of the flat side slopes, the water depth is
shallow and the velocity is low, allowing for sedimentation and removal of pollutants while
preventing erosion.

TABLE 4-3
Unit Cost for Water Quality Alternatives
Unit Cost Quantity Total
Alternative Unit Needed Cost
Constructed Wetlands SF $25.00 8,900 $222,500
Upland Bio-Swale LF $15.00 2,400 $36,000
Upland Pond Acre-ft $47,000 2 $94,000

Access Alternatives

Throughout the Cherry Creek at 12-Mile Park project site, a number of different potential access
points were identified as locations for a formal access point to the creek. Access alternatives were
separated into Americans with Disabilities Act (ADA) accessible access points and non-ADA
accessible access points.

ADA Accessible Creek Access Alternative

An ADA accessible creek access point meets the requirements of the Americans with Disabilities
Act of 1990. To comply with ADA requirements for accessible routes, any ADA accessible creek
access must have a longitudinal slope of 5% or flatter, a cross slope of 2% or flatter, a minimum
width of 36 inches, and passing spaces at least every 200 feet if the width is less than 60 inches.
The surface of any ADA accessible creek access must be stable, firm, and slip-resistant. If there
are gratings along the surface, the maximum spacing between gratings in one direction is %2 inch.
There are multiple materials that could be used to construct the ADA accessible creek access
points including concrete, timber, porous pavers/articulated concrete blocks, or other materials.

Non-ADA Accessible Creek Access Alternative

A non-ADA accessible creek access point does not need to meet the requirements of the
Americans with Disabilities Act of 1990 including the requirements for longitudinal slope, cross
slope, access width, or surface material. Because there are no longitudinal slope requirements,
any non-ADA compliant access point will likely have a steeper slope and may include a stepped
surface to access the creek.

Comparison of Unit Costs for the Creek Access Material Alternatives

The typical unit costs for a number of materials considered for the access material are presented
in Table 4-4. These costs are presented on a per square foot basis. Unit costs for alternative creek
access materials were taken from the UDFCD bid tabs program, recent projects, and various other
sources.



TABLE 4-4
Access Material Alternative Unit Cost

Access Material Alternative Per SQ-FT
Concrete $ 15.00
Concrete Porous Pavers $ 425
Articulated Concrete Blocks $ 7.50
Boulders $ 25.00
Timber $ 250
Landscape Stones $ 4.00

5. Stream Reclamation Plan

The stream reclamation plan was developed to address the primary needs within the Cherry
Creek at 12-Mile Park project area. This section is organized from downstream to upstream
within the project area and subdivided into bank stabilization improvements, water quality
improvements, creek access improvements, and other improvements. The breakout area (Phase 1)
was identified as a priority improvement area and was moved forward at an accelerated schedule
separate from the rest of the of the Preliminary Design. For this reason, a separate construction
drawings set was created for the repair of the breakout area. The Phase 1 construction drawings
are included in Appendix A. The remainder of the project was designated as Phase 2. The
preliminary construction drawings for Phase 2 are included in Appendix B. The Phase 1 and
Phase 2 improvements and reach locations are shown in Figure 5-1.

Breakout Area (Phase 1) Improvements

The Phase 1 improvements consist of the repair of the breakout area to return the flow in Cherry
Creek to the historic flow path, an ADA accessible creek access point, and an open water
restoration area to meet the United States Army Corps of Engineers (USACE) onsite earthwork
balancing requirements. The open water restoration area is along the breakout area flow path at a
location where a pond existed prior to the flow path breakout.

Bank Stabilization - To return the flow in Cherry Creek to the historic flow path, the Phase 1
improvements include a berm across the breakout flow path at an elevation equal to the Cherry
Creek bank elevation upstream of the breakout area. Boulders (36 inch) are placed at the toe of
slope with the top 24 inches exposed and a 10:1 (H:V) slope extending from the top of the
boulders to the top of the berm. The top of the berm is 5 feet in width and the back side of the
berm is a 10:1 slope down to existing grade. Sheet pile is included in the center of the berm
extending vertically from 1 foot below the top of berm down 13 feet and horizontally 10 feet past
the breakout flow path banks on each side. The front side berm slope includes Type M (Dso =12
inches) soil riprap, erosion control blanket, and upland seeding. Willow stakes are included at
the interface of the boulders and the slope and cottonwood trees are included at strategic
locations throughout the Phase 1 project area.

Creek Access Improvements - A concrete ADA access trail is included in the Phase 1
improvements. The trail is 10 feet wide and has a 4 inch vertical curb on the creek side of the trail
that transitions near the creek to boulder edging. The maximum longitudinal slope along the trail
is 5% to meet ADA requirements.
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Other Improvements - An open water restoration area is required to meet the USACE onsite
earthwork balancing requirements. The open water restoration area restores the pond that
existed prior to the breakout occurring. The open water restoration area has 4:1 (H:V) side slopes
extending approximately 3 - 4 vertical feet. Willow stakes are located at the toe of slope, wetland
seeding is located along the bottom of the open water restoration area and extending up three
vertical feet, and upland seeding overlaps the wetland seeding for 1 foot and extends to the top of
slope.

Type 1 Fence is used at the top of slope to prevent dog park users from accessing the creek at non-
designated locations. Type 1 Fence includes 6” x 6 12" pressure treated posts at 24 foot intervals,
intermediate steel tee fence posts at 8 foot intervals, a galvanized woven wire fence, and a high
tensile fence wire. The Type 1 Fence ties into the future bullpen area, the interface between the
DOLA and the rest of the park, which will be constructed as part of the DOLA plan. Type 1 Fence
is also located on the creek side of the concrete ADA access trail from the bullpen area to the
boulder toe.

Jetties, defined as structures that project into a body of water to direct flow to prevent erosion, are
recommended at two locations within the Phase 1 project area. By directing the flow away from
the bank at these locations, sandy beach areas are expected to form behind the jetties.

The breakout area repair also includes a future 10 foot wide equestrian trail to help separate
horseback riders from the DOLA.

Phase 2 Improvements

The Phase 2 improvements are currently in the preliminary design phase and consist of bank
stabilization, water quality improvements, creek access points, and other improvements from the
breakout area to the upstream limit of the project area. The Phase 2 improvements are shown on
the Preliminary Construction Drawings in Appendix B. The Phase 2 improvements are
subdivided into improvements associated with Control Line 1 and improvements associated with
Control Line 2. Control Line 1 begins immediately upstream of the Phase 1 improvements and
extends upstream for 256 feet. There is then an approximate 40 foot gap before Control Line 2
begins. There are no proposed improvements within the 40 foot gap. Control Line 2 extends
from the gap to the upstream limits of the project area.

Bank Stabilization from Control Line 1 Station 0+00 to Station 2+56 - The boulder toe protection
bank stabilization alternative is included in the Stream Reclamation Plan from Control Line 1
Station 0+00 to Station 2+56. The boulder toe protection continues from the Phase I
improvements. This bank stabilization technique includes 36 inch boulders at the toe of slope
with the top 24 inches exposed, and a 3:1 (H:V) slope above the boulders to catch existing grade.
The typical existing bank height through this section is approximately 5 to 7 feet with slopes
ranging from steeper than 1:1 to 3:1. Willow stakes are placed at the interface between the
boulder toe and the slope for added bank stability. The 3:1 slope includes Type M soil riprap,
erosion control blanket, and upland seeding.

Bank Stabilization from Control Line 2 Station 0+00 to Station 4+75 - The lay back slopes bank
stabilization alternative is included in the Stream Reclamation Plan between Control Line 2
Station 0+00 and Station 4+75. The typical existing bank height through this reach is
approximately 5 to 7 feet with between 1:1 and 3:1 (H:V) side slopes. For this bank stabilization
technique, the bank is graded to a 3:1 slope with Type M soil riprap, erosion control blanket, and
upland seeding. The Type M soil riprap continues beneath the surface of the creek ata 2:1 slope



for three vertical feet to provide additional protection if the toe of slope experiences localized
erosion.

Bank Stabilization from Control Line 2 Station 4+75 to Station 6+50 - Between Control Line 2
Station 4+75 and Station 6+50, soil wraps combined with grading the bank to a 3:1 (H:V) slope is
the bank stabilization included in the Stream Reclamation Plan. The typical existing bank height
through this section is between 7 and 10 feet with side slopes ranging from steeper than 1:1 to
approximately 2:1. Soil wraps staked with willows are placed at the toe of slope for 2.5 vertical
feet at a 1:1 slope. Geotextile is used to wrap the soil. The height of each soil wrap is 1 foot and
only the bottom soil wraps are staked with willows. The 4:1 slope includes Type M soil riprap,
erosion control blanket, and upland seed.

Bank Stabilization from Control Line 2 Station 6+50 to Station 16+50 - Between Control Line 2
Station 6+50 and Station 16+50, the bank stabilization technique included in the stream
reclamation plan is the terraced slope bank stabilization technique. The typical bank height
between Station 6+50 and Station 16+50 is between 10 and 15 feet with side slopes varying from
steeper than 1:1 (H:V) to approximately 2:1. The terraced slope bank stabilization has soil wraps
with willow staking at the toe of slope, followed by a 3:1 slope to a 2.5 foot vertical grouted
boulder wall approximately half way up the slope, and a 3:1 slope extending from the top of the
top of the boulder wall to the top of slope. The 3:1 slopes include Type M soil riprap, erosion
control blanket, and upland seeding.

Water Quality Improvements - A bioswale is recommended from Control Line 1 Station 0+00 to
Station 2+56, from Control Line 2 Station 0+00 to 6+50, and from Control Line 2 Station 8+15 to
Station 16+50. There is no bioswale between Control Line 2 Station 6+50 to Station 8+15. The
bioswale is located at the top of slope between the top of slope and the Type 1 Fence and is
designed to intercept stormwater from the upland area prior to entering Cherry Creek. The
bioswale is a trapezoidal shaped channel with a 2 foot bottom width, 4:1 side slopes, and a depth
of 1 foot. The top width of the bioswale is 10 feet. A mixture of 85% coarse sand and 15%
compost growth media is used from the surface of the bioswale for a depth of 18 inches to allow
stormwater to infiltrate.

Creek Access Improvements - Creek access locations and details are shown in Table 5-1. The
stepped boulder access point is comprised of 36 inch diameter below grade anchor boulders at the
toe of slope, 12 inch diameter boulders stepped along the slope, and horizontal boulders at the
top of slope that tie into the crusher fines trail. The 12 inch diameter boulders along the slope
must be placed on top of suitable subgrade material to prevent settling. The minimum and
maximum step heights along the access are 6 inches and 8 inches, respectively. Cottonwood
trees (2 inch caliper) are included in the Stream Reclamation plan on both sides of creek access #3
and creek access #4.



TABLE 5-1
Creek Access Locations and Details

Creek Access Station® Width (ft) Height (ft)
1 Control Line 1 Station 2+25 6 4
2 Control Line 2 Station 4+75 6 7
3 Control Line 2 Station 6+50 6 9
4 Control Line 2 Station 8+15 6 12
5 Control Line 2 Station 10+25 6 13
6 Control Line 2 Station 12+20 6 13
7 Control Line 2 Station 13+75 6 14
8 Control Line 2 Station 16+40 6 10

Other Improvements - Jetties are recommended at Control Line 1 Station 10+10 and Control Line
1 Station 2+56. By directing the flow away from the bank at these locations, beach areas are
expected to form behind the jetties.

Type 1 Fence is located between the crusher fine trail installed with the DOLA plan and the
bioswale for the length of the project area to prevent park users from accessing the stabilized
slopes. Gaps in the Type 1 Fence guide park users to the creek access locations. At the south end
of the project, the Type 1 Fence ties into the future bullpen area which acts as an interface
between the DOLA and the rest of the park. The bullpen will be constructed as part of the DOLA
plan.

A 10 foot wide crusher fine trail is shown in the stream reclamation plan throughout the length of
the project reach. The crusher fine trail is offset into the DOLA from the Type 1 fence by 20 feet
except at locations where the trail guides park users to the formalized creek access locations. The
crusher fine trail will be installed as part of the Cherry Creek DOLA plan. The DOLA plan is
included as Appendix C.

Water Quality Benefits

The recommended improvements for Phase 1 and Phase 2 provide water quality benefits by
restoring and protecting the bank to reduce the amount of sediment and other pollutant loads
and concentrations, including phosphorus and nitrogen, in Cherry Creek. A detailed analysis of
the water quality benefits and costs associated with the Cherry Creek Stream Reclamation at 12-
Mile Park was performed by William P. Ruzzo, P.E. in May, 2011, and is presented in Appendix I.

Stream Reclamation Plan Summary

The final construction drawings for Phase 1 and the preliminary design drawings for Phase 2 are
included in the appendices. The Phase 1 construction cost estimate is included as Table 5-2 and
the preliminary Phase 2 construction cost estimate is included as Table 5-3.



Phase 1 Contractor Bid

TABLE 5-2

Phase 1 Contractor Bid

ITEM NO. DESCRIPTION OF BID ITEM QUANTITY PAY UNIT UNIT PRICE TOTAL COST
1 Mobilization 1 LS $11,500.00 $11,500.00
2 Project Sign 2 EA $350.00 $700.00
3 Stabilized Staging Area 1 EA $1,100.00 $1,100.00
4 Vehicle Tracking Control 1 EA $900.00 $900.00
5 Water Control and Dewatering 1 LS $12,500.00 $12,500.00
6 Field Engineering/Survey 1 LS $2,500.00 $2,500.00
7 Clearing, Grubbing, and Tree Removal 1 LS $2,500.00 $2,500.00
8 Construction Fence (Green) 828 LF $3.00 $2,484.00
9 Concrete Washout Area 1 EA $900.00 $900.00
10 Sediment Control Log 185 LF $3.00 $555.00
11 Sheet Pile, Steel 980 SF $27.00 $24,570.00
12 Soil Riprap, Type L 293 CcY $40.00 $11,720.00
13 Soil Riprap, Type M 671 CcY $36.00 $24,156.00
14 Boulder Edging, 36" 431 LF $52.00 $22,412.00
15 Excavation, Fill On-Site 102 CcY $14.00 $1,428.00
16 Excavation, Haul Off-Site 1,537 CcY $15.00 $23,055.00
17 Import Fill Material 810 CcY $23.00 $18,630.00
18 Jetty 2 EA $750.00 $1,500.00
19 Trail/Path, Concrete, 6" Thick 302 SY $45.00 $13,590.00
20 CDOT No. 57 Aggregate 49 CcY $75.00 $3,675.00
21 Type 1 Fence 636 LF $11.00 $6,996.00
22 Topsoil, Import 623 CcY $24.00 $14,952.00
23 Mulch, Crimped Straw 0.3 AC $3,000.00 $900.00
24 Seeding, Upland - Broadcast 1.0 AC $1,500.00 $1,500.00
25 Seeding, Wetland - Broadcast 0.4 AC $2,500.00 $1,000.00
26 Blanket, 100% Coconut (Coir) 3,735 SY $4.00 $14,940.00
27 Tree, Cottonwood 2" Caliper 10 EA $400.00 $4,000.00
28 Willow Staking 975 LF $3.00 $2,925.00

CONSTRUCTION TOTAL

$227,588.00




Phase 2 Preliminary Cost Estimate

TABLE 5-3
Phase 2 Preliminary Cost Estimate
ITEM NO. DESCRIPTION OF BID ITEM QUANTITY PAY UNIT UNIT PRICE TOTAL COST
1 Mobilization 1 LS $30,000 $30,000
2 Project Sign 2 EA $650 $1,300
3 Stabilized Staging Area 1 EA $2,500 $2,500
4 Vehicle Tracking Control 1 EA $2,000 $2,000
5 Water Control and Dewatering 1 LS $40,000 $40,000
6 Field Engineering/Survey 1 LS $5,000 $5,000
7 Clearing, Grubbing, and Tree Removal 1 LS $10,000 $10,000
8 Construction Fence (Green) 1,000 LF $2 $2,000
9 Concrete Washout Area 1 EA $1,000 $1,000
10 Sediment Control Log 200 LF $5 $1,000
11 Soil Riprap, Type L 247 CcY $55 $13,585
12 Soil Riprap, Type M 3,245 CcY $55 $178,475
13 Boulder Edging, 36" 295 LF $65 $19,175
14 Grouted Boulder, 12" 53 CcY $160 $8,480
15 Grouted Boulder, 36" 618 CcY $160 $98,880
16 Excavation, Fill On-Site 560 CcY $11 $6,160
17 Excavation, Haul Off-Site 5,201 CcY $18 $93,618
18 Compacted Soil Backfill 138 CcY $15 $2,070
19 Coarse Sand/Compost Mix 1,159 CcY $15 $17,385
20 Subgrade Material 53 CcY $42 $2,226
21 Geotextile 3,165 SY $4 $12,660
22 Type 1 Fence 2,300 LF $16 $36,800
23 Trail/Path, Crusher Fines 2,670 SY $15 $40,050
24 Topsoil, Import 759 CcY $30 $22,770
25 Seeding, Upland - Broadcast 1.40 AC $4,000 $5,600
26 Seeding, Wetland - Broadcast 0.10 AC $5,000 $500
27 Blanket, 100% Coconut (Coir) 4,592 SY $5 $22,960
28 Tree, Cottonwood 2" Caliper 4 EA $500 $2,000
29 Willow Staking 1,447 LF $5 $7,235
CREEK IMPROVEMENT TOTAL COST $685,429
30 Final Design and Permitting 20% $137,086
31 Construction Observation 15% $102,814
32 Administration 3% $20,563
SUBTOTAL COST $945,892
CONTINGENCY 10% $94,589

CONSTRUCTION TOTAL PLUS CONTINGENCY

$1,040,481
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Appendix A - Phase 1 Construction Drawings
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TYPE [NUMBER THETA |DIRECTION TYPE |NUMBER THETA |DIRECTION TYPE POINT TYPE | POINT TYPE | STATION | STATION | ELEVATION [ ELEVATION | GRADE LENGTH
POB 0+00.00 | 1649740.39] 3190723.55 POB 0+00.00 | 1649886.48] 3190962.37 LINEAR POB PVI 0+00.00 | 0+07.81 | 5600.13 5600.14 0.22% 7.81
N\ PC 1+04.45 | 1649774.74| 3190822.19 PC 0+07.81 | 164988110 3190968.03 LINEAR PVI PVI 0+07.81 | 0+14.45 | 5600.14 5600.17 0.46% 6.65
N\ PI 2+44.96 | 1649820.94] 3190954.89|  700| 277.34[22°42'01"[RIGHT Pl 0+89.82 | 1649824.60| 3191027.46] 225.00] 157.29|40°03'10"[LEFT LINEAR PVI PVI 0+14.45 | 0+59.00 | 5600.17 5602.4 5.00% 44.55
\ cc 1649113.66| 3191052.38 cc 1650044.18] 3191123.05 LINEAR PVI PVI 0+50.00 | 0+68.00 | 56024 5602.4 0.00% 9
\ PT 3+81.78 | 1649812.36| 3191095.14 PT 1+65.10 | 1649810.60| 3191109.32 LINEAR PVI PVI 0+68.00 | 1+60.00 | _ 5602.4 5600 2.61% 92
\ POE 5+02.34 | 1649804.99| 3191215.46 POE 2+71.93 | 1649813.08] 3191215.96 LINEAR PVI POE 1+60.00 | 2+71.93 5600 5600 0.00% 111.93
NOTE: CONTROL LINE BA-1 AT ELEVATION 5598.00
PROTECT TREE =S| &
TO OPEN WATER '\ LIMITS OF CONSTRUCTION IN PLACE 2 £
RESTORATION AREA 4 5
SEE DWG C-2 END TYPE | FENCE glal <
SOIL RIPRAP N 1649831.00 4 z
STA 4+53.79 E 3191228.95 >
\ TYPE | FENCE, 33.04'LT @
\ BEGIN TYPE | FENCE TYP SEE LIMITS OF EROSION SOIL RIPRAP )
N 1649865.19 A CONTROL BLANKET STA 4+76.57 PROTECT TREE z
N E 3190997.98 w 26.84'LT IN PLACE <
\ EXISTING TRAIL PROPOSED i
\ N CONTOUR,TYP _ g
N FUTURE DOLA FENCING _ o
CONCRETE ADA EC BLANKET —
\ N BY OTHERS AGCCESS TRAIL m N 1649852.66 _ - \\ % I
END OF !
\ N N BEGIN TYPE | FENCE SHEET PILE @ E 3191103.38 \ .
\ N N 1649899.54 N 1649842.72 === (3|
~ FUTURE E 3190936.46 = als
AN x BULL PEN AREA E 3190966.47 SOIL RIPRAP — zlals
\ ™~ X. (BY OTHERS) CONTROL STA 3+19.90 | _ . 2=
AN . LINE BA2 EC BLANKET 30.31°CT — 25 BOULDER Ble| %
\ ~ T~ N\ EcBLANKET N 164986453 — (T w £y e E
~ 4 -~ \ N 1649900.87 START CONCRETE E 3190997.96 T = @ q..‘ & | sEe a s
\ ~/ - E 3190937.20 ~y  TRAILSTAOH00 o ) s/ o
\ - /]
f -~ / ’lo_— -
N\ ! ' 4 208, =7
\ —' 09 . -~
N\ | | — ($3>""STA 2+50.95 - o
~ Fﬁ 5’4':,‘5%%3 COTTONWOOD TREE AL = END OF CONC. TRAIL -/ _ —
- WITH CALIPER, (TYP) -t S -
~ E 3190835.02 — X PROTECTTREE .-~~~ g
~ IN PLACE ) - 3]
- LIMITS OF EROSION . <
~~ _CONTROL BLANKET A= .~ = TYPELSOLL |
N - =T - RIPRAP FILL g
| / 3 ® PROTECT TREE ;= WITH WILLOWS a|a
A5 IN PLACE =~
I / “" _ / olG 6
N ‘. g —= F4 -4 8
‘ — - -
EC BLANKET O -
REMOVE TREE B
N 1649905.30 END OF g )K z
E 3190809.10 R e A\ INSTALL STREAM DIVERSION BARRIER 2
N X / e WITHIN CONSTRUCTION LIMITS SEE DWG C-7 <
E 3190897.97 £
N EC BLANKET L P x % 4
N N 1649889.78 -~ ZE 0o &
\ E8190841.23 = TRANSITION 4" CURB HEIGHT ag D ox w E
N =" TO 0" AT EDGE OF BOULDERS 2E Co £ 3
~ X o
N\ - — - -X” SOILRIPRAP N % w oo
N -~ STA 2+00.29 2T g2y
- 3331 LT o3 Lz WX
EC BLANKET %3 NI
N 1649832.19 &o we > %
E 3190622.37 3 DIAMETER END TYPE | FENCE Yo weE g
s LR A
PROTECT TREES , ’ 2 2 5
IN PLACE y &
I
. G
géF,’,FR",‘PRAP / / BOULDER EDGING
LIMITS / ¢ SEE
EC BLANKET /
N 1649804.00 .
E 3190779.37 /
FUTURE 10' WIDE / ! zZ
EQUESTRIAN , 5
TRAIL (BY OTHERS) / CHERRY GREEK =
SOIL RIPRAP / ’ FLOWLINE -Il 3
STA 0+65.78 / =
19.74'LT / : WILLOW STAKING, TYP — E
‘ SEE
' :
/ /
/ 'BEGIN BOULDERS / ]
/ ] ATSTAOHTA L
ay o N| :
/] and =
/ PROTECT Ry ]
/ ' TREES J/ EXISTING o)
/ / ' INPLACE BOULDER JETTY CONTOUR, TYP >
/ ; 0 ;
/ / ,' W
Do 7 @
/ / , y
/ 7\ NOTE:
/ / CONTROLLING |/ , LOCALIZED GRADING AROUND TREES TO BE PROTEGTED
! . / MAY BE REQUIRED. ADJUST SLOPES IN FIELD TO MINIMIZE
/ / c"@ s ‘ AMOUNT OF DISTURBANCE WITHIN TREE DRIP LINES.
, / / VERIFY SCALE
/ , / / -FI;IYF":}EAIE’SF(I)& BAR IS ONE INCH ON
\ / / _ e K WITH WILLOWS W O ——
\ - / 0 20 40 60 DATE OCTOBER 2011
7
“ > ) ST ot PROJ 407259
-~ - , DWG c1
SHEET 4
FILENAME: CC50nc003.dgn PLOT DATE:  10/7/2011 PLOTTIME: 4:45:17 PM
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WILLOW STAKES, TYP
CHINKING BEHIND

— BOULDER TO FULL
UPLAND SEED, TYP S il
FINISHED GRADE EL 5602 CONTROL LINE BA-1
EXST GROUND
BT ND. P @ / PROPOSED GRADE
6 TOP SOIL
3' DIA BOULDER
TYPE M SOIL SEE DWG C-5

EROSION CONTROL RIPRAP

BLANKET, TYP 2'THICK

SEE DWG C-6

A HA=100" V: 150"

c1
FINISHED GRADE 1007 10-2"
EL 5602 N 164983084 N 1649840.64

_\‘ E 3180911.01 E 3190054.31
/ \ TOP SHEET PILE
EL 5601
—————— HHH A J U NN D —
\ |- N
EXST GRADE // 1T N
1 WV LdAEHEEAT T AT ™— TOP OF BANK TO BE
VERIFIED IN FIELD (TYP)
TOP OF BANK TO BE /]

VERIFIED IN FIELD (TYP) el

BOTTOM OF SHEET PILE

EL 5588

BREAKOUT AREA SHEET PILE S

ECTION

H:1"=10"0" V: 1"=50"

WILLOW STAKES, TYP

CONC ADAACCESS TRAIL
5. FINISHED GRADE
UPLAND SEED, TYP CONTROL LINE BA-2
EXST GROUND 4" CURB
TOP OF BERM
/~ [OEOF UPLAND SEED
CHINKING BEHIND
BOULDER TO FULL
AL HEIGHT SEE C-5
T CONTROL LINE BA-1
EROSION CONTROL FINISHED GRADE
BLANKET, TYP [
SEE DWG C-6 \
gToPSOIL, \ 0 X A
TYP
3' DIA BOULDER
TYPE M SOIL SEE DWG C-5
RIPRAP
2 THICK

BREAKOUT AREA CROSS SECTION

B H:1"=10"0" V: 1"=5"0"

BOULDER EDGING
/ BEYOND

) CHERRY CREEK
/ FINISHED INVERT

c-1
NOTES:
1. TYPE M SOIL RIPRAP PER CCBWQA STANDARDS.
2. LIMITS OF TYPE M SOIL RIPRAP SHOWN ON PLANS.
TYPE L SOIL RIPRAP FILL WITH WILLOW STAKES,
WETLAND SEED AND BLANKET BETWEEN
JETTY AND CHANNEL BANK
WILLOW
STAKES, TYP 3' DIA BOULDER (TYP)
1 PR &
5 |
o~ | |
1 4 {
5 A ,
- “— __
. > - o > o N7 ~CK™
TYPE LSOIL ® ® ~ ol - ‘IJ
RIPRAP 3' THICK 2 aa N N N . -
1] 1 - ~ N t | S
S S S = -5
[ [ [ D < <
AYX » N » N » A D » ES 11‘:\

TYPE L SOIL
RIPRAP BEYOND

BOULDER JETTY SECTION

D

C-1
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CH2MHILL
BREAKOUT AREA REPAIR SECTIONS

VERIFY SCALE

BAR IS ONE INCH ON
ORIGINAL DRAWING.
1] 1"

DATE OCTOBER 2011

PROJ 407258

DWG C-3

SHEET 6

FILENAME: CC50nc004.dgn

PLOT DATE: 92872011

PLOTTIME: 10:32:02 AM
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2 3 4 5 8
/ EXISTING GROUND
ppm—
R FINISHED GRADE y 5 3
x [T
INSTALLUPLANDSEED /| N\ T T e —mm - g|5| 2
FROM 5581.8 TO & z
TOP OF BANK g
[52]
ON SIDES SLOPES (VR g
N P P &
INSTALL WETLAND SEED VARIES SEE PLAN SEE DWG C-6 < |
FROM 5589.9 TO 5592.9 &
\ \ L 8
2
ELEV 5580.9 WETLAND SEED BOTTOM z
OF EXCAVATION -
]
E|Slx
e
Ble| &
=} s
g
4
W)
AREA CROSS SECTION &
E H: 1"=10'V: =2 %
c2 8
)
5|8
o}
2|2z
z
]
E
S ¥
£ 3 <
55 [Byuk
SE xS
FINISHED GRADE ke E E o 3
2k =]
o3 E S w®
. EXISTING GROUND LS EEE:
_______ b \ . o mE s &
1'TYP We wkg s
INSTALL UPLAND SEED \ —'H— 5 x g2
FROM 5581.8 TO
TOPOFBANK — T = N 4 ‘t———mm—m—————— T —————— -—=- s E 5
T
&
; VARIES 1 EROSION CONTROL BLANKET
INSTALL WETLAND SEED SEE
FROM 5580.9 TO 5582.9 L PLAN WILLOW STAKES ON SIDES SLOPES (TYP)
(TYP)
=
- o]
ELEV 5580.9 i | 5 ”
|
WETLAND SEED BOTTOM : 9 %
OF EXCAVATION wm =
W 6
]
% 0]
OPEN WATER RESTORATION N =)
- x| <f
F AREA CROSS SECTION > <
H:A=10'V: 17=2 NOTES: o i
1. INSTALL 6" OF TOPSOIL AND SEED PRIOR o
c2 TO INSTALLING EROSION CONTROL BLANKET. o

2. THROUGHLY SATURATE SOILS PER
SPECIFICATIONS PRIOR TO SEEDING.

VERIFY SCALE

BAR IS ONE INCH ON
ORIGINAL DRAWING.
0 1"

DATE OCTOBER 2011

PROJ

407259

DWG

C-4

SHEET

7

FILENAME: CC50nc006.dgn PLOT DATE:  8/26/2011

PLOT TIME:

10:33:56 AM
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1 | 2 3 4 5 6
EROSION CONTROL
BLANKET _
ROCK CHINKING
SEE NOTES
TOPSOIL, SEEDING AND N
BLANKET SEE DWG C-6 END SOIL RIPRAP BEHIND BOULDER AT TT
APPROXIMATELY STA 3+75, TRANSITION
TO CONCRETE TRAIL
T = O CoNe 3 DIABOULDER I o , 67 MING" TYPE | FENCE
SR e PNy = MAX 107 SEE DWG C-1
Ep R e NS TOPSOIL, SEEDING FOR START ARD END
+ Thiy ++++ o I/\ AND BLANKET VERTICAL CURB COORDINATES n 5
L/ 9 SEE DWG C-6 CONTROL LINE BA-2 Zla g
7 8" THICK CONCRETE = < =
N g, | @
\ 2= 2
N >
X - CONTROL LINE BA-1 o
[a]
N / >
7 \— %
COMPACTED ©
D CHERRY CREEK i
N - CHANNEL BED SUBGRADE (TYP) £
~ o]
TYPE M SOIL I
S\IZZACPSSEE _ TYPE L SOIL RIPRAP ©
¥ 8" THICK CDOT No. 57 8 z
COARSE AGGREGATE _f_;m‘éﬁl ONTO = F{™
. gle
INSTALLATION SEQUENCEING: BOULDER EDGING z %5
5151
1. EXCAVATE TRENCH FOR MATERIAL AND olgl
COMPACT SUBGRADE. NOTES: a g
2. LAY DOWN FILTER FABRIC. z 1. CONCRETE JOINTAT &' INTERVALS. E
Y DOW c e TYPE M SOIL RIPRAP z
3. INSTALL TYPE L SOIL RIPRAP. © SEE DWG C-6 2. PROVIDE PJF EVERY 32' (EVERY 4TH JOINT).
4. PLACE BOULDERS, AND BACKFILL CHANNEL
O S, e 3. JOINTS SHALL BE SAW CUT NOT TOOLED JOINTS. "
[=]
5. INSTALL TYPE M SOIL RIPRAP, TRENCH IN FILTER 4, CONCRETE SHALL MEET REQUIREMENTS OF SPECIFICATION SECTIONS 3000. =
FABRIC AND EROSION CONTROL BLANKET. Q
Q
6.  PLACE TOPSOIL, WATER AND SEED. 1 2
Www
7. WRAP EROSION CONTROL BLANKET AND STAKE. o ==
: | >)_CONCRETE TRAIL DETAIL Bl
6.  INSTALL ROCK CHINKING BEHIND BOULDERS. 20 T -
9. INSTALL WILLOW STAKING WHERE APPLICABLE. FILTER FABRIC 1 ele §
HIGH TENSILE FENCE WIRE, ]
o1 "STOCKYARDS RANCH SUPPLY, 2
12 1/2 GAUGE, 200,000 PSI MIN. b ?
TENSILE STRENTGH, CLASS 3 GALVANIZED > E < g »
z 0
INTERMEDIATE POST, 8 O.C., 47" FIELD FENCE 'STOCKYARDS 29 BEHEZ
R AN CH SURPLY,, RANCH SUPPLY" STANDARD BE rrks
SRR ENCE POST 612 12 1/2 GAUGE 6" STAY GALVANIZED X2 E a8
CERTIFIED #133 — WOVEN WIRE FENCE > 2 o 8
. . ~ 6" x 6 1/2 PRESSURE TREATED | O =
g X6 1/2 PRESSURE TREATED POST, 24' O.C. "STOCKYARDS Eg o § oz
0ST, 24' 0.C. "STOCKYARDS RaNCH SUPPRLY B3 y &0
RANCH SUPPLY i} W % %
. St | 5§ &
BARE GROUND INSTALLATION RIPRAP "JOINT" INSTALLATION Vs FENGE STAPELS, TYP 4 Va WIRE TIES, TYP _ g E w
o
TAP GENTLY BETWEEN ROCKS %
TAP GENTLY INTO SOIL &
WITH DEAD BLOW HAMMER WITH DEAD BLOW HAMMER / 4 ‘/ =
_ STAKE MUST BE FIRMLY HELD IN .
PLACE BY SOIL. HAND TAMP SOIL 4
12"TYPICAL AROUND ANY LOOSE STAKES N N -
K} AFTER INSTALLATION b by
~—— UNDISTURBED SOIL RIPRAP MIXED WITH J
24" MINIMUM NATIVE SOILS S TEHE " > s S N\ N\ S S ™ > > \ +H
YEDY)Y D D D 2O D D D M) D D D > |
FILTER OR BEDDING \% % A A 7 T
ROOT END LAYER OPTIONAL > / / / 2 /& > » ) % _I
4 4 q 4 4 _—
R 4 \%/ & § E
% N\ AN ZANZQN ¢ = X \¢ NN XA
NOTES: > OO S > D A ‘ Y ' PN SN D N =)
S %/// ////’ A\%// 4 ////& §// A //// ///// \\///
1. THE STAKE SHALL BE INSERTED INTO THE HOLE SO &
STAKE IS IN CONTACT WITH WATER TABLE.
2. CUT STAKE AND INSTALL STAKES WITH A MINIMUM a0 8o 8o
OF 4 BUDS ABOVE AND 4 BUDS BELOW FINISHED GRADE. ! ! ! !
3 WILLOW STAKE DETAIL 4 DOG PARK FENCE, TYPE 1
NTS NTS
VERIFY
c-1 o SCALE
Cc-2 BAR IS ONE INCH ON
ORIGINAL DRAWING.
0 1"
DATE OCTOBER 2011
PROJ 407259
DWG c5
SHEET 8
FILENAME: CC85ndt01.dgn PLOT DATE:  10/7/2011 PLOTTIME:  4:50:25 PM






i
T,

25 STAGGER
X< OO
S :;g?ﬁ BLANKET SHALL BE /I oveRLAPS
IRigtatttanitey 100% STRAW MIN. OVERLAPPING JOINT, SEE
DETAIL ON THIS SHEET

DIVERSION DITCH
TYPICALLY AT
TOP OF SLOPE -

L t
p \k\ - - PER MANUFACTURER
=T - SPEC. OR TYPE 1
R STAKING SEE THE
- STAKING PATTERN
DETAIL THIS SHEET

6
TOPSOIL

PERIMETER ANCHOR TRENCH \\
SEE ANCHOR DETAIL ON THIS SHEET

OUTSIDE OF STREAMS AND DRAINAGE CHANNELS

AT PIPE OUTLET AREAS OF STREAMS AND
DRAINAGE CHANNELS - DETAILA

ROLL WIDTH "W"
ANCHOR DETAILS el
EROSION CONTROL r .‘
/ BLANKE;_(LT’T) L T __ PERIMETERANCHOR ——
(TYR) ' ‘ 4 < TRENCH OR JOINT
/ ) ' | ‘ [ | [ \ ANCHOR TRENCH, TYP.
J, ’ | { | q ° d‘ ° ° ;o

I 172™w"

S fermin i & .
_ P. ‘ t\ (8L |
4\‘* (e || - TWO EDGES OF ¥k &

© o L] e o o L] | e
™ SINGLE EDGE TWO ADJACENT \ = L DOP FROM ) 172w i
| ROLLS \ MIDDLE OF | | |
\__STAKE (TYP) | ROLL = | r -% o o B
COMPACTED BACKFILL (TYP) A 2w,
. _ _ - _
PERIMETER ANCHOR TRENCH| JOINT ANCHOR TRENCH INTERMEDIATE ANCHOR TRENCH STRAW STRAW-COCONUT

STAKING PATTERNS

- 6" SHALL BE IN ACCORDANCE WITH MANUFACTURER'S SPECIFICATION. IF NO MANUFACTURER'S
FLOW] ™ Zm——f= |, SPECIFICATION IS AVAILABLE USE THE ACCEPTABLE STAKING PATTERN (AS SHOWN ABOVE)

f i I

B MiN.
(TYP)

ANCHOR TRENCH

OVERLAPPING JOINT

EROSION CONTROL BLANKET INSTALLATION NOTES

1. SEE PLAN VIEW FOR:
- LOCATION OF PERIMETER OF EROSION CONTROL BLANKET.
- TYPE OF BLANKET C125BN OR APPROVED EQUAL
-AREA"A" IN SQUARE YARDS OF EACH TYPE OF BLANKET.
. ALL EROSION CONTROL BLANKETS AND NETTING SHALL BE MADE OF 100% NATURAL AND BIODEGRADABLE MATERIAL
(NOT INCLUDING COTTON) NO PLASTIC OR OTHER SYNTHETIC MATERIAL, EVEN IF PHOTO DEGRADABLE, SHALL BE ALLOWED.
3. INAREAS WHERE EROSION CONTROL BLANKET IS SHOWN ON THE PLANS, THE PERMITEE SHALL PLACE TOPSOIL AND
PERFORM FINAL GRADING, SURFACE PREPARATION, AND SEEDING BELOW THE SEEDING AND MULCHING. SUBGRADE SHALL
BE SMOOTH AND MOIST PRIOR TO THE BLANKET INSTALLATION AND THE BLANKET SHALL BE IN FULL CONTACT WITH
SUBGRADE, NO GAPS OF VOIDS SHALL EXIST UNDER THE BLANKET.
. PERIMETER ANCHOR TRENCH SHALL BE USED AT OUTSIDE PERIMETER OF ALL BLANKET AREAS.
. JOINT ANCHOR TRENCH SHALL BE USED TO JOIN ROLLS OF BLANKET TOGETHER (LONGITUDINALLY AND TRANSVERSELY)
FOR ALL BLANKETS EXCEPT STRAW, WHICH MAY USE AND OVERLAPPING JOINT.
INTERMEDIATE ANCHOR TRENCH SHALL BE USED AT SPACING OF ONE-HALF THE ROLL LENGTH FOR COCONUT AND
EXCELSIOR BLANKETS.
. THE OVERLAPPING JOINT DETAIL SHALL BE USED TO JOIN ROLLS OF BLANKETS TOGETHER FOR BLANKETS ON SLOPES.
. ANY AREAS OF SEEDING AND MULCHING DISTURBED IN THE PROCESS OF INSTALLING EROSION CONTROL BLANKET SHALL
BE RESEEDED AND MULCHED.

[

EROSION CONTROL BLANKET MAINTENANCE NOTES

1. THE SWMP MANAGER SHALL INSPECT EROSION CONTROL BLANKETS WEEKLY,
DURING AND AFTER ANY STORM EVENT AND MAKE REPAIRS AS NECESSARY.

2. EROSION CONTROL BLANKET IS TO BE LEFT IN PLACE UNLESS REQUESTED TO
BE REMOVED BY THE LOCAL JURISDICTION.

3. ANY EROSION CONTROL BLANKET PULLED OUT, TORN, OR OTHERWISE DAMAGED
SHALL BE RE-INSTALLED. ANY SUBGRADE AREAS BELOW THE BLANKET THAT HAVE
ERODED TO CREATE A VOID UNDER THE BLANKET, OR THAT REMAIN DEVOID OF
GRASS SHALL BE REPAIRED, RESEEDED AND MULCHED AND THE EROSION CONTROL
BLANKET REINSTALLED.

BN o A

N
BY |APVD

IAPVR

NOTES:

'R - STAKE BLANKET TO

TOPSOIL LAYER AND SEED AND MULCH GROUND BETWEEN STONES
AS REQUIRED BY PLANS AND SPECIFICATIONS —
a \ —EROSION CONTROL BLANKET
AS SPECIFIED OR CALLED FOR
ON THE PLANS

FINISHED GRADE

DESIGN RIPRAP GRADE

i SOIL RIPRAP.
, = MIX SOILAND RIPRAP
& (TYP) | COMPLETELY (SEE NOTES)
2D50 J

|
Lo I
N

[ L/SLOPE VARIES (SEE PLANS)

\ PREPARE COMPACTED
SUBGRADE PER SPECIFICATIONS
OR PLACE ON UNDISTURBED SUGRADE

TYPICAL SECTION -

SOIL RIPRAP WITH EROSION CONTROL FABRIC

TOPSOIL LAYER AND SEED AND MULCH
AS REQUIRED BY PLANS AND SPECIFICATIONS

FINISHED GRADE

DESIGN RIPRAP GRADE SOIL RIPRAR.
MIX SOILAND RIPRAP
| COMPLETELY (SEE NOTES)
soe ey
2'D50
1 P SLOPE VARIES (SEE PLANS)

\\— PREPARE COMPACTED

SUBGRADE PER SPECIFICATIONS
OR PLACE ON UNDISTURBED SUGRADE

TYPICAL SECTION -
SOIL RIPRAP WITH MUCLH

S YANAGIHARA

APVD

C HOOPER

DESCRIPTION
REVISION
CHK

S KRAMER

EROSION CONTROL BLANKET

NTS

1.
2.
3.
4,

SOIL RIPRAP DETAILS ARE APPLICABLE TO SLOPED AREAS. REFER TO THE SITE PLAN ACTUAL LOCATION AND LIMITS.
MIX UNIFORMALLY 65% RIPRAP BY VOLUME WITH 35% OF APPROVED SOIL BY VOLUME PRIOR TO PLACEMENT.

PLACE STONE-SOIL MIX TO RESULT IN SECURELY INTERLOCKED ROCK AT THE DESIGN THICKNESS AND GRADE.
COMPACT AND LEVEL TO ELIMINATE ALL VOIDS AND ROCKS PROJECTING ABOVE DESIGN RIPRAP TOP GRADE.

CRIMP OR TACKIFY MULCH OR USE APPROVED HYDROMULCH AS CALLED FOR IN THE PLANS AND SPECIFICATIONS.

SOIL RIPRAP

NTS

o
o
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O
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o
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CH2MHILL
STANDARD DETAILS

VERIFY SCALE

BAR IS ONE INCH ON
ORIGINAL DRAWING.
0 1

DATE OCTOBER 2011

PROJ 407259

DWG C-6

SHEET 9

FILENAME: CC95ndt03.dgn PLOT DATE:  ©/26/2011
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1 2 3 4 5 6
. PRESERVATION MEASURES MUST BE IN PLACE BEFORE CONSTRUCTION, DEMOLITION AND/OR GRADING ACTIVITIES
COMMENCE. CONSTRUCTION MAY BE HALTED IF TREE PRESERVATION MEASURES ARE NOT IN PLACE AND MAINTAINED
THROUGHOUT THE CONSTRUCTION PERIOD.
. TREES CALLED OUT FOR PRESERVATION SHALL BE FENCED AT THE DRIPLINE. FENCING MAY OCCUR AT THE COMBINED
DRIPLINES OF GROVES OF TREES. PLACE 3 INCH BARK MULCH BENEATH DRIPLINES OF TREES TO BE PRESERVED. TREE ] é
PROTECTION ZONES SHALL HAVE A6 FOOT MINIMUM DIAMETER. z gl <
. FENCING SHALL BE 4 FEET TALL SNOW FENCING WITH STEEL POST EMBEDDED IN THE GROUND. 4 5
. NO CONSTRUCTION MATERIALS OR CONSTRUCTION VEHICLES MAY BE STORED WITHIN THE DRIPLINES/FENCES AREA OF EXISTING TREES. E &l <
. CONSTRUCTION VEHICLES OR MACHINERY MAY NOT PASS BETWEEN TWO OR MORE EXISTING TREES IDENTIFIED FOR §
PRESERVATION IF THEIR CANOPIES ARE WITHIN 10 FEET OF TOUCHING. ADDITIONAL FENCING MAY BE REQUIRED. )
. UNAUTHORIZED TREE REMOVAL OR DAMAGE IS SUBJECT TO REPLACEMENT EQUAL TO THE APPRAISED VALUE OF THE TREE LOST. o
, >
4 HT. GREEN CONSTRUCTION FENCE. CONTRACTOR IS RESPONSIBLE FOR DOCUMENTATION OF ALL EXISTING TREES TO REMAIN, PRIOR TO CONSTRUCTION. &
. THE CONTRACTOR SHALL BE RESPONSIBLE FOR ANY DAMAGE TO EXISTING IMPROVEMENTS AND UTILITIES AND SHALL REPAIR ANY I
DAMAGE AT HIS EXPENSE W
PLASTIC STRAPPING PULLED TIGHT TO 8
SECURE AND MINIMIZE BOWING. 3
NOMINAL 2"X4" CONTINUOUS AROUND z
TREE TRUNK ,9 zl,
— _ o=
< = DIRECT BURIED POST @ B' O.C. E % S
AN e FENCE TO DRIP LINE ole|
Ve ;\i o
A NOMINAL 2"X4" CONTINUOUS AROUND
i ? TREE TRUNK P
\\« /Li TREE DRIP LINE
N A TREE TRUNK
PLAN x
4
o]
- Q
TREE PROTECTION <
s o
ala
o}
2|2z
4
o
E
: ¥
= g <
Zr %) a t
g o w ¥ w
I roekE £
< <2
<5 =85 E O
< 5 w 0w 5
) 4
4 E [
o3 S w@
> [P T
3 ¥y v+ 0§
o i [
i wkzs
S g “ B Z
o% o ]
=& &
WRAP BARRIER WITH MINIMUM &
. 20MIL PLASTIC SHEETING a
NOTE: O
1. DO NOT CUT LEADER.
2. PRUNE ALL DAMAGED OR DEAD WOOD WATERING SAUCER. CDOT TYPE 7
AFTER PLANTING, STAKING AND MULCHING. BARRIER
3. KEEP CROWN SHAPE TYPICAL OF SPECIES. INSTALL BEAVER EXCLUSION CAGES: MIN. 15" DIAMETER DOUBLE _\
4.  REMOVEALL PLANTING LABELS AFTER FINAL WRAPPED GALVANIZED 2"X4" 12 GAUGE WELDED WIRE 48" OVERLAP SHEETING
ACCEPTANCE BY OWNER. HEIGHT. SECURE CAGE WITH (2) METAL T POSTS. CUT BOTTOM IN WORK AREA
OF CAGE TO FIT SLOPING GROUND.
(2) 12 GAUGE GALV. GUY WIRES AT 30" ABOVE GRADE W/ 1/2" DIA.
X 18" PV.C. PIPE ON EACH WIRE. Z J
, L WORK AREA o
- o (2) METAL 'T' POST STAKES WITH PROTECTIVE CAP, DRIVE 9
! (MIN 247) FIRMLY INTO SUB-GRADE PRIOR TO BACKFILLING. — Z
- PROVIDE SPECIFIED MULCH AT MAX. 1" DEPTH, VisSUS I E
|
7y FINISH GRADE. o
| P DIVERSION STREAM o
; - -~ EXISTING GRADE. WSS o
= - * - FILL PLANT PIT WITH 2/3 OF NATURAL SOIL (EXCAVATED <
* . ( o~ \ MATERIAL) AND 1/3 OF ORGANIC MATTER. i MIN 6" BELOW a
P-4
E o ) / | - ~ REMOVE ALL TWINE & WIRE ON TOP 1/2 OF ROOTBALL SIDES. WORK SUB GRADE : <
< T e / o CUT BURLAP FROM TOP OF BALL. REMOVE WIRE BASKETS. =
e Y . PLACE ROOTBALL WITHIN MOIST SOIL LAYER ON THE WATER n
r r\/\(\/\ A oo e TABLE.
. . |
: - MOIST SOIL ABOVE WATER TABLE. NOTES:
- 1. CONTRACTOR MAY SUBMIT AN ALTERNATIVE
s UNDISTURBED SOIL WITHIN WATER TABLE. WATER DIVERSION SYSTEM, BUT
: - - NORMAL WATER LEVEL. IS SUBJECT TO APPROVAL BY ENGINEER.
STREAM DIVERSION BARRIER VERIFY SCALE
N S O ICH O
DEEP TREE PLANTING FOR B&B COTTONWOOD SPECIES NTS ORGIAL DRAWING.
NTS 0 1
DATE OCTOBER 2011
PROJ 407259
DWG c-7
SHEET 10
FILENAME: CCO5ndt02.dgn PLOT DATE:  8/26/2011 PLOTTIME:  10:35:51 AM

©CH2M HILL 2004. ALL RIGHTS RESERVED.

CH2M HILL AND IS NOT TO BE USED, IN WHOLE OR IN PART, FOR ANY OTHER PRCJECT WITHOUT THE WRITTEN AUTHORIZATION OF CH2MHILL.

REUSE OF DOCUMENTS: THIS DOCUMENT, AND THE IDEAS AND DESIGNS INCORPORATED HEREIN, AS AN INSTRUMENT OF PROFESSIONAL SERVICE, IS THE PROPERTY OF






Appendix B — Phase 2 Preliminary Construction Drawings
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| ~=—— UNDISTURBED SOIL | " RIPRAP MIXED WITH - H H 0 § .
24 MINIMUM ﬁ NATIVE SOILS - — o q of
s T : s AN
ROOT END 7 XN DN N =k 8
R R R RN RORRDRRRORON & /, 81z
ey \\\\N\~\\"\\YSY gle| g
R VL Wl R 8% o
L e ) i
res; VOV IO V0 0 O :
RN RKSR SRR R el of3
IR o g s G o ) = "f
2. CUT STAKE AND INSTALL STAKES WITH A MINIMUM I EE
OF 4 BUDS ABOVE AND 4 BUDS BELOW FINISHED GRADE. -
(&) =
wlw| < @
WILLOW STAKE DETAIL 6 DOG PARK FENCE, TYPE 1 -
S NTS NTS olslg §
c c Z|z]8 |5
f= 10-0" - é ug
EXISTING GRADE < . s
NATIVE GRASSES [ t |2 & |3
N Z_ a =
R L L P G 52 | 2258 [
i A\ R A / REVEGETATE WITH UPLAND 5E £z E 8 E
5 D\ e St ELe W SEED MIX. BROADCAST SEED 2 |aZIEZ 3
= AND RAKE IN SEED g3 | xS 0E B
5% COARSE SAND W wk g la
15% COMPOST GROWTH MEDIA SE | 8 z<E
18" THICK = E 5 2
w S
?I'OTE:DO INE ALL DAMAGED %/Z?:? WATERING SAUCER SCARIFY 6" DEEP ° g
2. PRUNEALL DAMAGED OR DEAD WOOD § G SAUCER. i
' PRIOR TO PLACEMENT &
3. KEEP CROWN SHAPE TYPIGAL OF SPECIES. %?ﬂ Z <Q INSTALL BEAVER EXCLUSION CAGES: MIN. 15" DIAMETER DOUBLE OF GROWTH MEDIA 2
4. REMOVEALL PLANTING LABELS AFTER FINAL x4 y £
AGCEPTANCE BY OWNER. ﬁ:w/ HEIGHT. SEGURE GAGE WITH (2) METAL T POSTS. GUT BOTTOM BIO-SWALE DETAIL
Q ” OF CAGE TO FIT SLOPING GROUND. CRUSHER FINES 8
TN v 16" PALG. PIPE ON EACHWIRE. |~ o o rooe v VDR ror ot -
' N - (2) METAL 'T" POST STAKES WITH PROTECTIVE CAP, DRIVE — —d
i (MIN 24*) FIRMLY INTO SUB-GRADE PRIOR TO BACKFILLING. —
o, PROVIDE SPECIFIED MULCH AT MAX. 1" DEPTH. I o
-y 4 FINISH GRADE. 2 BOULDERS o E <=(|
‘ = ~ EXISTING GRADE. Z F
* - L, - FILL PLANT PIT WITH 2/3 OF NATURAL SOIL (EXCAVATED . g Ly
® = ‘ / ~ MATERIAL) AND 1/3 OF ORGANIC MATTER. ﬁ% e e T & £ N o
§ o - A o~ REMOVE ALL TWINE & WIRE ON TOP 172 OF ROOTBALL SIDES. SUITABLE SUBGRADE & :
< I T / H 7 CUT BURLAP FROM TOP OF BALL. REMOVE WIRE BASKETS. T
P - S y[\t“ , n ?;'{QEE ROOTBALL WITHIN MOIST SOIL LAYER ON THE WATER u
oy PN BUNRUR SOUUE QNI S : CREEK BOTTOM
) V\r/\/\/ ' MOIST SOIL ABOVE WATER TABLE. /_
- UNDISTURBED SOIL WITHIN WATER TABLE.
: - NORMAL WATER LEVEL.
NOTE:
SEE PLAN VIEW FOR BOULDER EXTENTS
3 ANCHOR BOULDER VERIFY SCALE
@ DEEP TREE PLANTING FOR B&B COTTONWOOD SPECIES AT
e O SITE ACCESS DETAIL OATE _sepTevBER 207
9 = PROJ 407250
DWG c8
o SHEET 1
FILENAME: 005-C-5001.dgn PLOT DATE:  8/19/2011 PLOTTIME:  10:06:02AM

CH2M HILL AND IS NOT TO BE USED, IN WHOLE OR IN PART, FOR ANY OTHER PRCJECT WITHOUT THE WRITTEN AUTHORIZATION OF CH2MHILL.






1 2 3 4 5 6
. PER MANUFACTURER SPEC. _fd,
<o, S SEE THE STAKING PATTERNS
B osassested DETAIL ON NEXT SHEET TYPE OF BLANKET, STAGGER A;p
9e%e% \%g INDICATED IN PLAN VIEW BLANKET SHALL BE OVERLAPS Z,
Rty 100% STRAW MIN. | - OVERLAPPING JOINT, SEE %
i . ) DETAIL ON THIS SHEET >
N - - P DIVERSION DITCH &/ g &
D/ iﬁglxg;ER _JOINTANCHOR = -~ TYPICALLY AT < * | o g
TRENCH, TYP. - [ T
| SHDISTURBE m TRENCH, TYP.Q _ THE BLANKET SHALL TOP OF SLOPE : | ;
_ e - ! TOPOF BE EXTENDED TO THE ~ | <]
\/ i/ \ | N || CHANNEL BANK - - TOP OF CHANNEL | il %
! N f | - { O
. — . } = L R ' HE
! | ) | — T <] 7 3 S <|® 2
| ST I+ = =T~ 4 - o =t o - PER MANUFACTURER s
| | - oo (@ ‘ . _PERIMETER w3 \\-\ s SPEC. OR TYPE 1 L
i 7 | i S \— COMPACTED " ANCHOR TRENCH, TYP. 4 =k STAKING SEE THE 2
N | » ‘ . SUBGRADE \ ' ) > : STAKING PATTERN %
: f \ | JOINT ANCHOR TRENCH, TYP. ZEFE*'B"EETF[EI'ESHCT':'?SRSTF?:;TCH DETAIL I
(i B N : * .VARIES SEE PLAN g
o
IN DIVERSION DITCH OR SMALL DITCH DRAINAGE WAY - DETAIL B OUTSIDE OF STREAMS AND DRAINAGE CHANNELS - DETAIL C I
L TYPE OF BLANKET AS INDICATED IN PLAN VIEW, IN * o

ALL DISTURBED AREAS OF STREAMS AND DRAINAGE

CHANNELS TO DEPTH "D" ABOVE CHANNEL INVERT.

BLANKET SHALL GENERALLY BE ORIENTED PARALLEL

TO FLOW DIRECTION. STAKING PATTERN SHALL MATCH BLANKET

AT PIPE OUTLET AREAS OF STREAMS AND
DRAINAGE CHANNELS - DETAILA

ANCHOR DETAILS

EROSION CONTROL

BLANKET (TYP.) |
3" MIN. 7 J

i 4

|
—

T SINGLE EDGE TWO ADJACENT

[ le'mn. Yo
AR \ H
& || - TWO EDGES OF \ \
LOOP FROM
| ROLLS | MIDDLE OF
"\ STAKE (TYP) \ ROLL
COMPACTED BACKFILL (TYP)

PERIMETER ANCHOR TRENCH| JOINT ANCHOR TRENCH INTERMEDIATE ANCHOR TRENCH

5 FLOW J__»** 6_%,& ]
Af =
-l '
\F \
& MIN.
(TYP)
ANCHOR TRENCH OVERLAPPING JOINT

EROSION CONTROL BLANKET INSTALLATION NOTES

1.

o~ o OhA

SEE PLAN VIEW FOR:

- LOCATION OF PERIMETER OF EROSION CONTROL BLANKET.
- TYPE OF BLANKET C125BN OR APPROVED EQUAL
-AREA"A" IN SQUARE YARDS OF EACH TYPE OF BLANKET.

. ALL EROSION CONTROL BLANKETS AND NETTING SHALL BE MADE OF 100% NATURAL AND BIODEGRADABLE MATERIAL

NO PLASTIC OR OTHER SYNTHETIC MATERIAL, EVEN IF PHOTO DEGRADABLE, SHALL BE ALLOWED.

. IN AREAS WHERE EROSION CONTROL BLANKET IS SHOWN ON THE PLANS, THE PERMITEE SHALL PLACE TOPSOILAND
PERFORM FINAL GRADING, SURFACE PREPARATION, AND SEEDING BELOW THE SEEDING AND MULCHING. SUBGRADE SHALL

BE SMOOTH AND MOIST PRIOR TO THE BLANKET INSTALLATION AND THE BLANKET SHALL BE IN FULL CONTACT WITH
SUBGRADE, NO GAPS OF VOIDS SHALL EXIST UNDER THE BLANKET.

. PERIMETER ANCHOR TRENCH SHALL BE USED AT OUTSIDE PERIMETER OF ALL BLANKET AREAS.
. JOINT ANCHOR TRENCH SHALL BE USED TO JOIN ROLLS OF BLANKET TOGETHER (LONGITUDINALLY AND TRANSVERSELY)

FOR ALL BLANKETS EXCEPT STRAW, WHICH MAY USE AND OVERLAPPING JOINT.

. INTERMEDIATE ANCHOR TRENCH SHALL BE USED AT SPACING OF ONE-HALF THE ROLL LENGTH FOR COCONUT AND

EXCELSIOR BLANKETS.

. THE OVERLAPPING JOINT DETAIL SHALL BE USED TO JOIN ROLLS OF BLANKETS TOGETHER FOR BLANKETS ON SLOPES.
. ANY AREAS OF SEEDING AND MULCHING DISTURBED IN THE PROCESS OF INSTALLING EROSION CONTROL BLANKET SHALL

BE RESEEDED AND MULCHED.

ROLLWIDTH "W~

(TYP)
T /\/7 m PERIMETER ANCHOR i /\/7 -
TRENCH OR JOINT
‘ ANCHOR TRENCH, TYP.
o ° o o o |

1 IT__T;m'w" A I
o I P

ww |

STRAW STRAW-COCONUT

STAKING PATTERNS

SHALL BE IN ACCORDANCE WITH MANUFACTURER'S SPECIFICATION. IF NO MANUFACTURER'S
SPECIFICATION IS AVAILABLE USE THE ACCEPTABLE STAKING PATTERN (AS SHOWN ABOVE)

EROSION CONTROL BLANKET MAINTENANCE NOTES
1. THE SWMP MANAGER SHALL INSPECT EROSION CONTROL BLANKETS WEEKLY,

DURING AND AFTER ANY STORM EVENT AND MAKE REPAIRS AS NECESSARY.

2. EROSION CONTROL BLANKET IS TO BE LEFT IN PLACE UNLESS REQUESTED TO

BE REMOVED BY THE LOCAL JURISDICTION.

3. ANY EROSION CONTROL BLANKET PULLED OUT, TORN, OR OTHERWISE DAMAGED

SHALL BE RE-INSTALLED. ANY SUBGRADE AREAS BELOW THE BLANKET THAT HAVE
ERODED TO CREATE AVOID UNDER THE BLANKET, OR THAT REMAIN DEVOID OF
GRASS SHALL BE REPAIRED, RESEEDED AND MULCHED AND THE EROSION CONTROL
BLANKET REINSTALLED.

———— STAKE BLANKET TO
TOPSOIL LAYER AND SEED AND MULCH GROUND BETWEEN STONES
AS REQUIRED BY PLANS AND SPECIFICATIONS —
Qu —EROSION CONTROL BLANKET
AS SPECIFIED OR CALLED FOR
ON THE PLANS

FINISHED GRADE

DESIGN RIPRAP GRADE

f -~ SOILRIPRAP.
&' (TYP) ] MIX SOILAND RIPRAP
G f COMPLETELY (SEE NOTES)
f/«
2°D50 ik
| <
I SLOPE VARIES (SEE PLANS)

\ PREPARE COMPACTED
SUBGRADE PER SPECIFICATIONS
OR PLACE ON UNDISTURBED SUGRADE

TYPICAL SECTION -
SOIL RIPRAP WITH EROSION CONTROL FABRIC

TOPSOIL LAYER AND SEED AND MULCH
AS REQUIRED BY PLANS AND SPECIFICATIONS \

Tl
> o w\//\/ff‘ MiX SOIL AND RIPRAP

N { & COMPLETELY (SEENOTES)

FINISHED GRADE
DESIGN RIPRAP GRADE

4"-8" (TYP) L;J’ [
R .
2*D50 ! J
' H_ ?:4/ ‘\\\
[ WA
o

SLOPE VARIES (SEE PLANS)

\\— PREPARE COMPACTED

SUBGRADE PER SPECIFICATIONS
OR PLACE ON UNDISTURBED SUGRADE

TYPICAL SECTION -
SOIL RIPRAP WITH MUCLH

NOTES:
1. SOIL RIPRAP DETAILS ARE APPLICABLE TO SLOPED AREAS. REFER TO THE SITE PLAN ACTUAL LOCATION AND LIMITS.
MIX UNIFORMALLY 65% RIPRAP BY VOLUME WITH 35% OF APPROVED SOIL BY VOLUME PRIOR TO PLACEMENT.

DESCRIPTION
REVISION
CHK

S KRAMER
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CH2Z2MHILL
DETAILS

2.
3. PLACE STONE-SOIL MIX TO RESULT IN SECURELY INTERLOCKED ROCK AT THE DESIGN THICKNESS AND GRADE. VERIFY SCALE
EROSION CONTROL BLANKET COMPACT AND LEVEL TO ELIMINATE ALL VOIDS AND ROCKS PROJECTING ABOVE DESIGN RIPRAP TOP GRADE. S ONETo O
4. CRIMP OR TACKIFY MULCH OR USE APPROVED HYDROMULCH AS CALLED FOR IN THE PLANS AND SPECIFICATIONS. ORIGINAL DRAWING.
NTS 0 v
DATE _ SEPTEMBER 2011
SOIL RIPRAP PROJ 207250
NTS DWG co
SHEET 12
FILENAME: 005-C-5002.dgn PLOT DATE:  &/7/2011 PLOTTIME: 8:04:49 AM

CH2M HILL AND IS NOT TO BE USED, IN WHOLE OR IN PART, FOR ANY OTHER PRCJECT WITHOUT THE WRITTEN AUTHORIZATION OF CH2MHILL.

REUSE OF DOCUMENTS: THIS DOCUMENT, AND THE IDEAS AND DESIGNS INCORPORATED HEREIN, AS AN INSTRUMENT OF PROFESSIONAL SERVICE, IS THE PROPERTY OF






Appendix C - DOLA Improvement Plans






VICINITY MAF

NO SCALE

CHERRY CREEK STATE PARK

DOG OFF-LEASH AREA

ARAPAHOE COUNTY, CQOLORADO
FOR

COLORADO DIVISION OF PARKS AND OUTDOOR RECREATION

SHEET INDEX

SHEET 1 COVER SHEET

SHEET 2 —
SHEET 3 -
SHEET 4 -
SHEET 5 — DETAILS
SHEET 6 — DETAILS

DOG OFF—LEASH AREA SITE PLAN
DOG OFF—LEASH AREA, ENLARGED PLAN
12 MILE NORTH, ENLARGED FLAN

PROJECT
LOCATION

HHOBSENEnn -

o

IMPORT/EXPORT CALCULTATIONS

AREA OF DISTURBANCE IMPORT EXPORT ADDITIONAL
E
ITEM #1 Excavation O CY 4590 CY MiF-)l—EEE—AL
ITEM #2 Concrete Footer 12 CY 0 Cy REQUIRED
ITEM #3 Sub—base 9 CY 0 CYy
ITEM #4 Flatwork 4569 CY 0 CY
TOTALS 4590 CY 4590 CY 0 CY

OWNER REP. TO IDENTIFY ADDITIONAL EXPORT MATERIAL DURING CONSTRUCTION IF REQUIRED
PROJECT MANAGER WILL COORDINATE EXPORT SITE.

@ CHERRY CREEK STATE PARK
PROJECT L OCATION MAP

NO SCALE

APPROVAL:

REGIONAL MANAGER:
CAPITAL DEVELOPMENT MANAGER:

— [

@ CHERRY CREEK STATE PARK
DOG OFF—1EASH AREA —
LXISTING AERIAL MAP

NO SCALE

7
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PARKS

OUTDOOR RECREATION

COLORADO DIVISION OF
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P

Colorado State Parks

|
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\ TO 12 MILE NORTH, ~ SINSLE BULL PEN ¢ 12' GATE,
LEGEND
New W:RME ERL’ Park Boundary
:&rﬁﬁ'& WJ-EHAE Public Road ———
R S, p— i
#LoCATED EETRERN TRALS Service Road
FENCE Dog Park Fence ~——v—v——
Boundary Fence —e—o—o——
RiF & COVER ABANDONED
RAILS. COVER WTH EXCAYATED TemporaryFence ——=—= =
ATERIAL FROM NEW TRAILS. il -
TGP S0l AND SEED, TYR. Foot Trail - NeW e
SEE DETALL 6/5H-4 Foot Trail {Exstg)
| Parking {Existing) 3]
S Restrooms (Existing) ®fR
; Dy
1 12" SATE S P 7N urT\pster wo
DETAL 3056 P Trailhead @
1 ﬂmmNmL L Dog Water Station $ws
\5 i [w" e ? 7 Dog Service Station o8
P ” Rules & Pay Station aPs
\\ ! Tragh Can o7
Y s
! N

FUTLRE EQLESTRIAN PARKING

MEW ROAD TO ERAUESTRIAN PARKINS,
ASPHALT, RE-ALIGN

FLATTEN PARKING AREA,
RELOGATE T THE SCUTHAEST

HORSE CROSSING, BEE DETAIL 8/5H-6

SELF-SERVICE PAY STATION
4§ RLL-GUT AREA, SEE DETAIL IS4

FUTLRE (3) LARE

n 12" SATE, ENTRANCE STRUCTURE
ﬁ“}m HEE DETAIL 5vSH-8, 5M.
s i =
-m\m::ﬁ_“_:_ =
SETs RS e

1 DOG OFF-LEASH AREA - SITE PLAN
SCALE: 1" =200-0"

HEATHER DUGAN
HEATHER DUGAN
REGIONAL MANAGER

PROJECT MANAGER

DESIGNED: PM
DRAWN: E.H.S.
DATE: 030911

FILE:

SHEET
2
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7

SHEETS
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CHERRY CREEK STATE PARK
DOG OFF—LEASH AREA PROJECT
SITE PLAN
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12 MILE NORTH -
/ /’ FUTURE PARKING SEE DETAIL 2/5H-4 = é %
: EXPANSION AREA ¥
/
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A Al ) Parking Lot Improvemenis vl
Restroom - now Q
{Year-around - dry} —E
DUMPSTER SCREEN
v (& €), SEE DETAIL 5/5 8
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®eo, "
@ 5 L
® 00 gm I
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PARKING STALLS (10) T El= E
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it J4 5
FENCE, MASSIVE RAIL i, =T
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4 Ll
; 5 =
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= SEE DETAIL &/5H-5 ® v oo
- Ll
DOUBLE POST SIGN, ® Ll 2 =
SEE DETAIL 7/5H-6 P % W=
® I
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12 Mile South o % —
FENCE, MASSIVE RAIL Ll
SEE DETAIL 2/5H-5, T o
HITHOUT WIRE INFILL o 8
@ 12 MILE NORTH - ENLARGED PLAN u @ 12 MILE NORTH - VICINITY PLAN

SCALE: NO SCALE

SCALE: NO SCALE

[







|

PARKS

COLORADO DIVISION OF
& OUTDOOR RECREATION

&8
3
|
S

HEATHER DUGAN
PROJECT MANAGER

HEATHER DUGAN
REGIONAL MANAGER

PM

DESIGNED
DRAWN: E.H.S.
DATE: 030911

FILE:

. . INTERMEDIATE POST, 8 0. PLAN SECTION
g{,‘ﬁ;’f&“%ﬁ’ NEREDAT A “SRAL POST, 4T FELD FECE mmrmre—— @
RANCH SUPPLY" STEEL TEE FEMCE POST, 6 I/2' STOCKYARDS RANGH SUPFLY, STOCKYARDS RANCH SUPPLY, Y, 2
FREMIM PEISHT, ASTM AT02 PNESTERN POST 4 RAL FERGING" STANDARD 12 2 SAUEE 6" STAY g
Py SALYANZED WOVEN WIRE FENGE" rzr 4 | L ‘ En !
8 TURNED RAL, o) e e — | ¥ ) = F
STOCKYARDS RANCH SUPFLY, f ;J Eg
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@ . . e e L) — R ——
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80"
4 VAULT TOILET - PLAN & SECTIONS 5 DUMPSTER PAD & SCREEN B FENCE CORNER BRACE DETAIL
SCALE: NO SCALE SCALE: 1/2"=1-0" SCALE: 1/2*=1'0"
4° % 4" x &' PRESGURE TREATED C ——Sis SFFLTD BY STATE PARKS,
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VAULT TOILET - ELEVATIONS

SCALE: NO SCALE

DOG SERVICE STATION & WASTE RECEPTACLE DETAIL

®

SCALE: 1/2"=1-0"

SERVICE ROAD, TYPICAL TRAIL SECTION, & ASPHALT SECTION

©

SCALE: NO SCALE
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DOG OFF—LEASH AREA
DETAILS
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P
o

SPRING LOADED GATE W/ LATCH 4250,
"BTOCKYARD RANCH SIPFLY, STOCKYARD
HEAYY WIRE MESH GATE, W SUR-LATCH,
ONE RAY GATE LATGH
. 200" . &0
N y

MAINTENANCE 6ATE IV LATCH, 12X50",
BTOCKYARD RANCH SUPFLY, STOCKYARD
HEAVY NRE MESH 6ATE, W SUR-LATCH ONE
RAY GATE LATGH IV LOCK

SPRING LOADED GATE W LATCH, 4X507,
"BTOCKYARD RANCH SUFFLY, STOCKYARD
HEAYY PURE MESH 6ATE, IV SIR-LATCH,
ONE RAY GATE LATCH rENRCE

80" JTYFEN

1 FERCE TYPE 7

B F zemnsnra

11 .

6'%6 1/2' FRESEURE TREATED
POST, 24' 00, "STOCKYARDS RANGH SUPFLY"

12' GATE W LATCH, 12X50",

STOCKYARD RANCH SUPFLY, STOCKYARD
HEAVY NIRE MESH SATE W SIR-LATCH, ONE  gLor
PAY SATE LATGH W LOCK

]

PARKS
OUTDOOR RECREATION

COLORADO DIVISION OF

&

DOUBLE BULL PEN ELEVATION

®

SCALE: 1/4"=1-0"

SINGLE BULL PEN W/ 12' GATE ELEVATION

@

SCALE: 1/4"=1'0"

12' GATE ELEVATION

O

SCALE: 1/4"=1'0"

———SPRING LOADED GATE IV LATCH, 450",
STOLKYARD RANCH SUPFLY, STOCKYARD  |DRAIN
HEAVY NIRE HESH GATE, W SIR-LATCH, O/
PAY SATE LATCH TYP. 4

00"

TRAIL REVESETATION PROCEDURE:

- SCRAPE, ¢ REMOVE EXISTING TRAIL MATERIAL

-

Colorado State Parks

|

HEATHER DUGAN
PROJECT MANACER
HEATHER DUGAN
REGIONAL MANAGER

q FENCE "TYFE 2°
F Z‘:‘% | VT e e ey sk - RIP COMPACTED TRAIL TREAD, MIN. 4"
/ / HEAVY NIRE MESH SATE, W SR-LATCH, ONE
CiorE 1o ?’Qg ‘ PAY SATE LATEH TYF. 4 - ADD 2° TOP SOIL, AND TILL MIN. 6*
\ € e | ; = - COMPACT 4%
b coneers / ELOFE 70 DRAN \_ 2 ™ - SEED PER SPECIFICATIONS
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SCOPE

This report presents the results of our Geotechnical Investigation for the
planned restoration of a 3,000-foot reach of Cherry Creek stream bed in the
southeast portion of Cherry Creek State Park adjacent to the dog park area and west
of the intersection of South Parker Road and South Chambers Road in Arapahoe
County, Colorado (Fig. 1). The purpose of our investigation was to evaluate
subsurface conditions at the site and provide geotechnical desigh and construction
criteria for the project. The scope was described in our Service Agreement (No. DN
10-0068) dated January 26, 2010.

This report was prepared from data developed during field exploration,
laboratory testing, and our engineering analysis and experience with similar
conditions and projects. The report includes our description of the subsurface
conditions found in our exploratory borings and discussions on design and
construction of the proposed improvements as influenced by geotechnical
considerations. The recommendations presented in this report are based upon
construction as currently planned. If plans change, we should be contacted to
review our recommendations and determine if revisions are necessary. A brief
summary of our conclusions and recommendations follows, with more detailed
discussion and design criteria provided within the report. Environmental

assessment was not part of the scope.

SUMMARY OF CONCLUSIONS

1. Subsoils encountered in our borings consisted of grained 39 to 40 feet
of silty to very clayey fine to medium sand with variable amounts of
gravel. A persistent layer of a sandy clay about 6 to 12 feet thick
occurs at depths between 1 and 8 feet. Sandstone bedrock was
encountered in TH-1 and TH-2 only. Ground water was found in all 5
borings at depths of 9 to 15 feet during drilling. Water levels were
measured at depths between about 4 and 13.5 feet several days later.

2. The silty to clayey sand is expected to have high erosion potential.
The sandy clay is more resistant to erosion. The clay layer is believed
to be persistent enough that it may be used to anchor seepage cutoff
such as sheet pile or clay core embankments.
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3. We believe the soils penetrated by our exploratory borings can
generally be excavated with typical heavy-duty construction
equipment. On-site soils are suitable for re-use in new fills provided
they are substantially free of debris and organic material, moisture
conditioned, and compacted as discussed in SITE DEVELOPMENT.

4. The banks along Cherry Creek can be stabilized by flattening and re-
vegetation. Benched slopes can also be utilized to reduce sheet flow
velocity and erosion.

5. On-site clay can be used as fill for the embankment which will be
constructed to reestablish the original stream path of Cherry Creek.
Re-vegetation of the embankment slopes or rip-rap can be used to
help control erosion. A sheet pile cutoff wall can be utilized to provide
additional seepage control. Design and construction criteria for
embankment construction are presented in the report.

6. The proposed boardwalk can be constructed on helical piles or push
piles. Foundations should be protected from scour and undermining
during flood stage events. Design and construction criteria for
foundations are presented in the report.

SITE CONDITIONS

The site is located in the southeast portion of Cherry Creek State Park
adjacent to the dog park area and west of the intersection of South Parker Road and
South Chambers Road in Arapahoe County, Colorado (Fig. 1). The project involves
about 3,000 feet of Cherry Creek along existing trails within the dog park area. Many
areas along the outer stream bank adjacent to the dog park area are experiencing
active erosion. The banks are relatively steep and range from about 2:1
(horizontal:vertical) to nearly vertical and undercut. The bank height ranges from
about 10 to 15 feet near the upstream end of the project to less than 3 feet near the
downstream end. Ground cover consists of grasses, shrubs, weeds, bushes, and

mature trees.

Beginning at the upstream end of the project, Cherry Creek flows to the north
and northwest for about 1,800 feet, turns west for about 500 feet, and continues
north toward Cherry Creek Reservoir. Review of Google Earth historical aerial
images dating back to 1937 indicated Cherry Creek has meandered from the north to

the northwest, then west, and finally bending down to the southwest. The location

CH2M HILL 2
12-MILE PARK CHERRY CREEK STREAM RECLAMATION

CTL | T PROJECT NO. DN45,052-125

S:\PROJECTS\45000\DN45052.000\125\2. Reports\R1\DN45052-125-R1.doc




where Cherry Creek curved from the west to the southwest has progressively
moved farther north. High water levels caused by heavy runoff this spring caused
the stream bank to break at the location where Cherry Creek has historically bent to
the southwest. As a result, the creek now flows to the north. Conversation with
Scott Yanagihara, P.E. also indicates Cherry Creek is actively cutting the creek
bottom. We understand the stream bottom has been lowered about 2 feet since the
bank broke.

PROPOSED CONSTRUCTION

Based on information provided to us and conversation with Scott
Yanagihara, P.E., the main intent of the project is to stabilize the outer stream
banks. In general, the toe of the bank will remain and the bank slope will be
flattened. We understand a fence may be installed near the top of the new bank and
the existing path will be moved further east. The new path will likely consist of

gravel.

Near the location where Cherry Creek begins to curve to the west and the
embankment height is comparatively less, we understand a boardwalk is being
considered for the proposed improvements. The project also includes
reestablishing the original stream path of Cherry Creek by constructing an

embankment at the location of the broken bank.

INVESTIGATION

Subsurface conditions were investigated by drilling five exploratory borings
at the approximate locations shown on Fig. 1. The boring locations were selected by
a representative of our firm and a representative of CH2M HILL. The borings were
drilled to depths of 20 to 40 feet using 4-inch diameter, continuous-flight auger and
a CME-45 truck-mounted drill rig. Samples were generally obtained at 5-foot
intervals using 2.5-inch diameter (O.D.) modified California samplers driven by
blows of a 140-pound hammer falling 30 inches. Borings TH-1 through TH-3 were

drilled to 40 feet and samples were not obtained below 15 feet, until we reached
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bedrock near the bottom of the boring. We also collected topsoil and streambed
samples from and adjacent to each boring, respectively. The drilling operations
were observed by our field representative who logged the soils and bedrock
encountered in the borings and obtained samples for laboratory testing. Summary
logs of the borings, field penetration resistance test results, and a portion of the

laboratory data are presented on Fig. 3.

The samples were returned to our laboratory where they were examined by
our engineers and tests were assighed. Laboratory tests included moisture content,
dry density, Atterberg limits, percent fines (silt and clay-sized particles passing the
No. 200 sieve), gradation analysis, and unconfined compressive strength. As
requested by Bill Ruzzo with Cherry Creek Basin Water Quality Authority, total
phosphorus tests were performed by ACZ Laboratories, Inc. on topsoil samples.
Laboratory test results are presented on Figs. 5 through 8 and summarized in Table
I. The report and test results from ACZ Laboratories, Inc. are provided in Appendix
A.

SUBSURFACE CONDITIONS

The subsoils encountered in our exploratory borings generally consisted of
at least 20 to more than 40 feet of silty to very clayey fine to medium grained sand
with variable amounts of gravel. A persistent layer of sandy clay layer occurs at
depths between about 1 and 8 feet. The sandy clay layer was about 6 to 12 feet
thick. Sandstone bedrock was found in TH-1 and TH-2 at depths of 39 and 39.5 feet,
respectively. Ground water was measured at depths between about 9 and 15 feet
during drilling (elevations 5590.6 to 5603.2). When the borings were checked several
days after drilling on July 15, 2010, ground water levels were between about 4 and
13.5 feet below the ground surface (elevations 5595.6 to 5604.3). Boring elevations
were provided to us by CH2M HILL.

Based on field penetration resistance tests, the sand was very loose to
dense, the clay was very soft to very stiff, and the bedrock was hard. Samples of

sand had between 13 and 49 percent fines and exhibited low to moderate plasticity

CH2M HILL 4
12-MILE PARK CHERRY CREEK STREAM RECLAMATION

CTL | T PROJECT NO. DN45,052-125

S:\PROJECTS\45000\DN45052.000\125\2. Reports\R1\DN45052-125-R1.doc




with liquid limits of 24 to 43 percent and plasticity indices of 3 to 28 percent. Two
samples of silty sand contained 2 and 10 percent gravel (retained by the No. 4
sieve). Two samples of clayey sand had unconfined compressive strengths of 1,800
and 2,200 psf. Two sandy clay samples had 87 and 90 percent fines and exhibited
high plasticity with liquid limits of 81 and 85 percent and a plasticity index of 57
percent for each sample. Unconfined compressive strengths of 2,500 and 9,000 were
measured on two samples of sandy clay. In general, we expect site soils to have

high erosion potential.

Streambed samples obtained adjacent to each boring had between 1 and 12
percent fines and between 1 and 8 percent gravel. Total phosphorus concentrations
between 0.029 and 0.059 percent were measured by ACZ Laboratories, Inc. on

topsoil samples obtained from each boring.

The silty to clayed sand is expected to have high erosion potential. The
sandy clay is more resistant to erosion. The clay layer is believed to be persistent
enough that it may be used to anchor seepage cutoff such as sheet pile of clay core

embankments.

SITE DEVELOPMENT

Excavations

We believe the soils penetrated by our exploratory borings can generally be
excavated with typical heavy-duty construction equipment. We recommend the
owner and the contractor become familiar with applicable local, state, and federal
safety regulations, including the current Occupational Safety and Health
Administration (OSHA) Excavation and Trench Safety Standards. Based on our
investigation and OSHA standards, we anticipate the clay will classify as Type B soil
and the sand as Type C. Based on OSHA regulations, maximum slope inclinations
of 1:1 (horizontal to vertical) for Type B soil and 1.5:1 for Type C are required for
temporary excavations in dry conditions. Flatter slopes will be required below

ground water or where seepage is present. Excavation slopes specified by OSHA
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are dependent upon soil types and ground water conditions encountered. The
contractor’s “competent person” should identify the soils in the excavations and
refer to OSHA standards to determine appropriate slopes. Stockpiles of soil and
construction equipment should not be placed within a horizontal distance equal to
one-half the excavation depth, from the edge of the excavation. A professional

engineer should design excavations deeper than 20 feet.

If soft, wet soils are exposed in excavations, the bottom can be stabilized by
crowding crushed rock into the excavation bottom such that when compactive effort
is applied it does not deform more than 1 inch. Acceptable rock materials include,
but are not limited to, No. 2 and No. 57 rock, or 1 to 3 inch recycled concrete.
Crushed rock on a layer of geosynthetic grid or woven fabric can also be used and

will likely allow less rock to be used.

The proposed construction will include excavation of soils along the stream
bank to flatten the banks and placement of fill for new embankment construction.
We were informed that cuts and fills on the order of 10 to 15 feet are possible. Soils
to be excavated generally consist of silty to very clayey sand with variable amounts
of gravel and/or sandy clay and can be re-used as fill and/or backfill. Very moist or
saturated soils should not be used as fill. The fill should be placed according to the

criteria discussed below.

Fill Placement

On-site soils are suitable for re-use as fill provided debris, vegetation,
organics, and other deleterious materials are substantially removed prior to
placement. Soil particles larger than 3 inches or cobbles larger than 6 inches should
be broken down or removed prior to fill placement. If imported fill material is
required, it should ideally be similar to on-site materials. A sample of import

material should be submitted to our office for approval prior to placement.
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Prior to fill placement, debris, organics, and deleterious matter should be
substantially removed from areas to receive fill. Areas to receive fill should be
scarified to a depth of about 8 inches prior to fill placement, moisture conditioned to
within 2 percent of optimum moisture content for sand and between optimum and 3
percent above optimum for clay, and compacted to at least 95 percent of standard
Proctor maximum dry density (ASTM D 698). All fill and backfill should be
compacted and moisture conditioned as described above. Placement and
compaction of fill and backfill should be observed and tested by a representative of

our firm during construction.

Our experience indicates fill and backfill can settle, even if properly
compacted to the criteria provided above. Factors that influence the amount of
settlement are depth of fill, soil type, degree of compaction, and time. The length of
time for the compression to occur can be a few weeks to several years. The degree
of compression of fill under its own weight will likely range from low for granular
soils (1 percent or less) to moderate for clay/sand mixtures (1 to 2 percent). Any

improvements placed over backfill should be designed to accommodate movement.

Bank Stabilization

We anticipate most of the banks along Cherry Creek will be flattened by
cutting back the existing bank. If new fill is required, the bank should be benched
prior to placing fill as shown on Fig. 2. The benching will allow a platform for keying

new fill into existing bank soils.

Permanent slopes should be stable at inclinations of 2.5:1 (horizontal:
vertical). Inclinations of 3:1 or flatter are better to reduce erosion and re-vegetation
problems. We also recommend re-vegetation and/or mechanical protection of the
slopes to increase resistance to erosion. Shallower slopes and/or benched slopes at

about mid-height can further decrease erosion from run-off and sheet-flow.
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We understand a fence may be installed near the top of the new bank to help
create isolated areas where the creek can be accessed by park users. At these
locations, the current alternatives being considered for bank stabilization include
soil cement, articulated porous concrete pavers, and sculpted concrete. Each
alternative can provide increased resistance to erosion. The detrimental properties
can include difficulty of re-vegetation, high cost, and, in the case of soil cement,
chemical leaching. Should the owner wish to consider chemical stabilization of a
portion of the bank soils, we should perform tests to determine the most

appropriate additive and amount.

DEWATERING

Water levels were measured between about 4 and 13.5 feet (elevations 5595.6
and 5604.3 feet) when the holes were checked on July 15, 2010. Ground water
elevations will vary seasonally, fluctuate with water levels in Cherry Creek, and may
rise in response to precipitation. Temporary construction dewatering systems may

be needed.

Excavations may require temporary dewatering during construction. Several
methods (or combinations) of dewatering can be considered to temporarily dewater
excavations. Well points or cased wells outside the excavation are alternatives
commonly used to lower ground water levels. We believe dewatering the sandy clay
layer will require closely-spaced wells or sumps. Excavations that extend only a foot
or two into ground water can often be dewatered using sumps about 3 feet below

grade, where the water is pumped down through the soils before being discharged.

The Colorado Department of Public Health and Environment may require
dewatering permits. Our experience indicates periodic environmental testing is
usually required with these permits, with reporting. Permitting requirements may
also influence the construction schedule. We recommend researching these

requirements and permit processing times well before dewatering begins.
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EMBANKMENT CONSTRUCTION

We understand it is desired to reestablish the original stream path of Cherry
Creek by constructing an embankment at the location where the bank has broken.
The on-site clay soil can be used for embankment fill. We recommend clay fill be
placed at relatively high moisture content to reduce potential seepage. Clay with at
least 70 percent fines and a plasticity index of at least 20 percent is suitable for this
purpose. Fill should be placed in accordance with the criteria provided in Fill
Placement. The placement and compaction of embankment fill should be observed

and tested by a representative of our firm during construction.

The embankment should be designed with a maximum slope of 3:1. Slopes
can likely be steepened to 2.5:1 if site constraints do not permit construction with a
3:1 slope. Once construction of the new embankment is complete, the slope should
be re-vegetated as soon as practical to help control erosion. Planting shrubs and
trees on the embankment is not recommended as the root systems can create
cavities and voids which can provide a pathway for water and reduce stability.
Alternatively, rip-rap can be used as the embankment “shell” and will provide
greater strength and erosion resistance. We recommend a filter composed of on-site
soils or a geotextile fabric be placed between the rip-rap “shell” and the clay
embankment soils. We can provide filter design and construction criteria if this

option is pursued.

We understand that a sheet pile cutoff wall may be used as additional
seepage control. Design and construction criteria for the sheet pile are presented
below. These criteria were developed from analysis of field and laboratory data and

our experience.

1. The sheet pile can be designed for a lateral bearing pressure of 200
psf per foot for the section of the pile embedded within the
embankment, provided the fill is well compacted and remains in place.
A lateral bearing pressure of 100 psf per foot below the streambed can
be used in design.

2. We recommend a minimum depth below the streambed of 6 feet.
Ideally, the sheet pile should bottom in the sandy clay.
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3. The interlocking connection between sheet pile sections can be a
source of inefficiency. To promote greater seepage control efficiency,
the interlocks can be sealed.

FOUNDATIONS — BOARDWALK

We understand a boardwalk may be constructed along the northern third of
the east channel bank. Subsoils found at anticipated foundation level consist of
relatively moist, loose sand and soft clay. We have considered several foundation
types for the construction of the boardwalk. Due to loose and soft material and
shallow groundwater, installation of footings or concrete drilled piers may be
impractical due to caving soil and water accumulation in foundation excavations
and pier holes. In our opinion, helical piles or push piles will provide a more
constructible foundation system. However, push piles will require equipment large
enough to serve as a reaction point for the piles to push against. Helical piles can
be installed with Bobcat type equipment. Potential differential movement between
foundation elements is expected to be insignificant with piles. Design and
construction criteria for helical piles and push piles are presented below. These
criteria were developed from analysis of field and laboratory data and our

experience.

Helical Piles

1. Helical piles should have a minimum pile length of 12 feet. Required
minimum length should be measured from the proposed ground
surface to the top helical plate. The piles should be installed as close
to vertical as possible.

2. The ultimate capacity of helical piles should be calculated based on
the manufacturer’'s recommendations. We recommend calculation of
the installation torque using a factor of safety of at least 2 when
converting ultimate values to working (allowable) capacity. The
allowable pressure on the helical plate area should not exceed 10,000
psf. Helical pile capacity should be verified in the field using load tests
and/or manufacturer recommended capacity torque ratios.
Contractors should use the number and size of helicies required to
achieve depth, torque, and capacity.

3. We recommend contacting the manufacturer or the manufacturer’'s
representative concerning corrosion protection of the steel.
Manufacturer’'s recommendations should be followed.
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4, Soft and loose subsoils will likely pose difficulties in achieving the
recommended installation torque. We recommend the helical plate
have a minimum diameter of 12 inches and/or multiple helices be
utilized in the design.

5. Twisting of the shaft can occur during the installation process. We
recommend steel pipe piles be used because they generally have
higher flexure rigidity and load carrying capacity than square-shaft
type piles. The structural engineer should evaluate the effect(s)
twisting of the shaft may have on the capacity of the helical pile as
well as corrosion protection (such as the “flaking-off” of the
galvanizing material) of the helical piles. The structural engineer
should specify the maximum torque which should be applied to avoid
over-stressing the piles.

6. The helical pile can be designed for a lateral bearing pressure of 100
psf per foot below grade. Lateral bearing should be neglected for the
upper 2 feet of the pile.

7. The pile caps and the connection between the piles and the boardwalk
should be able to resist both tension and compression and be
designed to resist lateral earth pressure. The structural engineer
should evaluate the lateral load stability at the connection and design
this connection.

8. Foundations should be protected from scour and undermining during
flood stage events.

9. Installation of helical piles should be observed by a representative of
our firm to confirm the depth and installation torque of helical piles
are adequate. The helical pile contractor should provide the
correlation data between torque or pressure gauge reading (if used)
and the pile capacity for review prior to helical pile installation and
observation.

Push Piles

1. Push piles should have a minimum length of 12 feet below the
proposed ground surface and be closed ended.

2. The location and spacing of push piles should be determined by a
structural engineer to span between piles. Due to constraints of
typical brackets and group effects, the minimum spacing of push piles
is 2 feet.

3. Pile depth and installation pressure shall be observed and recorded at
a minimum of 3-foot intervals.
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4, The design load (dead + live) at each pile location should be
determined by a structural engineer. All push piles shall be installed to
support at least 1.5 times the design load.

5. Push pile installation should be observed and documented by a
representative of CTL | Thompson, Inc. or the structural engineer for
guality assurance purposes.

6. After installation, the piles should be reinforced full length with at
least one No. 6 reinforcing bar continuous. Following reinforcement,
the piles should be grouted solid with 1,500 psi sand-cement.

7. The connection of the piles to the boardwalk should be capable of
resisting tensile and compressive loads. The connection should be
designed by the structural engineer considering the effects of
eccentricity. Alternatively, the pile brackets and connections can be
load tested in the field.

8. Foundations should be protected from scour and undermining during
flood stage events.

CONCRETE

Concrete in contact with soil can be subject to sulfate attack. Based on our
experience, water-soluble sulfate concentrations at this site are likely less than 0.1
percent. Sulfate concentrations less than 0.1 percent indicate Class 0 exposure to
sulfate attack for concrete in contact with the subsoils, according to the American
Concrete Institute (ACI). For this level of sulfate concentration, ACI indicates any
type of cement can be used for concrete in contact with the subsoils. In our
experience, superficial damage may occur to the exposed surfaces of highly
permeable concrete, even though sulfate levels are relatively low. To control this
risk and to resist freeze-thaw deterioration, the water-to-cementitious material ratio
should not exceed 0.50 for concrete in contact with soils that are likely to stay moist
due to surface drainage or high water tables. Concrete should be air entrained. To
reduce risk of sulfate attack or hydration distress, damp-proofing of walls or grade

beams in contact with the soil can be considered.
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LIMITATIONS

Our borings were spaced to obtain a reasonably accurate picture of
subsurface conditions along the east bank of Cherry Creek. Variations in the
subsurface conditions not indicated by our borings are always possible. A
representative of our firm should observe excavations, fill placement, and

installation of foundations and other improvements.

We believe this investigation was conducted with that level of skill and care
normally used by geotechnical engineers practicing in this area at this time. No
warranty, express or implied, is made. If we can be of further service in discussing
the contents of this report or in the analysis of the influence of the subsurface

conditions on the proposed project, please call.

CT' 'HOMI LON, INC.

. tin 8. ummett, E.IT.
Staff Engineer

R vio e

David A. Glater C.r
Principal Geolot  .enqineer

JSC:DAG/jsc/nt
(3 copies)

via e-mail: Scott.Yanagihara@CH2M.com
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NOTES:
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Benched Fill
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LEGEND:

L, CLAY, SLIGHTLY SANDY TO SANDY, VERY S0FT TO VERY STIFF, MOIST TO WET, BROWN,
#1 GRAY, RUST, CALCARECUS [CL DR CH).

SAND, FINE TO MEDIUM GRAINED, SILTY TO VERY CLAYEY, VARIABLE AMOUNTS OF
GRAVEL, VERY LOOSE TO DENSE, MOIST TO WET. BROWHN, GRAY (5P, SM, BC),

AN

DRIVE SAMPLE. THE 8YMBOL 4/12 INDICATES 4 BLOWS OF A 140-POUND HAMMER

E BEDROCK, SANDSTONE, HARD, MOIST, BROWN, RUST.
h FALLING 30 INCHES WERE REQUIRED TO DRIVE A 2.5-INCH O D, SAMPLER 12 INCHES.

¥ WATER LEVEL MEASURED AT TIME GOF DRILLING.

¥  WATER LEVEL MEASURED 3 DAYS AFTER DRILLING ON JULY 15, 2010,

NOTES:

1. THE BORINGS WERE DRILLED ON JULY 12, 2010 USING 4-INCH DIAMETER,
CONTINUDLS-FLIGHT AUGER AND A TRUCK-MOUNTED CME-45 DRILL RIG.

2 BORING LOCATIONS WERE DETERMINED BY A REFRESEMTATIVE OF CUR FIRM AND A
REFRESENTATIVE OF CH2M HILL, BORING ELEVATIONS WERE PROVIDED TO US BY CHZM HILL.

3. WE - INDICATES MOISTURE CONTENT (%),
DD - INDICATES DRY DENSITY (PCF).
LL - INDICATES LIQUID LIMIT (%),
Pl - INDICATES PLASTICITY INDEX (%).
-200 - INDICATES PASSING NO. 200 SIEVE (%],
UG - INDICATES UNCONFINED COMPRESSIVE STRENGTH (psf).

4. THESE LOGS ARE SUBJECT TD THE EXFLANATIONS, LIMITATIONS AND CONCLUSIONS
CONTAINED IN THIS REPORT.

SUMMARY LEGEND OF EXPLORATORY BORINGS
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SUMMARY OF LABORATORY TEST RESULTS

TABLE |

[ ATTERBERG LIMTS UNCONFINED | PASSING

= |

BORING DEPTH MOISTURE DRY LIQUID [ PLASTICITY | COMPRESSIVE | NO. 200 SOIL TYPE
CONTENT | DENSITY | LIMIT INDEX STRENGTH SIEVE
(ft) (%) _ {pcf) (%) (%) (psf) (%) - _
TH-1 T 4 58 101 — 13 [SAND, SILTY (SM)
 TH2 4 26.2 96 81 57 9,000 90 [CLAY, SANDY (CL}
TH-2 14 14.8 107 15 SAND, SILTY (SM)
TH-3 4 13.6 43 28 1,800 49 SAND, CLAYEY (SC)
TH-4 9 33.4 85 57 2,500 87  |CLAY, SANDY (CL)
TH-4 14 273 95 24 3 17 |SAND, SILTY (SM)
THS5 9 19.1 108 41 25 2,200 48 SAMD, CLAYEY (SC) I
TH-1 Streambead K 2 |SAMD (SP) 3
TH-2 Streambead 12 SAMD, SILTY (SM)
t TH3 Streambead 1 ISAMD (SP)
TH-4 Streambead 4] 1 SAND (SP)
THS Streambead E ¢ ] ~ 1 |SAND(SP) =
i“ | — |1
~ LS _"
CHIM HILL, INC.
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APPENDIX A

REPORT AND LABORATORY TEST RESULTS
BY ACZ LABORATORIES, INC.
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inorganic Analytical

AI:IZ Laboratories, Inc.

2773 Downhill Orive  Steamboal Springs, ©O 80487 (800) 334-5493 RESU"Q
Cherry Creek Basin Water Quality Authority ACZ Sample ID: L83444-01
Project ID: DN45052-125 Date Sampled: 07/12/10 11.00
Sample ID: TH-1 TOPSOIL SAMPLE Date Received: 07/26/10

Sample Matrix:  Soil

Inargane Prep

Parameler EPA Mcthod Besul Quzl  XG Liniis MDL POL Dalp Analysl

Phosphons, 1atal M3ES.1 - Aulo Ascorbic Acid 08/09/10 12:40 mpb
[rgastan

Soil Analysis

RETET G EPA Method Resull Qual ¥Q Units ML PaL Date Analyst

Solidzs, Percent CLPSOW3RD, PART F, D-93 843 ¥ £ 0.1 0.5  08/051016:03  meg

Wel Chemisiny

Parameter EPA Melhod Resull aual XQ  Unlis MDL  PGL Uala Analyst

Phozphorus, total M365.1 - Aulo Ascorbic Acd 0.03 B -= % 0.0 005 DEODAD 1813 Ik
{digest}

REMM.02.06.05.01 * Plgaga rafer i Oualifier Rapons far datails

Page 2 of 12



thorganic Analytical
Hesults

AI:Z Laboratories, Inc.

2773 Downhill Drive  Steamboal Springs, CO 80487 (800 334-5493

Cherry Creek Basin Water Quality Authority ACZ Sample ID: L83444-02
Project ID: DN45052-125 Date Sampled: 07127407115
Sample 1D: TH-2 TOPSOIL SAMPLE Date Received: 07/:26/10

Sample Matrix: Soil

Incrganic Prap

Parametef EPFA Method Resull, Qual XG  Upits MDL  PGL Date Analysl

Phosphands, lotal M3B5.1 - Aute Ascorbic Acid DR/ 10 14:20 mph
[Hgestion

Soil Analysis

EPA Melhod Resull Gual X0  Unils MOL  PQL

Solids. Percent CLPSOW3IS0, PART F, 0-98 94.8 ¥ % 0.1 05 0308101941 meg
Waeat Chemistry
Parameter EPA Method Result Qual X0 Unils MDL  POL Dala Anatys
Phosphorus, 1otal M3E5.1 - Auta Ascorbic Acid 0.029 B %o Go0s 004 ME09A0 1915 itk
Idigest)
RCPIM 0206 05.01 * Plagse rafer to Dualifiae Rapants far details
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: Inorganic Analytical
ﬁll'.':Z Laboratories, Inc. Results

2773 Downhill Drive Steamboal Springs, GO 80487 (800} 334-5433

Cherry Creek Basin Water Quality Authority ACZ Sample ID:  LB3444-03
Project ID; DM45052-125 Date Sampled: 07/72/10 11:30
Sample ID: TH-3 TOPSOIL SAMPLE Date Received: 07/26/10

Sample Matrix:  Soil

Incrganic Prep
Paramaler EPA Melhod Hesul Qual XG  Units MOL  PoL

Phosphomus, total M355.1 - Auto Ascarbic Acid 08/0410 16:00  mph
Digastion

Sall Analysis

Parameles EPA Method Resull aual X3 Units MDL  PQOL Dala Analysi

Salids, Percent CLPSOW320, PART F, D-88 83,5 ¢ % o1 05 0805102130 meg

Wet Chemist

Parameler EPA Method Hesulf GQual %G Unils MoL POL Date Analyst

Phosphonus, 1olal M3ES1 - Aulo Ascorbic Acid 0059 ¥ % ooog o4 0E09901907 itk
(digest)

REPIM.02 06,0501 * Plaaca eafer b QDualfiar Bepors for details.
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Inorganic Analytical
Results

AEZ Laboratories, Inc.

2773 Doventull Drive  Steamboat Sprngs, GO 80487 (800) 334-5433

Cherry Creek Basin Water Quality Authority ACZ Sample ID:  LA3444-04
Project |0, DN45052-125 Date Sampled: 07/12/10 1145
Sample 10: TH-4 TOPSOIL SAMPLE Date Received: 07/26/10

Sample Matrix:  Soil

Inarganic Prep

Paramelor EPA Method Resull Qual XG0 Unils MDL  PGL Data Analys)

Phosphorus, total M3G5.1 - Auto Ascorbic Acid 0E0910 16:50 mph
Crgestion

Soil Analysis

Parameler EPA Method Aesul] Qual ¥Q  Units MOL POL Dalg Analyst

Salids, Parcent CLRSCWISD, PART F, D-93 5.1 4 % ait 0.5 0805102318 meg

Wet Chemistry

Parameler EPA Method Hesull Cual @ Unifs MDOL  PaL Date Analyst

Phosphorus, fotal M365.1 - Auto Ascorbic Acd 0.0 B * % .01 0.05 080910 1918 it
[digest}

FEFIN.02 060501 * Plagza ralar tn Oualifier Repads far delalls,
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Inorganic Analytical
Results

AI'.".Z Laboratories, Inc.

2773 Downtill Drlve Steamboat Springs, GO 80487 (800) 334-5433

Cherry Creek Basin Water Quality Authority ACZ Sample ID;  LB3444-05
Project ID: DMN45052-125 Date Sampled: 07/12/10 12:00
Sample 10: TH-5 TOFSOIL SAMPLE Date Received: 0726/10

Sample Matrix:  Soil

Inarganic Prep

Paramoter EPAMelhod Resill Cual XQ Unlis MODL PQL Date Anafyst

Phosphorus, tolal M3EE1 - Auto Ascorbic Acid OBO310 1740 mpb
Digestion

Soil Analysis

Paramelar EPA Method Restll  Qual XQ Unils MDL PGl Dale Analys|

Solids, Parcent CLPSOW320, PART F, D-58 856 : % 0.1 0.5 080610 1:07 e
EPA Method Resull  Qual ¥Q Upiis MDL.  PGL Dafe

Phosphoms, total M3B5.1 - Auto Ascorbec Acid 0.045 . % 0003 004 DEOFM018:20 itk
(digasl}

HEFIM LG8, . 11 * Maage refer to Quaifier Mogora for datails,

Page 6 of 12



anic
J‘IDZ Laboratories, Inc. |"'~';Tg
2773 Downhil Driva_Steamboal Springs, CO_B0467 (800) 334-5433 Reference

Reporl Header Explanations

Balch A distinet set of samples analyzed at a spacific tima

Found Value of the GO Type of interest

Limit Upper limit for RED, in %.

Lower Lower Recovery Limit, in % {excepl far LCSS, mg/Hg)

Mol Mathod Detecton Limit. Same as Minimum Reparting Limit Allows for instrument and annual fluctuations.
PCMSCH A number assigned to reagents!slandards 1o racsa 1o tha manufacturer’'s cerificate of analysis

L Hractica! Luanblaticn Limil, typecalty b Uimes 1ha MLL,

ac True Value of the Conlrol Sampla or the amount addad (o the Splke

Rec Amowunt of 1he frue va'ue or sprke added fecovered, In % (excepl for LOSS, ma'Kg)

RPD Relative Percenl Differance, caloulation used for Duplicate QG Types

Upper Lipper Recovery Limit, in % (except for LOSS, mg®g)
Samply Walue of the Sample of inferest

AS Analytical Spike (Post Digastion) LCEWD Labaratary Conbrof Sampie - Water Duplicals
ASD Analytical Spike (Post Digastion) Duplicate LFB Labaoratary Forifad Blany

CCB Continuing Callbatan Blank LFM Laboratory Forifad Malix

CoV Continulng Calbrabon Venficalion stardard LFMC Laboratory Forified Malrx Cuplicate

oue Sarmplé Duplicate LRE Laboratory Reagani Blank

1ce Initial Calibration Blank M5 Katrix Splka

= Initial Calibration Verification standard WD Matrix Splke Duplicate

ICSAR Intas-glament Coreclion Standard - A plus B solutions FES Prep Blank - Sol

LGES Labaratary Ganlral Sampla - Sall PEW Prep Blank - Water

LCSSD Labaratary Caonlral Sample - Soll Duplicate Py Practical Quantitaticn Venfcation stardard
LCSW Laboralany Conlrol Samiple - Wates 501 Sarial Dilulion

Branks Verifiss Lhal thera is po of minimal contamination in the prep mathod arcalibraton procedura
Control Samples Werifigs Lhe accuracy of the method, Including the prep procedurs,

Duplicatss Verifies the precision af Iha instrument and o methad.

Spikes/Fortifled Matnx Determines sampla matrix inturlerences, if any.,

Sandard Verifies the validity of the callbralion,

B Analyle concenlralion detected at a value batween MOL and PCOL. The assodiated value is &n estimated quantity.

H Analysls exceeded method hod time. pH is a fiald fest with an Immeadiate hold tme,

i Trie mrialefal was analyzed for, but was nol detected abave the laval of the assoclated value,

Tha associated value 15 edher the sample quantitabion limil or the sampla detecton limil.

i} EPA B00/4-83-020 Melhods for Chemical Analysis of Waler and Wasles, March 1983,
2l EPA BO0R-93-100. Methods for the Determination of Inorganic Subslances in Environmental Sampfes, August 1993,
13} EPA BOIVR-24-111, Methods for the Determination of Meta's in Environmantal Samples - Supplement |, May 1994,
{5} EPA SW-B4E. Tesl Melhods for Eval uating Solld Waste, Third Edition with Update (1], December 1996,
{6} Standard Melhods for the Examination of Water and Waslewater, 19th edifion, 1985 & 20th edition (1595
GO b e e S Tt e e i |
{1} OC rasults caloulated lrom raw data, Results may vany slightly if he rounded valuas ans used In the calculalions.
{2) Soil, Sludge, and Planl malrices fof Inpganic analyses &re repartad on a dry waight basis.
{3 Arimal matricas lof Inarganic analysaes are repared on an "as received” basis.
(43 Ay asterisk in the "X07 cofumn indicates there is an extended qualifer and'or cerification qualifier

associated with the resull,

For a completa 51 of AC2's Exterded Qualifiers. pleasa olick: bl woeew ae e o public/extquallist. pdf

REFINDD 122800 Page 7 Df‘ﬁ



AEZ Laboratories, Inc. Inorganic Extended

2773 Downhil Drive  Steamboat Springs, CO 80457 (800) 334-543 Qualifier Report
Cherry Creek Basin Water Quality Authority ACZ Project ID:  L83444
WORKNUM PARAMETER QUAL DESCHIPTION
LB3443-01 WGRETER]  Phosphorus, tolal K3E5,1 - Ao Ascorbio Acd 00 Sampis required dilullon dus 1o malis color o odar,
[digast]
M325 1 - Ao Ascorbic Acid R4 Relative Parcent Dilfarence (RPD) was rot used lor data
[digast) validation becauses the sample corcantration ig too fow lor
dcturala avaluation = 104 MOL),
LERA44-02  WO2ETSE1  Phosphorus, folal MAEE 1 - Mo Ascorbio Acid DO Sample requiad diluticn due ta malry color or oo,
(digasl)
K351 - Audo Ascorbic Aokl AA  Relative Percent Differance (RPD) was not used for data
[digast) validation becausa the sample corcentration is too sow for
accurale evaluation (= 10x MOL]
LB344-03 WGEZATEE1  Phesphorus, lotal MAE5 1 Auto Ascorbio Acid DO Bample required diludion dus to malny color or odor,
[digeast
WEIES1 - Audo Ascorbic Ackd fid Falative Percent Differencs (RPD) wes not used for data
(digast) validation because the sample concentration is too low far
accurate evaluaton = 10x MDL},
LB3444-04 WO2ETSE1  Phospharus, tofal M35 T - Aulo Ascorkic Ackd 00 Sample requined ditfion dus to matrix calar or odos,
[digasl)
M35 - Auta Ascorkic Ackd HA  Falative Percent Diflerence (RPD) was not used for dala
[digast] validation becayuge the sample concemralicn is too low for
ecourats eveluation < 10x MOL)L
LB3444-05 WGEEATSE1  Phasphamus, toal KE2ES 1 - Auto Ascorbic Ackd DD Sampla reguired dibution due fo matrixcolor o odor,
[digast)
MRS 1 - B Asenckiae Arid A Reiallve Percent Difference (RPD) was not used for data
iigas) validalion beceuse the samp's conceniralion is tog Iow for

gocurate evaluation (= 1 0x MOL).

AFPATI AR DA N5 M1

Page 8 of 12



AEZ Laboratories, Inc. Certification

2773 Downhill Drive  Steamboal Springs, CO 80487 (800) 334-5433 Qualifiers
ACZ Project ID:  L83444

Cherry Creek Basin Water Quality Authority

Soil Analyas
The foliowing paramelers are nok Giered for cedification or are not coveréd by RELAC canilicate BACE

Sclids, Marcent CLPEOWAS, PART F, 063

Wel Chemistry
The fetlowing peramelers 2ra not offered for coerification or are pol covered by NELAC cenificate #AC2,

Phasphorus, 1otal M3ES.1 - Aulo Ascorbic Acid (digest)

RFPAT N5 06 .05 01

Page 9 of 12



AI:Z Laboratories, Inc.

2773 Downhill Drive Steamboal Springs, CO 80487 (800) 334-5453

Sample

Receipt

Cherry Creek Basin Water Quality Authority
DMN45052-125

Recaipt Verification

ACZ Project 1D: LE3444
Date Received; 07/26/2010 10:37
Received By gac
Dale Printed: 772612010

1) Does this project require special handling procedures such as CLP prolocol?
2) Are the custody seals on the cooler intact?

3) Are the custody seals on the sample containers intact?

4} Is there a Chain of Custody or other directive shipping papers presant?
5 Is tha Chain of Custody complete?

B) Is the Chain of Custody in agreament with the samples received?

7) s there enough sample for all requested analyses?

B) Are all samples within holding tmes for requested analyses?

9) Were all sample containers received intact?

10) Are the temperature blanks present?

11) Are the trip blanks (VOA andior Cyanide) present?

12) Are samples requiring no headspace, headspace free?

13) Do the samples that require a Foreign Soils Permit have one?

Exceptions: Ifyou answered no to any of ihe abova questions, please descripe

NA

Contact (For any discrepancies, the clignt must be contacted)

A

YES NO A,

X

X

X
X
"
X
X
X
X

X

X

| X

X

Shippina Contalners

Na11289 173

Cooler Id | Temp ("C) Rad {uRihr) Client must contact AGZ Project Marager if analysis should not proseed for
14 samples received oulsida of thermal preservation acceplance crilana.

REPALLO3.11.00,01

Page 10 of 12



iII:Z Laboratories, Inc. Sample

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5497 Receipt

Cherry Creek Basin Water Quality Authority ACZ Project ID: L83444

DN45052-125 Date Received: 07/26/2010 10:37
Received By: gac
Date Printed: 7i26/2010

Sampla Container Preservation

BAWPLE  [CLIENT (D _ R<2? G=2|BK<2|Y<2 |¥B<2 B<z [D<2 T»12 NA [RAD|ID

L83444-01 |TH-1 TOPSOIL SAMPLE 1 1 X [

LBA444-02 [TH-2 TOPSOIL SAMPLE E = X [

L83444-03 [TH-3 TOPSOIL SAMPLE _ X (]

LB3444-04 [TH-4 TOPSOIL SAMPLE X [E]

LE3444-05 |TH-5 TOPS0IL SAMPLE , X |

Sample Cantainer Preservation Legend

Abbreviation Description Contalner Type  Preservative/Limits
R Raw/Mitric RED pH must ba < 2

B Flitered! Sutfuric BLUE pH must be < 2

BK Fllterad/Nitric BLACK pH must ba = 2

G Flitered/Nitric GREEN pH must be = 2

(8] Raw'Sulfuric ORANGE pH mustba < 2

P Raw/NaOH FURPLE pH mustbe =12

T Raw/NaOH Zinc Acelale TAM pH must be =12

¥ RawSulfuric YELLOW pH must be < 2

¥G Raw!Sulfuric YELLOW GLASS  pH must be < 2

I Mo preservativa needad Mot applicabla

RAD Gamma'Beala dosa rata Mol applicabla must be < 250 pRvhr

* pH chack performed by anatyst prior 1o sampla preparation

Sampla |Ds Reviewed By,  gac

REPAD.GE 11.00.01

Page 11 of 12






Appendix E - Wetland Maps






Wetland Delineation






Appendix F - Hydrologic Analysis






Hydrology

Information Presented in Cherry Creek Master Plan

TABLE F-1
FEMA FIS Discharge Summary, Existing Conditions
uUbSWMM
Design
Flooding Source and Location Point 10-Year 50-Year 100-Year 500-Year
At Reservoir 286 10,300 31,000 51,000 150,000
At Douglas/ Arapahoe Co. Limits 280 8,950 26,800 43,710 133,200
At Cottonwood Drive 337 8,670 25,940 42,200 129,700
At E-470 276 8,480 25,360 41,200 127,380
at Lincoln Avenue 274 8,100 24,200 39,190 122,740
At West Parker Road 266 7,730 23,040 37,180 118,100
At Stroh Avenue 262 6,610 19,570 31,510 104,200
at Scott Road 250 6,000 17,500 27,120 100,000
At State Highway 86 247 5,500 12,600 19,080 79,000
TABLE F-2
100-Year Discharge Comparison Summary, Existing Conditions
Simulated FEMA FIS
UDSWMM Drainage 100-Year 100-Year
Design Area (sq. Discharge Discharge  Percent
Flooding Source and Location Point mi.) (cfs) (cfs) Difference
At Reservoir 286 361 49,021 51,000 -3.9
At Douglas/ Arapahoe Co. Limits 280 338 43,706 43,710 1.0
At Cottonwood Drive 337 333 39,895 42,200 -5.4
At E-470 276 310 39,887 41,200 -3.2
at Lincoln Avenue 274 305 39,628 39,190 1.1
At West Parker Road 266 288 35,000 37,180 -5.9
At Stroh Avenue 262 267 32,585 31,510 3.4
at Scott Road 250 241 29,442 27,120 8.6
At State Highway 86 247 204 19,941 19,080 4.5




TABLE F-3

10-Year Discharge Comparison Summary

Simulated FEMA FIS
UDSWMM Drainage 10-Year 10-Year
Design Area (sq. Discharge Discharge  Percent
Flooding Source and Location Point mi.) (cfs) (cfs) Difference
At Reservoir 286 361 10,071 10,300 -2.2
At Douglas/ Arapahoe Co. Limits 280 338 8,125 8,950 -9.2
At Cottonwood Drive 337 333 8,966 8,670 3.4
At E-470 276 310 8,109 8,480 4.4
at Lincoln Avenue 274 305 8,033 8,100 -0.8
At West Parker Road 266 288 7,112 7,730 -8.0
At Stroh Avenue 262 267 6,689 6,610 1.2
at Scott Road 250 241 6,051 6,000 0.9
At State Highway 86 247 204 4,995 5,500 -9.2
TABLE F-4
UDSWM Modeling Results Summary Table, Existing Condtions
UbDSWMM
Flooding Source and Design 100-
Location Point 2-Year 5-Year 10-Year 25-Year 50-Year Year

At Reservoir 286 2,142 5,892 10,071 20,200 31,217 49,021
At Douglas/ Arapahoe Co.
Limits 280 1,798 5,035 8,125 17,330 27,105 43,706
At Cottonwood Drive 337 1,567 4,463 8,966 16,980 26,818 39,895
At E-470 276 1,558 4,451 8,109 16,650 24,063 39,887
at Lincoln Avenue 274 1,544 4,403 8,033 15,675 23,772 39,628
At West Parker Road 266 1,302 3,723 7,112 15,000 20,374 35,000
At Stroh Avenue 262 1,170 3,406 6,689 12,580 18,600 32,585
at Scott Road 250 972 2,964 6,051 11,500 16,257 29,442
At State Highway 86 247 664 1,785 4,995 9,050 10,365 19,941




TABLE F-5
UDSWM Modeling Results Summary Table, Developed Conditions

UDSWMM

Flooding Source and Design 100-
Location Point 2-Year 5-Year 10-Year 25-Year 50-Year Year
At Reservoir 286 4,429 9,537 14,655 25,821 36,946 54,285

At Douglas/ Arapahoe Co.
Limits 280 3,968 8,432 12,852 22,625 32,435 48,378
At Cottonwood Drive 337 3,384 7,172 11,096 19,819 28,438 43,471
At E-470 276 3,303 7,009 10,950 19,624 28,222 43,299
at Lincoln Avenue 274 3,291 6,894 10,782 19,363 27,806 42,870
At West Parker Road 266 2,843 5,887 9,269 16,637 23,671 37,548
At Stroh Avenue 262 2,450 5,204 8,345 14,952 21,086 34,452
at Scott Road 250 1,605 3,797 6,615 12,305 17,262 30,188

At State Highway 86 247 784 1,765 4,945 7,990 10,237 19,813




Base Flow Analysis

TABLE F-6
Base Flow Analysis
Mean Median

cfs af/d cfs af/d
1992 5.937 11.776 3.869 7.674
1993 4.945 9.808 3.869 7.674
1994 3.902 7.739 2.556 5.070
1995 5.401 10.713 3.404 6.752
1996 4.846 9.612 4.735 9.392
1997 3.973 7.881 3.446 6.836
1998 12.977 25.740 9.403 18.650
1999 16.707 33.138 14.886 29.526
2000 10.969 21.756 2.239 4.440
2001 7.287 14.453 2.575 5.108
2002 2.746 5.447 1.037 2.057
2003 9.367 18.578 6.371 12.637
2004 11.492 22.794 7.786 15.445
2005 14.256 28.276 7.720 15.313
2006 7.580 15.034 6.437 12.768
2007 25.648 50.873 13.090 25.964
2008 15.283 30.313 10.610 21.045
2009 24.279 48.156 17.741 35.189
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Cherry Creek Basin Water Quality Authority
8390 Eagt Crescent Parkway, Suite 500
Greenwood Village, Colorado 80111

(P) 303.779.4525

(F) 303.773.2050

Memorandum

To:  Scott Yanagihara, CH2M Hill

From: William P. Ruzzo, P.E.

Date: September 8, 2010

Re:  Cherry Creek at 12-Mile Park — Channel Forming Discharge

On behalf of the Authority, | prepared an analysis to define the channel forming
discharge in Cherry Creek at 12-Mile Park area for the purpose of providing design
guidance for the above reference project. This information is being provided to
CH2M Hill in accordance with the Agreement with the Authority to prepare a
Stream Reclamation Report for this segment of Cherry Creek.

Background

One hydrologic parameter of importance in the design of a stable channel systemis
the channel forming or dominant discharge. The channel forming discharge is
defined as atheoretical discharge that if constantly maintained over along period of
time would produce the same channel geometry that is produced by the long-term
natural hydrograph®.

Channel forming discharges have been related to bank full discharge, a specific
recurrence interval discharge, effective discharge, and mean annual flow. For this
analysis, a combination of the specific recurrence interval discharge and mean
annual flow were used as “surrogates’ to estimate channel forming discharge.

The literature cites several studies to determine a specific recurrence interval for
channel forming discharges and mean annual flow?, with typical ranges from 1.0 to

! The Federal Interagency Stream Restoration Working Group October 1998. Stream Corridor Restoration
Principles, Processes, and Practices. p7-8.
2 |bid, p 7-12.

ChryCrk-MeanAnnFlow.doc



September 8, 2010

2-years. For thisanalysis, it isrecommended to use a frequency range of 1.1- to 1.5-
years. Bankfull discharge was not used because the channel in thisreach is
characterized by a high right bank, but low left bank, making bank full determination
more problematic. In addition, the effective discharge requires a sediment transport
analysis, which is beyond the scope of the project.

Approach

Assuming the mean annual flow is a reasonable surrogate for the channel forming,
the regional regression analysis by Dunne and Leopold as shown on Figure 7.6 from
the FISRWG report® resulted in flow rate from 300- to 500-cfs for a drainage area of
361-square miles. Since the Upper Green River Basin Wyoming is more
representative of the Colorado Front Range area, 300-cfs was used for comparison
purposes.

® |bid, p7-16.



September 8, 2010

The next approach was to use the specific recurrence interval range of 1.1 to 1.5
years using two flood frequency data sets, the URS study” of Cherry Creek and the
USGS regression analysis’. The URS study provided pesk flows for the 2- through
the 100-year for both existing and projected future development conditions based on
the CUHP hydrologic model®. Flood peaks were plotted in alog-log format versus
the flood probability (i.e.: 1/frequency) and a power equation was fit to the data (see
Figure 2). The equation was then used to estimate the 1.1- and 1.5-year peaks,
which are assumed to represent the likely range of mean annual flood peaks.

The USGS regression analysis for the “Plains Region,” which included data from
Cherry Creek gages at Melvin (#06712000) and Franktown (#06712500), resulted in
a power form of equation where the only independent variable was area (square
miles). Regression equations were presented for flood frequencies from the 2-year
through the 500-year. Flood peaks were then calculated using the equations and
plotted in a log-log format versus the flood probability, as for the URS study results.
A power equation was also fit to the data and used to estimate the 1.1- and 1.5-year
flood peaks (see Figure 2).

Figure 2 - Cherry Creek Flood Frequency Analysis
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/y//
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o & CUHP Existing
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1000 = CUHP Future

/A A USGS Regression

100

1 0.1 0.01 0.001
Flood Probability

* URS 2002. Cherry Creek Corridor — Reservoir to Scott Road Major Drainageway Planning Study
Alternative Evaluation Report.

® USGS 2000. Analysis of the Magnitude and Frequency of Floodsin Colorado. WRI 99-4190

® UDSWM2000 Version 4. Urban Drainage & Flood Control District.



September 8, 2010

Evaluation of Results

Presented in the table below is a summary of calculation results for both sets of data
and for the 1.1- and 1.5-year flood frequency.

Table 1 — Comparison of Predicted Mean Annual Flows

CUHP CUHP
Frequency Existing | Future USGS
Years Probability Qp Qp Qp
1.1 0.91 1605 3415 692
15 0.67 2046 4150 855

It is clear from both the table and the attached figure that the predicted flood peaks
for the 1.1- and 1.5-year frequencies are significantly higher using the URS
hydrologic model data than the USGS regression analysis that included actual flow
data from two Cherry Creek gages. Also, the Dunne and Leopold regression
analysis suggested mean annual flow rates of around 300-cfs, which is even lower
than the USGS regression analysis.

It is believed that the best estimate of channel forming discharge lies between 300-
to 800-cfs, based on comparison of these results. Therefore, in the absence of better
information, both of these flow rates should be used in the HECRAS analysis and for
preliminary design of the channel.

Enclosure: Calculations



Cherry Creek Basin Water Quality Authority

Flood Frequency Analysis - Cherry Creek at the Reservoir

Ref:

1. URS December 2002. Cherry Creek Corridor - Reservoir to Scott Road Major Drainageway Planning Study Alternative Evaluation Report

Tables 3-5 and 3-6
2. USGS 2000. Analysis of the Magnitude and Frequency of Floods in Colorado. WRI 99-4190

Hydrologic Model (CUHP)

Freqguency Existing | Future
Years Probability Qp Qp

2 0.5 2142 4429

5 0.2 5892 9537

10 0.1 10071 14655

25 0.04 20200 25821

50 0.02 31217 36946
100 0.01 49021 54285

USGS Regression Analysis
A= 361 sq mi. Equation Form: Qp =K AP
Frequency Equation Qp
Years Probability K P

2 0.5 39 0.486 682

5 0.2 195.8 0.399 2052
10 0.1 364.6 0.400 3844
25 0.04 725.3 0.395 7426
50 0.02 1116 0.392 11226
100 0.01 1640 0.388 16112
200 0.005 2324 0.385 22432
500 0.002 3534 0.380 33122

Calculated Mean Annual

Power Equation: Qp = K*Probability*Power ("Plains Region")

100000

10000
w

2Discharge (cf

o
o
o

100

Figure 2 - Cherry Creek Flood Frequency Analysis
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/ # CUHP Existing

1 ® CUHP Future
/A A USGS Regression
1 0.1 0.01

Flood Probability

0.001

Condition Equation
K Power
CUHP Exist 1489.6 -0.7828
CUHP Future 3216.4 -0.6287
USGS 649.0 -0.6805
CUHP CUHP
Frequency Existing Future USGS

Years Probability Qp Qp Qp

1.1 0.91 1605 3415 692

1.5 0.67 2046 4150 855




Appendix G - Hydraulic Analysis






Hydraulics

Manning’s n Value Calculations

n=my+ny +n, + ng+ny)m
Where:
no = base value for straight uniform channels
n; = correction for variations in the size and shape of the channel
n, = correction for surface irregularities
n3 = correction for obstructions
ny = corrections for vegetation and flow conditions

m = correction factor for channel meandering

Main Channel

no = 0.026 for sand channels (use 0.026 assuming sand with a mean diameter of 1 mm)
n; = 0 (gradual channel variations)

ny = 0.005 (minor irregularities, slightly eroded)

n3 = 0 (minor obstructions)

ns = 0.01 (braided channels)

ng = 0 (no channel vegetation)

m =1 (meandering picked up in HEC-RAS model)

Typical values for main channel:

TABLE G-1
Typical Manning’s n values for Low Flow Channel for Cherry Creek at 12-
Mile Park

Description No ny n; N3 N4 m n
Typical Channel 0.026 0 0005 0 O 1 0.031

Braided Channel  0.026 0 0005 0 001 1 0.041




Overbanks/Floodplain

no = 0.026 for sand channels (use 0.026 assuming sand with a mean diameter of 1 mm)
n; = 0 (gradual channel variations)

ny = 0.005 (minor irregularities)

ns = 0 (minor obstructions)

ng = 0 (no channel vegetation)

ng = 0.007 (short weeds and grasses)

ng = 0.018 (medium weeds and grasses)
ng = 0.05 (natural brush with willows)

ng = 0.075 (moderate brush with willows)
ng = 0.10 (dense brush with willows)

m =1 (meandering picked up in HEC-RAS model)

Typical values for overbanks/floodplains:

TABLE G-2

Typical Manning's n values for overbanks/floodplains for Cherry Creek at 12-Mile Park

Description No ni ns ns N4 m n
Short Weeds and Grasses 0.026 0 0.005 0 0.007 1 0.038
Medium Weeds and Grasses 0.026 0 0.005 0 0.018 1 0.049
Natural Brush with Willows 0.026 0 0.005 0 0.05 1 0.081
Moderate Brush with Willows 0.026 0 0.005 0 0.075 1 0.106
Dense Brush with Willows 0.026 0 0.005 0 0.1 1 0.131




Existing Conditions HEC-RAS
Plan View of Historic Flow Path
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Plan View of Breakout Flow Path
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HEC-RAS Profiles

2-Year Existing and 2-Year Developed Flows for Historic Flow Path
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2-Year Existing and 2-Year Developed Flows for Breakout Flow Path
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HEC-RAS Output

2-YR Exst = 2-Year Existing

2-YR Dev = 2-Year Developed

MA-Min = Minimum Mean Annual

MA-Max = Maximum Mean Annual

TABLE G-3
Historic Flow Path HEC-RAS Output File
Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl

(cfs)  (ft) v (v (fuft) (ft/s) (sq ft) ()
3219.812 2-YR Exst 2142 5605.9 5608.3 5608.5  0.0030 3.9 942.2 487.1 0.51
3219.812  2-YR Dev 4429  5605.9 5609.6 5609.8  0.0027 5.3 1551.5 497.8 0.53
3219.812 MA - Min 300 5605.9 5606.1 5606.2 0.0050 0.9 199.4 177.0 0.43
3219.812 MA - Max 800 5605.9 5607.1 5607.1  0.0044 2.3 432.5 333.3 0.52
3119.66 2-YR Exst 2142 5605.1 5608.1 5608.2  0.0023 4.3 911.1 492.4 0.46
3119.66 2-YR Dev 4429  5605.1 5609.3 5609.5  0.0027 5.9 1547.0 531.0 0.53
3119.66 MA - Min 300 5605.1 5605.9 5605.9 0.0016 13 187.8 237.5 0.3
3119.66 MA - Max 800 5605.1 5606.8 5606.8  0.0019 2.6 423.0 282.7 0.38
3119.66 31+19 BF 505 5605.1 5607.6 5608.0 0.0042 51 98.6 43.1 0.6
3017.944 2-YR Exst 2142  5604.5 5607.7 5607.9 0.0035 5.0 967.0 477.6 0.56
3017.944  2-YR Dev 4429 5604.5 5608.9 5609.2  0.0037 6.7 1627.9 636.0 0.62
3017.944 MA - Min 300 5604.5 5605.6 5605.7 0.0032 2.0 219.2 242.7 0.43
3017.944 MA - Max 800 5604.5 5606.5 5606.6  0.0033 3.1 464.5 332.3 0.48
2925283 2-YR Exst 2142 5604.3 5607.3 5607.4  0.0033 3.6 918.4 494.2 0.51
2925.283  2-YR Dev 4429  5604.3 5608.5 5608.7  0.0032 52 1666.7 801.2 0.55
2925.283 MA - Min 300 5604.3 5605.2 5605.2  0.0029 1.8 162.5 235.8 0.41
2925.283 MA - Max 800 5604.3 5606.1 5606.1  0.0033 2.9 405.3 329.4 0.47
2821.608 2-YR Exst 2142 5604.2 5607.0 5607.1 0.0026 3.9 1018.9 498.8 0.47
2821.608 2-YR Dev 4429  5604.2 5608.2 5608.4  0.0028 55 1642.4 614.0 0.54
2821.608 MA - Min 300 5604.2 5604.9 5604.9  0.0035 1.6 200.6 235.4 0.43
2821.608 MA - Max 800 5604.2 5605.8 5605.8 0.0027 2.6 498.6 375.6 0.44
2821.608 28+21 BF 570 5604.2 5606.6 5606.9  0.0043 4.3 132.6 93.9 0.64



TABLE G-3

Historic Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #
River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
2718.28 2-YR Exst 2142  5603.6 5606.8 5606.9 0.0021 3.7 1077.1 574.4 0.44
2718.28 2-YR Dev 4429  5603.6 5608.0 5608.1 0.0021 5.0 1960.8 967.5 0.47
2718.28 MA - Min 300 5603.6 5604.6 5604.7  0.0020 1.4 256.2 264.3 0.34
2718.28 MA - Max 800 5603.6 5605.6 5605.6  0.0019 2.3 530.5 346.6 0.38
2614.449 2-YR Exst 2142 5603.9 5606.5 5606.6  0.0025 3.8 1045.8 529.4 0.47
2614.449 2-YR Dev 4429  5603.9 5607.6 5607.8 0.0025 5.2 1827.4 798.8 0.51
2614.449  MA - Min 300 5603.9 5604.1 5604.2  0.0051 0.8 196.7 254.7 0.41
2614.449  MA - Max 800 5603.9 5605.2 5605.2  0.0027 22 515.1 352.7 0.42
2490.509 2-YR Exst 2142 5602.7 5606.2 5606.3  0.0021 4.3 915.4 549.3 0.45
2490.509 2-YR Dev 4429  5602.7 5607.3 5607.5 0.0025 5.8 1716.0 959.2 0.51
2490.509 MA - Min 300 5602.7 5603.9 5603.9 0.0013 1.4 172.2 150.6 0.28
2490.509 MA - Max 800 5602.7 5605.0 5605.0 0.0016 2.6 380.7 251.2 0.35
2490.509  24+90 BF 345 5602.7 5604.9 5605.5 0.0084 6.0 57.3 33.6 0.81
2367.207 2-YR Exst 2142 5602.2 5605.9 5606.0 0.0025 5.0 1049.1 539.6 0.48
2367.207 2-YR Dev 4429  5602.2 5607.1 5607.2 0.0029 6.5 1835.2 987.2 0.53
2367.207 MA - Min 300 5602.2 5603.7 5603.7  0.0025 2.7 144.2 126.2 0.42
2367.207 MA - Max 800 5602.2 5604.7 5604.8  0.0025 3.8 438.0 433.7 0.44
2367.207 23+67 BF 225 5602.2 5604.9 5605.1 0.0025 3.9 57.2 24.3 0.45
2209.845 2-YR Exst 2142  5601.7 5605.7 5605.7 0.0012 3.6 1354.3 593.2 0.32
2209.845 2-YR Dev 4429 5601.7 5606.7 5606.8 0.0017 5.1 2110.8 977.6 0.41
2209.845 MA - Min 300 5601.7 5603.4 5603.5 0.0010 1.9 253.2 348.6 0.27
2209.845 MA - Max 800 5601.7 5604.5 5604.6  0.0009 24 716.2 513.8 0.26
2042.742  2-YR Exst 2142  5600.8 5604.7 5605.3 0.0070 8.4 735.2 534.3 0.83
2042.742  2-YR Dev 4429 5600.8 5605.6 5606.3 0.0069 9.8 1443.0 1047.2 0.85
2042.742  MA - Min 300 5600.8 5602.5 5603.0 0.0097 5.9 50.5 34.6 0.87
2042.742 MA - Max 800 5600.8 5603.7 5604.2  0.0061 6.3 303.8 370.2 0.74
2042.742  20+42 BF 405 5600.8 5603.1 5603.6 0.0072 5.7 1.7 42.4 0.77
1938.709  2-YR Exst 2142  5600.4 5604.2 5604.4 0.0032 5.6 999.2 750.4 0.57



TABLE G-3

Historic Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
1938.709  2-YR Dev 4429 5600.4 5605.3 5605.5 0.0025 6.1 1989.9 1057.1 0.53
1938.709 MA - Min 300 5600.4 5601.8 5602.1 0.0075 4.3 121.6 136.3 0.73
1938.709  MA - Max 800 5600.4 5603.0 5603.2  0.0038 4.4 402.3 351.9 0.57
1745.463 2-YR Exst 2142 5597.9 5603.3 5603.8  0.0034 6.8 714.3 529.1 0.6
1745.463 2-YR Dev 4429  5597.9 5604.0 5604.9  0.0055 9.7 1128.0 616.6 0.79
1745.463 MA - Min 300 5597.9 5601.7 5601.7 0.0006 2.1 180.5 94.2 0.24
1745.463 MA - Max 800 5597.9 5602.6 5602.8  0.0014 3.8 386.9 352.8 0.37
1605.955 2-YR Exst 2142 5599.4 5603.3 5603.4 0.0020 3.3 1135.2 897.2 0.34
1605.955 2-YR Dev 4429 5599.4 5604.1 5604.3  0.0022 4.1 1929.6 999.3 0.37
1605.955 MA - Min 300 5599.4 5601.5 5601.6  0.0020 21 141.0 91.8 0.3
1605.955 MA - Max 800 5599.4 5602.4 5602.5 0.0020 2.6 464.8 666.4 0.32
1605.955  16+05 BF 385 5599.4 5601.8 5601.9  0.0023 22 171.7 113.9 0.32
1454.871 2-YR Exst 2142  5598.9 5602.9 5603.1 0.0021 4.4 1080.3 884.8 0.46
1454.871  2-YR Dev 4429  5598.9 5603.7 5603.9 0.0023 54 1816.8 940.0 0.5
1454.871 MA - Min 300 5598.9 5600.7 5601.0 0.0086 4.5 66.5 62.6 0.77
1454.871  MA - Max 800 5598.9 5601.6 5602.0 0.0064 5.1 222.7 400.5 0.71
1303.384 2-YR Exst 2142  5598.5 5602.0 5602.6 0.0049 6.8 609.5 691.5 0.69
1303.384  2-YR Dev 4429 5598.5 5602.8 5603.4  0.0051 8.1 1258.7 852.3 0.73
1303.384 MA - Min 300 5598.5 5600.1 5600.3  0.0028 2.9 104.2 85.0 0.46
1303.384 MA - Max 800 5598.5 5600.9 5601.2 0.0042 4.8 179.4 138.6 0.6
1303.384  13+03 BF 585 5598.5 5601.0 5601.1  0.0020 3.3 175.0 85.5 0.41
1150.922 2-YR Exst 2142  5597.9 5601.4 5601.5 0.0027 4.1 1109.1 811.9 0.49
1150.922  2-YR Dev 4429 5597.9 5602.3 5602.4 0.0027 5.0 1857.8 921.6 0.51
1150.922 MA - Min 300 5597.9 5599.6 5599.8 0.0037 3.5 91.3 109.8 0.53
1150.922 MA - Max 800 5597.9 5600.5 5600.7  0.0026 3.7 476.1 643.4 0.46
1150.922 11+50 BF 810 5597.9 5601.1 5601.4 0.0033 4.1 197.7 103.2 0.52
997.3732 2-YR Exst 2142 5597.2 5600.9 5601.1  0.0032 4.6 1081.9 823.2 0.53
997.3732  2-YR Dev 4429  5597.2 5601.9 5602.0 0.0027 5.1 1906.0 897.4 0.49



TABLE G-3

Historic Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
997.3732 MA - Min 300 5597.2 5599.2 5599.3  0.0024 3.3 153.1 178.0 0.44
997.3732 MA - Max 800 5597.2 5599.9 5600.2 0.0048 4.9 328.3 358.9 0.7
846.1657 2-YR Exst 2142  5596.2 5600.5 5600.7 0.0018 4.1 1257.6 887.3 0.42
846.1657 2-YR Dev 4429  5596.2 5601.5 5601.7 0.0019 5.1 2127.4 1016.9 0.46
846.1657 MA - Min 300 5596.2 5599.1 5599.1  0.0006 1.6 340.3 326.3 0.22
846.1657 MA - Max 800 5596.2 5599.7 5599.8 0.0012 2.7 611.0 502.6 0.33
561.4447 2-YR Exst 2142  5598.3 5600.1 5600.2 0.0032 35 1317.4 779.9 0.51
561.4447 2-YR Dev 4429  5598.3 5601.0 5601.1 0.0030 4.7 2042.4 798.8 0.54
561.4447  MA - Min 300 5598.3 5598.8 5598.9  0.0025 13 428.7 603.4 0.36
561.4447 MA - Max 800 5598.3 5599.3 5599.3  0.0032 2.3 7225 673.0 0.46
459.4117 2-YR Exst 2142  5597.7 5599.7 5599.8 0.0047 4.3 1117.3 729.4 0.62
459.4117 2-YR Dev 4429  5597.7 5600.6 5600.8 0.0039 5.4 1839.0 776.3 0.61
459.4117  MA - Min 300 5597.7 5598.2 5598.3  0.0221 3.0 197.3 529.0 1.01
459.4117  MA - Max 800 5597.7 5598.8 5598.8  0.0079 3.3 518.2 627.8 0.7
459.4117  4+59 BF 70 5597.7 5598.4 5598.5 0.0112 2.5 28.1 81.6 0.75
343.4038 2-YR Exst 2142 5596.5 5599.4 5599.4  0.0020 3.1 1430.6 750.7 0.41
343.4038 2-YR Dev 4429  5596.5 5600.4 5600.5 0.0021 4.2 2209.2 834.3 0.46
343.4038 MA - Min 300 5596.5 5597.7 5597.7  0.0022 13 388.3 448.0 0.35
343.4038 MA - Max 800 5596.5 5598.4 5598.5  0.0021 1.8 773.0 618.1 0.37
343.4038 3+43 BF 20 5596.5 5598.0 5598.0 0.0007 0.7 30.3 75.8 0.18
223.2865 2-YR Exst 2142  5597.1 5599.1 5599.2 0.0025 3.4 1392.2 704.7 0.46
223.2865 2-YR Dev 4429 5597.1 5600.1 5600.2 0.0031 5.0 2098.2 805.4 0.55
223.2865 MA - Min 300 55697.1 5597.5 5597.5 0.0015 0.7 472.4 461.1 0.26
223.2865 MA - Max 800 5597.1 5598.2 5598.2 0.0020 1.7 810.7 545.2 0.35
114.2485 2-YR Exst 2142  5597.3 5598.8 5598.9 0.0035 2.4 1296.1 724.8 0.48
114.2485 2-YR Dev 4429 5597.3 5599.7 5599.8 0.0037 3.9 1979.8 777.3 0.55
114.2485 MA - Min 300 5597.3 5597.3 5597.3 0.0025 0.1 400.4 428.7 0.21
114.2485 MA - Max 800 5597.3 5597.9 5598.0 0.0034 14 687.0 505.5 0.41



TABLE G-3
Historic Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #
River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
7.0414 2-YR Exst 2142 5596.5 5598.5 5598.6  0.0028 34 1233.7 763.9 0.48
7.0414 2-YR Dev 4429  5596.5 5599.4 5599.5 0.0028 4.6 1919.5 793.0 0.52
7.0414 MA - Min 300 5596.5 5597.1 5597.1  0.0028 0.9 338.4 480.4 0.34
7.0414 MA - Max 800 5596.5 5597.6 5597.6  0.0028 2.0 639.3 571.7 0.42




TABLE G-4

Breakout Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #
River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
(cfs)  (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (f)

3219.812 2-YR Exst 2142 5605.9 5608.3 5608.5 0.0030 3.9 942.0 487.1 0.51
3219.812  2-YR Dev 4429  5605.9 5609.6 5609.8  0.0027 5.3 1548.8 497.7 0.53
3219.812 MA - Min 300 5605.9 5606.1 5606.2  0.0050 0.9 199.4 177.0 0.43
3219.812 MA - Max 800 5605.9 5607.1 5607.1 0.0044 2.3 432.5 333.3 0.52
3119.66 2-YR Exst 2142 5605.1 5608.1 5608.2 0.0023 4.3 910.6 492.3 0.46
3119.66 2-YR Dev 4429  5605.1 5609.3 5609.5  0.0027 5.9 1543.4 530.8 0.53
3119.66 MA - Min 300 5605.1 5605.9 5605.9  0.0016 13 187.8 237.5 0.3
3119.66 MA - Max 800 5605.1 5606.8 5606.8 0.0019 2.6 423.0 282.7 0.38
3119.66 31+19 BF 505 5605.1 5607.6 5608.0  0.0042 5.1 98.6 43.1 0.6
3017.944 2-YR Exst 2142 5604.5 5607.7 5607.9 0.0035 5.0 966.3 477.5 0.56
3017.944  2-YR Dev 4429 5604.5 5608.9 5609.2  0.0038 6.7 1621.1 634.6 0.62
3017.944 MA - Min 300 5604.5 5605.6 5605.7 0.0032 2.0 219.2 242.7 0.43
3017.944 MA - Max 800 5604.5 5606.5 5606.6 0.0033 3.1 464.5 332.3 0.48
2925.283 2-YR Exst 2142 5604.3 5607.3 5607.4 0.0034 3.6 917.0 494.0 0.51
2925.283  2-YR Dev 4429  5604.3 5608.5 5608.7  0.0032 5.2 1651.9 794.0 0.55
2925283 MA - Min 300 5604.3 5605.2 5605.2  0.0029 18 162.5 235.8 0.41
2925.283 MA - Max 800 5604.3 5606.1 5606.1 0.0033 29 405.3 329.4 0.47
2821.608 2-YR Exst 2142  5604.2 5607.0 5607.1 0.0025 3.6 1022.3 499.8 0.52
2821.608 2-YR Dev 4429 5604.2 5608.2 5608.4 0.0027 4.5 1662.8 628.1 0.49
2821.608 MA - Min 300 5604.2 5604.9 5604.9  0.0035 16 200.6 235.4 0.43
2821.608 MA - Max 800 5604.2 5605.8 5605.8  0.0027 2.6 498.6 375.6 0.44
2821.608 28+21 BF 570 5604.2 5606.6 5606.9  0.0043 4.3 132.6 93.9 0.64
2718.28 2-YR Exst 2142 5603.6 5606.8 5606.9 0.0020 3.2 1085.8 578.3 0.44
2718.28 2-YR Dev 4429 5603.6 5608.0 5608.1  0.0020 3.9 2001.3 986.6 0.41
2718.28 MA - Min 300 5603.6 5604.6 5604.7 0.0020 1.4 256.2 264.3 0.34
2718.28 MA - Max 800 5603.6 5605.6 5605.6 0.0019 2.3 530.5 346.6 0.38
2614.449 2-YR Exst 2142 5603.9 5606.5 5606.6  0.0025 3.8 1046.1 529.5 0.47



TABLE G-4

Breakout Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
2614.449  2-YR Dev 4429  5603.9 5607.6 5607.8  0.0025 5.2 1828.6 799.2 0.51
2614.449  MA - Min 300 5603.9 5604.1 5604.2 0.0051 0.8 196.7 254.7 0.41
2614.449  MA - Max 800 5603.9 5605.2 5605.2  0.0027 2.2 515.1 352.7 0.42
2490.509 2-YR Exst 2142 5602.7 5606.2 5606.3  0.0021 4.3 915.4 549.3 0.45
2490.509 2-YR Dev 4429  5602.7 5607.3 5607.5  0.0025 5.8 1716.0 959.2 0.51
2490.509 MA - Min 300 5602.7 5603.9 5603.9 0.0013 1.4 172.2 150.6 0.28
2490.509 MA - Max 800 5602.7 5605.0 5605.0 0.0016 2.6 380.7 251.2 0.35
2490.509  24+90 BF 345 5602.7 5604.9 5605.5  0.0084 6.0 57.3 33.6 0.81
2367.207 2-YR Exst 2142 5602.2 5605.9 5606.0 0.0025 5.0 1049.1 539.6 0.48
2367.207 2-YR Dev 4429 5602.2 5607.1 5607.2 0.0029 6.5 1835.2 987.2 0.53
2367.207 MA - Min 300 5602.2 5603.7 5603.7 0.0025 2.7 144.2 126.2 0.42
2367.207 MA - Max 800 5602.2 5604.7 5604.8  0.0025 3.8 438.0 433.7 0.44
2367.207  23+67 BF 225 5602.2 5604.9 5605.1 0.0025 3.9 57.2 24.3 0.45
2209.845 2-YR Exst 2142 5601.7 5605.7 5605.7  0.0012 3.6 1354.3 593.2 0.32
2209.845 2-YR Dev 4429 5601.7 5606.7 5606.8 0.0017 5.1 2110.8 977.6 0.41
2209.845 MA - Min 300 5601.7 5603.4 5603.5  0.0010 1.9 253.2 348.6 0.27
2209.845 MA - Max 800 5601.7 5604.5 5604.6  0.0009 24 716.2 513.8 0.26
2042.742  2-YR Exst 2142 5600.8 5604.7 5605.3  0.0070 8.4 735.2 534.3 0.83
2042.742  2-YR Dev 4429  5600.8 5605.6 5606.3  0.0069 9.8 1443.0 1047.2 0.85
2042.742  MA - Min 300 5600.8 5602.5 5603.0 0.0097 5.9 50.5 34.6 0.87
2042.742  MA - Max 800 5600.8 5603.7 5604.2  0.0061 6.3 303.8 370.2 0.74
2042.742  20+42 BF 405 5600.8 5603.1 5603.6 0.0072 5.7 71.7 42.4 0.77
1938.709 2-YR Exst 2142 5600.4 5604.2 5604.4  0.0032 5.6 999.2 750.4 0.57
1938.709 2-YR Dev 4429 5600.4 5605.3 5605.5 0.0025 6.1 1989.9 1057.1 0.53
1938.709  MA - Min 300 5600.4 5601.8 5602.1  0.0075 4.3 121.6 136.3 0.73
1938.709 MA - Max 800 5600.4 5603.0 5603.2  0.0038 4.4 402.2 351.9 0.57
1745.463 2-YR Exst 2142 5597.9 5603.3 5603.8  0.0034 6.8 714.9 529.3 0.6
1745.463 2-YR Dev 4429 5597.9 5604.1 5604.9 0.0055 9.7 1130.4 618.2 0.78



TABLE G-4

Breakout Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
1745.463 MA - Min 300 5597.9 5601.7 5601.7 0.0006 2.1 180.5 94.2 0.24
1745.463 MA - Max 800 5597.9 5602.6 5602.8 0.0014 3.8 386.7 352.7 0.37
1605.955 2-YR Exst 2142 5599.4 5603.3 5603.4 0.0020 3.3 1136.5 897.5 0.34
1605.955 2-YR Dev 4429 5599.4 5604.1 5604.3 0.0022 4.0 1933.5 1000.3 0.37
1605.955 MA - Min 300 5599.4 5601.5 5601.6  0.0020 21 141.0 91.8 0.3
1605.955 MA - Max 800 5599.4 5602.4 5602.5 0.0020 2.6 464.5 666.2 0.32
1605.955  16+05 BF 385 5599.4 5601.8 5601.9  0.0023 2.2 171.7 113.9 0.32
1454.871 2-YR Exst 2142 5598.9 5602.9 5603.1 0.0021 4.4 1084.2 886.4 0.45
1454.871  2-YR Dev 4429 5598.9 5603.7 5603.9  0.0023 54 1824.2 940.5 0.49
1454.871 MA - Min 300 5598.9 5600.7 5601.0 0.0086 45 66.5 62.7 0.77
1454.871 MA - Max 800 5598.9 5601.6 5602.0 0.0064 5.1 222.7 400.5 0.71
1303.384 2-YR Exst 2142  5598.5 5602.0 5602.6 0.0050 6.9 600.4 683.4 0.7
1303.384  2-YR Dev 4429 5598.5 5602.7 5603.4 0.0052 8.2 1243.4 851.8 0.74
1303.384 MA - Min 300 5598.5 5600.1 5600.3  0.0028 29 104.1 85.0 0.46
1303.384 MA - Max 800 5598.5 5600.9 5601.2 0.0042 4.8 179.4 138.7 0.6
1303.384  13+03 BF 585 5598.5 5601.0 5601.1  0.0020 3.3 175.0 85.5 0.41
1150.922 2-YR Exst 2142  5597.9 5601.4 5601.5 0.0028 4.1 1101.9 810.7 0.49
1150.922  2-YR Dev 4429 5597.9 5602.2 5602.4  0.0029 51 1811.0 917.4 0.53
1150.922 MA - Min 300 5597.9 5599.6 5599.8  0.0039 35 89.4 103.1 0.54
1150.922 MA - Max 800 5597.9 5600.5 5600.7 0.0025 3.6 484.3 646.9 0.45
1150.922  11+50 BF 810 5597.9 5601.1 5601.4  0.0033 4.1 197.7 103.2 0.52
997.3732  2-YR Exst 2142  5597.2 5600.9 5601.0 0.0036 4.9 1033.1 816.5 0.56
997.3732  2-YR Dev 4429 5597.2 5601.7 5601.9 0.0032 5.5 1794.2 891.1 0.54
997.3732  MA - Min 300 5597.2 5599.0 5599.2 0.0038 3.9 120.1 155.8 0.54
997.3732 MA - Max 800 5597.2 5599.7 5600.1  0.0059 5.8 273.9 282.1 0.82
845.9666 2-YR Exst 2142 5596.2 5600.0 5600.4  0.0047 5.9 789.6 872.6 0.66
845.9666  2-YR Dev 4429  5596.2 5600.7 5601.2  0.0059 7.8 1384.6 893.0 0.78
845.9666 MA - Min 300 5596.2 5598.7 5598.8  0.0013 21 242.1 281.7 0.32



TABLE G-4

Breakout Flow Path HEC-RAS Output File

Q Min Ch W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total El Elev Elev Slope Chnl Area Width Chl
845.9666 MA - Max 800 5596.2 5599.3 5599.5  0.0025 35 438.9 455.4 0.46
730.4002 2-YR Exst 2142 5595.9 5599.8 5599.9  0.0028 3.7 1056.8 882.1 0.48
730.4002 2-YR Dev 4429  5595.9 5600.5 5600.7 0.0025 4.2 1789.9 1020.2 0.48
730.4002 MA - Min 300 5595.9 5598.1 5598.5  0.0051 5.2 78.1 267.6 0.65
730.4002 MA - Max 800 5595.9 5599.0 5599.1  0.0030 3.6 466.8 652.2 0.49
730.4002 7+30 BF 520 5595.9 5598.5 5599.4 0.0107 7.6 68.8 34.6 0.95
6415904 2-YR Exst 2142 55945 5599.0 5599.4  0.0064 8.5 701.0 730.6 0.81
641.5904 2-YR Dev 4429  5594.5 5600.2 5600.4 0.0025 6.6 1865.9 1149.7 0.54
641.5904 MA - Min 300 5594.5 5597.4 5597.9  0.0073 6.0 64.8 83.4 0.78
641.5904 MA - Max 800 5594.5 5598.4 5598.8  0.0041 6.1 335.2 560.0 0.63
497.3197 2-YR Exst 2142 5594.2 5598.8 5598.8  0.0006 2.9 1287.8 500.5 0.25
497.3197 2-YR Dev 4429  5594.2 5600.1 5600.2 0.0007 3.9 2042.3 640.8 0.3
497.3197 MA - Min 300 5594.2 5596.6 5596.6  0.0005 15 342.3 381.6 0.21
497.3197 MA - Max 800 5594.2 5597.4 5597.5  0.0005 2.0 699.4 419.4 0.22
497.3197  4+97 BF 255 5594.2 5595.9 5596.1 0.0048 3.7 69.8 60.4 0.6
383.1394 2-YR Exst 2142 5593.6 5596.2 5596.5 0.0075 6.3 595.8 495.4 0.81
383.1394  2-YR Dev 4429  5593.6 5596.9 5597.4 0.0075 7.9 987.8 556.5 0.86
383.1394 MA - Min 300 5593.6 5594.9 5595.1  0.0075 3.8 122.8 215.0 0.72
383.1394 MA - Max 800 5593.6 5595.5 5595.7  0.0075 4.7 287.3 386.1 0.75
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Proposed Conditions HEC-RAS Profiles

2-Year Existing and 2-Year Developed Flows for Proposed Conditions
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HEC-RAS Output
2-YR Exst = 2-Year Existing
2-YR Dev = 2-Year Developed

MA-Min = Minimum Mean Annual

MA-Max = Maximum Mean Annual

TABLE G-5
Proposed Conditions HEC-RAS Output File
Q Min W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total Ch El Elev Elev Slope Chnl Area Width Chl

(cfs)  (ft) (v () (ft/ft) (ft/s) (sqft) ()
3219.812 2-YR Exst 2142 56059 5608.3 5608.5  0.0030 3.9 942.2 487.1 0.51
3219.812 2-YR Dev 4429 5605.9 5609.6 5609.8 0.0027 5.3 1551.5 497.8 0.53
3219.812 MA - Min 300 5605.9 5606.1 5606.2  0.0050 0.9 199.4 177.0 0.43
3219.812 MA - Max 800 5605.9 5607.1 5607.1 0.0044 2.3 432.5 333.3 0.52
3119.66 2-YR Exst 2142 5605.1 5608.1 5608.2 0.0023 4.3 911.1 492.4 0.46
3119.66 2-YR Dev 4429  5605.1 5609.3 5609.5  0.0027 5.9 1547.0 531.0 0.53
3119.66 MA - Min 300 5605.1 5605.9 5605.9 0.0016 1.3 187.8 237.5 0.3
3119.66 MA - Max 800 5605.1 5606.8 5606.8  0.0019 2.6 423.0 282.7 0.38
3119.66 31+19 BF 505 5605.1 5607.6 5608.0 0.0042 51 98.6 43.1 0.6
3017.944  2-YR Exst 2142 5604.5 5607.7 5607.9 0.0035 5.0 967.0 477.6 0.56
3017.944  2-YR Dev 4429  5604.5 5608.9 5609.2  0.0037 6.7 1627.9 636.0 0.62
3017.944 MA - Min 300 5604.5 5605.6 5605.7 0.0032 2.0 219.2 242.7 0.43
3017.944 MA - Max 800 5604.5 5606.5 5606.6  0.0033 31 464.5 332.3 0.48
2925.283 2-YR Exst 2142 5604.3 5607.3 5607.4 0.0033 3.6 918.4 494.2 0.51
2925.283 2-YR Dev 4429 5604.3 5608.5 5608.7 0.0032 5.2 1666.7 801.2 0.55
2925.283 MA - Min 300 5604.3 5605.2 5605.2  0.0029 1.8 162.5 235.8 0.41
2925.283 MA - Max 800 5604.3 5606.1 5606.1 0.0033 29 405.3 329.4 0.47
2821.608 2-YR Exst 2142 5604.2 5607.0 5607.1 0.0026 3.9 1018.9 498.8 0.47
2821.608 2-YR Dev 4429 5604.2 5608.2 5608.4 0.0028 5.5 1642.4 614.0 0.54
2821.608 MA - Min 300 5604.2 5604.9 5604.9 0.0035 1.6 200.6 235.4 0.43
2821.608 MA - Max 800 5604.2 5605.8 5605.8  0.0027 2.6 498.6 375.6 0.44
2821.608  28+21 BF 570 5604.2 5606.6 5606.9 0.0043 4.3 132.6 93.9 0.64
2718.28 2-YR Exst 2142 5603.6 5606.8 5606.9 0.0021 3.7 1077.1 574.4 0.44
2718.28 2-YR Dev 4429  5603.6 5608.0 5608.1  0.0021 5.0 1960.8 967.5 0.47
2718.28 MA - Min 300 5603.6 5604.6 5604.7 0.0020 1.4 256.2 264.3 0.34



TABLE G-5
Proposed Conditions HEC-RAS Output File

Min W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total Ch El Elev Elev Slope Chnl Area Width Chl
2718.28 MA - Max 800 5603.6 5605.6 5605.6 0.0019 2.3 530.5 346.6 0.38
2614.449 2-YR Exst 2142 5603.9 5606.5 5606.6 0.0025 3.8 1045.8 529.4 0.47
2614.449  2-YR Dev 4429  5603.9 5607.6 5607.8  0.0025 52 1827.4 798.8 0.51
2614.449  MA - Min 300 5603.9 5604.1 5604.2 0.0051 0.8 196.7 254.7 0.41
2614.449  MA - Max 800 5603.9 5605.2 5605.2  0.0027 22 515.1 352.7 0.42
2490.509 2-YR Exst 2142  5602.7 5606.2 5606.3  0.0021 4.3 915.4 549.3 0.45
2490.509 2-YR Dev 4429 5602.7 5607.3 5607.5 0.0025 5.8 1716.0 959.2 0.51
2490.509 MA - Min 300 5602.7 5603.9 5603.9 0.0013 14 172.2 150.6 0.28
2490.509 MA - Max 800 5602.7 5605.0 5605.0 0.0016 2.6 380.7 251.2 0.35
2490.509  24+90 BF 345 5602.7 5604.9 5605.5 0.0084 6.0 57.3 33.6 0.81
2367.207 2-YR Exst 2142  5602.2 5605.9 5606.0 0.0025 5.0 1049.1 539.6 0.48
2367.207 2-YR Dev 4429 5602.2 5607.1 5607.2 0.0029 6.5 1835.2 987.2 0.53
2367.207 MA - Min 300 5602.2 5603.7 5603.7  0.0025 2.7 144.2 126.2 0.42
2367.207 MA - Max 800 5602.2 5604.7 5604.8 0.0025 3.8 438.0 433.7 0.44
2367.207 23+67 BF 225 5602.2 5604.9 5605.1  0.0025 3.9 57.2 243 0.45
2209.845 2-YR Exst 2142  5601.7 5605.7 5605.7  0.0012 3.6 1354.3 593.2 0.32
2209.845 2-YR Dev 4429 5601.7 5606.7 5606.8 0.0017 5.1 2110.8 977.6 0.41
2209.845 MA - Min 300 5601.7 5603.4 5603.5 0.0010 1.9 253.2 348.6 0.27
2209.845 MA - Max 800 5601.7 5604.5 5604.6 0.0009 2.4 716.2 513.8 0.26
2042.742  2-YR Exst 2142 5600.8 5604.7 5605.3 0.0070 8.4 735.2 534.3 0.83
2042.742  2-YR Dev 4429  5600.8 5605.6 5606.3  0.0069 9.8 1443.0 1047.2 0.85
2042.742  MA - Min 300 5600.8 5602.5 5603.0 0.0097 5.9 50.5 34.6 0.87
2042.742  MA - Max 800 5600.8 5603.7 5604.2  0.0061 6.3 303.8 370.2 0.74
2042.742  20+42 BF 405 5600.8 5603.1 5603.6 0.0072 5.7 71.7 42.4 0.77
1938.709 2-YR Exst 2142 5600.4 5604.2 5604.4 0.0032 5.6 999.2 750.4 0.57
1938.709  2-YR Dev 4429  5600.4 5605.3 5605.5  0.0025 6.1 1989.9 1057.1 0.53
1938.709 MA - Min 300 5600.4 5601.8 5602.1 0.0075 4.3 121.6 136.3 0.73
1938.709  MA - Max 800 5600.4 5603.0 5603.2  0.0038 4.4 402.3 351.9 0.57
1745.463 2-YR Exst 2142 55979 5603.3 5603.8  0.0034 6.8 714.3 529.1 0.6
1745.463 2-YR Dev 4429 5697.9 5604.0 5604.9 0.0055 9.7 1128.0 616.6 0.79
1745.463 MA - Min 300 5597.9 5601.7 5601.7  0.0006 21 180.5 94.2 0.24
1745.463 MA - Max 800 5597.9 5602.6 5602.8  0.0014 3.8 386.9 352.8 0.37



TABLE G-5
Proposed Conditions HEC-RAS Output File

Min W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total Ch El Elev Elev Slope Chnl Area Width Chl
1605.955 2-YR Exst 2142  5599.4 5603.3 5603.4  0.0020 3.3 1135.2 897.2 0.34
1605.955 2-YR Dev 4429 5599.4 5604.1 5604.3 0.0022 4.1 1929.6 999.3 0.37
1605.955 MA - Min 300 5599.4 5601.5 5601.6  0.0020 21 141.0 91.8 0.3
1605.955 MA - Max 800 5599.4 5602.4 5602.5 0.0020 2.6 464.8 666.4 0.32
1605.955 16+05 BF 385 5599.4 5601.8 5601.9  0.0023 22 171.7 113.9 0.32
1454.871 2-YR Exst 2142 55989 5602.9 5603.1  0.0021 4.4 1080.3 884.8 0.46
1454.871 2-YR Dev 4429 5598.9 5603.7 5603.9 0.0023 5.4 1816.8 940.0 0.5
1454.871  MA - Min 300 5598.9 5600.7 5601.0 0.0086 45 66.5 62.6 0.77
1454.871 MA - Max 800 5598.9 5601.6 5602.0 0.0064 5.1 222.7 400.5 0.71
1303.384 2-YR Exst 2142 5598.5 5602.0 5602.6 0.0049 6.8 609.5 691.5 0.69
1303.384  2-YR Dev 4429 55985 5602.8 5603.4  0.0051 8.1 1258.7 852.3 0.73
1303.384 MA - Min 300 5598.5 5600.1 5600.3 0.0028 29 104.2 85.0 0.46
1303.384 MA - Max 800 5598.5 5600.9 5601.2  0.0042 4.8 179.4 138.6 0.6
1303.384  13+03 BF 585 5598.5 5601.0 5601.1 0.0020 3.3 175.0 85.5 0.41
1150.922 2-YR Exst 2142 5597.9 5601.4 5601.5 0.0027 4.1 1109.1 811.9 0.49
1150.922  2-YR Dev 4429  5597.9 5602.3 5602.4  0.0027 5.0 1857.8 921.6 0.51
1150.922 MA - Min 300 5597.9 5599.6 5599.8 0.0037 3.5 91.3 109.8 0.53
1150.922 MA - Max 800 5597.9  5600.5 5600.7  0.0026 3.7 476.1 643.4 0.46
1150.922  11+50 BF 810 5597.9 5601.1 5601.4 0.0033 4.1 197.7 103.2 0.52
997.3732  2-YR Exst 2142 5597.2  5600.9 5601.1 0.0032 4.6 1081.9 823.2 0.53
997.3732  2-YR Dev 4429  5597.2  5601.9 5602.0 0.0027 51 1906.0 897.4 0.49
997.3732  MA - Min 300 5597.2 5599.2 5599.3 0.0024 3.3 153.1 178.0 0.44
997.3732 MA - Max 800 5597.2  5599.9 5600.2  0.0048 4.9 328.3 358.9 0.7
846.1657 2-YR Exst 2142  5596.2 5600.5 5600.7 0.0018 4.1 1257.6 887.3 0.42
846.1657 2-YR Dev 4429 5596.2 5601.5 5601.7 0.0019 5.1 2127.4 1016.9 0.46
846.1657 MA - Min 300 5596.2 5599.1 5599.1  0.0006 1.6 340.3 326.3 0.22
846.1657 MA - Max 800 5596.2  5599.7 5599.8 0.0012 2.7 611.0 502.6 0.33
561.4447 2-YR Exst 2142 5598.3 5600.1 5600.2 0.0032 3.5 1317.4 779.9 0.51
561.4447  2-YR Dev 4429 5598.3 5601.0 5601.1 0.0030 4.7 2042.4 798.8 0.54
561.4447  MA - Min 300 5598.3 5598.8 5598.9  0.0025 13 428.7 603.4 0.36
561.4447 MA - Max 800 5598.3 5599.3 5599.3  0.0032 2.3 7225 673.0 0.46



TABLE G-5
Proposed Conditions HEC-RAS Output File

Min W.S. E.G. E.G. Vel Flow Top Froude #

River Sta Profile Total Ch El Elev Elev Slope Chnl Area Width Chl
459.4117 2-YR Exst 2142 5597.7  5599.7 5599.8 0.0047 4.3 1117.3 729.4 0.62
459.4117  2-YR Dev 4429  5597.7 5600.6 5600.8  0.0039 54 1839.0 776.3 0.61
459.4117 MA - Min 300 5597.7 5598.2 5598.3 0.0221 3.0 197.3 529.0 1.01
459.4117  MA - Max 800 5597.7 5598.8 5598.8  0.0079 3.3 518.2 627.8 0.7
459.4117  4+59 BF 70 5597.7 5598.4 5598.5 0.0112 2.5 28.1 81.6 0.75
343.4038 2-YR Exst 2142 5596.5 5599.4 5599.4 0.0020 3.1 1430.6 750.7 0.41
343.4038  2-YR Dev 4429  5596.5 5600.4 5600.5 0.0021 4.2 2209.2 834.3 0.46
343.4038 MA - Min 300 5596.5 5597.7 5597.7 0.0022 1.3 388.3 448.0 0.35
343.4038 MA - Max 800 5596.5 5598.4 5598.5  0.0021 1.8 773.0 618.1 0.37
343.4038 3+43 BF 20 5596.5 5598.0 5598.0 0.0007 0.7 30.3 75.8 0.18
223.2865 2-YR Exst 2142 5597.1 5599.1 5599.2 0.0025 3.4 1392.2 704.7 0.46
223.2865 2-YR Dev 4429  5597.1 5600.1 5600.2  0.0031 5.0 2098.2 805.4 0.55
223.2865 MA - Min 300 5597.1 5597.5 5597.5 0.0015 0.7 472.4 461.1 0.26
223.2865 MA - Max 800 5597.1 5598.2 5598.2  0.0020 1.7 810.7 545.2 0.35
114.2485 2-YR Exst 2142  5597.3 5598.8 5598.9  0.0035 24 1296.1 724.8 0.48
114.2485 2-YR Dev 4429 5597.3 5599.7 5599.8 0.0037 3.9 1979.8 777.3 0.55
114.2485 MA - Min 300 5597.3  5597.3 5597.3 0.0025 0.1 400.4 428.7 0.21
114.2485 MA - Max 800 5597.3 5597.9 5598.0 0.0034 1.4 687.0 505.5 0.41
7.0414 2-YR Exst 2142 5596.5 5598.5 5598.6 0.0028 3.4 1233.7 763.9 0.48
7.0414 2-YR Dev 4429 5596.5 5599.4 5599.5 0.0028 4.6 1919.5 793.0 0.52
7.0414 MA - Min 300 5596.5 5597.1 5597.1 0.0028 0.9 338.4 480.4 0.34
7.0414 MA - Max 800 5596.5 5597.6 5597.6  0.0028 2.0 639.3 571.7 0.42







Appendix H — Stream Stability Analysis






Stream Stability
Geomorphic Conditions from Cherry Creek Master Plan (URS, 2004)

TABLE H-1
Geomorphic Characteristics by Reach from Cherry Creek Master Plan (URS, 2004)

Reach Grade Bank Dominant Stream Rosgen
Reach (%) Channel Condition Erosion Form Classification
1* 0.41 Aggrading to Stable None Braided D5
Aggrading - Degrading None to
2 0.39 Stable Minor Braided-Meandering D5
Entrenched Segments, Minor to
3 0.37 Degrading to Stable Severe Meandering C5
Minor with
Healing
Entrenched Segments, Banks to C5, C5 change to
4 0.37 Degrading to Stable Severe Meandering F5, F5
Minor with
Healing
Entrenched Segments, Banks to Meandering, Short C5, D5, C5 change
5 0.41 Degrading to Stable Severe Braided Segment to F5, F5
Minor with
Healing
Entrenched Segments, Banks to Meandering, Short
6 0.37 Degrading to Stable Severe Braided Segment C5, D5, F5
Entrenched Segments, Meandering, Short
7 0.41 Mostly Stable Minor Braided Segment C5, D5, F5
Entrenched Segments, Meandering, Short
8 0.39 Mostly Stable Minor Braided Segment C5, D5, F5

*Cherry Creek at 12-Mile Park is within Reach 1
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Lz g q Stable 1.45E-04 cfslft
O D(vy) 0.769999996




27+18

2-Year Developed

]
c
S
8
E b 71 feet
S|yt 3.22 feet
§ vl 4.98 feet/second
TE“ as 0.004204317  cfs/ft
g Energy Slope 0.0021  ft/ft
g RNormalized 2.952221074 feet
2 | nnormalized 0.028216241 -
o
5 | % To Allow Vand Y to Vary 10 %
5
O | A(VY) 1.76 -
[
= | Upper D(vy) 1.936 -
Lower D(vy) 1.584 -
2. S (Stable) 0.002035014  fu/t
()
7)% Eo |y 4.037996723 feet
T ©
L AL |b 71 feet
c O =
53 2| ve 5.621996841 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529995  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 1.584000117




20+42
Bank Full

]
c
S
8
E b 36 feet
S|yt 2.26 feet
§ vl 5.65 feet/second
TE“ as 0.006698247  cfs/ft
S | Energy Slope 0.007227  fuft
g RNormalized 2.007897335 feet
g nnormalized 0.035681616 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 3.39 -
[
= | Upper D(vy) 3729 -
Lower D(vy) 3.051 -
2. S (Stable) 0.008397206 f/it
()
7)% Eo |y 2.00838812 feet
T ©
L AL |b 36 feet
c O =
53 2| ve 5.827387452 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529998  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 3.728999332




20+42
2-Year Existing

]
c
o
B
E b 36 feet
S|yt 3.87 feet
§ vl 8.39 feet/second
S |as 0.04270346  cfs/ft
S | Energy Slope 0.00696  ft/ft
g RNormalized 3.185185185 feet
2 | nnormalized 0.032073921 -
(=]
5 | % To Allow Vand Y to Vary 10 %
&
O | A(VY) 452 -
[
Zg Upper D(vy) 4972 -
Lower D(vy) 4.068 -
2. S (Stable) 0.016644804  fuit
()
7)% Eo |y 1.073477535  feet
T ©
23x [b 36 feet
o) —
c O 5
53 2| ve 6.045477542 feet/second
T = a
2 2 8 | q objective 0.00753 cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
-
© D(vy) 4.972000008




20+42

2-Year Developed

]
c
S
8
E b 36 feet
S|yt 484 feet
§ vl 9.75 feet/second
TE“ as 0.086723374  cfs/ft
S | Energy Slope 0.00685  ftft
£ | RNormalized 3.814360771 feet
g nnormalized 0.030877452 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 491 -
[
Zg Upper D(vy) 5401 -
Lower D(vy) 4.419 -
2. S (Stable) 0.009685566  fu/t
()
7)% Eo |y 1.513666864 feet
T ©
L AL |b 36 feet
c O =
53 2| ve 5.932666375 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529999  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 4.418999511




16+05
Bank Full

]
c
o
B
E b 110 feet
S|yt 251 feet
g |wv 2.24 feet/second
S |as 0.000121619  cfs/ft
S | Energy Slope 0.002283  ftift
£ | RNormalized 2.400452095 feet
g nnormalized 0.056979666 -
% % To Allow V and Y to Vary 10 %
c
[e] .
O | A(VY) 027 -
[
= | Upper D(vy) 0.297 -
Lower D(vy) 0.243 -
2. S (Stable) 0.005565161 f/t
()
7)% Eo |y 5244887018  feet
T ©
L AL |b 110 feet
c O 5
53 2| ve 5.541886749 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529433  cfsfft
S0 [
3 § q Stable 1.45E-04  cfsift
-
O D(vy) 0.296999731




16+05

2-Year Existing

]
c
o
B
E b 110 feet
S|yt 3.86 feet
§ vl 3.29 feet/second
TE“ as 0.000720388  cfs/ft
S | Energy Slope 0.002011  fuft
g RNormalized 3.606863744 feet
g nnormalized 0.047765709 -
% % To Allow V and Y to Vary 10 %
&
O | A(VY) 057 -
[
= | Upper D(vy) 0.627 -
Lower D(vy) 0.513 -
2. S (Stable) 0.003189532 fuit
()
7)% Eo |y 6.122134128 feet
T ©
L AL |b 110 feet
c O =
53 2| ve 5.495133175 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529616  cfsift
S0 [
3 § q Stable 1.45E-04  cfsift
-
O D(vy) 0.627000953




16+05

2-Year Developed

]
c
S
8
E b 110 feet
S n 47 feet
§ vl 4.05 feet/second
TE“ as 0.001868673  cfs/ft
S | Energy Slope 0.002166  ft/ft
£ | RNormalized 4.32998325 feet
2 | nnormalized 0.045486719 -
(=]
5 | % To Allow Vand Y to Vary 10 %
5
O | A(VY) 065 -
[
= | Upper D(vy) 0.715 -
Lower D(vy) 0.585 -
2. S (Stable) 0.003935288 fuit
()
7)% Eo |y 4850789742  feet
T ©
L AL |b 110 feet
c O 5
53 2| ve 5.565789305 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007530154  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
©
o D(vy) 0.714999564




13+03
Bank Full

]
c
o
B
E b 91 feet
S|yt 247 feet
§ vl 3.34 feet/second
TE“ as 0.000691492  cfs/ft
S | Energy Slope 0.001961  ft/ft
g RNormalized 2.342818428 feet
2 | nnormalized 0.034847451 -
o
5 | % To Allow Vand Y to Vary 10 %
&
O | A(VY) 0.87 -
[
= | Upper D(vy) 0957 -
Lower D(vy) 0.783 -
2. S (Stable) 0.002431167 fu/t
()
7)% Eo |2 4745330186  feet
T ©
L AL |b 91 feet
c O =
53 2| ve 5.572423121 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529704  cfsift
S0 [
3 § q Stable 1.45E-04  cfsift
-
O D(vy) 0.827092935




13+03

2-Year Existing

]
c
S
8
E b 91 feet
S|yt 347 feet
§ vl 6.83 feet/second
TE“ as 0.016967232  cfs/ft
S | Energy Slope 0.004886  ft/ft
g RNormalized 3.224116806 feet
g nnormalized 0.033279961 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 3.36 -
[
= | Upper D(vy) 3.696 -
Lower D(vy) 3.024 -
2. S (Stable) 0.004683485  fut
()
7)% Eo |y 2720979882  feet
T ©
L AL |b 91 feet
c O =
53 2| ve 5.744979698 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007530004  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 3.023999816




13+03

2-Year Developed

]
c
S
8
E b 91 feet
S|yt 427 feet
§ vl 8.08 feet/second
TE“ as 0.037100844  cfs/ft
S | Energy Slope 0.005077  fu/ft
g RNormalized 3.903656821 feet
g nnormalized 0.032575636 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 381 -
[
= | Upper D(vy) 4191 -
Lower D(vy) 3.429 -
2. S (Stable) 0.005452735  f/it
()
7)% Eo |y 2360861545 feet
T ©
L AL |b 91 feet
c O =
53 2| ve 5.789861497 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007530002  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 3.428999952




4+97
Bank Full

]
c
S
8
E b 61 feet
S|yt 1.73 feet
§ vl 3.65 feet/second
TE“ as 0.000935164  cfs/ft
S | Energy Slope 0.004829  fu/ft
g RNormalized 1.637139311 feet
g nnormalized 0.039404495 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 1.92 -
[
= | Upper D(vy) 2112 -
Lower D(vy) 1.728 -
2. S (Stable) 0.004454312  fu/it
()
7)% Eo |y 3.756710744  feet
T ©
23X |b 61 feet
Sef
hga v2 5.64424762 feet/second
T = a
g 8 | q objective 0.007529735  cfslft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 1.887527876




4497

2-Year Existing

]
c
S
8
E b 61 feet
S|yt 455 feet
§ vl 2.86 feet/second
TE“ as 0.000406835  cfs/ft
S | Energy Slope 0.00582 fi/ft
g RNormalized 3.959343795 feet
g nnormalized 0.099471165 -
% % To Allow V and Y to Vary 10 %
c
[e] .
O | A(VY) 169 -
[
= | Upper D(vy) 1.859 -
Lower D(vy) 1.521 -
2. S (Stable) 0.01309658 f/it
()
7)% Eo |y 6.976914659 feet
T ©
L AL |b 61 feet
c O =
53 2| ve 5.455915479 feet/second
O = a
g 8 | q objective 0.007529679  cfslft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 1.52099918




4497

2-Year Developed

]
c
S
8
E b 61 feet
S|yt 5.88 feet
§ vl 3.86 feet/second
TE“ as 0.001598821  cfs/ft
g Energy Slope 0.0072  ft/ft
£ | RNormalized 4.929631666 feet
g nnormalized 0.094872758 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 2.02 -
[
= | Upper D(vy) 2222 -
Lower D(vy) 1.818 -
2. S (Stable) 0.011359121 fu/it
()
7)% Eo |y 7261993574  feet
T ©
L AL |b 61 feet
c O =
53 2| ve 5.443993799 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529934  cfs/ft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 1.817999775




4+59
Bank Full

]
c
S
8
E b 83 feet
S|yt 0.76 feet
§ vl 2.49 feet/second
TE“ as 0.000144991  cfs/ft
S | Energy Slope 0.011188  ftft
£ | RNormalized 0.746332229 feet
g nnormalized 0.052077638 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 1.73 -
[
= | Upper D(vy) 1.903 -
Lower D(vy) 1.557 -
2. S (Stable) 0.007171425 fu/it
()
7)% Eo |y 3.87762711 feet
T ©
L AL |b 83 feet
c O =
53 2| ve 5.634464266 feet/second
T = a
g 8 | q objective 0.007529788  cfslft
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 1.756837156




4+59

2-Year Existing

]
c
S
8
E b 83 feet
S|yt 2 feet
§ vl 4.33 feet/second
TE“ as 0.002387526  cfs/ft
S | Energy Slope 0.004679  fu/ft
g RNormalized 1.908045977 feet
g nnormalized 0.036210466 -
% % To Allow V and Y to Vary 10 %
5
O | A(VY) 233 -
[
= | Upper D(vy) 2563 -
Lower D(vy) 2.097 -
2. S (Stable) 0.003880366 f/it
()
7)% Eo |y 3.56363847 feet
T ©
L AL |b 83 feet
c O =
%) % 2| ve 5.660639302 feet/second
o 2]
c?ﬁ; % & | qobjective 0.007529984  cfsift
S0 [
3 § q Stable 1.45E-04  cfsift
3
o D(vy) 2.097000832




4497

2-Year Developed

D(vy)

2
o
% b 83 feet
§ yl 2.94 feet
g |wv 5.44 feet/second
g |as 0.006047059  cfs/ft
S | Energy Slope 0.003886  ft/ft
g RNormalized 2.74549955 feet
g nnormalized 0.0334775 -
% % To Allow V and Y to Vary 10 %
8 | a(vy) 25 -
% Upper D(vy) 275 -
B} Lower D(vy) 225 -
2. S (Stable) 0.003500341 fu/t
7)% % g | v 3.423136829 feet
L 3 g b 83 feet
% % % v2 5.673137135 feet/second
g 2 é q objective 0.007529999  cfs/ft
Lz g q Stable 1.45E-04 cfslft
O 2.250000306
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William P. Ruzzo, PE, LLC
6641 West Hamilton Drive,
Lakewood, Colorado 80227
(303) 985-1091

(303) 989-6561 fax

M anor a'ﬂum bill.ruzzo@comeast.net

To:  Rick Goncalves, Chairman, CCBWQA TAC

CC: Chuck Reid, Manager, CCBWQA

From: William P. Ruzzo, P.E.

Date: May 25, 2011

Re:  Cherry Creek Stream Reclamation at 12-Mile Park — Water Quality Benefits

and Costs
A\ <\x

v
2 m the water quality

ion at 12-Mile Park project
s.0f approximately 3,000 feet along
e existing dog park (see Figure 1).

the outside bend of Cherry Creek adja
BACKGROUND

Water quality benefits and f 12-Mile Project were first evaluated for the

2008 5-year capital impr rogram (CIP) based on master planning level
estimates for projects.c then, the Authority initiated alternative

im design for the 12-Mile Project resulting in updated
information ealm reclamation needs and cost projections'. Also, abreach in the
reek resulted in stream flows being diverted away from the

ing in sediment deposition in the wetlands and other

evaluation.

In addition, Cherry Creek State Park (CCSP) has been developing a plan to upgrade
the off-leash dog area (DOLA) adjacent to and part of the 12-Mile Park project.
CCSP projections conservatively estimated the number of dog visits per year to be
450,000. Because the CCSP and the Authority project are overlapping in area, water
quality impact, and benefits, the two projects are integral. This updated information
provides the basis for preparing a more detailed evaluation of water quality costs and
benefits for the 12-Mile Park project.

L CH2MHill April 2011. Cherry Creek at 12-Mile Park Draft Alternatives Evaluation Report.

12-MilePark-WtrQualityAnalysis-Draft
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OVERVIEW OF WATER QUALITY BENEFITS

Water quality benefits from the combined 12-Mile Park and DOLA projects
(combined projects) fall into one of two categories, stream reclamation or recreation
management.

Stream Reclamation. Stream reclamation benefits and evaluation procedures have
been documented in the Authority’s Stream Reclamation Interim Report®. Benefits
include reductions in sediment and other pollutant loads and concentrations,
including phosphorus and nitrogen. These benefits are supported by Authority data,
literature research, and quantitative analysis. Procedures used by the Authority to
quantify phosphorus reduction benefits are also provided in the Interim Report and
were used herein to quantify benefits of the 12-Mile Park project.

The CH2M Hill stream reclamation plan also addresses the dispersed runoff from the
DOLA by including a bioswale along the top of t bank of Cherry Creek. This
BMP isintended to capture minor storm events fr A and provide
filtration and infiltration treatment of the runoff

Because of the breach that occurred in thetig k of Cherry Creek, the 12-Mile
' herry Creek and the damaged
repair that’s not included in overall

N
of sediment removal have been quantified in this
in the Interim Report.

of the damaged area. The
memo using procedures do

Recr eation M anagement: SP DOLA project includes extensive
improvements, rel ati uality, such as perimeter fencing, controlled access
to Cherry Creek agement practices. Quantification of water quality
benefits for e cing and controlled access to Cherry Creek is assumed to
be part of *‘ﬁ reclamation benefits. Benefits of waste management
practices, howe Jlave been quantified in this memorandum.

In addition to management of the dog use area, the overall CCSP project includes
modifications to the horse boarding area, which is adjacent to the DOLA area on the
west and south. The principal modification to the horse area, relative to water
quality, will be an updated manure management plan, whose benefits have been
quantified in this memorandum.

QUANTIFICATION OF WATER QUALITY BENEFITS

Calculations were performed to quantify the water quality benefits associated with
stream reclamation and recreation management activities discussed above. The

2 CCBWQA Technical Advisory Committee, April 12, 2011 (final draft). Stream Reclamation,
Water Quality Benefit Evaluation — Interim Report.
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calculations, assumptions, and variables used in the analysis are provided within the
appendix to this memorandum. A summary of the calculations is presented below.

Stream Reclamation. Calculations (sheet 1) were made following the guidelinesin
the Interim Report, except that the interest rate used for this analysis was 4%°. The
results show that over the life of the project, the phosphorus reduction for stream
stabilization alone is 51-1bs per year and the life-time unit cost is $1,520 per pound
of phosphorus.

Calculations for the breach area benefits (sheet 2) were based solely on the
phosphorus content of eroded sediment from the wetlands area using data gathered
as part of the reclamation project design. The benefits (i.e.: phosphorus load in the
sediment) was spread out over the assumed project life of 35-years, resulting in an
additional 37 Ibs per year of phosphorus reduction.

Calculations for the bio-swale benefits are discu
Improvements and the Waste Management Plan fo
considered part of the stream reclamation benefj

denthe Dog Use Area
ding Area, but are
the\12-Mile Park project
to immobilize
atism, bio-swale

DOLA generates ov

NaSLE
unds of phosphorus per year which could reach
Cherry Creek i

edproperly®. The CCSP dog waste management plan is
icient in removal of waste and phosphorus, resultingin a
educing almost 23,000 pounds of phosphorus per year.

For the stream rectamation component (sheet 3), it is conservatively estimated that
10% of the dog wastes will not be removed through waste management, but would
still be treated before discharging into Cherry Creek by including bioswale in the
stream reclamation plan aong the creek bank adjacent to the DOLA. The assumed
efficiency of the bio-swale is 30%, which is conservatively low. ThisBMP can

3 At the Boards request, the Authority is investigating the appropriate discount rates to be used in
evaluation of Authority CIP projects. The value used has not been approved by the Board but is
believed to be areasonable rate for this analysis.

* Oregon Department of Environmental Quality January 2003. Biofilters (Bioswales, Vegetative
buffers, & Constructed Wetlands for Storm Water Discharge Pollution Removal.

® The amount of phosphorus in dog waste used in this analysis is approximately 0.6 |bs/year/dog.
Lake Tahoe investigation (http://www.4swep.org/resources/L akeT ahoeReport/064.html) suggest the
value could be as high as 2 Ibs/year/dog.
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effectively prevent about 780 |bs/year of phosphates from dog wastes from entering
Cherry Creek.

Waste Management Plan for Horse Boarding Area. Calculations (sheet 4) of
benefits associated with an effective horse manure management plan are based on
the pending renewal of the concessionaire lease for the facility. Based on an internet
literature search, the amount of manure waste per 1,000-pound horse and the
phosphorus content were determined. The number of horses and the rental season
were approximated from discussions with CCSP staff. The horse boarding areaiis
estimated to generate over 232,000 pounds of phosphorus per year.

For the stream reclamation component, it is conservatively estimated that 10% of the
manure wastes will not be removed through waste management, but would still be
treated before discharging into Cherry Creek by including bio-swale in the stream
reclamation plan along the creek bank adjacent to the D . The assumed
efficiency of the bio-swaleis 30%, which is con tvely\how. ThisBMP can
effectively prevent about 21 pounds/year of pho% anure wastes from

entering Cherry Creek.

The potential impacts of storm runoff
phosphorus concentrations in Cherry
not otherwise removed through wast '
estimated annual phosphorus lgad fronthese sourcesis 2,670 pounds and the mean
annua flow in Cherry Cr
feet. Thisconvertsto acon

f 0.065 mg/l. When compared to the mean
annual phosphorus conct i erry Creek (i.e.: 0.210 mg/l), the potential
impacts are apparent. Rlio rom dog waste and horse manure could
contribute to the d water quality in Cherry Creek Reservoir.

WATER QU /BENEFITS

The final steg analysis was a comparison of project costs and benefits, as
measured by the feduction in phosphorus through project construction. Cost and
benefits are compared separately for the Authority’ s stream reclamation work and
the CCSP recreation management work.

Stream Reclamation. Table 1 below shows the benefits of stream reclamation
individual components and Table 2 compares the cost and benefits for the total
stream reclamation work that also includes benefits of breach repairs and sediment
removal, and the bio-swale to treat storm runoff from dog waste and manure wastes.
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Table 1 — Average Annual Phosphorus Reduction Benefits for Components of
Stream Reclamation

Reclamation Component Phosphorus Reduction| Units
Bed/Bank stabilization annual P load Reduction 51 Ibs Pl/year
Breach Repair average annual P load reduction 37 Ibs Pl/year

Bioswale treatment of Dog Wastes 780 Ibs Plyear
Bioswale treatment of Manure Wastes 21 Ibs Plyear
Total 889 Ibs Plyear

Table 2 — Stream Reclamation Benefit Cost Analysis— Complete Project

Cherry Creek Stream
Item Reclamation @ 12-Mile
o\ Park
Project Length (mi) = |\'\ 0.57
Project Capital Costs™=].g\ 1,451,000
Project Cost per mite =[ $~ \ 2,554,000
Stream Reclamation Water Quality Benefits (Igsfmifyr) =N ) 90
Total Phosphorus reduction,bengﬁt%\([bs/}r@= 889
Capital Recovery Fagfof (4% S5years) = 0.0538
Annudlized Capital Cost = | $ 78,100
Annual Q&M Cogt(2.5%)° =| $ 36,275
Project. AnnuakJnit-Cost ($/lb) = | $ 129
(¢ 2 Baseline Project Life (yr) = 35
> " Projest Life Time Costs = [ $ 2,720,625
Project Life Time Water ©Gality Benefits (Ib) = 31118
/foject.Life Time Unit Costs ($/Ib) = | $ 87

N
011. Draft Alternatives Evaluation Report

2004. CCBWQA - Long-Term Capital Budget Projections
's/of sediment removal and of bio-swale treatment of dog

Without the repairs to the breach area, sediment removal, and bio-swales to treat dog
and horse manure wastes, the Project Life Time Unit Costs would be $1,520/pound
of phosphorus (see appendix sheet 1). Adding the benefits of repairing the breach
areato the benefits of stream reclamation, the results show that over the life of the
project, the phosphorus reduction is 889-1bs per year and the life-time unit cost is
$87 per pound of phosphorus. These additional benefits represent over aten-fold
reduction in cost per pound of phosphorus.

Recreation Management. Table 3 below shows the costs and benefits, as measured
by the reduction in phosphates, associated with the recreational modifications for the
DOLA and the horse concession. The analysis suggests that the waste management
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practices for the DOLA and horse concession could be as low as two dollars per
pound of phosphorus removed.

Table 3 — Recreation Management Cost and Benefits.

Recreation
ltem
Management
Project Capital Costs' =| $ 1,100,000
Capital Recovery Factor (4% 35-years) = 0.0538
Annualized Capital Cost=| $ 59,200
Annual O&M Cost(2.5%)2 =[$ 27,500
Baseline Project Life (yr) = 35
Project Life Time Costs = | $ 2,062,500
DOLA Dog waste management benefits (Ibs P/year)= 22950
Horse manure waste management benefits (Ibs P/year) = 628
Project Annual Water Quality Benefits (Ibs/yr) ' 23578
Project Life Time Water Quality Berefits<(lb) 2\ 825221
Project Annual Unit CosiN$/tb)= |\ $ 4
Project Life Time Unit Costs{$ib) = | $ 2

NOTES: &%\) ¢

1. Cost estimate by CCSP
2. Ruzzo August 25, 2004. CCBWQA ofm Capital Budget Projections

CONCLUSIONS

nd of phosphorus immobilized as a metric to

ssess the water quality benefits. The Authority’s
ornetimes limited to a cost of $600 per pound of

ing with other agencies or local government.

compare capital proj
contribution toproj

ed herein suggests that when concentrated nutrient (phosphorus)
ed, along with stream reclamation, the water quality benefits are
significantly mcrem and can reduce cost per pound to values below $100 per
pound. This supports the Authority’ s approach of also addressing local sources of
nutrients, when partnering with others on stream reclamation projects.






CHERRY CREEK BASIN WATER QUALITY AUTHORITY

CHERRY CREEK STREAM RECLAMATION AT 12-MILE PARK

EVALUATION OF COST AND BENEFITS

PHOSPHORUS LOADS FROM STREAM RECLAMATION
AND ESTIMATED WATER QUALITY BENEFITS

Cherry Creek Stream

>

ltem Reclamation @ 12-
mile Park
Project Length (mi) = 0.57 \
Project Capital Costs' =| $ A,454,00
Project Cost per mile =| $ 2,654,
Stream Reclamation Water Quality Benefits (lbs/mifyr) = 90~ \
Project Annual Water Quality Benefits (Ibs/yr) = ~B1 N
Capital Recovery Factor (4% 35-years) = 00538
Annualized Capital Cost= /¢  \\\\ \.)78,100
Annual O&M Cost(2.5%)> =| )] 36,275
Project Annual Unit Cost ($/Ib) = [\e\. 7/ 2,237
Baseline Project Lifeyr) = 35
Project Life Timé Casts\=| $ 2,720,625
Project Life Time Water Quality Benefits \(Ib)\=\» 1790
Project Life Time Unit Qgsts\(MM- $ 1,520
NOTES:
1. CH2M Hill February 2011. Dra aluat|on Report

2. Ruzzo August 25, 2004. C

Term Capital Budget Projections

Sheet 1



CHERRY CREEK BASIN WATER QUALITY AUTHORITY

CHERRY CREEK STREAM RECLAMATION AT 12-MILE PARK

EVALUATION OF COST AND BENEFITS

PHOSPHORUS LOADS FROM BREACH AREA DAMAGE AND ESTIMATED

REPAIR BENEFITS
ASSUMPTIONS:

Volume of material deposited in wetland pond® = 2000 cy

Volume of other sediment deposits = unknown cy
Phosphorus content in sediment® = 0.6 Ibs/ton

Sediment density = 80 pcf

LOAD CALCULATIONS
Single event load = 1296 bs P

PHOSPHORUS REDUCTION BENEFIT
Since the sediment in the wetland pond will be removed from CCSP to balance im jals
then the phosphorus load reduction is a one-time benefit spread over the life of the project.

ars
Ibs Pl/year

Project life assumption =
Average annual P load reduction =

Add this amount to the estimated amount for stream reclam dentify benefits of breach repair
NOTES:

1. CH2M Hill February 2011. Draft Alternatives Evaluati
2. Ruzzo August 25, 2004. CCBWQA - Long-Term Capita)/t
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CHERRY CREEK BASIN WATER QUALITY AUTHORITY
CHERRY CREEK STREAM RECLAMATION AT 12-MILE PARK
EVALUATION OF COST AND BENEFITS

PHOSPHATE LOADS FROM DOLA AND ESTIMATED BMP BENEFITS

DOG USE INFORMATION

Quantitity Unit Source
Dogs use at DOLA areas = 450,000 #dogs/year ccspP!
Waste produced = 4 cy/week ccspP!
ASSUMPTIONS:
Dog waste, Phosphate = 10% % Phosphate/lb http://wmmml.ncsu.edu/pubIications/SoiIfacts/AG-439-18/
Waste production = 0.2 Ibs/dog/day ‘
Waste density = 45.0 pcf
Season = 365 daysl/year
LOAD CALCULATIONS
Waste production = 4900 Ibs/week
Waste production = 254800 Ibs/year
Phosphates produced = 25500 Ibs/year
NOTES: 1. Values generated using traffic ¢ isitor surveys and DOLA pass sales.

CCSP WASTE MANAGEMENT PLAN BENEFITS
Dog waste management effectiveness = 90% pe yeduction per year  Assumption vetted by CCSP personnel
Average annual P load reduction = slyear

AUTHORITY STREAM RECLAMATION PLAN

Phosphates in storm runoff = 2 Ibs/year
Effectiveness of bio-swale areas = 30% percent reduction per year  http://www.deq.state.or.us/wa/stormwater/docs/nwr/biofilters.pdf
Water Quality Benefits = 780 Ibs P/year reduction

Sheet 3



CHERRY CREEK BASIN WATER QUALITY AUTHORITY
CHERRY CREEK STREAM RECLAMATION AT 12-MILE PARK
EVALUATION OF COST AND BENEFITS

PHOSPHATE LOADS FROM HORSE CONCESSION AND ESTIMATED BMP BENEFITS

HORSE USE INFORMATION
Quantitity Unit
Horses boarded/rented = 50

ASSUMPTIONS:

Horse waste, Phosphate = 6 Ibs Phosphate/ton

Waste production = 31.0 Ibs/day/1000Ib horse
Waste density = 63.0 pcf
Season = 150 days/year
LOAD CALCULATIONS
Waste production = 1550 Ibs waste/day
Waste production = 232500 Ibs waste/year
Phosphates produced = 698 Ibs/year

NOTES: 1. Values generated using traffic visitor

surveys and DOLA pass sales.

CCSP WASTE MANAGEMENT PLAN BENEFITS
Waste management effectiveness = 90% pe
Average annual P load reduction = :

yjeduction per year

AUTHORITY STREAM RECLAMATION PL#
Phosphates in storm runoff =
Effectiveness of bio-swale areas =

Water Quality Benefits =

Ibs/year
percent reduction per year
Ibs P/year reduction

Source

Estimate, CCSP Manager

http://wvab\soiI.ncsu.edu/pubIications/SoiIfacts/AG-439-18/

{Tt{p&/me:&}xas.psu.ed u/freepubs/pdfs/ub035.pdf

httpM/pubs-tas.psu.edu/freepubs/pdfs/ub035.pdf
S\%ana r

Assumption vetted by CCSP personnel

http://www.deg.state.or.us/wg/stormwater/docs/nwr/biofilters. pdf
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CHERRY CREEK BASIN WATER QUALITY AUTHORITY
CHERRY CREEK STREAM RECLAMATION AT 12-MILE PARK
EVALUATION OF COST AND BENEFITS

PHOSPHATE CONCENTRATION DUE TO DOG AND HORSE WASTE

ITEM QUANTITY  UNITS
Loads
Annual Dog Waste P loads (not otherwise
removed in dumpsters)
Horse manue Waste P loads (not otherwise

2600 Ibs/year

removed by concessionaire) 70 Ibsfyear
Total Phosphorus loads from recreation areas 2670 Ibs/year
Runoff Volume

Mean annual inflow to Reservoir* 16080 af
Watershed area at dam 386 sqg.mi
Watershed area at 12-Mile Park 360 sq.mi
Adjusted mean annual inflow to Reservoir 15000

Unit load from dog and horse waste 0.18

Unit load from dog and horse waste 0.065

Flow weighted mean annual phosphorus concl. 0.210

NOTES:
1. CCBWQA 2011. 2010 Annual Report on Activiti

Sheet 5



	Cherry_Creek_at_12-Mile_Phase_2_Drawings.pdf
	001-G-001
	001-G-002
	005-C-2301
	005-C-3303
	005-C-5001
	005-C-5002

	DN45052-125-R1-Signed.pdf
	TABLE OF CONTENTS
	SCOPE 1
	SITE CONDITIONS 2
	PROPOSED CONSTRUCTION 3
	SITE DEVELOPMENT 5
	           Excavations 5
	            Fill Placement 6
	FOUNDATIONS–BOARDWALK 10
	Helical Piles 10
	Push Piles 11
	CONCRETE 12
	FIG. 2 – CONCEPTUAL BENCHED FILL DETAIL
	FIG. 3 – SUMMARY LOGS OF EXPLORATORY BORINGS
	FIG. 4 – SUMMARY LEGEND OF EXPLORATORY BORINGS
	FIGS. 5 THROUGH 8 – GRADATION TEST RESULTS

	SITE CONDITIONS
	EMBANKMENT CONSTRUCTION


	005-C-2302.pdf
	005-C-2302

	005-C-2303.pdf
	005-C-2303

	005-C-2304.pdf
	005-C-2304




