ALBERTA TRANSPORTATION AND
ECONOMIC CORRIDORS
GEOHAZARD ASSESSMENT PROGRAM

PEACE REGION (GRANDE PRAIRIE DISTRICT - NORTH) THURBER ENGINEERING LTD,

2024 INSPECTION

Site Number Location Name Hwy km
PHO024 11 km W. Cleardale Clear River East Hill-(Old Site 8) |64:02 24.2-25.5
Legal Description UTM Co-ordinates (NAD 83)
NE27/SE34-84-11-W6 11 N 6244830 E 336445

Date PF CF Total
Previous Inspection: May 31, 2023 9 4 36 (Risk Eros. Scale)
Current Inspection: May 8, 2024 9 4 36 (Risk Eros. Scale)
Road AADT: 560 Year: 2023

Inspected By:

Don Proudfoot, Nicole Wilder (Thurber).
Rocky Wang, Robert Senior (TEC)

Report Attachments

Photographs Plans ] Maintenance Items

Primary Site Issue:

Erosion of the highway south ditch and embankment shoulder
(took place in 2013, 2018, 2019, and again in 2020). It was caused by water
backup/release overtop of the undersized 1200 mm CSP culvert inlet which
had also iced up and was unable to handle all of the flow northwards
beneath the highway from the spring melt. Also, some gabion drop
structure erosion along the north ditch channel.

Dimensions:

South embankment/ditch/channel erosion ~900m long x <7m wide x <2m
deep; North gabion erosion ~50m long x 20m wide x 5m deep.

Date of any remediation:

1979 - North ditch gabion liner at select locations, channel shaping.

2008 - Slide excavation/subdrains/recompaction, erosion repair, drainage
re-routing, 1200 CSP repair/extension, embankment fill and backslope
flattening.

2020 - MC performed culvert maintenance, excavated out the south hwy
embankment & loose ditch erosion material, and lined the south
ditch/embankment with 6-80 gravel along the upper ~7% reach, Class 2
riprap along the middle ~9% reach, and left the lower reach unlined west
of the 760 mm SWSP cross culvert.

Maintenance:

August 2008 - Asphalt overlay. Worsened?
2013, 2018 - Pitrun placed to infill major erosion locations
along the south highway embankment immediately after the
spring flow events.

2016 - WB lane ACP patch adjacent to Slope Inclinometer
08-1.

2017 (Fall) - Chip seal.

2019 — Excavated south ditch erosion and backfilled with

itrun covered by TRM.

Observations:

Description Yes No

Pavement Distress

A 3m long crack observed in the WB shoulder directly below
the creeping north backslope area at the east end of the
site.

Some erosion and undermining of the south (eastbound)
shoulder, with a few cracks and vertical drop off along the
edge of paved shoulder (repaired most recently in 2020).

Slope Movement

Along the toe (~10 m high) of the natural south valley slope
near the 1200 CSP inlet area due to softening from

saturation and rapid drawdown. Also, creep movement in
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the north backslope area at the east end of the site. Also, a
10m wide x 3m high slump in the south ditch backslope.
The ditch along the south highway embankment became
severely eroded from the spring, 2020 and 2019 flows,
incising through the pitrun gravel placed in 2018 and 2019,
which was carried down-gradient and deposited near the
west end of the site (ditch/embankment were repaired in
2020). This erosion extended southwards into the bush due
to the over-flow water along the south ditch.

There was retrogressive slumping around two of the north
ditch gabion drop structures (50 m long, across and
upstream of the 760 mm dia. cross culvert outlet) that were
completely destroyed from previous flood events. Below the
outlet of the 760 mm dia. SWSP (where riprap was added
in 2020), a gully has formed along the west edge of the
riprap and joined the gully around the gabion drop structure.

Erosion

1 m deep scour holes across the north ditch channel exist
(1 about midway between the 760 mm dia. and 810 mm dia.
culvert outlets, and another below the 760 mm outlet).

Rilling outside the guardrail along the north highway
embankment edge over a length of ~100 m, due to excess
sanding gravel build-up (east half was graded in 2020, west
half remains).

From former/existing subdrains in south ditch and Lookout =
slide.

The 1200 mm dia. culvert outlet has a slight oval shape
beneath the settled area located behind the outlet riprap.
The 810 CSP cross-culvert that was % full of sediment was
X Bridge/Culvert Distress  fflushed/cleaned in 2020. Ul
The pitrun covered inlet and outlet areas of the 760 mm dia.
SWSP cross-culvert were flushed/cleaned and the pitrun
removed in 2020.

] Other O O

Instrumentation:

Seepage

Inclinometer SI08-1, last read June 4, 2011 — No discernable movement since the fall of 2009.

Assessment (Refer to Figures PH024-1-1, -2, & -3):

A surge of meltwater occurred during spring thaw in 2013 along the channel leading to the south
embankment near the east end of this site, at the entrance of the 1200 mm dia. CSP culvert that drains
northwards beneath the highway. It was likely joined by highway ditch runoff meltwater further east,
which also drains down along the south embankment and outlets in front of the 1200 mm inlet via the
900 mm dia. SWSP. The volume of water was greater than the culvert could handle (it is also likely that
ice was also restricting the culvert), causing the water to back up overtop the inlet/headwall. It backed
up high enough (10 to 12 m of head) that the water flowed westwards along the toe of the south
embankment, then along the south highway ditch, and finally southwest away from the highway through
the bush (it was documented to have subsided by the next morning). In addition to eroding soil, it eroded
the erosion control soil covers, and some of the buried subdrain that was installed in the south ditch in
2008. This scenario was forecast as part of the 2007 desigh measures, prior to the 2008 construction,
where the culvert was estimated to only handle a 1 in 5-year design flood peak, which would result in a
build-up of water for events greater than 1 in 5 years. Similar occurrences took place during the spring
flow events in 2018, again between April 1 to 3, 2019, and again in 2020. Ice build-up at the inlet of the
CSP culvert was documented by the maintenance contractor LaPrairie as a cause of the 2019 event.
There was no backed up overflow into the south ditch in 2022 to 2024 inclusive (LaPrairie cleared a bit
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of snowl/ice prior to spring break-up 2022). In 2024, ice was build up over the riprap leading to the 1200
CSP, and the outlet end of the 900 mm drop pipe was almost full of ice also (possibly blocked by valley
ice/snow build-up).

The pitrun gravel that was used to fill 2018’s erosion event was eroded and washed downslope, filling
the south ditch near the west end, and water also ran overtop the highway and down the north
embankment at one location. LaPrairie used a backhoe to dig part of the ditch out and swept
the excess pitrun off the road. Similar south ditch erosion occurred in spring, 2020 after the
2019 installation of pitrun with TRM cover. As shown on Drawings PH024-1-2 and -3, the 2020 repairs
involved grading the south embankment with 6-80 gravel, and installing a south ditch liner consisting of:
6-80 gravel over a 130 m upper channel length where the average gradient was ~7 percent; then
installing Class 2 riprap along the center portion of this channel over a 110 m length extending up to the
760 mm SWSP culvert where the gradient was ~9 percent, as shown on Section D-D’; and then left the
lower ditch bottom unlined west of the 760 SWSP (where a modest ditch block was constructed), as
shown on Section C-C’. The 9 percent gradient is likely too steep, and flood surge flows too large, for
the prior ditch liner repair attempts consisting only of 6-80 (pitrun) gravel. with the subsequent Class 2
riprap lining appears to be performing well to date.

The 810 mm diameter culvert had been half full of sediment for several years. This culvert appears to
have been originally installed to bring water from the south ditch across to the north side of the highway
for discharge via the 1.04 m dia. SWSP centreline pipe down into the dissipation pool on the south side
of the highway. It appeared that this pipe had not been allowing flow to the north side either due to lack
of maintenance or after it was purposely blocked. This culvert was cleaned out in
2020, and the inlet was formed with a riprap covered inlet bowl and a downstream ditch block that grades
downwards to the south which would appear to let flood water overflow to the west through the bush if
this culvert backs up flow.

The backed-up water from the flood surges nearer the inlet of the 1200 mm dia. culvert saturated the
native soil along the toe of the natural valley slope and combined with toe erosion from flowing water
and a likely sudden drawdown scenario, caused toe slumping of the natural tree covered slope. This has
gotten worse the last few years but is not currently affecting the functionality of the site, although some
slide debris was observed beyond the toe of the slope in recent years.

On the north side of the highway, the 1200 mm dia. CSP flowing full was also likely combined with runoff
from the area/slopes to the north, which caused damage to two of the steeper sloping gabion lined
channel sections further west and created a scour hole in the channel further west of this. The channel
was overgrown with willows which reduced the flow capacity causing water to flow around and erode the
sides of the gabion structure, and is creating a wetland adjacent to the channel (Photo 13). Conversely,
the willows at some locations may provide some protection against lateral bank erosion. In the 2013
event, there was also an erosion scour around the outlet of the 760 mm dia. SWSP in the north ditch,
resulting from runoff originating from the south ditch flowing beneath the highway, which may have also
contributed to the large erosion feature around the gabions immediately west (downslope) of this outlet.
Both the inlet and outlet of this pipe were covered with pitrun in 2019, but this culvert was flushed/cleaned
in 2020. A runoff gully has since formed beyond this culvert outlet and joined the gully that exists around
the channel gabion.

In 2023 it was also indicated by TEC that it is planned to bore another cross-culvert across the hwy
(between the existing 1200 mm CSP culvert inlet and the present gravel lined south ditch), and then line
the remaining segment with riprap west of this up to the current Class 2 riprap liner, to help pass more
spring flood surge flows from the south ditch over to the north side of the hwy. However, this had not
been done yet as of the 2024 inspection.

Recommendations: Cost

Maintenance:

The highway side of the south ditch erosion was backfilled with pitrun gravel in 2013 (~400 m3), in 2018,
in 2019, and again in 2020 as emergency measures to re-establish the eroded/undermined highway
embankment. Additional gravel should be placed as required against the edge of asphalt to buttress the
pavement and maintain hazard-free traffic safety.
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The 1200 mm dia. CSP inlet should be inspected and steamed each spring (if required) to remove ice
build-up with a backhoe and establish unrestricted flow. We recommend that this late winter/early spring
check and steaming be formally added to the maintenance contractor’'s annual maintenance work
requirements (as was done in 2022, which may have prevented an overflow). $5,000 annually

Some of the rilling erosion near the north hwy embankment guardrail had been graded/smoothened.
Repair the remaining rill erosion outside the north edge of the guardrail and along the edge of the eroded
ACP north shoulder (Photo 10), by first grading the existing surface, then adding/track-packing/shaping
with a few loads of gravel infill, and then covering with topsoil and TRM. $5,000

Grade/shape the downstream banks of the ditch blocks at the inlets of the 760mm SWSP and the 810mm
CSP, and then add some Class 2 riprap over non-woven geotextile to induce more flow into these
culverts. $5,000

The heavy willow growth in the areas where the gabion drop structures were eroded by high flows seem
to be gradually reaching a level of equilibrium with the flows in the tributary channel by providing a natural
liner against lateral erosion of the channel. A few more years of monitoring are recommended to assess
whether further remedial measures are required at these locations.

Clean out future slide toe debris accumulations from in front of the 1200 culvert inlet area, and along the
south ditch, if required.

The 75 m long erosion channel and scour bowl along the south edge of the overflow area where it
approaches the south hwy ditch will likely become worse during the next culvert back-up and south ditch
overflow scenario. This gully should be cleaned of loose debris, and backfilled with clay in thin lifts
compacted to 95% of SPMDD.

Short Term:

The main 1200 mm dia. CSP should be inspected with a camera inserted along the pipe to see if it is
restricted or damaged in any way, or if the joints are compromised, which could lead to water leaking out
and creating erosion around the outside of the pipe. To prevent future icing of the culvert inlet, perhaps
a permanent heat system consisting of heat wires inside small metal tubing attached to the inside of the
culvert inlet over a 10 m length and powered by a solar cell mounted on a post with a battery backup
could be employed. The post/assembly would have to be high enough to be above the flood level in
order to be effective to ice build-up however.

$100,000

As a minimum, the ~330 m long segment of the currently unlined south ditch bottom extending west of
the riprap lined segment up to the 810 CSP culvert, should be topsoiled, seeded, and covered with TRM.
$15,000

The erosion gully between the outlet of the recently opened 760 mm diameter SWSP and north channel
(Photo 14) should be repaired by grading a trapezoidal channel and lining it with Class 1 riprap over non-
woven geotextile.

Ballpark Cost $25,000

Medium Term:
Future erosion along the toe of the south highway embankment and ditch is still a potential threat to the
highway and although some repairs were performed in 2020, supplementary repairs might still be
needed. A Class 2 riprap south ditch bottom segment ~110 m long was installed in 2020, but a hard
armour liner (such as riprap or gabion mattress) should extend over the entire ditch that has a ~9 %
gradient (to the 810 CSP inlet at the west end) and may also need to be extended further east over the
present 130 m long ~7% gravelled ditch segment (also installed in 2020).

Ballpark Cost $400,000

The 150 m length of the south ditch away from the highway in the bush near the west end, should also
be repaired. Even if the now cleaned and flushed 810 mm and 760 mm diameter centreline culverts (and
a proposed new centerline bore, discussed below) take some flow to the north and then through the 1.04
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SWSP beneath the hwy, there may still be some flow extending down the south bank through this eroded
area. A more durable fix for this section would be to a) infill the eroded areas with clay compacted in thin
lifts using a sheepsfoot compactor, grading the surface and then covering it with gabion mattress all the
way down to the stilling pool.

Ballpark Cost $200,000
Or alternatively,

b) A cheaper stop gap approach for the 150 m length away from the highway would be to fill the eroded
areas with Class 1 riprap placed over non-woven geotextile in the upper slope area and construct a
riprap lined drop structure on the lower 20° slope above the 1040 mm SWSP outlet (1.9 m headscarp
area) to dissipate flows upslope of the stilling basin.

Ballpark Cost $100,000

Long Term
As mentioned in the assessment section of this report, TEC is planning to bore another cross-culvert
across the hwy (somewhere between the existing 1200 mm CSP culvert inlet and the present gravel
lined south ditch), and then line the remaining segment with riprap west of this up to the current Class 2
riprap liner, to help pass more spring flood surge flows from the south ditch over to the north side of the
hwy (assumed 200 m long x <10 m deep). If this longer term repair is completed it would replace some
of the medium term work.

Ballpark Cost $750,000

CLOSURE

It is a condition of this letter report that Thurber’s performance of its professional services will be subject
to the attached Statement of Limitations and Conditions.

Don Proudfoot, P.Eng.
Principal | Senior Geotechnical Engineer

PERMIT TO PRACTICE

THURBEZ@;\GINEERI LTD.
RM SIGNATURE: f -
51674

DATE: September 26, 2024

PERMIT NUMBER: P005186

The Association of Professional Engineers and
September 24, 2024 Geoscientists of Alberta (APEGA)

RMAPEGA ID #:

Barry Meays, P.Eng.
Senior Geotechnical Engineer
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[
THURBER
STATEMENT OF LIMITATIONS AND CONDITIONS

1. STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction.
No other warranty, expressed or implied, is intended or made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein,
all of which together constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE
TOTHEWHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically
requested by the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER'S WRITTEN CONSENT AND SUCH
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber's express written permission.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of
investigations made for the purposes of the Report.

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations,
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions.

c) Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report's recommendations and the
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts.

d) Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance,
in accordance with the requirements of many regulatory authorities.

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services.

7. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurber's interpretation of conditions revealed through limited investigation
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land.

HKH/LG_Dec 2014
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g the south ditch at the dltch block and inlet of th 810 CSP on the
south side of the hwy embankment.
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Photo 2 - Looking west along the unlined south highway ditch from the inlet of the
760 mm dia. SWSP.
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Photo 3 — Looking east from near the ditch block along the riprapped south ditch channel from
just upslope of the inlet of the 760 mm dia. SWSP.

Photo 4 — Looking west along the south ditch chnnel and hwy embanment that was lined with
6-80 gravel.
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Photo 5 — Lokin WS t the eroio that formd in 2020 Iong the boundary of the south
embankment fill and the bush line.

Photo 6 - Lokin northwest at the 1200 CSP inlet headwall. Note the ice buila-up in the
channel in front of the culvert.
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Photo 7 — Looking north at the 900 SWSP outlet and gabion outlet structure. There was
significant ice inside this pipe this year.
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Photo 8 — Looking south at the valley slope slumping above the 1200 culvert inlet and gabion
outlet area, caused by rapid drawdown of built-up floodwater.
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Photo 10 — Loking east at the rilling adjacent to the north guardil (just wt of the repaired
rilling on the north embankment).
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Photo 11 - Looking southwest at the 1040 SWP inlet, at thewst end of the north ditch
channel.

AL

Photo 12 - Looking west (downstream) along the north ditch channel upstream of the
810 CSP outlet. Note the gabions are still intact here.
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Photo 13 — Looking east (uptrem) Iong the north ditch chneI (downtream f he 760
SWSP outlet), at the area where flow has bypassed the sediment-filled channel and is creating
a wetland south of the channel.
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Photo 14 - Looking southeast at the 760 mm SWSP outlet. Note the fresh erosion and
associated slumping inside the channel.
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Photo 16 - Looking west at the erosion in the north ditch channel at the completely eroded
gabion liner between the 760 SWSP and 1200 CSP outlets.
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Photo 17 - Looking east at the 1200 CSP outlet area in tnort channel. Note the
damaged gabions.

the riprap.
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