





SITE #6D - 44 AVENUE CUL-DE-SAC

CITY OF RED DEER SLOPE EVALUATION STUDY

TABLE 6D-4 - LIST OF SURVEY MARKERS

NORTHING EASTING ELEVATION NORTHING EASTING ELEVATION
#SM6D-001  |NW deck crnr 5793707.40 308979.22 879.46
#SM6D-002  |Crest off nw deck crnr 5793707.78 308978.10 879.15
#SM6D-003  |NW fence corner 5793711.71 308984.01 879.64
#SM6D-004 |NW stair corner 5793696.14 308971.68 879.93
#SM6D-005 |ASCM 378992 5793584.62 309204.33 883.71
TABLE 6D-5 - LIST OF PHOTOGRAPHS
iD# PHOTOGRAPHIDESCRIETION APPROX. LOCATION DIRECTION OF YEARS OF RECORD COMMENT
NORTHING EASTING PHOTOGRAPH 1999 2018
#P6D-003  |Failure block on Lot 40 5793690 308974 NW Y* Y*
#P6D-005 Slope on Lot 40 5793691 308963 NE Y* Y*
#P6D-007 Former failure scarp 5793701 308961 W Y* Y*
#P6D-008 Retaining wall in Lot 40 5793701 308961 E Y* Y*
#P6D-010 Retaining wall in Lot 40 5793705 308969 N Y*
Notes:

1999 Photographs from Reference #5
* Provided in the report
All measurements in metres
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Site Number #6D

Site Name Grandview D
Legal Land Description -

Address 44 Avenue Close

UTM Coordinates -
Slope Indicator

Pneumatic Piezometers
Vibrating Wire Piezometers
Standpipe Piezometers
Date of Last Instrumentation Readings | -

Operational Site Instrumentation

o|o|o|o

Previous Inspection: - - - R

Current Inspection: November 1, 2018 1 10 10
Trevor Allen - PGEO

Mark Brotherton — PGEO

Kyle Perron — City of Red Deer

Alex Thomson — PGEO (November 7, 2018)

Site and Contour Plans

Cross Sections

Photographs

Inspected By:

Report Attachments:

Noticeable
Observations Description & Location Change
Crest Condition Rounded N/A
Slope Movement Photo 11 N/A
Erosion - N/A
Seepage - N/A
Distress - N/A
Other - N/A
Instrumentation: .
Other Comments:
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- Consideration for annual site visits

Recommendations
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Red Deer, Alberta

SITE #6H

Grandview (Waskasoo Creek Escarpment)
43A Avenue North of 47" Street
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SITE #6H - 43A AVENUE NORTH OF 47" STREET

6H.1 SITE DESCRIPTION

Site 6H is a landslide site centred behind Lot 18, Block 6A, Plan 495 KS. This lot fronts onto 43A
Avenue west of the intersection with 47 Street about 100 m south of the Ross Street, as shown on
Figure 1 of the main report. The Site Plan is shown on Figure 6H-1. The pre-slide slope profile for
the lots in this area consisted of:

. Relatively level front yards at an elevation of about 882 m. The front yards have a slight
slope down east to 43A Avenue. There is a 2 m drop in grade down the sides of the houses
to level walk-out patio areas west of the houses. This benched patio area was probably
created with fill from the original basement excavations;

. Above elevation 870 m in the backyards, the relatively shallow upper slope had an average
inclination of about 5H:1V up to the patio area bench. This upper slope area extended to
the rear property line about 60 m west from 43A Avenue; and

. Below 870 m west of the lot, the lower half of the slope overlooking Waskasoo Creek and
the downtown flood plain averaged about 1.7H:1V.

The firstlandslide at Lot 18 occurred in 1999 and a much larger landslide was experienced in 2007.
After the 2007 slide, the owner undertook a de-watering and landscaping work to stabilize the site
utilizing the post-slide grades. The post 2007 slope profile at Lot 18 has a flattened backyard area
with some terracing created by retaining walls beginning about 14 m west of the rear of the house.
Re-graded colluvium covers the lower slope beginning at 870 m and running almost all the way to
the toe of the slope. The average upper slope west of the back scarp down to elevation 870 m is
now about 4H:1V. The lower slope inclination is slightly flatter than the pre-slide slope at 3.2H:1V.
The slope face is filling in with new vegetation. A cross-section through the site is provided on
Figure 6H-3. This cross-section includes an approximation of pre-development grade from pre- and
post 1999 slide contours.

The backyard at Lot 17 to the south has also undergone considerable landscaping to reconfigure
the upper slope and add a swimming pool. This work was related to renovations of the house and
was not due to slope instability issues. It is understood the work was done in conjunction with City
of Red Deer approvals based on engineered plans provided by the current owner.

The crest of the slope in this area is at 882 m and the toe is at 854.5 m, so the slope is up to 27.5
m high. Waskasoo Creek is present about 18 m west of toe with bank elevations at about 854 m.
The normal creek surface elevation is about 852 m; and the peak flows are about 3 m higher at
elevation 855.1 m. Aerial photographs showing the site between 1999 and 2016 are provided on
Figure 6H-4. Site photographs are provided on Figures 6H-5A to 6H-5D.
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6H.2 REFERENCES

The references from Appendix B which apply to Site #6H - 43A Avenue North of 47™ Street West
include References #5 and #42 to #56. The only site investigation at Lot 18 was performed in 1999
as part of the Waskasoo Creek Escarpment study for the City of Red Deer (Reference #5).
Reference information from the 2007 landslide is limited.

6H.3 GEOTECHNICAL INVESTIGATION AND INSTRUMENTATION

In 1999, five test holes were been drilled at Lot 18 including: one on either side of the failure scarp;
one at the toe and two east of the lot. The borehole locations are shown on Figure 6H-1. Two
slope inclinometers were installed at this site in 1999, but they were destroyed in the 2007
landslide. No instrumentation is currently installed in this area. Further review of the site soil
conditions were observed during reconstruction efforts in 2007/2008.

6H.4 2018 REVIEW
Aerial photography is provided on Figures 6H-4A and 6H-4B, for the following years:

TABLE 6H-1: AERIAL PHOTOGRAPHS

Year Description

1997 Shows the original site condition prior to 1999 landslides

2001 Shows the condition shortly after the 1999 landslide.

2009 Shows the condition two years after the 2007 landslide.

2016 Shows the present Site condition.

Site #6H was visited on November 1 and 7, 2018. A copy of the field inspection record is attached
at the end of this appendix.

Site topographic information was based on the 1999 data from Reference #5 which included
estimated ortho-contours and a complete control survey up the slope below Lot 18 after the first
landslide. City 2016 and 2018 drone ortho-contours were also reviewed. A record of survey control
points and data for this site is appended in Table 6H-4. A reference drawing of survey reference
points is provided on Figure 6H-6.

Photographs were taken during the site visits in 1999 and 2018. Photos of the 2007 landslide were
not available. A list of available photos at this site is appended in Table 6H-5. Selected site
photographs from 1999 and 2018 are provided on Figures 6H-5a to 6H-5d; along with a reference
drawing of all photograph locations which is provided on Figure 6H-7.
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6H.6 BACKGROUND

The site was originally farmland fringed by trees along the top of the river valley slope. The site
was subdivided and a single family residence with a rear walk-out basement was built on the front
portion of the Lot 18 in 1961. Other houses were built on lots to the north and south during the
same period. The patio area was likely a fill bench, as previously described. The west half of the
backyard was believed to be close to original grade.

Slope movements at this area were not documented prior to July 1999, when the backyard
experienced a landslide starting below 877 m about 45 m west of the front property line. The width
of the slide mass was contained within the extended property lines of the lot and the estimated run-
out at the bottom of the slide mass down over the slope stopped about 20 west of the back property
line into the municipal reserve on the lower slope. The two major tension cracks at the back scarp
of the failure dropped a total of about 2.0 m. The 20 m of exposed surface between the scarp and
the slump was very wet with observed saturated soil and pools of water including a possible spring
at the old garden location. A buried water line for the garden and drain pipes from the roof leaders
were also found.

The landslide was assessed to be a shallow landslide in the lacustrine clay above the local till,
caused by usually high groundwater conditions in June 1999. Recommendations were given to re-
grade and landscape the upper failure mass, remove any buried drains or water lines in the
backyard and redirect roof run-off to the front street. The potential for impact to the house on Lot
18 was assessed to be low, but the potential for addition creep of the landslide mass onto City
property was expected. The City of Red Deer installed slope indicators to monitor slope
movements at the rear property line. The owners at the time, undertook some landscaping work,
including installing a timber retaining wall at the back scarp locations and levelling the surface
above and below the wall.

In May 2007, the original landslide site experienced further sliding. The new slope movements
were still confined between the north and south property boundaries for Lot 18, but the new slide
propagated back another 5 to 10 m east from the previous scarp destroying the timber retaining
wall. The backyard dropped another 1 to 2 m at the new scarps and the new slide mass flowed out
over the lower slope driving the old slide material down almost to the toe of the slope. The property
owner undertook major work in the backyard including: slope flattening, terracing using allen block
retaining walls, installation of two gravel shear keys with drains, including a 2 m deep gravel trench
keyed into the top of the till near the rear property line. These drains were de-watered using
several shallow french drain trenches down the slope face to the toe of the slope.

Based on existing information the backyard areas at Lots 17 and 19 have not been significantly
affected by these two landslides. As mentioned, the back yard at Lot 17 has been subject to
significant work including hard surfacing of the area around a new pool. The landscaped yard and
treed slope area to the west of this new development does not show any signs of possible slope
movement.
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6H.5 SUBSURFACE PROFILE

The general soil profile at the borehole locations along the crest area was, in descending order:
topsoill; fill; sand, silt and clay; and clay till. At the toe of the slope near Waskasoo Creek the soil
profile is silty clay overlying the typical river flood plain gravel deposits. The soil profile information
for the slope at Lot 18 is shown on Figure 6H-3. For review of the detailed soil conditions
encountered at the borehole locations in this area, please refer to available site specific reports
referenced in Appendix A. The following is a brief description of the soil types encountered.

1. Topsoil. A thin landscaped topsoil layer was present in the back yard areas.

2. Colluvium. Silty clay slide material is present in the west portion of the back yard and on
the slope face. The colluvium is considered to be about 1 to 2 m thick.

3. Silt, Sand and Clay. Silty lacustrine clay was found below the topsoil to an elevation of
about 870 m which corresponds with the observed upper break in the slope face. This clay
was predominantly low to medium plastic with occasional high plastic layers and moisture
contents ranging from 22 to 35 percent.

4. Sand. A layer of gravelly, sand was found below the lacustrine clay near the slope face at
an elevation 871 m. From the shear key construction this gravel layer was 1 to 2 thick.

5. Till. Till was found below the clay and sand deposits at the slope face at an elevation of
about 870 m. This elevation corresponds with the break between the upper and lower
slopes in the properties to the north and south of Lot 18.

6. Alluvial Clay. Silty clay deposits about 3 m thick were found close to Waskasoo Creek at
the toe of the slope. This clay was medium plastic with moisture contents ranging from 25
to 42 percent.

7. Gravel. Saturated, gravel was found below the alluvial clay close to Waskasoo Creek at
the toe of the slope at an elevation of 851 m. This gravel is below the creek surface.

8. Bedrock. Bedrock was not encountered within the depths drilled at this site. The top of the
formation in the area is expected to be found at elevation 848 to 850 m

9. Groundwater. Springs were observed within 1.5 m of undisturbed grade in the back scarps
in both 1999 and 2007. In the spring of 1999, the groundwater table in the back yard of Lot
18 was within 1.0 m of grade. At the time of drilling in October 1999 and the groundwater
2.5t0 3.5 mbg in the back yard and 4 mbg in the street to the east of the lot. Water was also
found in the gravel layer above the till in 2007.
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For review of the detailed soil conditions encountered at the borehole locations in this area, please
refer to available site specific reports referenced in Appendix A. The following effective strength
parameters were assumed for this site.

TABLE 6H-2: SOIL PARAMETERS FOR STABILITY ANALYSIS

Unit Weight Cohesion, ¢’ Phi’
(kN/m?) (kPa) (Degrees)
Clay 20 0-2 25-28
Clay Till 21 2-5 28-30
Sand and Gravel 215 0 35-40
Bedrock 20 10 40

6H.7 REVIEW OF STABILITY ASSESSMENT

Stability analysis for this site was carried out in 1999 using the GSLOPE computer program for the
slope assessment project (Reference #5). Since the site has experienced another landslide since
that time the analysis has been checked using the SLOPE/W computer program as part of this
review. The following table summarizes the results of the slope stability analysis.

TABLE 6H-3: 2018 SLOPE STABILITY ESTIMATE

Estimated long-term Factor of Safety

Shallow Failure Deep Failure
Lower Slope Below 870 m 11
Rear Property Line 14 15
Rear Wall of House 1.6 1.6
43A Avenue - West Sidewalk 1.7 17

A stability analysis run for the reconstructed slope is provided in Figure 6H-8. As summarized in
1999, this landslide is considered to be a typical upper slope failure of the weak lacustrine clay
above the till. The heavy and prolonged precipitation in June and July 1999, resulted in direct
infiltration of precipitation and an upward seasonal groundwater fluctuation that raised the local
water table in the back yard at this lot resulting in failure. The colluvium on the slope face was
considered to be unstable and prone to possible creep or future sliding. The underlying till slope
was considered to be relatively stable against a larger deep seated failure which would affect the
houses at Lots 17 to 19 or City of Red Deer infrastructure in 47A Avenue.
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The 2007 landslide was considered to be a continuation of the original slide, possibly caused by
groundwater issues from snow-melt or spring precipitation which resulted in significant down-slope
movement of the original side mass on the slope face. This movement would have removed
support for the slide material above elevation 870 m causing the 1999 failure plane to slip and
propagate to a new scarp location further up the slope.

The rehabilitation work in the back yard of Lot 17 after the 2007 landslide was considerable. The
installation of gravel filled trenches including the shear key anchored into the top of the till near the
west property line was notable. This feature was installed to reduce the dependence of the slide
mass in the back yard on support from the colluvium on the lower slope west of the shear ley, since
it was likely the colluvium could continue to creep down slope. The deep drainage trenches in the
back yard and the french drains down slope through the colluvium would provide protection against
seasonal groundwater fluctuations. Overall, the back yard at Lot 18 is considered to be marginally
stable to stable. With the combination of the work done below the shear key including possible
relief from the soil load above the shear key, the stability of the unconsolidated colluvium slope face
has been raised, although down-slope creep and surface cracking is still possible.

6H.8 RISK RANKING
The risk level for this site has been assessed as follows:
PF(5) * CF(8) = 40

A Probability Factor of 5 is considered appropriate since the landslide site has essentially failed to
the predicted extent and the slide mass has been stabilized with extensive sub-drainage, grading
and landscaping. There is a possibility of landsliding on the lots north and south of Lot 18; but no
signs of movement at this time. A Consequence Factor of 8 is considered appropriate since the
expected size of landslide in the upper slope at this site would significantly affect parkland and
private yard areas, as observed by the slide at Lot 18, but the houses are assessed to be stable.

6H.9 RECOMMENDATIONS

The recommended course of action at this site is to undertake periodic visual site inspections of the
slope face and crest area on a five year basis to identify any significant changes, if present. Atissue
would be maintenance of the colluvium surface to minimize safety hazards for hikers on the lower
slope face (e.g. open tension cracks).
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6H.10 ATTACHMENTS

Figure 6H-1 - Site Plan

Figure 6H-2 - 2016 Contour Plan
Figure 6H-3 - Cross Section Profile
Figure 6H-4 - Aerial Photographs
Figure 6H-5 - Site Photographs
Figure 6H-6- Survey Marker Plan
Figure 6H-7 - Photograph Plan
Figure 6H-8 - Stability Analysis Run
Table 6H-4 - List of Survey Markers
Table 6H-5 - List of Photographs
Site Inspection Record (November 1, 2018)
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PHOTOGRAPH 5 (2018): AREA BEHIND LOT 18, LOOKING NORTHWEST
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PHOTOGRAPH 14 (1999): AREA BEHIND LOT 18, LOOKING WEST

PHOTOGRAPH 14 (2018): AREA BEHIND LOT 18, LOOKING WEST
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PHOTOGRAPH 15 (1999): LOT 17 AND 18 BACKYARD, LOOKING EAST

PHOTOGRAPH 15 (2018): LOT 17 AND 18 BACKYARD, LOOKING EAST
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SITE #6H -43A AVENUE NORTH OF 47 STREET

CITY OF RED DEER SLOPE EVALUATION STUDY

TABLE 6H-4 - LIST OF SURVEY MARKERS

NORTHING EASTING ELEVATION NORTHING EASTING ELEVATION
#6H-001  [NW bldg corner 5794277.48 309103.10 880.22
#6H-002  [Rear wall at SI 5794266.28 309084.15 876.69
#6H-003 SW corner SE of put green 5794258.52 309090.40 877.36
#6H-004  [NE deck corner 5794292.07 309110.45 880.69
#6H-005 [NE base of wall 1 5794291.99 309108.03 880.13
#6H-006  [NE base of wall 2 5794293.56 309100.92 878.92
#6H-007 NE corner of min fence 5794296.64 309079.45 875.17
#6H-008  [Top of crest 5794292.01 309063.69 870.63

TABLE 6H-5 - LIST OF PHOTOGRAPHS
APPRO OCA O DIR O O AR ORD
D# PHOTOGRAPH D RIP

NORTHING EASTING PHOTOGRAP 1999 2018
#P6H-002 Lot 18 backyard 5794284 309108 W/NW Y* Y*
#P6H-005 |Area behind Lot 18 5794294 309076 NW Y*
#P6H-014  |Area behind Lot 18 5794290 309062 W Y* Y*
#P6H-015 (Lot 17 and 18 backyard 5794289 309063 E Y* Y*

Notes:
1999 Photographs from Reference #5
* Provided in the report
All measurements in metres
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Site Number #6H

Site Name Grandview H

Legal Land Description -

Address 43A Avenue North of 47 Street

UTM Coordinates -
Slope Indicator

Pneumatic Piezometers
Vibrating Wire Piezometers
Standpipe Piezometers
Date of Last Instrumentation Readings | -

Operational Site Instrumentation

o|o|o|o

Previous Inspection: - - - R

Current Inspection: November 1, 2018 5 8 40
Trevor Allen - PGEO

Mark Brotherton — PGEO

Kyle Perron — City of Red Deer

Alex Thomson — PGEO (November 7, 2018)

Site and Contour Plans

Cross Sections

Photographs

Inspected By:

Report Attachments:

Noticeable
Observations Description & Location Change
Crest Condition Rounded N/A
Slope Movement Leaning trees — Photo 16 N/A
Erosion - N/A
Seepage - N/A
Distress - N/A
Other - N/A
Instrumentation: .
Other Comments:
L]

PGEO Project#: RD06500
Date: October 4, 2018
Page 1 of 2
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- Consideration for annual site visits as required

Recommendations
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SITE #7 - ORIOLE PARK WEST

7.1 SITE DESCRIPTION

Site #7 is the north high bank of the Red Deer River at the second bend of the river downstream
of the Highway 2 Bridge on the west side of the City, as shown on Figure 1 of the main report. The
upland area of above the river bank is a wide park buffer strip between the Oriole Park West
residential subdivision and the crest. The Site Plan is shown on Figure 7-1. A 2016 Contour Plan
is provided on Figure 7-2. A cross-section of the high bank at the centre of the river bend is
provided on Figure 7-3. Aerial photographs showing the site between 1949 and 2016 are provided
on Figures 7-4A and 7-4B. Representative photographs from the site are provided on Figure 7-5A
to 7-5F.

Oriole Park West development started in 2005. The predominant feature to the south of this area
is the outside bank of the river bend around the Heritage Ranch which directs northward river flows
sharply back to the south towards Riverview Park. The park buffer area along the crest is bordered
by Maskepetoon Park to the west and Red Deer Golf & Country Club’s maintenance yards to the
southeast. About 25 residential properties back onto this park buffer strip. These houses are
located on Oak Drive, Overand Place and Oakwood Close. The center of the buffer area has a
rectangular treed park area which was the site of the original farm yard at this property. The crest
area is moderately well treed and is bordered by an asphalt surfaced path. There is 3 to 10 m of
upland buffer area between the crest of the slope and the south side of the path. Site observations
suggest that there has been no in-filling and only minor regrading of an older pre-development
gravel road near the crest of the slope. The crest area is separated from the path by a wooden
fence. In 2008, a 650 m long armored toe berm was constructed along the shoreline to protect the
toe of the slope from erosion and regression.

This high bank of the Red Deer River is about 25 m high with a crest elevation of about 880 m. The
former actively regressing slope face is starting to transition into a series of slope flattening failures
with new vegetation catching on the flatter face areas. The original slope had an estimated
inclination of between 1H:1V to 1.25H:1V; and the upper 4 to 6 m of the slope corresponding to the
depth of lacustrine silty clay soils, ranged from near vertical soil faces to slope angles of about
2H:1V as shown on Figure 7-3. The near vertical areas along the crest are becoming less
prevalent. To the west of the site within Maskepetoon Park, the river valley slope transitions from
a steep, high river bank a shallower mature river valley slope of about 3H to 4H:1V.

7.2 REFERENCES
The references from Appendix B which apply to Site #7 - Oriole Park West include References #3,

#7 and #57 to #60. The main site investigation for the slope was performed in 1995 for the
proposed City of Red Deer expansion of the Oriole Park residential subdivision (Reference #57).

P:\RD6500-RD6550\RD6500 - City of Red Deer - Slope Stability Evaluation GEO\Cat #3 Parkland(GEO
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7.3 GEOTECHNICAL INVESTIGATION AND INSTRUMENTATION

Between October 6 and 13, 1994, 39 boreholes were drilled for the subdivision including three
along the top-of-bank site to depths up to 31.5 m below grade. The nearest borehole locations are
shown on Figure 7-4. No slope inclinometers or instrumentation has been installed at this site.

7.4 2018 REVIEW
Aerial photography is provided on Figures 7-4 for the years listed in the following table. The aerials

show the start of transformation from an active regressing slope face to a transitional upper slope
flattening with a series of noticeable block slides in crest area.

TABLE 7-1: AERIAL PHOTOGRAPHS

Year Description

1949 Shows the channel alignment over 65 years ago.

2006 Shows the original site condition prior to placement of the toe berm.

2010 Shows the condition a couple of years after the placement of the toe berm.
2016 Shows the present Site condition.

The Oriole Park West site was visited on October 30 and November 7, 2018. A copy of the field
inspection record is attached at the end of this appendix.

The reviewed site topographic information included the City’s 2016 ortho-contours and the 2018
drone survey contours. A record of survey control points and data for this site is appended in Table
7-4. A reference drawing of survey reference points is provided on Figure 7-6.

Photographs were taken during the site visits between 2005 and 2018. A list of available photos
at this site is appended in Table 7-5. Selected site photographs from 2005, 2011 and 2018 are
provided on Figures 7-5a to 7-5c¢; along with a reference drawing of all photograph locations which
is provided on Figure 7-7.

7.5 BACKGROUND

Prior to 2005, the site was undeveloped farmland that the City of Red Deer purchased for the
expansion of the Oriole Park subdivision. The original farm development included a gravel road
providing access to Maskepetoon Park and a large farm yard or acreage bordered by lines of trees.
The crest along this river bend had been regressing at relatively even rates over the years with only
a few large landslides including the largest pre-2008 slide about 130 m east of the former acreage
site. That slide was about 20 m wide and the back scarp was located about 10 to 12 m back from
the original crest. This landslide site is evident in aerial photographs going back to 1962. Some
of the large slides in the crest may have be created by concentrated run-off over the crest with one
notable site located near the property line with the RDG&CC maintenance yards.

P:\RD6500-RD6550\RD6500 - City of Red Deer - Slope Stability Evaluation GEO\Cat #3 Parkland(GEO
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As part of the subdivision planning, it was acknowledged that the toe of the slope was a sharp bend
of the river which was exposed to river action and the face of the slope experienced regressive face
instability and small block slides all along the crest. In 2005, the site had just experienced
significant toe erosion as the result of a major flood which was estimated to be more than a 1:100
year event. There at least one small slope failure just above the river surface west of the acreage
site and major scour all along the lower 3 to 4 m of the high bank slope.

In 2005, the City of Red Deer commissioned a review of the 1995 geotechnical report with respect
to potential regression and loss of upland area above the slope (Reference #58). As aresult of that
study, development planning for the new subdivision included provision of a wide set back buffer
to protect new development from the possible long-term impacts of slope failure and flattening
along the high bank. The minium 50 m wide buffer reserve provided included a 25 m wide buffer
or slope set-back and an additional 25 m wide allowance for a proposed linear park and path which
was expected to be north of the area impacted by long-term slope flattening.

The City of Red Deer also commissioned the construction of the armored toe berm as part of the
subdivision project. The toe berm was completed over the 2007/2008 winter. The original gravel
road was converted to the paved park path when the buffer area was landscaped. Since 2009, the
crests of the high bank has stopped regressing uniformly. The upper slope is starting to experience
a series of small block and rotational landslide with colluvium spilling down onto the toe berm, as
observed on the 2011 to 2018 photographs in Figures 7-5A to 7-5F.

7.6 SUBSURFACE PROFILE

The soil profile in the crest area at Oriole Park West was, in descending order: topsoil; silt, sand
and clay; clay till; and bedrock. This soil profile is considered to be typical for northwest Red Deer.
A profile of the soil profile for the slope is shown on Figure 7-3. The following is a brief description
of the soil types encountered.

1. Topsoil. The topsoil was up to 400 mm thick near the crestin 1994. The top-of-bank area
was originally farmland which has been subject to some landscaping.

2. Silt, Sand and Clay. Glacio-lacustrine soils silt, sand and clay were encountered below the
topsoil near the crest to depths of 6 to 7 m. Below 2 m, the moisture contents in these soils
ranged from 22 to 40 percent.

3. Till. Clay and sand till was found below the lacustrine deposits at a typical elevation of
about 877 m near the crest. The predominant till was a silty sandy clay soil which was very
stiff, low to medium plastic and had moisture contents ranging between 8 and 18 percent.

4. Lower Sand and Gravel. A layer of dense sand and gravel was found near the base of the
till about 13 to 18 m below grade. This gravel layer was 1.5 and 4.9 m thick at the two 1994
borehole locations.

P:\RD6500-RD6550\RD6500 - City of Red Deer - Slope Stability Evaluation GEO\Cat #3 Parkland(GEO
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5. Bedrock. Interbedded clay shale and siltstone bedrock was encountered below the crest
at depths of 16 and 18 m which corresponds to elevations of 862 to 864 m. There were
layers of medium to high plastic shale and coal seams, as well as one thin bentonitic layer
at depth , but no evidence of a significant structural weakness was observed in the 1994
cores taken from the site.

6. Groundwater. Groundwater was encountered about 3.5 m below grade about 30 back
from the crest. The groundwater flows from the high area in the centre of the subdivision
towards the river bank to the south. Upward groundwater fluctuations in the order of 0.5 m
are expected on a short-term, seasonal basis during periods of snow melt and heavy or
prolonged precipitation. The groundwater table is expected to drop below the crest area to
provide a hydraulic connection with the river. There was evidence of seepage from springs
in the river valley wall, likely due to exposures of higher permeable sand and gravel seams
in the river bank.

7. River Levels. The normal Red Deer River surface elevation below this site was 858 +1 m.
The 1:100 flood levels are 2.5 to 3 m higher.

For review of the detailed soil conditions encountered at the borehole locations in this area, please
refer to available site specific reports referenced in Appendix B. The following effective strength
parameters were assumed for this site.

TABLE 7-2: SOIL PARAMETERS FOR STABILITY ANALYSIS

Unit Weight Cohesion, ¢’ Phi’
(kN/m?) (kPa) (Degrees)
Sand 20 0 30-32
Clay 20 0-2 25-28
Clay Till 21 2-10 28 -32
Sand and Gravel 215 0 35-40
Bedrock 20 10 40

7.7 REVIEW OF STABILITY ASSESSMENT

The slope below Oriole Park West was stabilized and protected in 2007/2008, so toe regression
has been eliminated and the normal long-term slope flattening process has been ongoing for 10
years. Aerial photo evidence has shown the frequency of localized upper landslides along the crest
for the entire length of this high bank slope has increased significantly from the frequency observed
prior to 2008.

P:\RD6500-RD6550\RD6500 - City of Red Deer - Slope Stability Evaluation GEO\Cat #3
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Stability analysis against landsliding was carried out in 2006 using the GSLOPE computer program
to evaluate the factor of safety for the representative slope profile model. This has been checked
using the SLOPE/W computer program as part of this review. A stability analysis run for the
reconstructed slope is provided in Figure 7-8. The following table summarizes the results of the
slope stability analysis.

TABLE 7-3: 2018 SLOPE STABILITY ESTIMATE

Case FS Figure
Shallow Slope Face Failure in Upper Slope <1 -
25 m From Crest 1.3 Figure 7-8
At Closest Houses ( >50 m from crest) >2.0 -

The current upper slope is considered to have marginal short-term stability, but the long-term
assessment is that the potential for landsliding along the slope face and crest of the high bank is
high. Several new localized failures in the upper slope have occurred since 2008. The FS against
a shallow slump on the slope face or a small landslide in areas of the upper slope between these
which have already failed since 2009 is estimated to be about 1.0. Stability will be slightly higher
in areas that have experienced recent sliding. Wet conditions such as periods of snow-melt and
heavy or prolonged rainfall will be the most likely trigger for slumping and landsliding. For the
representative slope profile under reasonably adverse soil moisture and groundwater conditions,
a point about 25 m back from the current crest is considered to be stable in the long-term. This
would apply to all of the private properties and houses in the area.

Long-term, the high bank slope at this site is expected to flatten back to inclinations of 3.5H:1V or
4H:1V in the upper lacustrine deposits. The till and bedrock exposed in the lower slope might be
subject to minor flattening to about 1.5H:1V to 2H:1V. The 25 m development set back buffer for
Oriole Park West was set based on this long-term assessment.

7.8 DETAILED RISK RANKING
The risk level for this site, based on the AT risk level system, has been assessed as follows:
PF(11) * CF(1) = 11

A Probability Factor of 9 to 11 is considered appropriate since there is ongoing landsliding in the
upper slope along the entire top-of-bank area, with potential for future propagation of failure areas
between recent slides. The potential for futures slides is considered to be moderate to high. A
Consequence Factor of 1 is considered appropriate since the expected size of landslide in the
upper slope at this site might require detouring the current top-of-bank bike path in some areas, but
would have minor consequences in the area due to the park buffer areas and set backs provided
by development plans for the subdivision. Private property and permanent residences are well
protected by development buffers.
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7.9 RECOMMENDATIONS

The recommended course of action at this site is to undertake periodic visual site inspections of the
slope every five years to identify any significant changes, if present. An issue of note would be
safety hazards for park users along the crest due to the high steep slope and unstable ground along
the crest area between the slope and existing fence south of the path.

7.10 ATTACHMENTS

Figure 7-1 - Site Plan

Figure 7-2 - 2016 Contour Plan
Figure 7-3 - Cross Section Profile
Figure 7-4 - Aerial Photographs
Figure 7-5 - Site Photographs
Figure 7-6- Survey Marker Plan
Figure 7-7 - Photograph Plan
Figure 7-8 - Stability Analysis Run
Table 7-4 - List of Survey Markers
Table 7-5 - List of Photographs
Site Inspection Record (October 30, 2018)
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PHOTOGRAPH 2 (2005): NORTH RIVER BANK, TAKEN FROM SOUTH, FACING NORTHWEST

PHOTOGRAPH 2 (2011): NORTH RIVER BANK, TAKEN FROM SOUTH, FACING NORTHWEST
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PHOTOGRAPH 2 (2015): NORTH RIVER BANK, TAKEN FROM SOUTH, FACING NORTHWEST

PHOTOGRAPH 2 (2018): NORTH RIVER BANK, TAKEN FROM SOUTH, FACING NORTHWEST
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PHOTOGRAPH 20 (2005): NORTH RIVER BANK, TAKEN FROM WEST, FACING EAST

PHOTOGRAPH 20 (2011): NORTH RIVER BANK, TAKEN FROM WEST, FACING EAST
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PHOTOGRAPH 20 (2018): NORTH RIVER BANK, TAKEN FROM WEST, FACING EAST
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PHOTOGRAPH 21 (2018): VERTICAL UPPER SLOPE

ALONG THE NORTH RIVER BANK, FACING SOUTHWEST

PHOTOGRAPH 28 (2018): NORTH RIVER BANK, FACING NORTHEAST
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PHOTOGRAPH 30 (2018): NORTH RIVER BANK, FACING NORTHEAST

PHOTOGRAPH 32 (2018): WALKING TRAIL ALONG THE NORTH RIVER BANK,

FACING EAST
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SITE #7 - ORIOLE PARK WEST

CITY OF RED DEER SLOPE EVALUATION STUDY

TABLE 7-4 - LIST OF SURVEY MARKERS

ID# MARKER DESCRIPTION 2018 COMMENY
NORTHING EASTING ELEVATION NORTHING EASTING ELEVATION

#SM7-001 Fence 5795593.32 305488.15 881.48

#SM7-002 Crest 5795564.53 305443.67 881.75

#SM7-003  [Slumpl 5795576.98 305435.87 881.38

#SM7-004  [Slumpl 5795590.48 305421.58 881.42

#SM7-005  [Slump2 5795607.42 305407.62 881.20

#SM7-006  [Slump2 5795635.63 305407.67 881.00

#SM7-007 _ [Slump2 5795628.87 305385.76 879.98

#SM7-008  |Garbage 5795653.10 305397.19 881.13

#SM7-009  [Slump3 5795666.72 305345.72 880.53

#SM7-010  [Slump3 5795668.70 305338.01 881.11

#SM7-011  |Slump4 5795681.27 305316.01 881.21

#SM7-012  |Slump4 5795683.35 305304.64 881.38

#SM7-013  |Garbage 5795714.07 305276.13 881.79

#SM7-014 Crest 5795706.63 305271.57 881.48

#SM7-015  |Garbage 5795753.61 305195.70 881.93

#SM7-016  |Garbage 5795773.21 304990.00 881.42

#SM7-017  |Garbage 5795795.48 304923.46 881.09

#SM7-018  |Garbage 5795716.14 304960.53 881.14

#SM7-019 Crest 5795708.76 304968.17 881.12

#SM7-020  |Rail post top landing south 5795712.36 304947.14 881.25

#SM7-021 Rail post mid landing south 5795704.79 304930.46 876.42

#SM7-022 Crest 5795715.36 304986.03 881.05

TABLE 7-5 - LIST OF PHOTOGRAPHS
ID# PHOTOGRAPH DESCRIPTION APPROX. LOCATION DIRECTION OF YEARS OF RECORD COMMENT
NORTHING EASTING PHOTOGRAPH 2005 2011 2015 2018

#P7-002 North river bank 5795572 305459 NW Y* Y* Y* Y*
#P7-020 North river bank 5795753 305064 E Y* Y* Y*
#P7-021 Slope along the north river bank 5795753 305064 SW Y*
#P7-028 North river bank 5795644 304916 NE Y*
#P7-030 North river bank 5795644 304916 NE Y*
#P7-032 Walking trail along the north river bank 5795789 304947 E Y*

Notes:
2005 Photographs from Reference #58
2011 Photographs from Reference #11
2015 Photographs from Reference #23
* Provided in the report
All measurements in metres
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