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1 INTRODUCTION
The Evergreen Park and Recreation District (EPRD) maintains a trail around Evergreen Lake in Evergreen,
Colorado. The Evergreen Lake Loop Trail is 1.25 miles long. The property is owned by the City & County
of Denver. Through intergovernmental agreements, the EPRD manages the park and trails. A connector
trail connects the loop trail to the downtown area located just east of the dam. A portion of the trail,
described as the Evergreen Lake North Trail, is located along the north shore of the lake and directly
adjacent to the south side of SH 74. The focus of this preliminary study is the portion of the North Trail
that is currently closed to pedestrian traffic. This portion of the trail was constructed concurrently with a
12” water main in the late 1980’s. The water main is operated by the Evergreen Metro District (EMD).
The trail is currently closed due to continued failures of the bin wall that supports the trail. The trail is
located in Section 10, Township 5 South, Range 71 West of the Principle Meridian. Refer to the Google
Map on this page showing the project location.

This Preliminary Study Report includes design criteria, existing site data, proposed typical sections, and
cost estimates for the proposed reconstruction of the North Trail. Section 2 (Site Data) provides a
summary of constraints used to evaluate and layout the preferred structure types to be considered for
construction. This information includes design criteria, trail alignment, environmental impacts, and wall
and trail dimensions. Section 3 (Recommendations) includes discussion on the wall layouts and types
considered as well as proposed drainage and trail improvements. Section 4 list the recommendations for
budgeting purposes. Reference information has been included in the attached appendices.
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1.1 DESIGN CRITERIA
As part of this preliminary study, Muller has developed a table of design criteria for the proposed use of
the North Trail. The table displays current AASHTO design criteria, current CDOT design criteria, and the
recommended design criteria for this project. The purpose of the table is to show the recommended
criteria for this project and how these recommendations were established. Between this preliminary
study and the design phase of the project, these criteria should be reviewed and finalized by the stake
holders. By establishing design criteria for the trail, the opportunity for unintended or undesirable user
experiences can be minimized. Refer to Appendix A for the design criteria recommendations.

2 SITE DATA
2.1 EXISTING STRUCTURE DATA
The North Trail is constructed on top of a bin wall. The bin wall is a gravity wall constructed of a galvanized
steel bin system that was filled with backfill. A crusher fines trail was then constructed on top of the fill
retained by the bin wall system. Shortly after the bin wall was constructed, a timber facing consisting of
12 inch by 3 inch rough sawn members was installed. This was done to appease the neighbors who were
not fond of the galvanized steel appearance of the bin wall. The timbers are seated in a wide flange steel
section that was attached to the connection plate at the edges of each bin wall segment. A continuous
steel railing system composed of two horizontal bars and a vertical post every 10 feet was installed at the
top front face of the bin wall. A total of 126 individual bin units were installed adjacent to each other to
form the wall that is a total of 1240’ in length. The majority of bin wall segments are 10 feet long in length
except for 3 sections near a cross pipe outlet and the segment closest to the dam. The trail surface
profile is several inches below the top of the adjacent roadway pavement. The trail cross‐section generally
slopes towards the face of the bin wall. Steel w‐beam guardrail with timber post are located between the
roadway shoulder and the trail. The posts are spaced at 12’–6” and there are no block outs between the
rail and the posts. Two overhead lights are located within the limits near this portion of trail. One light is
located near the intersection at Upper Bear Creek Road just off the shoulder of the trail. The other light
is located near the dam and is mounted behind the guardrail post within the limits of the trail paved
surface. There is one cross culvert that passes through the wall and exits into the lake.
The existing bin wall and trail are in poor condition. The wall system has required continual maintenance
over the past several years to repair failed segments. There are two main failure types observed. One
failure type consists of the corrugated face panels of the wall being corroded and giving way. This type of
failure is observed by the loading to the facing timbers that are bowed out towards the lake in many
locations. These failures can be local and generally affect a few vertical feet of a bin wall segment at any
one location. It is estimated that nearly half of the wall panels display moderate to severe bowing of the
facia timbers.
The second type of failure consist of corrosion of the main supports that connect the corrugated steel
facing to the side and back supports of the bin wall segments. There is currently one such failed portion
of the wall. This type of failure results in sudden loss of trail support for at least two sections of the bin
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wall. There is evidence of several locations where this type of failure has occurred and been repaired by
EPRD staff with the assistance of the EMD. The main problem with this type of failure is that there is no
advanced warning as the corrosion of the bin wall connection is occurring at some distance down below
the trail and back behind the wall facing. Past repairs of these types of failures generally involve attaching
a new wide flange steel beam to the facia and burying the bottom portion as deep as practical on the lake
side. The top portion of the wide flange steel beam is then anchored back into the fill with a cable and
small dead man. The section of the wall that is currently failed appears to have been previously repaired
in this fashion. For this repair solution to last a substantial time period, the bottom and top anchorages
would need to be substantial to support the lateral loads anticipated. See the photo below of the current
wall failure location.

It is important to note that the majority of wall failures occur during the spring season of heavy wet snows.
Snow cleared from the adjacent highway is generally placed on the trail surface. As the snow melts, it
likely saturates the underlying trail backfill increasing pressure on the failed or nearly failed bin wall
members. It is likely that deicing salts placed on the roadway over the past 30 years have accelerated the
corrosion process resulting in the deteriorated state of the wall. Erosion near the operating surface of the
lake has also compromised the ability of the bin wall to properly support the trail section. Refer to the
drainage section of this report for more information concerning the erosion.
MULLER ENGINEERNG COMPANY, INC.
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The pedestrian railing mounted on top of the wall is in poor condition. The rail is constructed of 2 inch by
2 inch HSS sections welded together. There are many failed connections at the base of the rail. Nearly
half of the rail supports are failed or have advanced corrosion to a point where failure is likely. The rail
also does not meet current code requirements for geometry or capacity. A few photos displaying the
conditions discussed above and a map showing the photos location are included in Appendix B.

2.2 EXISTING UTILITIES
There are several utilities that traverse the project corridor ‐ a 12‐inch waterline owned by EMD, a sanitary
sewer line also owned by EMD, and an electrical line for the overhead lighting. The waterline was
constructed at the same time as the bin wall that supports the trail and is 12‐inch ductile iron (class 52)
pipe. It is approximately 6 feet below the trail surface and is located approximately 6 feet behind the
front face of the wall. The electric line is buried and extends into the project limits from each end to
service the overhead lighting located on the south side of the roadway. The electrical line is located
approximately 15 feet from the face of the wall. The sanitary sewer extends the length of the project and
is located mostly under the westbound lane of the highway approximately 20 to 25 feet from the face of
the wall. No utilities are supported from the face of the wall or railing.
It is unlikely that any reconstruction or repair to the wall would impact the sanitary sewer utility. The
electric line will be unimpacted by any work to the wall except at locations near the light poles at each
end of the site. The water line is the main concern during any proposed construction for the trail and/or
wall. It is an important line within EMD’s water distribution system and is the primary transmission line
out of the water treatment facility feeding water to the north. Consequently, it will be important to
protect this waterline while any work is taking place on the trail system. The EMD does have other lines
that can be used to bypass this site and the line can be isolated through the use of valves. The mains
proximity to the bin system elements will require thorough planning of construction sequencing to avoid
disruptions of service.

2.3 EXISTING TRAIL ALIGNMENT
The existing trail alignment gradually curves parallel to the curved alignment of SH 74. The trail profile
generally runs down grade from the intersection of Upper Bear Creek Road at the west end to the dam
located at the east end. The longitudinal slope of the trail averages slightly less than 1%. The existing
cross slope of the trail generally slopes down from the edge of the roadway to the face of the wall. Refer
to the trail layout and existing typical section in Appendix B.

2.4 EXISTING TRAIL WIDTH
The existing trail is approximately 8’‐0” wide. This dimension varies slightly as the grade difference
between the roadway and trail changes. There are several sign posts, a light pole, and damaged portions
of guardrail that decrease the width. Overall, the site is constrained more near the east end due to the
rock outcropping on the north side of the road and the deepest part of the lake near the dam on the south
side of the trail. There are no striped bike lanes along this stretch of SH 74 and the trail is considered a
multi‐use path. Refer to Appendix B for the trail general layout and existing sections.
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2.5 EXISTING DRAINAGE
The existing site drainage flows from the hill side to the north, across the roadway, across the trail, and
over or behind the bin wall. There is one cross pipe that takes drainage from a small ravine in the hill side
under the roadway and exits into the lake. The pipe is constructed of galvanized riveted plate and is
elliptical in shape. At the time of the field visit, the pipe appeared to be clogged with rocks and debris
from the hillside. No other drains were visible during the site visit. In general, noticeable distress in the
bin wall corresponds with areas of erosion behind the facing timbers at the base of the wall. Riprap was
visible at a few locations along the bank of the lake. Much of the riprap appears to be broken down and
eroded. Evergreen Lake is held at a constant level by the dam at the east end of the project site. The
deepest portion of the lake which is approximately 20 to 25 feet deep is located near the dam and at an
approximate 2:1 slope from the north shore. Refer to Appendix B for photos from the site visit.

2.6 ENVIRONMENTAL CONSTRAINTS
ERO Consultants has reviewed and collected existing environmental site data. They have also conducted
a natural resources site review and prepared a natural resources summary. This information includes
potential natural and cultural resource concerns as well as environmental regulatory permitting
requirements anticipated for the proposed project site. This information will be used to prepare a scope
of work for the final design contract. A detailed review of the probable biological and historic resources,
and potential regulatory requirements is included the memo from ERO in Appendix C.

2.7 GEOTECHNICAL INVESTIGATION
A Preliminary Geotechnical Engineering Study has been prepared to accompany this preliminary study.
Four exploratory borings were made by Kumar and Associates, Inc. on March 22nd, 2017. The borings
were taken in the eastbound lane at approximately 200‐foot intervals starting 200 feet from the west end
of the bin wall. Information from the borings indicate that bedrock was encountered at shallow depths
of approximately 2 to 5 feet below the roadway pavement. The report also includes recommendations
for the wall repairs and/or reconstruction that is the basis of this report. The Preliminary Geotechnical
Engineering Study has been included in Appendix D.

2.8 ARCHITECTURAL REQUIREMENTS
Given the high visibility and large number of visitors to Evergreen Lake, it is anticipated that architectural
enhancements will be required as part of the final design. This preliminary study does not specifically
address architectural requirements, but the selected repair and reconstruction schemes are able to be
modified for visual enhancements. Trail wall facing elements can be made to match into the surrounding
environment with the use of formliners and stains or to match the aesthetics of the connector trail located
just east of the dam. It is recommended that a Landscape Architect assist with final design to incorporate
plantings as well as the enhancements to the structural portions of the trail.
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3 RECOMMENDATIONS
3.1 TEMPORARY TRAIL REPAIRS
The EPRD has requested that this study address the possibility of performing repairs to the existing bin
wall to be able to reopen the trail. To reopen the trail, a few issues would have to be addressed. One
item in need of repair is the failed bin wall facing, which is visible at locations where the timbers are
bowing. A repair method is to remove the timbers and weld new steel plating over deteriorated areas.
Another item that needs to be repaired is the failing bin wall connections. This item is much more difficult
to repair due to the hidden nature of the distress. To ensure that the continued deterioration of the bin
wall doesn’t lead to additional sudden failures, each connection between adjacent bin wall would need
to be reinforced. This requires that a new lateral support system be installed. To adequately provide the
lateral support required a new vertical element such as a soldier pile needs to be installed at each bin wall
connection point. This is a major effort as each pile location may need to be predrilled. The last item to
be addressed is the railing. A new railing meeting AASHTO requirements needs to be installed along the
entire length of the wall. None of these items would be a quick fix and do not lend themselves well to use
in a future project. Therefore, this report does not suggest a temporary repair. The concerns with interim
repairs to the existing wall are also addressed in the attached Preliminary Geotechnical Engineering Study
located in Appendix D.

3.2 SHORT TERM MITIGATION MEASURES TO MAINTAIN STABILITY
This report does recommend that repairs be made to the wall along with continued maintenance efforts.
Although the repairs will not address all the safety items required to restore trail user activities, stability
of the wall is still important. The Preliminary Geotechnical Engineering Study located in Appendix D warns
of the potential risk of loss of roadway embankment and pavement along SH 74 and the risk of the EMD
water main being ruptured as a result of possible wall failure(s). The loss of roadway embankment is
anticipated to result in inadequate support for the guardrail post and the loss of the paved shoulder.
Either of these two conditions would pose an immediate safety concern. It should also be noted that
many of the options studied in this report for the reconstruction of the wall require that the existing wall
remain in place. Constructability of the new wall trail configuration will be much more difficult and
expensive if the wall is unstable. Therefore, it is recommended that EPRD and the EMD continue to
perform needed repairs to maintain the wall face. The wall section that has recently failed along with a
few more that are of an immediate concern, are recommended to be repaired according to the preferred
options in this report. This will allow the repairs to be compatible with the final design recommendations.
Additional short term mitigation measures to maintain stability are discussed in the Preliminary
Geotechnical Engineering Study located in Appendix D.

3.3 RETAINING WALL RECOMMENDATIONS
Several options have been studied for the replacement of the existing bin wall system. The figures below
display the wall and trail configurations studied. These include the gravity wall (fig. 1), soil nail wall (fig.
2), soldier pile wall (fig. 3), and a Micropile A‐frame wall (fig. 4). Stationing for this segment of trail runs
from east to west, with station 0+00 starting at the Dam and station 12+40 at the end of the wall near the
MULLER ENGINEERNG COMPANY, INC.
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turn for Upper Bear Creek Road. The direction of the stationing was established to follow the direction of
the numbering system in the original bin wall drawings. Refer to the wall general layout in Appendix B
for a schematic of the wall stationing.

Figure 1

Figure 2
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Figure 3

Figure 4
Figure 4

The gravity wall is the least expensive option, but isn’t feasible for the entire wall length. Thus, the most
cost effective option is a combination of two wall types. A soil nail sister wall is recommended for the first
600 feet of wall and a gravity wall system for the remaining 640 feet of wall. Gravity wall systems such as
MULLER ENGINEERNG COMPANY, INC.
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the Redi‐Rock wall have been successfully used in many parts of Jefferson County. Cost for this type of
wall have been assumed for this preliminary study. Independent of the type of wall constructed, fill
material will need to be placed and compacted at the base of the wall. This will replace the material that
eroded and provide a stable base for the wall and riprap scour protection. A thorough investigation of
these wall types has been conducted and the results of those investigations has been included the
Preliminary Geotechnical Engineering Study and attached to this report in Appendix D.

3.4 TRAIL AND DRAINAGE RECOMMENDATIONS
A concrete trail is recommended for the reconstructed North Trail. Although the existing trail is crusher
fines, a concrete trail is expected to reduce the amount of drainage that enters the retaining wall backfill.
Concrete generally has a much lower permeability than crusher fines. The height of the trail profile will
be raised slightly to reduce the drop off from the edge of the roadway shoulder. The cross slope of the
trail is recommended to be reversed back toward the roadway. The raised profile and reversed cross‐
slope are expected to improve drainage conditions. The trail will drain any surface water back to a 2 foot
wide gutter pan adjacent to the guardrail post. The gutter pan will have small area inlets regularly spaced
to intercept the runoff. The inlets will have 6 inch drain pipe directly exiting through the wall. Riprap will
be placed under the pipe outlet along the bank to prevent erosion. Muller also recommends that the
EPRD coordinate the replacement of the cross pipe under SH 74 during the trail reconstruction. The
addition of new roadway cross pipes should also be discussed with CDOT during the planning of this
project. See figure 5 below for the proposed drainage scheme for the gravity wall section. Drainage
concept would be similar for other wall types and station locations studied in this report as well.

Figure 5
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There are two alternatives that have been studied for the trail width. Alternative A consists of keeping an
8‐foot wide trail adjacent to the roadway and making this a dedicated bike way. An additional trail at lake
level that transitions to a boardwalk where the lake frontage is minimal near the eastern third of the
project would be added for pedestrian use. Alternative B involves construction of a 10‐foot wide trail
adjacent to the current roadway. This option provides for a multiuse path in which bicyclists and
pedestrians share the space. Trail signage will be an important part of the final design for either
alternative. It will be important for the trail signage to convey the intended usage and rules for both
pedestrians and bicyclist. The two alternatives were evaluated on cost, constructability and maintenance.
Alternative A: The 8’ path alternative uses a concrete path for the bikeway and a mixture of
timber boardwalk and crusher fines for the dedicated pedestrian path. The timber boardwalk can
be constructed on a separate foundation such as steel piling or cantilevered from the proposed
wall face if compatible with the wall construction. This concrete trail surface would be six inches
thick and have regularly spaced transverse joints. Sections of the trail could be cut out and
replaced as needed for repairs to the water main below. One of the positive aspects of this
alternative is the separation of the bikeway from the pedestrians allows for a quieter experience
for the pedestrians away from the traffic noise. This alternative also allows for the opportunity
for overlooks to be installed resulting in additional fishing opportunities. A drawback to this
alternative is the additional construction time and expense to construct the boardwalk. Although
the boardwalk would be constructed concurrently with the wall, additional equipment and
construction activities would likely result in the longer construction schedule and higher expense.
The existing boardwalk on the south shore of the lake was constructed adjacent to a local street
that serves a few local residents. A boardwalk on the north shore will require more elaborate
construction staging and inevitably result in more traffic disruption. Refer to Appendix E for the
conceptual layout of Alternative A.
Alternative B: The 10’ wide mixed‐use trail also uses a concrete path. A portion of the concrete
trail is constructed as a cantilever out over the edge of the wall. The cross‐section of trail,
thickness of the overhang, connection to the wall, and pedestrian rail anchorage could vary
slightly depending on the type of wall reconstructed. One of the positive aspects of this
alternative is the lower construction cost and shorter construction duration. Another positive
aspect is less impacts to the lake. Drawbacks to this alternative include the lack of access provided
to the lake and conflicts between bicyclists and pedestrians that are possible on a multi‐use path.
Refer to Appendix E for the conceptual layout of Alternative B.
Below are cross‐sections that show how the Micropile A‐frame wall option would be modified for either
Alternate A or B. Figure 6 displays the trail with a dedicated bikeway and separate pedestrian boardwalk.
The boardwalk would travel vertically form an elevation down near the water level up to the dam
abutment “viewing” area at the east end. This would be accomplished by varying the height that the
cantilever is mounted to the wall or by varying the length of the piles for the separate boardwalk structure
option. There appears to be plenty of space to make up this elevation difference and still meet grade
limitations for ADA requirements. Figure 7 displays the multi‐use path above the Micropile A‐frame wall.
These alternatives would be similar for the other wall types considered in this study as well.
MULLER ENGINEERNG COMPANY, INC.
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Figure 6

Figure 7
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3.5 CONSTRUCTION SEQUENCING
Means and methods for construction of the trail and supporting wall system are generally up to the
contractor awarded the construction contract. Specific items to be included in the contract plans and
specifications are temporary concrete barrier, temporary shoring, and potholing of the waterline. It is
anticipated that the temporary concrete barrier will installed just outside of the white line for the
eastbound traffic. This will not only provide additional clearance for construction of the trail, but will also
provide safety for the work zone. Temporary shoring will likely be required at locations where the existing
bin wall is to be removed. Potholing to locate the watermain will be a requirement of both the final design
and construction sequencing.
Construction of the boardwalk and possibly the wall could also be accomplished from a barge anchored
on the lake side of the trail. This is typically done by several barges being trucked to the job site and
launched or picked by a crane and set onto the lake surface. The barges are then attached together to
provide a construction platform large enough to support an excavator and/or a pile driving rig. The barges
usually have long legs that can be driven down in the lake bottom to maintain stability during construction.
Contractors usually rent the barges at monthly rates. Although the barge rental can be expensive, this
can greatly reduce the impacts to traffic on SH 74.
For additional discussions on construction sequencing, refer to the Preliminary Geotechnical Engineering
Study in Appendix D and figures 8‐11 below. The figures below display four general steps required to
construct the gravity wall. These steps would be similar for the other wall types considered in the study
as well.

Figure 8
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Figure 9

Figure 10
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Figure 11

4 RECOMMENDATIONS FOR BUDGETING
A total planning level construction budget has been estimated for each of the wall options studied in this
report. Each of these estimates includes a dedicated bike path with separate boardwalk for pedestrians
(i.e. Alternative A). An additional construction budget was estimated for the lowest cost wall alternative
with a widened multi‐use path (i.e. Alternative B). The lowest cost alternative is recommended based on
the results of this report. The total budget for the design and construction of the dedicated bike path and
separate pedestrian path is $2991,000 and includes survey, environmental, geotechnical, trail design,
structural design, and construction. The total budget for the design and construction of the combined
multi‐use path is $2,747,000 and includes survey, environmental, geotechnical, trail design, structural
design, and construction. Refer to the conceptual cost estimates in Appendix F for a breakdown of each
alternative developed for this study.
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EVERGREEN NORTH LAKE TRAIL
EVERGREEN PARKS AND RECERATION DISTRICT

DESIGN CRITERIA
Prepared by Muller Engineering Company, Inc.
Updated By: SDB

DESIGN PARAMETERS

AASHTO GUIDE FOR THE DEVELOPMENT OF
BICYCLE FACILITIES 2012, 4th EDITION

CDOT
ROADWAY DESIGN GUIDE,
CHAPTER 14: BICYCLE AND PEDESTRIAN
FACILITIES, 2011

PROJECT RECOMMENDATION

TRAIL
10 (2-WAY, SHARED USE)
WIDTH, MINIMUM (FT)

SURFACE TYPE / MATERIAL

THICKNESS, MINIMUM

10-14 IS TYPICAL

10 (2-WAY, SHARED USE)
5.2.1

14 (2-WAY, SHARED USE, HIGH VOLUME)

8 (IF CONSTRAINED)

8 (IF CONSTRAINED)

PREFERRED: ASPHALT OR CONCRETE

COMMON: ASPHALT OR CONCRETE

WHEN RECREATIONAL USE IS DOMINANT:
UNPAVED

MINIMUM OF 6" FOR THE SURFACE COURSE AND
BASE COURSE

5.2.9

5.2.9

WHEN RECREATIONAL USE IS DOMINANT:
UNPAVED

NO DISCUSSION PROVIDED

14.2.4

10' FOR MULTI-USE PATH
8' FOR DEDICATED BIKEWAY AND DEDICATED
PEDESTRIAN PATH
CONCRETE IS RECOMMENDED FOR THE TRAIL ON TOP
OF THE WALL FOR STRUCTURAL AND DRAINAGE
REASONS.

14.2.1.2
COMPACTED CRUSHER FINES AND WOODEN
BOARDWALK WILL BE USED FOR THE PEDESTRIAN
PATH.

N/A

6" CONCRETE ON 6" AGGREGATE BASE COURSE FOR
MULTI-USE TRAIL OR DEDICATED BIKEWAY
6" CRUSHER FINES FOR DEDICATED PEDESTRIAN PATH

DESIGN SPEED (MPH)

14.2.2

16 DUE TO CONSTRAINED SETTING OF MULTI-USE TRAIL
OR BIKEWAY

4.5

14.2.3

4.5

0

14.2.3

0

5.2.8

VARIES - SEE MANUAL

14.2.3

USE CDOT PROCEDURES TO CALCULATE SIGHT
DISTANCE REQUIREMENTS

VARIES - SEE MANUAL

5.3.2

VARIES - SEE MANUAL

14.2.3.4,
14.2.9

USE CDOT PROCEDURES TO CALCULATE SIGHT
DISTANCE REQUIREMENTS

1 (2 MAX, 1 MAX W/ CENTER CROWN)

5.2.5, 5.2.6,
5.2.11

2 (1 MINIMUM)

14.2.5

2 - SLOPED TO ONE SIDE

2

5.2.6

2 (SHARED USE), 8 (DEDICATED BIKEWAY ONLY)

14.2.7

5.2.4

18 (30 MAXIMUM)

4.5

5.2.8

0

5.2.8

STOPPING SIGHT DISTANCE

VARIES - SEE MANUAL

INTERSECTION SIGHT DISTANCE / SIGHT TRIANGLE REQUIREMENTS

BICYCLIST'S EYE HEIGHT (FT)
OBJECT HEIGHT (FT)

CROSS SLOPE, MAXIMUM (%)
SUPERELEVATION, MAXIMUM (%)

18 (12 MINIMUM, 30 MAXIMUM)

5 FOR PAVED SURFACES

5 FOR PAVED SURFACES
5.2.7

LONGITUDINAL GRADE, MAXIMUM (%)

3 FOR UNPAVED SURFACES

3 FOR UNPAVED SURFACES

14.2.1.2,
14.2.8

2
5 FOR WOODEN BOARDWALK AND CONCRETE TRAIL.
N/A FOR DEDICATED PEDESTRIAN PATH

MAXIMUM GRADE DIFFERENCE REQUIRING NO VERTICAL CURVE (%)

NO DISCUSSION PROVIDED

N/A

2

14.2.8

MINIMUM VERTICAL CURVE LENGTH (FT)

NO DISCUSSION PROVIDED

N/A

3

14.2.3,
14.2.8

3

47 FT FOR 16 MPH DESIGN SPEED

5.2.5

56 FT FOR 16 MPH DESIGN SPEED

14.2.7

56

5

5.3.5

SUGGESTED: 2

14.2.9.5

5

14.2.6

0 FEET ON THE WALL SIDE DUE TO A HIGHLY
CONSTRAINED SITE AND THE NEED FOR A CONTINUOUS
RAILING.
2 FEET ON THE HIGHWAY SIDE TO THE BACK OF
GUARDRAIL POSTS.

MINIMUM HORIZONTAL CURVE RADIUS (FT)
RADIUS RETURN (AT TRAIL INTERSECTIONS WITH ROADWAYS) (FT)

2 MIN (1 MIN WITH RAILING)
SHOULDER WIDTH, MINIMUM (FT)

2 MIN TO OBSTRUCTIONS

3
5.2.1

3-5 IS IDEAL

SHOULDER CROSS SLOPE, MAXIMUM (%)

CLEAR ZONE WIDTH, DESIRABLE (FT)

PEDESTRIAN / BICYCLE RAILING OR BARRIER REQUIREMENTS

2 IN CONSTRAINED CONDITIONS
1 TO RAILINGS

2

6:1

5.2.1

6:1

14.2.6

6:1 WHERE APPLICABLE
TYPICALLY WILL NOT BE APPLICABLE DUE TO A
CONTINUOUS WALL PROTECTED BY RAILING ON THE
DOWNHILL SIDE OF THE MULTI-USE PATH OR BIKEWAY

5 (TO SLOPES GREATER THAN 3:1 OR WHEN
PARALLEL WITH BODIES OF WATER)

5.2.1

5 (TO DROP-OFFS WITH SLOPES GREATER THAN
4:1)

14.2.6

5 FT WHERE APPLICABLE
TYPICALLY WILL NOT BE APPLICABLE DUE TO A
CONTINUOUS WALL PROTECTED BY RAILING ON THE
DOWNHILL SIDE OF THE MULTI-USE PATH OR BIKEWAY

SEE CLEAR ZONE WIDTH NOTES

SEE CLEAR ZONE WIDTH NOTES

ALSO USE BARRIER IN THE FOLLOWING
CONDITIONS IF THE 5' CLEARZONE IS NOT
PROVIDED:

ALSO USE BARRIER IN THE FOLLOWING
CONDITIONS IF THE 5' CLEARZONE IS NOT
PROVIDED:

SLOPE - 3:1 OR STEEPER, DROP OFF - 6' OR
GREATER
SLOPE - 2:1 OR STEEPER, DROP OFF - 4' OR
GREATER
SLOPE - 1:1 OR STEEPER, DROP OFF - 1' OR
GREATER
SLOPE - 3:1 OR STEEPER AND ADJACENT TO A
HAZARD (DITCH, ROADWAY, ETC.)

SLOPE - 3:1 OR STEEPER, DROP OFF - 6' OR
GREATER
SLOPE - 2:1 OR STEEPER, DROP OFF - 4' OR
GREATER
SLOPE - 1:1 OR STEEPER, DROP OFF - 1' OR
GREATER
SLOPE - 3:1 OR STEEPER AND ADJACENT TO A
HAZARD (DITCH, ROADWAY, ETC.)

PROVIDE BARRIER SUCH AS GUARDRAIL
BETWEEN A SIDEPATH AND THE ROADWAY IF THE
SEPARATION IS LESS THAN 5'

5.2.1, 5.2.2

PROVIDE BARRIER SUCH AS GUARDRAIL
BETWEEN A SIDEPATH AND THE ROADWAY IF THE
SEPARATION IS LESS THAN 5'

14.2.6,
14.2.14

CONTINUOUS USE OF RAILING IS RECOMMENDED ON
THE DOWNHILL SIDE OF THE MULTI-USE TRAIL OR
BIKEWAY DUE TO A VERTICAL WALL AND NEARBY
WATER.
GUARDRAIL IS RECOMMENDED ALONG THE HIGHWAY
SIDE DUE TO MINIMAL SEPARATION BETWEEN
HIGHWAY AND TRAIL.

APPENDIX B
Site Map and Existing Conditions

Exhibit 1A ‐ Existing Conditions

1. Failure of wood panels – Detached vertical steel plates, major bowing of
wood panels and erosion.

2. Trail surface collapse due to failure of wood panels.

3. Major erosion under wood panels.

4. Broken Rail due to corroded welded connections.

5. Broken Rail at several locations.

6. Major Erosion under wood panels.

7. Major Bowing Failure of Wood Panels

8. Corrosion of Interior Steel Panels

9. Major Corrosion under wood panels discharging debris into lake.

10. Missing Front Wood Panels.

Exhibit 1B – Existing Conditions Cross Sections

1.

Section at Boring 1

2. Section at Boring 2

3. Section at Boring 3

4. Section at Boring 4

5. Section at Failure
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To:

Jonathon Sera – Muller Engineering Company, Inc.

From:

Moneka Worah – ERO Resources Corporation

Re:

Evergreen North Lake Trail Preliminary Engineering Study

Background

Muller Engineering Company, Inc. retained ERO Resources Corporation (ERO) to conduct an
environmental evaluation of the Evergreen North Lake Trail project site to determine
potential natural and cultural resource concerns and environmental regulatory permitting
requirements for the proposed project. The Evergreen Park and Recreation District is
reviewing plans to make repairs and improvements to the North Lake Trail. Wetland
identification and mapping at the location of the proposed improvements was not included
at this time since it has not been determined if a Section 404 permit will be required.

Site Description
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Hotchkiss, CO 81419
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Idaho
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208.365.7684
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The project area is located along the northern section of Evergreen Lake, with the existing
trail abutting State Highway 74/Bear Creek Road on the top of the bank slope. The majority
of the northern bank along the lake is dominated by smooth brome (Bromis inermis), fringed
sage (Artemisia frigida), diffuse knapweed (Centaurea diffusa), yucca (Yucca glauca), and
Woods’ rose (Rosa woodsii), with scattered ponderosa pine (Pinus ponderosa) trees. A small
1- to 2-foot-wide fringe of potential wetlands occurs along the majority of the toe of slope
and is dominated by Baltic rush (Juncus arcticus), Emory’s sedge (Carex emoryii), reed
canarygrass (Phalaris arundinacea), thinleaf alder (Alnus incana subsp. Tenuifolia), and
willow (Salix sp.). Other sections of the project area have eroded or are boulder-lined banks
with little vegetation present.

Wetlands and Waters of the U.S.
Project Area Conditions
The project area is along the northern portion of Evergreen Lake in Evergreen, Jefferson
County, Colorado. A narrow 1- to 2-foot-wide fringe of potential wetlands occurs along the
toe of slope within the project area. Evergreen Lake is fed by Bear Creek, which is a tributary
to the South Platte River. The South Platte River is a Traditionally Navigable Water and under
the jurisdiction of the U.S. Army Corps of Engineers (Corps). Because of its connection to the
South Platte River, Evergreen Lake would be considered a jurisdictional water of the U.S. The
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wetlands abutting and/or adjacent to Evergreen Lake would also be considered jurisdictional
by the Corps.
Regulatory Background
The Clean Water Act (CWA) protects the physical, biological, and chemical integrity of waters
of the U.S. The Corps Regulatory Program administers and enforces Section 404 of the CWA.
Under Section 404, a Corps permit is required for the discharge of dredged or fill material
into wetlands and other waters of the U.S., unless the activity is considered exempt, as
described below. The Corps defines waters of the U.S. as all navigable waters and their
tributaries, all interstate waters and their tributaries, all wetlands adjacent to these waters,
and all impoundments of these waters.
Section 404 Regulatory Requirements for Proposed Improvements
If the proposed repairs and improvements require the placement of dredged or fill material
into waters of the U.S., including Evergreen Lake or its abutting wetlands, a CWA Section 404
permit would be required. The proposed project could potentially be authorized under
Nationwide Permit No. 14 for Linear Transportation Projects if 1) permanent impacts on
open water and wetlands would be less than 0.5 acre and 2) permanent impacts on open
water would be less than 300 linear feet. If either of these thresholds are exceeded, the
project would likely require an Individual Permit from the Corps. Once a preliminary design
has been identified, ERO recommends meeting with the Corps to determine what type of
permit (nationwide or individual) would be required for the proposed activities.

Federally Threatened and Endangered Species
Project Site Conditions
ERO completed a desktop analysis for suitable habitat for federally listed threatened and
endangered species protected under the Endangered Species Act of 1973, as amended (16
U.S.C. 1531 et seq.) (ESA). Several species are listed as potentially occurring in Jefferson
County, Colorado (Table 1).
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Table 1. Federally threatened, endangered, and candidate species potentially found in
Jefferson County or potentially affected by projects in Jefferson County.
Common Name

Scientific Name

Status*

Canada lynx

Lynx canadensis

Mammals
T

North American
wolverine

Gulo gulo luscus

Preble’s meadow
jumping mouse

Zapus hudsonius preblei

Habitat

Potential
Habitat Present
or Effects
Anticipated?

Coniferous or mixed forest in
boreal/montane regions;
sometimes enters open forest,
rocky regions, or tundra

No

PT

Rugged, relatively inaccessible
mountainous areas at high
elevations

No

T

Shrub riparian/wet meadows

Yes

Birds
Sterna antillarum
athalassos

E

Sandy/pebble beaches on lakes,
reservoirs, and rivers

No

Piping plover**

Charadrius melodus

T

Sandy lakeshore beaches and
river sandbars

No

Whooping crane**

Grus americana

E

Mudflats around reservoirs and
in agricultural areas

No

Large, turbid, free-flowing rivers
with a strong current and gravel
or sandy substrate

No

Interior least

tern**

Fish
Pallid

sturgeon**

Scaphirhynchus albus

E

Plants
Colorado butterfly plant

Gaura neomexicana ssp.
coloradensis

T

Subirrigated alluvial soils on level
floodplains and drainage
bottoms between 5,000 and
6,400 feet in elevation

No

Ute ladies’-tresses
orchid

Spiranthes diluvialis

T

Moist to wet alluvial meadows,
floodplains of perennial streams,
and around springs and lakes
below 6,500 feet in elevation

No

Western prairie fringed
orchid**

Platanthera praeclara

T

Moist to wet prairies and
meadows

No

*T

= Federally Threatened Species, E = Federally Endangered Species, PT = Proposed Threatened.
depletions in the South Platte River may affect the species and/or critical habitat in downstream reaches
in other counties or states.
Source: Service 2017.
**Water

Recommendations and Permitting Requirements
The interior least tern, piping plover, whooping crane, pallid sturgeon, and western prairie
fringed orchid are species that are affected by continued or ongoing water depletions to the
Platte River system. Based on ERO’s understanding of the project, there would be no
depletions or potential effects on these species. The banks of Evergreen Lake are not
suitable habitat for the Canada lynx or North American wolverine, both of which prefer
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higher elevations and subalpine fir forests. The project area is also above the elevational
range for Colorado butterfly plant and Ute ladies’-tresses orchid.
The project area does contain potential habitat for Preble’s meadow jumping mouse
(Preble’s); however, several trapping surveys have been completed downstream of the
project area along Bear Creek with no Preble’s found (Meaney 1996, Colorado Urban Wildlife
2001, Burns and McDonnell 1998). In addition, the project area is several miles from the
nearest known Preble’s population. Based on these reasons, it is unlikely Preble’s is present
in the project area. ERO recommends completing a habitat assessment for submittal to the
Service if any activities are proposed within 300 feet of the 100-year floodplain of Bear
Creek.

Historic Properties

Because the project may require a permit from the Corps, is located on state land, and may
require state permits to conduct work within state highway right-of-way, it is considered a
government undertaking and an intensive cultural resource survey and formal evaluation of
the project’s effects on historic properties may be required. If project construction only
involves land, money, and/or permits from any agency of the State of Colorado, consultation
with the Colorado State Historic Preservation Officer (SHPO) on the project’s effects to
historic properties will be required pursuant to the State Register Act, CRS 34-80.1-104.
Should the Corps or any other federal agency become involved in the project, consultation
with the SHPO will be required pursuant to the National Historic Preservation Act (NHPA), 36
CFR 800.
Methodology
To assist with project planning and future regulatory obligations to evaluate project effects
on historic properties, ERO conducted a file and literature review of the project area. The
purpose of the review is to determine whether any previously documented cultural
resources listed on or eligible for listing on the National Register of Historic Places (NRHP) or
State Register of Historic Places (SRHP) could be impacted by a government undertaking. A
“cultural resource” is defined as an archaeological site, structure, or building constructed 50
or more years ago, and also includes historic districts and cultural landscapes. A cultural
resource listed on or eligible for listing on the NRHP/SRHP is a “historic property.”
ERO reviewed the previous cultural resource surveys and resource documentation
completed in the project area by requesting a file access request from the Colorado Office of
Archaeology and Historic Preservation (OAHP). The file search area included the entirety of
the project area as defined above. The OAHP provided the results of the search on May 16,
2017 (File Search No. 20211). Previously conducted surveys and cultural resources
documented at the OAHP are referenced based on a State-designated trinomial (e.g.
JF.CH.R35 for surveys and 5JF645 for cultural resources); the OAHP can provide copies of
report and resource documentation using these numbers for reference.
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File and Literature Review Results
The OAHP file search indicates no intensive cultural resource surveys have been conducted in
the project area. However, selective surveys have been conducted in the project area to
document and evaluate historical buildings, structures, and the cultural landscape of Dedisse
Park Historic District (5JF645). Denver Parks and Recreation oversaw completion of a
selective survey for the National Register Nomination for the historic district in 1990
(XX.MPS.11). The Colorado Department of Transportation (CDOT) also conducted a selective
survey along State Highway 74 in the project area in 1999 (JF.CH.R35).
The OAHP database demonstrates that the project area is located in the northeast corner of
Dedisse Park (5JF645) and that State Highway 74 (5JF2733) has been previously evaluated
within the project area (Figures 1 and 2, attached). The Dedisse Park Historic District
(5JF645) was listed on the NRHP in 1990 and the SHPO considers State Highway 74 (5JF2733)
as eligible for listing on the NRHP. Within the project area, segment 5JF2733.2 of State
Highway 74 and the Evergreen Lake and dam are considered as contributing to the eligibility
and cultural landscape of the historic district. Additionally, the 1999 CDOT survey resulted in
the identification of a Works Progress Administration-era stone retaining wall (5JF2112) in
the project vicinity. CDOT determined the wall is eligible for listing on the NRHP and it may
be considered as a contributing feature of Dedisse Park Historic District (5JF2733); however,
the CDOT records do not provide the wall’s provenance and its location is unknown to the
OAHP.
In addition to the OAHP file search, ERO reviewed U.S. Geological Survey (USGS) historical
maps, aerial photographs, and county assessor records to determine if extant or
archaeological remains of historical buildings or structures may be located in the project
area. Historical maps and aerial photographs indicate the private residence in the northeast
corner of the project area was constructed in 1951 (Jefferson County Tax Assessor 2017;
USGS 1957); the residence is located 80 feet north of State Highway 74 and is accessed via
private streets to the north.
Potential Regulatory Requirements
Because the project has potential to cause effects to historic properties (5JF645, 5JF2733, the
Evergreen Lake and dam, and possible historical rock retaining walls) and is likely to be
considered as a state or federal government undertaking, an intensive cultural resource
survey and formal evaluation of the project’s effects on historic properties is likely be
required prior to the issuance of any permits or funds. If project construction only involves
land, money, and/or permits from any agency of the State of Colorado, consultation with the
SHPO on the project’s effects to historic properties will be required pursuant to the State
Register Act, CRS 34-80.1-104. Should the Corps or any federal agency become involved in
the project, formal consultation with the SHPO on the project’s effects to historic properties
will be required pursuant to the NHPA (36 CFR 800).
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In the event multiple government agencies are involved in the project, the agencies will
coordinate between themselves and with the SHPO to determine the lead agency for
consultation per 36 CFR 800.2. SHPO consultation under the State Register Act is identical to
the consultation process under the NHPA. Once the lead agency has been determined, the
agency will define the project’s area of potential effect (APE) per 36 CFR 800.4(a) and will
define the appropriate level of effort to identify historic properties in the APE per 36 CFR
800.16(d).
The survey must be completed by a cultural resource specialist that meets Secretary of
Interior qualification standards and has an active permit to conduct archaeological
investigations in Colorado. This professional will evaluate the SRHP/NRHP eligibility and
contributing status of all resources identified in the APE and will prepare a report
summarizing the survey findings, resource eligibility, and project effects on each resource;
the report must be written to OAHP standards and the standards of the lead agency. The
report must provide sufficient information for the lead agency to conduct an independent
evaluation of project effects on historic properties and to independently consult with the
SHPO on project effects.
The lead agency will provide project effect determinations to the SHPO. The SHPO’s formal
concurrence with a “no historic properties affected” or “no historic properties adversely
affected” determination ends the consultation process and no additional work is needed.
Should the project result in a determination of “historic properties are adversely affected”
additional consultation and treatment of the adverse effect will be required. Treatment of
adverse effects to historical cultural resources likely to be encountered in the APE typically
entails completion of advanced level documentation (e.g., the Library of Congress’ Historic
American Building Survey or OAHP Level II Historic Resource Documentation) and public
outreach.

Reference

Colorado Urban Wildlife. 2001. Trapping survey results submitted to the U.S. Fish and
Wildlife Service. Reference provided by the Service (2017).
Burns and McDonnell. 1998. Trapping survey results submitted to the U.S. Fish and Wildlife
Service. Reference provided by the Service (2017).
Jefferson County Tax Assessor. 2017 Property records. Parcel #21-101-05-012. Electric
document, http://jeffco.us/assessor/. Accessed May 17, 2016.
Meaney, Caron. 1996. Trapping survey results submitted to the U.S. Fish and Wildlife
Service. Reference provided by the Service (2017).
U.S. Fish and Wildlife Service (Service). 2017. Endangered, Threatened, Proposed and
Candidate Species, Colorado Counties. Available at: http://ecos.fws.gov/ipac/. Last
accessed: May 15, 2017.

ERO
Resources
Corporation

Jonathon Sera
Muller Engineering Company, Inc.

Page 7
May 22, 2017

U.S. Geological Survey (USGS). 1960. Evergreen, Colorado [topographic map]. 1:24,000.
United States Department of the Interior, Washington D.C.

ERO
Resources
Corporation

Path: P:\6800 Projects\6877 Evergreen North Lake Trail\Maps\CR\6877 Figure A1 CR.mxd

5JF.2733.2
5JF.2733

5JF.645

Location

COLOR ADO
Evergreen North Lake Trail

Figure 1
Project Location

Section 10, T5S, R71W; 6th PM
USGS Evergreen (1980), CO Quadrangle
Jefferson County, Colorado
Project Area

Previously Recorded Sites
0
Copyright:© 2013 National Geographic Society, i-cubed

1,000

2,000
feet

±

Prepared for: Muller Engineering Company
File: 6877 Figure A1 CR.mxd [dlH]
May 17, 2017

Portions of this document include intellectual property of ESRI and its licensors and are used herein under license. Copyright © 2017 ESRI and its licensors. All rights reserved.

Path: P:\6800 Projects\6877 Evergreen North Lake Trail\Maps\CR\6877 Figure 2 CR.mxd

5JF.645

5JF.2733.2

Eve

rgr
e

en
Pa
rk

wa
y

5JF.2733

Evergreen Lake

Evergreen North Lake Trail

Figure 2
File Search results

Previously Recorded Sites
Project Area

0

Aerial Image: © Copyright Google Earth Pro 10/9/2015

100

200
feet

±

Prepared for: Muller Engineering Company
File: 6877 Figure 2 CR.mxd [dlH]
May 17, 2017

APPENDIX D
Preliminary Geotechnical Engineering Study

TABLE OF CONTENTS
PURPOSE AND SCOPE OF WORK ............................................................................................ 1
BACKGROUND ............................................................................................................................ 1
GEOLOGIC CONDITIONS ........................................................................................................... 3
SITE CONDITIONS ...................................................................................................................... 3
SUBSURFACE CONDITIONS ...................................................................................................... 4
PRELIMINARY EVALUATION OF WALL REPAIR ALTERNATIVES ........................................... 7
BOARDWALK CONSIDERATIONS ............................................................................................ 12
TEMPORARY STABILIZATION MEASURES ............................................................................ 13
SUPPORTING ANALYSES ........................................................................................................ 14
LIMITATIONS ............................................................................................................................. 15
FIG. 1 – GEOLOGY AND EXPLORATION PLAN
FIG. 2 – LOGS OF EXPLORATORY BORINGS
FIG. 3 – LEGEND AND NOTES
FIG. 4 – GRADATION TEST RESULTS
FIG. 5 – LABORATORY RESISTIVITY TEST RESULTS
TABLE I - SUMMARY OF LABORATORY RESULTS
TABLE 2 – FEASABILITY-LEVEL COST ESTIMATES
APPENDIX A – DIRECT SHEAR TEST RESULTS

Kumar & Associates, Inc.

1

PURPOSE AND SCOPE OF WORK
This report presents the results of a geotechnical engineering evaluation of wall alternatives for
the proposed wall repair along a portion of the Evergreen Trail, located on the south side of
Bear Creek Road between about Upper Bear Creek Road and the Evergreen Lake Dam in
Evergreen, Colorado. This portion of the trail is located immediately adjacent to the south edge
of pavement of Highway 74, apparently within an approximately 15-foot-wide zone leased by
Evergreen Parks and Recreation District (EPRD) from the City and County of Denver. The
study was conducted in general accordance with the scope of work described in our Proposal
No. P-17-229, dated February 27, 2017.

In general, EPRD has requested a preliminary study be performed to develop alternatives for
permanent repair of the approximately 1,240-foot-long wall which has experienced several
failures since it was originally constructed in the mid-1980s. EPRD has also requested an
assessment of the feasibility and cost of constructing a separate boardwalk located along or
above thee shoreline to would allow separation of bike traffic (supported on the repaired wall)
and pedestrian traffic on the boardwalk. In addition, EPRD has requested an assessment of
possible temporary measures that would allow the trail to remain open until a permanent repair
is implemented.

This report has been prepared to summarize our field exploration and laboratory testing, and to
present conceptual wall alternatives considered for permanent repair of the wall, considerations
for adding an additional boardwalk, and considerations for temporarily repairing the existing wall
until a permanent repair is implemented. Advantages and disadvantages of the wall repair
alternatives considered, and comparative feasibility-level cost estimates for those alternatives
are also presented.

BACKGROUND
The project consists of the repair of an approximately 1,240-foot-long portion of the Evergreen
Lake Trail located between the junction of Highway 74 and Upper Bear Creek Road at the west
end and the Evergreen Lake dam at the east end. Along this portion of the alignment, the trail is
supported on a gravity bin wall system constructed by EPRD in the late 1980s to maintain the
trail surface at an elevation close to that of the edge of the highway.

The Evergreen

Metropolitan District (EMD) has a 12-inch-diameter water line running along the south side of
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Highway 74 approximately 6 feet inboard of the face of the bin wall system and about 6 feet
below the trail surface. The water line is located immediately behind the bin-wall section and
was reportedly installed during the construction of the bin wall system.

Based on information provided by EPRD, the gravity wall system as originally constructed
consisted of connected steel bin walls backfilled with soil supporting the trail surface, which is
unpaved. According to design notes, the bins were 5.5 feet deep from front to back, with face
heights ranging from 4.33 feet to 8.33 feet and heights of the back embedded portions ranging
from 1.3 feet to 5.3 feet.

We understand that, at the time the wall was constructed, the

horizontal distance between the back of the guard rail posts and the top of the slope along the
south side of the Highway 74 probably ranged from about 2 feet to 4.5 feet. Accordingly,
excavation for construction of the wall and installation of the water line likely extended up to or
very close to the edge of pavement.

Since construction, severe corrosion of the steel has occurred to the point portions of the bin
wall system have experienced face failure and loss of ground due to corresponding lateral
displacement of the wall backfill. Factors possibly contributing to the wall distress include snow
surcharge loading from snow removal operations along Highway 74, which typically result in
snow piling up along the trail and possibly contributing to wall face bulging; uncontrolled surface
water runoff down or behind the wall face from storm water and snow melt resulting in erosion of
soils and foundation undermining below the face of the wall; and apparent deterioration of the
steel bins behind the face resulting in internal instability and pull-out failure.

To help prevent

further failure of the bin walls due to corrosion of the wall face elements, EPRD implemented
surficial repairs including covering the face of the bin walls with wood lagging supported by steel
W-sections welded to the bin walls at the bin junctions. Along most of the wall system, the
bottom of the W-section terminated above the ground surface however, we understand the Wsections installed along the higher eastern portion of the wall system were embedded a short
but uncertain distance below ground surface in places.

Although the repairs implemented by EPRD have apparently temporarily stabilized the face of
the bin wall system to date, erosion of the wall backfill has occurred in places along the bottom
of the lagging and resulted in occasional loss of ground at the trail surface immediately behind
wall face. Accordingly, EPRD has determined the trail segment is not currently safe and has
closed the trail until the wall system can be temporarily or permanently stabilized.
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In addition to the importance of the Evergreen Lake Trail for multiple pedestrian/bike usage,
Stabilizing the wall system along the eastern end of the trail segment may also be critical to
reducing the potential risk of loss of ground and pavement along Highway 74, which could result
in possible road closures due to sudden failure of those higher segments of the wall system.
Similarly, a wall failure could potentially undermine the support of EMD’s water line, potentially
causing a pipe rupture.

GEOLOGIC CONDITIONS
The existing north trail is located along the north shore of Evergreen Lake, which consists of a
reservoir located within the Bear Creek alluvial valley in Evergreen, Colorado. Between Upper
Rear Creek Road and the dam, the lake is bordered by Highway 74 and a steep to very steep
mountain hillside on the inbound side of the road. The hillside is composed of a shallow veneer
of colluvium underlain by gneissic bedrock and frequent granite outcrops. Highway 74 was
constructed by cutting into the bedrock hillside and filling on the outboard side of the road
bordering the lake.

Based on a geologic reconnaissance performed for this project,

predominantly decomposed to moderately weathered gneissic rock was observed in the hillside
cut slope on the inboard side of the highway, particularly along the western half of the trail
alignment.

The bedrock in the cut appeared to be less weathered and to contain slightly

weathered granitic bedrock in the cut along the eastern portion of the trail alignment. The trail,
including the existing bin wall system, was constructed on the existing embankment fill slope on
the outboard side of the highway that formed the shoreline of the lake. Subsurface conditions
beneath the face of the bin wall are anticipated to include the bin wall fill, the previously placed
embankment fill, and possible interlayered colluvium, alluvium and unconsolidated lacustrine
deposits overlying the gneissic to granitic bedrock.

SITE CONDITIONS
Based on our observations, the exposed face of the wall system is estimated to range in height
from about 1 to 2 feet at the west end of the alignment to approximately 6 to 8 feet at the east
end. Close observation of the higher wall segments at the east end of the alignment could not
be performed and measurements were not taken during our reconnaissance visits. Lagging
appeared to have been installed over the wall face along the entire length of the wall alignment.
Where observed, the lagging appeared to be in good condition, although significant bowing of
individual lagging members was observed in places. Where observed, exposed portions of the
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original steel bin walls generally exhibited moderate to extreme corrosion, with total loss of
section evident in places. Although the welded connection between the bin wall steel and the
W-sections supporting the lagging appeared to be holding at the time of our visits, the actual
integrity of the connections could not be determined through observation.

The trail surface along the top of the wall system generally matched or was slightly below the
top of pavement along the south side of Highway 74. The ground surface along the face of the
wall system sloped down toward the Lake at generally moderate inclinations. The distance
between the wall and the Lake shoreline generally diminished along the alignment from west to
east, with only a few feet separating the wall and the shoreline at the east end. Accordingly, it is
possible backfill retained behind the bins may extend beneath the Highway 74 pavement in
places, and the existing wall system is, in places, an integral part of roadway support.

Based on conditions observed along the face of the slope, the slope materials appeared to
consist of a matrix of silty to clayey sand and gravel with occasional to frequent cobble- to
boulder-sized rock. These materials may be partially colluvial deposits and side-cast fill placed
during original construction of the road and subsequent construction of the wall system.
Isolated possible ledges of bedrock were observed near the bottom of the slope in places along
the middle portion of the wall, and may be present at the east end of the wall alignment.
Conditions indicating global instability involving both the wall and the slope below the wall were
not observed.

Erosion of backfill from behind and beneath the wall facing and of slope surficial soils was
observed in places. Some of the observed slope erosion appeared to be due to storm water or
snow melt cascading over the top of the wall. Erosion of the backfill may be the result of the
loss of ground at the base of the lagging as a result of the slope erosion or the result of water
migrating down behind the wall facing, or both.

SUBSURFACE CONDITIONS
Exploration Program: The field exploration for the project was conducted on March 23, 2017.
Four borings were drilled at the appropriate locations shown on Fig. 1 to explore subsurface
conditions.

Logs of the exploratory borings are presented on Fig. 2, and a legend and

associated explanation notes are presented on Fig. 3.

Kumar & Associates, Inc.

5
Borings B-1 to B-3 was advanced through the overburden soils and underlying bedrock with 4inch diameter continuous flight augers. Boring 4 was drilled with a downhole Robit hammer and
4-inch casing advancer throughout the existing fill and into bedrock, and a NQ-size wire-line
core barrel was used to drill the bottom 4 feet of bedrock. The borings were logged by a
representative of Kumar & Associates, Inc.

Samples of the soils and bedrock were obtained with a 2-inch I.D. California linen sampler.
Samples of the lower 4 feet of bedrock from boring B-4 were obtained using a NQ-size wire-line
core barrel. The California sampler was driven into the various strata with blows from a 140pound hammer falling 30 inches. This procedure is similar to the standard penetration test
described by ASTM Method D1586. Penetration resistance values, when properly evaluated,
indicate the relative density or consistency of the soils or bedrock. Depths at which the samples
were obtained and the penetration resistance values, along with the percentage of core
recovery and Rock Quality Designation (RQD) for the cored intervals, are shown on the boring
logs on Fig. 2.

Measurements of the water level were made in the borings at the time of drilling by lowering a
weighted tape measure into the open hole shortly after completion of drilling. The depths of the
water levels measured at the time of drilling are shown on the Logs of Exploratory Borings.

Laboratory Testing: Laboratory testing was conducted to evaluate the engineering properties of
selected samples obtained from the exploratory borings, a composited bulk sample of the fill
encountered in Borings 3 and 4, and a bulk sample of existing fill obtained from the
embankment at the toe of the existing wall near Boring 1 (approximate Wall Station 10+00).
The testing was conducted in general accordance with recognized test procedures, primarily
those of the American Society for Testing and Materials (ASTM) and the Colorado Department
of Transportation (CDOT). The results of the testing are shown on right of the boring logs on
Fig. 2, and graphically on Figs. 4 and 5, and summarized in Table 1.

Samples were classified into categories of similar engineering properties in general accordance
with the Unified Soil Classification System. This system is based on index properties, including
liquid limit and plasticity index (ASTM D4318) and grain size distribution (ASTM D422).
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Moisture contents and dry density were determined in accordance with ASTM D2216. Grain
size distribution curves are presented on Fig. 4.

The results of a direct shear test (ASTM D3080) conducted on remolded samples of existing fill
composited from auger cuttings from Borings 3 and 4 are presented in Appendix A.

The

samples were submerged in water, loaded with a vertical normal pressure and sheared
horizontally at a controlled strain rate. The rate of strain selected for sample failure was based
on the material's assumed consolidation characteristics. Horizontal displacement and shear
stress plots are presented in Appendix A along with plots of normal stress versus shear stress.

Electrical resistivity values were obtained in the laboratory for samples of the composited fill
sample from borings 3 and 4 remolded at various moisture contents. The samples were placed
in a Miller Soil Box at moisture contents below and above the sample's in-situ moisture content.
Resistivity is an intrinsic material property which can be obtained by measuring the electrical
resistance across a sample of known cross-sectional area and thickness with a known electrical
current at a known voltage. Results of the resistivity tests are presented in Table 1. Plots of
resistivity versus moisture content are presented on Fig. 5.

Subsurface Conditions: Subsurface conditions encountered in the borings generally consisted of
7 to 13 inches of asphalt pavement underlain by nil to 6 feet of existing fill composed of silty
sand with variable gravel and Poorly-Graded Sand with Silt. The consistency of the existing fill
appeared to range from loose to medium dense based on sampler penetration resistance. The
existing fill was in turn underlain by very soft to very hard gneissic and granitic bedrock that
extended to explored depths ranging from 15 to 20 feet. Unconfined compressive strengths for
the bedrock samples in the upper portion of the bedrock ranged from 11 to 41 psi, and a testing
of a core sample of medium hard to very hard bedrock obtained from Boring 4 at 14 feet depth
resulted in an unconfined compressive strength of 21,590 psi.

Groundwater was encountered at the time of drilling in boring B-1 at a depth of about 17 feet
and may have been present in Boring 4 at a depth of about 16.5 feet. The borings had to be
backfilled the same day since they were located in the highway travel lane so no future
groundwater measurements were possible. Shallow perched water conditions on top of the
bedrock are anticipated to exist and should be expected.

Kumar & Associates, Inc.
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PRELIMINARY EVALUATION OF WALL REPAIR ALTERNATIVES
General: Based on our assessment, replacement of the existing wall with a new gravity wall
system (e.g., Redi-Rock wall without reinforcement) appears to be feasible for the western
portion of the existing wall between approximate Wall Stations 6+00 to 12+40. The wall height
along that stretch is generally less than 5 feet, and the wall is supported on an embankment
between the wall and the lake with a geometric allowing adequate foundation support and
access for equipment needed to remove the existing bin wall and construct the new gravity wall.
The results of slope stability analyses performed as part of the assessment of the feasibility of a
gravity wall are discussed in the “Supporting Analysis” section presented later in this report. As
discussed later in this report a gravity wall system is considered the least costly wall system of
the alternatives considered feasible based on our assessment.

Construction of a gravity wall for the eastern portion of the wall between about Wall Stations
0+00 and 6+00 is not considered feasible. This is because there is little to no embankment
between the toe of the existing wall and the reservoir in that area available for adequate
foundation support for the gravity wall. In addition, the embankment foundation material along a
portion of that stretch of the wall appears to consist of loosely placed riprap. The riprap may
have been placed as armoring for a previously existing shoreline embankment that
subsequently eroded into the lake as a result of wave run-up, and the remaining riprap has
formed a near-vertical slope face below the toe of the existing wall. The stability of the loose
riprap is of concern.

We also considered the possibility of constructing an embankment using causeway methods
along the lake shoreline to provide the needed foundation support for a gravity wall system
between Station 0+00 and 6+00 and access and support for construction equipment. Based on
a bathymetric survey of the lake bottom along the north shore of the lake, the lake bottom near
the shoreline is sloped as steep as 2H:1V, and very soft, unconsolidated lake sediment deposits
are anticipated.

Due to the steep lake bottom slope and anticipated very soft foundation

conditions, construction of an embankment surface extending about 15 feet out from the toe of
the existing wall would likely require an embankment slope extending over 60 feet into the lake
in order for the embankment slope to catch the lake bottom slope. The slope stability of an
embankment founded on the lake sediments would be of concern, and the reservoir water
storage displaced by the embankment would need to be considered.

Kumar & Associates, Inc.
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construction of an embankment using causeway construction methods was not considered
further.

Removal of the existing bin wall between Stations 0+00 and 6+00 was not considered feasible
because it could destabilize the over-steepened slope beneath the bin wall, undermining the
existing waterline and causing a slope failure extending into the existing highway. Instead,
three alternatives for constructing a “sister” wall against the existing bin wall were considered.
For the purpose of this study, a sister wall is defined as a wall that is constructed in front of an
existing wall and is designed to fully support the existing wall, and satisfies all internal, external
and global-slope stability requirements for the wall system. A general description of each sister
system including rough feasibility-level estimations of wall system dimensions, are presented
below:


Soil Nail Wall: The soil nail wall would include approximately 15-foot long hollow-core
soil nails spaced horizontally about 4 to 6 feet on center and installed through the bin
wall and into the soil and rock behind that wall. The soil nail wall would also need to
extend about 4 to 6 feet below the toe of the existing bin wall to provide the needed
global and internal wall stability, requiring up to three horizontal rows of nails. The soil
nails would be installed using a drill mounted on a crane positioned on the highway,
requiring temporary closure of the east-bound lane. The wall face would consist of a
minimum 4-inch thick temporary shotcrete facing initially, with a permanent 8-inch wall
facing applied later.



Soldier Pile and Lagging with Tiebacks:

The wall system would include driven H-

section soldier piles spaced about 8 to 10 feet on center and extending 5 to 10 feet
below the toe of the over-steepened slope below the existing bin wall. The soldier piles
would be anchored back behind the bin wall using similarly spaced tensioned tieback
ground anchors. A permanent facing would be constructed between and in front of the
soldier piles. For comparative purposes, construction of a shotcrete wall facing was
assumed. The soldier piles would be installed using pile driving equipment positioned
on the highway, and the tie back anchors would need to be installed using a casing drill
rig supported on a crane also positioned on the highway.

Kumar & Associates, Inc.
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Micropile Wall: Micropile wall construction would include drilling two rows of micropiles,
including a vertical front row creating the face of wall and a back row battered back from
the face of the wall.

The two rows would be connected by a structural cap beam

composed of reinforced concrete. The face of the wall would consist of shotcrete that
would extend approximately 6 inches in front of the front row of piles. Similar to the soil
nail wall alternative, the shotcrete facing would need to extend about 4 to 6 feet below
the toe of the existing bin wall.

Advantages and Disadvantages: Advantages and disadvantages of the wall systems described
above are summarized below.

A feasibility-level cost estimate for each wall system is

presented on Table 2 and is also discussed below.

A mobilization cost of 10% of the

construction subtotal, an unlisted item cost of 15%, and a contingency of 30% was assumed for
all estimates. The cost estimates should only be considered rough order of magnitude (ROM)
estimates intended only for comparative purposes.

Also, they consider only the cost of

replacing or stabilizing the trail wall and do not include the cost of other work, including
construction of concrete pavement along the trail, the outside guardrail, or a pedestrian
boardwalk alongside or connected to the replaced or stabilized wall.

Gravity Wall:


Advantages: Removal of the existing bin wall and construction of a gravity wall system
is considered the least costly of the alternatives considered, and should be considered
for the portion of the wall between about Stations 6+00 and 12+40. Removal of the
existing bin wall will allow for proper inspection and preparation of the foundation sub
grade below the replacement wall, installation of a wall subdrain system, and
construction of the gravity wall.



Disadvantages:

The height of a gravity block-wall system such as an unreinforced

Ready-Rock Wall will likely be limited to about 6 feet of exposed face and 8 feet of total
wall face including a one-block burial depth for the wall toe. We anticipate geogrid
reinforcement would be needed for taller walls. This is problematic because the geogrid
would extend over the existing water main pipe. In addition, the existing fill embankment
supporting the wall was apparently not constructed using controlled compaction methods
and could be loose in places, resulting in settlement of the wall and displacement of wall
blocks. This can be mitigated to some extent by including 2 to 3 feet of overexcavation
and recompaction of the existing fill underling the wall. Also, the temporary back-slope
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excavation for portions of the wall may extend into the highway, requiring a short height
of temporary shoring between the excavation and the road. A gravity well system would
not be recommended for the portion of the wall between about Stations 0+00 and 6+00,
since that segment does not have adequate embankment below the toe of the wall to
provide foundation support and because of excavation and construction calculations.


Feasibility-Level Cost Estimate: $479,080 for installation of the wall from Stations 6+00
to 12+40. Installation of a gravity wall from Stations 0+00 to 6+00 is not considered
feasible.

Soil Nail Sister Wall:


Advantages: A soil nail sister wall is considered the most feasible and cost effective of
the three wall alternatives considered to support the portion of the existing wall between
about Station 0+00 and 6+00. Hollow-core nails, which allow for grouting through the
center of the nail, could be used in place of regular soil nails that would need either a
stable drill hole (difficult to achieve when drilling through non-plastic granular fills) or
cased holes requiring a casing rig. Shotcreting could also be installed from a cranesupported platform. We would anticipate the schedule for constructing the wall to be
shorter than for other methods, particularly a micropile wall. Installing hollow core bars
with large excavators has recently been done for projects in Jefferson County.



Disadvantages: A primary disadvantage is that the upper row of nails would extend over
the existing waterline, limiting access if repairs or replacement of the water line is
needed. It may be feasible to: (1) construct a mechanical dead-man anchor system in
place of the row of nails about the pipeline that could be temporarily de-coupled to allow
access to the water line and re-coupled afterward; (2) construct a thicker, more heavily
reinforced wall section above the second row of nails that can satisfy construction
stability requirements while the dead-man is disconnected; and/or (3) use a reinforced
slab behind the top of the wall that includes a coping section to laterally restrain the top
of the wall, which can be removed and replaced if needed to provide access. Provisions
for providing access would need to be worked out in final design. Another disadvantage
is that drilling through the existing bin wall could further destabilize the wall, resulting in
possible localized wall failures.

That potential may be mitigated by constructing a

temporary shotcrete face to better contain the existing wall in areas where wall distress
is apparent and to improve face support during drilling.

Kumar & Associates, Inc.
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Feasibility-Level Cost Estimate: $778,400 for installation of a sail nail sisterwall from
Stations 0+00 to 6+00.

Soldier Pile and Lagging Sister Wall with Tieback:


Advantages: It is possible that H-piles could be driven through the existing riprap and an
adequate distance into the lake sediments or underlying colluvium or bedrock to anchor
the piles below the toe of the over-steepened slope such that tie-back ground anchors
would not be required. Provided that significant difficulties in driving through the riprap,
or cobbles and boulders, are not experienced, the H-piles could be installed relatively
quickly. In addition, the tiebacks, as necessary could be installed to pass below the
existing waterline, allowing for access to the line if needed.



Disadvantages: Difficulties in driving piles through the riprap could be experienced, and
vibrations or ground shifting resulting from driving in front of the existing bin wall could
destabilize the bin wall. If a tensioned tieback is needed, which should be assumed for
feasibility level considerations, a casing rig would likely be needed to case the drill hole
and prevent hole collapse prior to installing the tieback. This is problematic because a
larger crane and platform would be needed to support the casing rig, which is larger than
a soil nail rig. Similar to a soil nail wall, drilling for the tieback would cause disturbances
to the bin wall, in addition to pile-driving disturbances, that could potentially cause local
failures along the bin wall before it is supported as designed by the soldier piles and
lagging. Also, any excavations to repair or remove the water main could disturb the bin
wall located in front of the water main, which could in turn impact. Although the bin wall
would no longer be needed to support the trail because of the lateral support provided by
the sister wall, disturbances to the bin-wall components and/or compaction stress during
compaction of fill above a repaired water main could potentially stress the sister wall.



Feasibility-Level Cost Estimate: $1,789,200 for installation of a wall from Stations 0+00
to 6+00.

Micropile Sister Wall:


Advantages: Micropile walls are commonly used when difficult drilling conditions and
limited access are expected. The small diameter hole and ability to advance casing
alleviate some of the drilling concerns that would be encountered using larger diameter
caisson rigs that utilize large augers. In addition, the drill rigs that drill micropiles have a
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smaller footprint than caisson rigs, which is important given the narrow space between
the existing face of wall and the shoulder of the existing road. The micropile wall option
also avoids interfering with the existing water line.


Disadvantages: Micropile walls are considered the most costly of the alternatives, and
would take a considerably longer time to install. There is also a high likelihood of drilling
issues with the existing bin wall with respect to vibration and air-pressure disturbances,
and the possibility of catching steel members of the bin wall, and therefore a higher
likelihood of localized wall failures.

The piles could also destabilize the foundation

supporting the bin wall during drilling.


Feasibility-Level Cost Estimate: $3,091,900 for installation of a wall from Stations 0+00
to 6+00.

BOARDWALK CONSIDERATIONS
We understand Muller Engineering is considering the possible construction of a pedestrian
boardwalk outboard of the trail supported by the repaired wall. That would allow using the
existing walkway for bicycle traffic only, and separating pedestrian traffic from both vehicular
and bicycle traffic for safety reasons.

We understand the proposed 8-foot wide boardwalk

would be separated from the repaired wall and supported on steel piling consisting of either
screw piles, if feasible, or larger steel piling (e.g., H-piles) if needed for lateral stiffness or to
resist lateral loading. We understand the existing boardwalk along the south shore of the lake is
supported by screw piles.

Based on the results of the bathymetric study of the lake bottom provided by EMD, the slope of
the lake bottom perpendicular to the south shoreline is similar to the north shoreline, suggesting
that it may be feasible to support a portion of the boardwalk using screw piles provided the
boardwalk closely hugs the north shoreline. However, it may not be feasible to use screw piles
to support the portion of a separate boardwalk between about Station 0+00 and 6+00 because
of the significant water depth and/or the steep lake bottom slope.

Along that stretch, we

understand that Muller Engineering is considering structurally connecting a boardwalk structure
to the face of the repaired wall, and that would cantilever laterally beyond the face of the wall.

For a free-standing boardwalk, cobbles and boulders possibly present at shallow depth could
make it difficult to install screw piles. Battered and vertical screw piles may also be needed to
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support the outboard (lake side) of the boardwalk where the height of the screw piles extending
out of the ground could be 4 to 5 feet higher than screw piles supporting the inboard side of the
boardwalk structure.

Installing a pedestrian boardwalk onto the face of the repaired wall would introduce a significant
shear load and overturning moment on the wall face. The spacing and/or penetration depth of
micropiles, or soldier H-piles and tieback anchors for a soldier pile and lagging system, would
likely need to be significantly increased. In our opinion, attachment of cantilevered boardwalk
structure to a soil nail wall would not be feasible.

TEMPORARY STABILIZATION MEASURES
Given the frequency of wall failures and unknowns regarding the stability of the wall system, we
do not believe it is possible to temporarily stabilize the walls to the extent that pedestrian and
bike traffic could be allowed along the existing trail prior to a permanent wall repair. This is
because the wall failures that have occurred failed quickly with little warning. There is also no
practical way to perform the evaluation of the internal stability of the existing wall system,
including a facing failure or internal failure of the bin members, needed to assess what
temporary measures would be required.

However, we do believe it is important to implement temporary measures to mitigate further wall
failures that, if they occur, would make it more difficult and costly to implement permanent
repairs, and could force the implementation of emergency repairs before a permanent wall
repair could be designed and implemented. In areas where wall failure appears or eminent,
measures could include installing temporary braced shoring in front of the wall and/or dead-man
anchors behind the wall. We understand that EPRD has made similar repairs to the wall in the
past.

We also recommend that snow-loading and other surcharges on the existing wall stop, and that
temporary measures to divert surface water runoff away from the wall face be implemented to
help protect the existing wall until a permanent repair is implemented. Routine monitoring of the
wall face and longitudinal cracks developing on the path behind the wall face is also
recommended. Prior to that monitoring, a conditions survey should be performed to document
and photograph the condition of the wall, and areas where apparent wall movement, cracks or
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other indications of wall distress exist, and for the purpose of better identifying areas where
deteriorating conditions are occurring or wall failure may be imminent.
SUPPORTING ANALYSES
Global slope stability analyses and external (sliding, overturning, bearing capacity) stability
analyses were performed for the gravity (e.g., Ready-Rock) wall system, and global stability
analyses were performed for the soil nail sister wall stabilization alternative. Similar analyses
were not performed to substantiate the feasibility-level design assumptions made for the soldier
pile and lagging sister wall and micropile sister wall alternatives, in part because of the lack of
subsurface information on the existing fill and underlying lake sediments needed to provide a
preliminary assessment. Instead, the ROM cost estimates for those systems were based only
on assumptions regarding the spacing and depth of the soldier piles and micropiles based on
previous experience with similar construction.

Geometric Parameters: Geometric parameters developed for the gravity wall and soil nail sister
wall analyses were based on topographic and bathymetric survey information provided by
EPRD and EMD. The information was supplemented by measurements of the slopes beyond
the limits of the survey, made by Muller Engineering and Kumar during separate field
reconnaissance trips. The subsurface conditions assumed in the analyzed sections were based
on our interpretation of the subsurface conditions encountered in the nearby borings and the
results of our geologic reconnaissance.

Material Properties: Estimated drained shear strengths for the existing soils and fill, bedrock and
bin wall fill were developed using information obtained from field exploration and laboratory
testing, published correlations between shear strengths and other engineering properties for
similar materials, and our experience with similar materials.

Analysis Results: The soil nail sister wall alternative was evaluated using the program Slope/W
2012, and in general accordance with FHWA recommendations. For preliminary design, the soil
nails were spaced at 5-foot horizontal spacing and included two rows of nails. The bond
strength for the nails was estimated to be 6 psi, which is considered reasonable for a
preliminary assessment. The calculated global stability factor of safety exceeded the minimum
factor of safety of 1.5 generally required for a permanent soil nail walls. Similarly, the analysis
results for the gravity wall system generally satisfied current AASHTO requirements for global
slope stability and external stability.
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LIMITATIONS
This study has been conducted in accordance with generally accepted geotechnical engineering
practices in this area for exclusive use by the client for design purposes. The preliminary
conclusions and preliminary recommendations submitted in this report are based upon the data
obtained from the exploratory borings at the locations indicated on Fig. 1, and the proposed type
of construction. This report may not reflect subsurface variations that occur between or beyond
the exploratory borings, and the nature and extent of variations across the site may not become
evident until site grading and excavations are performed. If during construction, fill, soil, rock or
water conditions appear to be different from those described herein, Kumar & Associates, Inc.
should be advised at once so that a re-evaluation of the recommendations presented in this
report can be made. Kumar & Associates, Inc. is not responsible for liability associated with
interpretation of subsurface data by others.

This report has been prepared in accordance with generally accepted geotechnical engineering
practices in this area for use by the client for preliminary design and planning purposes. The
preliminary conclusions and recommendations submitted in this report are based upon the data
obtained from the widely spaced exploratory borings drilled at the locations indicated on the
exploratory boring plan.

Additional investigation should be conducted once the wall repair

approach has been selected to provide design level recommendations. We recommend on-site
observation of site grading and construction of temporary and/or permanent repairs by a
representative of the geotechnical engineer.

GJM/jw
cc: Book, File
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TABLE I

SUMMARY OF LABORATORY TEST RESULTS
PROJECT NO.:
PROJECT NAME:
DATE SAMPLED:
DATE RECEIVED:

17-1-219
Everegreen Trail Wall Repair
3-22-17
3-29-17

SAMPLE LOCATION
BORING

DEPTH
(feet)

B-1

1

DATE
TESTED

NATURAL
MOISTURE
CONTENT
(%)

NATURAL
DRY
DENSITY
(pcf)

3-29-17

8.0

136.4

B-1

4

3-29-17

3.4

108.9

B-2

1

3-29-17

2.0

132.2

GRADATION
GRAVEL
(%)

SAND
(%)

PERCENT
PASSING
NO. 200
SIEVE
25

42

49

9

ATTERBERG LIMITS
LIQUID PLASTICITY
LIMIT
INDEX
(%)
(%)
21
NV

WATER
SOLUBLE
SULFATES
(%)

UNCONFINED
COMPRESSIVE
STRENGTH
(psi)

MINIMUM
ELECTRICAL
RESISTIVITY
(ohm-cm)

pH

SOIL OR BEDROCK TYPE

1

Fill: Silty Sand (SM)

NP

Poorly-Graded Sand with Gravel and Silt (SPSM)
14

Gneiss Bedrock

B-2

9

3-29-17

4.8

124.9

B-3

1

3-29-17

3.9

120.7

11

B-3

4

3-29-17

3.7

140.1

B-4

4

3-29-17

7.8

113.5

B-4

14-15

3-29-17

B-3,B4

1-4

3-29-17

2.4

16

64

20

NV

NP

0.00

629

7.39

Fill: Silty Sand with Gravel (SM)

Toe of
Wall

Surface

3-30-17

6.1

14

75

11

NV

NP

0.00

811

7.43

Fill: Poorly=Graded Sand with Silt (SP-SM)

14

76

10

NV

Gneiss Bedrock

NP

Fill: Poorly-Graded Sand with Silt (SP-SM)
41

Gneiss Bedrock
Fill: Silty Sand (SM)

163.8

21,590

Gneiss Bedrock

TABLE 2 ‐ FEASIBILITY‐LEVEL COST ESTIMATES

Gravity Wall Alternative ‐ Station 6+00 to 12+40
No.
Item
1
Mobilization (10% Construction Subtotal)
2
Excavation/Backfill
3
Temporary Shoring
5
Gravity Wall

Quantity
1
700
2,500
4,100

Unit
Unit Price
LS
$
34,200
CY
$
40
SF
$
30
SF
$
50
Construction Subtotal
Unlisted Items (10%)
Contingency (30%)
Estimate Total

Item Total
$
34,200
$
28,000
$
75,000
$
205,000
$
342,200
$
34,220
$
102,660
$
479,080

Soil Nail Wall Alternative ‐ Station 0+00 to 6+00
No.
Item
1
Mobilization (10% Construction Subtotal)
2
Soil Nail Wall

Quantity
1
5,000

Unit
Unit Price
LS
$
56,000
SF
$
100
Construction Subtotal
Unlisted Items (10%)
Contingency (30%)
Estimate Total

Item Total
$
56,000
$
500,000
$
556,000
$
55,600
$
166,800
$
778,400

Unit
Unit Price
LS
$
128,000
BHF
$
200
BHF
$
100
SF
$
60
SF
$
50
Construction Subtotal
Unlisted Items (10%)
Contingency (30%)
Estimate Total

$
$
$
$
$
$
$
$
$

Unit
Unit Price
LS
$
221,000
BHF
$
130
BHF
$
100
SF
$
50
Construction Subtotal
Unlisted Items (10%)
Contingency (30%)
Estimate Total

Item Total
$
221,000
$ 1,300,000
$
400,000
$
287,500
$ 2,208,500
$
220,850
$
662,550
$ 3,091,900

Soldier Pile and Lagging with Tiebacks ‐ Station 0+00 to 6+00
No.
Item
Quantity
1
Mobilization (10% Construction Subtotal)
1
2
H‐Pile Soldier Piles ‐ 20‐ft length
1,500
3
Tieback Anchors ‐ 35‐ft length
2,625
4
Sheetpile Lagging
5,000
5
Shotcrete Facing
5,750

Micropile Wall ‐ Station 0+00 to 6+00
No.
Item
1
Mobilization (10% Construction Subtotal)
2
Micropiles (Front Row; with casing)
3
Micropiles (Back Row; uncased)
5
Shotcrete Facing

LS:
CY:
SF:
BHF:

Lump Sum
Cubic Yard
Square Foot
Bore Hole Foot

Quantity
1
10,000
4,000
5,750

Item Total
128,000
300,000
262,500
300,000
287,500
1,278,000
127,800
383,400
1,789,200

APPENDIX A
DIRECT SHEAR RESULTS

APPENDIX E
Conceptual Trail Layouts

APPENDIX F
Estimates

Evergreen Lake North Trail - Conceptual Cost Estimate
Preliminary Study
Alternative A / Option 1
8' Bikeway and 8' Boardwalk
Combination of Soil Nail and Gravity Wall
Item No

Description

Unit

Quantity

Total Cost

Unit Cost

Trail/Bikeway
202

Sa wi ng As pha l t Ma teri a l

LF

1300

$

4.75

$

202

Remova l of Gua rdra i l Type 3

LF

1300

$

7.50

$

9,750

304

Aggrega te Ba s e Cours e

TON

202

$

54.00

$

10,881

TON

183

$

120.00

$

21,949

LF

1240

$

150.00

$

186,000
54,600

403

Hot Mi x As pha l t (Pa tchi ng) (As pha l t)

514

Bi kewa y Ra i l i ng (Steel )

6,175

603

6" PVC Dra i n Pi pe

LF

1560

$

35.00

$

604

Ca tch Ba s i n

EA

26

$

500.00

$

13,000

606

Gua rdra i l Type 3

LF

1300

$

40.00

$

52,000

606

Gutter Pa n

LF

1240

$

18.00

$

22,320

608

Concrete Bi kewa y (6 i nch)

SY

1110

$

60.00

$

66,600

630

Tra ffi c Control

LS

1

$ 270,000.00

$

270,000

$

713,275

Subtotal ‐ Trail/Bikeway
Walls
504

Soi l Na i l Wa l l (Sta . 0+00 to 6+00)

LS

1

$ 778,400.00

$

778,400

504

Gra vi ty Wa l l (Sta . 6+00 to 12+40)

LS

1

$ 479,080.00

506

Ri pra p (12 Inch) (Wa l l Scour Protecti on)

CY

740

$
$

479,080
70,300

$

1,327,780

$

95.00

Subtotal ‐ Walls
Boardwalk
502

Pi l e Ti p

EA

62

$

150.00

$

9,300
155,000

502

Steel Pi l i ng (HP 12X54)

LF

1550

$

100.00

$

506

Crus her Fi nes

CY

95

$

85.00

$

8,059
60,000

508

Ti mber Boa rdwa l k

LF

600

$

100.00

$

514

Pedes tri a n Ra i l i ng (Ti mber Boa rdwa l k)

LF

1200

$

35.00

$

42,000

Subtotal ‐ Boardwalk

$

274,359

Subtotal ‐ Alternative A / Option 1

$

2,315,500

Miscellaneous Items (Not Quantified)

20%

$

211,700

20%

$

463,100

$

2,991,000

(for Trail and Boardwalk only)
Engineering Design Fee
TOTAL ‐ Alternative A / Option 1

Estimates are based on 2016/2017 unit costs, and it is recommended that costs be inflated by approximately 3% per year to account for
inflation.

Evergreen Lake North Trail - Conceptual Cost Estimate
Preliminary Study
Alternative B / Option 1
10' multi‐use path
Combination of Soil Nail and Gravity Wall
Item No

Description

Unit

Quantity

Total Cost

Unit Cost

Trail/Bikeway
202

Sa wi ng As pha l t Ma teri a l

LF

1300

$

4.75

$

202

Remova l of Gua rdra i l Type 3

LF

1300

$

7.50

$

6,175
9,750

304

Aggrega te Ba s e Cours e

TON

242

$

54.00

$

13,057

403

Hot Mi x As pha l t (Pa tchi ng) (As pha l t)

TON

183

$

120.00

$

21,949

514

Bi kewa y Ra i l i ng (Steel )

LF

1240

$

150.00

$

186,000

603

6" PVC Dra i n Pi pe

LF

1560

$

35.00

$

54,600

604

Ca tch Ba s i n

EA

26

$

500.00

$

13,000

606

Gua rdra i l Type 3

LF

1300

$

40.00

$

52,000

606

Gutter Pa n

LF

1240

$

18.00

$

22,320

608

Concrete Bi kewa y (12 i nch)

SY

1378

$

120.00

$

165,333

630

Tra ffi c Control

LS

1

$ 270,000.00

$

270,000

$

814,185

Subtotal ‐ Trail/Bikeway
Walls
504

Soi l Na i l Wa l l (Sta . 0+00 to 6+00)

LS

1

$ 778,400.00

$

778,400

504

Gra vi ty Wa l l Sta . (6+00 to 12+40)

LS

1

$ 479,080.00

$

479,080

506

Ri pra p (12 Inch) (Wa l l Scour Protecti on)

CY

735

$

$

69,825

$

1,327,305

Subtotal ‐ Alternative B / Option 1

$

2,141,500

Miscellaneous Items (Not Quantified)

20%

$

176,900

20%

$

428,300

$

2,747,000

Subtotal ‐ Walls

95.00

(for Trail and Boardwalk only)
Engineering Design Fee
TOTAL ‐ Alternative B / Option 1

Estimates are based on 2016/2017 unit costs, and it is recommended that costs be inflated by approximately 3% per year to account for
inflation.

Evergreen Lake North Trail - Conceptual Cost Estimate
Preliminary Study
Alternative A / Option 2
8' Bikeway and 8' Boardwalk
Combination of Soldier Pile and Gravity Wall
Item No

Description

Unit

Quantity

Total Cost

Unit Cost

Trail/Bikeway
202

Sa wi ng As pha l t Ma teri a l

LF

1300

$

4.75

$

6,175

202

Remova l of Gua rdra i l Type 3

LF

1300

$

7.50

$

9,750
10,881

304

Aggrega te Ba s e Cours e

TON

202

$

54.00

$

403

Hot Mi x As pha l t (Pa tchi ng) (As pha l t)

TON

183

$

120.00

$

21,949

514

Bi kewa y Ra i l i ng (Steel )

LF

1240

$

150.00

$

186,000

603

6" PVC Dra i n Pi pe

LF

1560

$

35.00

$

54,600

604

Ca tch Ba s i ns

EA

26

$

500.00

$

13,000

606

Gua rdra i l Type 3

LF

1300

$

40.00

$

52,000

606

Gutter Pa n

LF

1240

$

18.00

$

22,320

608

Concrete Bi kewa y (6 i nch)

SY

1110

$

60.00

$

66,600

630

Tra ffi c Control

LS

1

$ 270,000.00

$

270,000

$

713,275

Subtotal ‐ Trail/Bikeway
Walls
504

Sol di er Pi l e Wa l l (Sta . 0+00 to 6+00)

LS

1

$ 1,789,200.00

$

1,789,200

504

Gra vi ty Wa l l (Sta . 6+00 to 12+40)

LS

1

$ 479,080.00

506

Ri pra p (12 Inch) (Wa l l Scour Protecti on)

CY

740

$
$

479,080
70,300

$

2,338,580

$

95.00

Subtotal ‐ Walls
Pedestrian Walkway (Including Cantilever)
508

Ti mber Decki ng

LF

600

$

60.00

$

36,000

$

172,575
28,000

509

Structura l Steel

LBS

46,020

$

3.75

509

Pa i nt Structura l Steel

LS

1

$

28,000.00

$

85.00

$

8,059

150.00

$

90,000

Subtotal ‐ Pedestrian Walkway (Including Cantilever)

$

334,634

Subtotal ‐ Alternative A / Option 2

$

3,386,500

Miscellaneous Items (Not Quantified)

20%

$

223,700

20%

$

677,300

$

4,288,000

506
514

Crus her Fi nes
Pedes tri a n Ra i l i ng (Steel )

CY
LF

95
600

$
$

(for Trail and Boardwalk only)
Engineering Design Fee
TOTAL ‐ Alternative A / Option 2

Estimates are based on 2016/2017 unit costs, and it is recommended that costs be inflated by approximately 3% per year to account for
inflation.

Evergreen Lake North Trail - Conceptual Cost Estimate
Preliminary Study
Alternative A / Option 3
8' Bikeway and 8' Boardwalk
Combination of Micropile A‐Frame and Gravity Wall
Item No

Description

Unit

Quantity

Unit Cost

Total Cost

Trail/Bikeway
202

Sa wi ng As pha l t Ma teri a l

LF

1300

$

4.75

$

6,175

202

Remova l of Gua rdra i l Type 3

LF

1300

$

7.50

$

9,750
10,881

304

Aggrega te Ba s e Cours e

TON

202

$

54.00

$

403

Hot Mi x As pha l t (Pa tchi ng) (As pha l t)

TON

183

$

120.00

$

21,949

514

Bi kewa y Ra i l i ng (Steel )

LF

1240

$

150.00

$

186,000

603

6" PVC Dra i n Pi pe

LF

1560

$

35.00

$

54,600

604

Ca tch Ba s i ns

EA

26

$

500.00

$

13,000

606

Gua rdra i l Type 3

LF

1300

$

40.00

$

52,000

606

Gutter Pa n

LF

1240

$

18.00

$

22,320

608

Concrete Bi kewa y (6 i nch)

SY

1110

$

60.00

$

66,600

630

Tra ffi c Control

LS

1

$ 270,000.00

$

270,000

$

713,275

Subtotal ‐ Trail/Bikeway
Walls
504

Mi cropi l e A‐Fra me Wa l l Sta . 0+00 to 6+00

LS

1

$ 3,091,900.00

$

3,091,900

504

Gra vi ty Wa l l Wa l l Sta . 6+00 to 12+40

LS

1

$ 479,080.00

506

Ri pra p (12 Inch) (Wa l l Scour Protecti on)

CY

740

$
$

479,080
70,300

$

3,641,280

$

95.00

Subtotal ‐ Walls
Pedestrian Walkway (Including Cantilever)
508

Ti mber Decki ng

LF

600

$

60.00

$

36,000
240,750
38,000

509

Structura l Steel

LBS

64,200

$

3.75

$

509

Pa i nt Structura l Steel

LS

1

$

38,000.00

$

85.00

$

8,059

150.00

$

90,000

Subtotal ‐ Pedestrian Walkway (Including Cantilever)

$

412,809

Subtotal ‐ Alternative A / Option 3

$

4,767,400

Miscellaneous Items (Not Quantified)

20%

$

239,300

20%

$

953,500

$

5,961,000

506
514

Crus her Fi nes
Pedes tri a n Ra i l i ng (Steel )

CY
LF

95
600

$
$

(for Trail and Boardwalk only)
Engineering Design Fee
TOTAL ‐ Alternative A / Option 3

Estimates are based on 2016/2017 unit costs, and it is recommended that costs be inflated by approximately 3% per year to account for
inflation.

