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September 12, 2022 

Alberta Transportation 
4th Floor, Provincial Building 
4920 51 Street 
Red Deer, Alberta 
T4N 6K8 
 
Tony Penney, P.Eng. 
Construction Engineer 
 
Dear Mr. Penney: 
 
CON0022160 Central Region GRMP Instrumentation Monitoring 
Site C074; H27:10, km 23.976 Red Deer River Bridge 
Section C – 2022 Spring Readings 

1 GENERAL 

Four slope inclinometers (SIs) (SI18-01, SI-P01, SI-P06, and SI-P11), four vibrating wire piezometers 
(VWPs) (P1 through P4), and two vibrating-wire settlement plates (settlement plates) (P5 and P6) 
were read at the C074 by Mr. James Lyons, P.Eng. and Mr. Guerin White, E.I.T. Klohn Crippen Berger 
Ltd. (KCB) on June 27, 2022. These instruments were read as part of the Central Region Geohazard 
Risk Management Program (GRMP). As requested by Alberta Transportation (AT), these will be the 
last readings completed by KCB as part of the Central Region GRMP, unless AT requests additional 
readings. The site is located 11 km west of Morrin, Alberta, at the Red Deer River crossing. The 
approximate site coordinates are 5723858 N, 368302 E (UTM Zone 12, NAD 83) and the legal land 
description for the site is SW 15-31-21-W4M.  

Between October 2017 and January 2018, a cast-in-place concrete pile wall approximately 24 m deep 
and 38 m long was installed at the site, consisting of fifteen (15) 1.8-m-diameter cast-in-place 
concrete piles, as depicted in Figure 1. The pile wall was constructed as part of the Red Deer River 
Bridge replacement project to stabilize the east abutment, where a weak-bentonite layer was 
identified at an approximate depth of 14 m below ground surface during construction of the new 
bridge. The new bridge was constructed prior to KCB taking over instrument readings at the site in 
May 2019 and the old bridge was removed between September 2019 and May 2020.  

The original design report for the cast-in-place pile wall has not been provided to KCB. The designer 
should review the data in this report to assess if the pile wall is performing as expected.  
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1.1 Instrumentation  

Instrumentation installation details are tabulated in Table 1.1. Instrument locations are shown in 
Figure 1.  

As part of the Red Deer River Bridge replacement project, the following instrumentation was 
installed: 

 One SI (SI18-01) in the east abutment, northeast of the pile wall, to monitor lateral movement 
of the north side slope of the east abutment during construction;  

 Three SIs (SI-P01, SI-P06, and SI-P11) in the pile wall to monitor movement at depth in the 
bentonite and clay-shale bedrock during construction; and  

 Four VWPs (P1 through P4) and two settlement plates (P5 and P6) in the east abutment fill, 
east of the pile wall, to monitor groundwater conditions and settlement, respectively, during 
and after construction. 

The SIs installed in the pile wall were secured to the inside of the rebar cages before the piles were 
filled with concrete, then raised through the fill placed above the pile wall. All the SIs are protected 
by above-ground casing protectors. Due to fill placement between September 2019 and September 
2020 the top of the casing protectors are now near ground surface. The readout cables for the VWPs 
and settlement plates are trenched to a datalogger located on the east abutment, northwest of the 
pile wall.  

At AT’s request, KCB took over the SI readings at the site in May 2019 as part of the Central Region 
GRMP (Section C) instrument readings. KCB did not take over the VWP or settlement plate readings 
until June 2021.  

The SIs were read using the same metric RST Digital MEMS Inclinometer System that has been used 
to the read the SIs since they were re-initialized in June 2019, when KCB took over the readings and 
the SI equipment was changed.  

The VWPs and settlement plates were read manually using an RST VW2106 vibrating wire readout. 
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Table 1.1 Instrumentation Installation Details 

Instrument 
ID 

Instrument 
Type 

Date 
Installed 

UTM Coordinates1 
(m) 

Ground 
Surface 

Elevation2 
(m) 

Stick 
Up (m) 

Depth 
(mbgs2) 

Casing 
Bottom/Tip 

Elevation 
(m) 

Condition 
Easting Northing 

SI18-1 SI 2018 368336 5724002 694.5 0.9 24.0 671.9 Operational 
SI-P01 SI 2018 368348 5723956 691.5 0.1 25.5 665.5 Operational 
SI-P06 SI 2018 368339 5723965 691.5 0.0 22.0 669.3 Operational 
SI-P11 SI 2018 368339 5723962 691.5 0.1 24.0 666.5 Operational 

P1 VWP 2018 Unknown Unknown 692.0 N/A 10.0 682.0 Operational 
P2 VWP 2018 Unknown Unknown 692.0 N/A 15.8 676.2 Operational 
P3 VWP 2018 Unknown Unknown 692.3 N/A 13.2 679.1 Operational 
P4 VWP 2018 Unknown Unknown 692.3 N/A 8.2 684.1 Operational 

P5 Settlement 
Plate 2018 Unknown Unknown 691.4 N/A N/A N/A Operational 

P6 Settlement 
Plate 2018 Unknown Unknown 691.8 N/A N/A N/A Operational 

Notes:  
1 Coordinates provided by previous consultant. 
2 Ground surface calculated based on depth of SI casing, bottom elevation (provided by the previous consultant), and the 
measured stick up. KCB estimated the ground surface elevations of the pile-wall SIs (SI-P01, SI-P06, and SI-P11) by 
refencing the elevation marking on the concrete bridge support. However, the instruments should be surveyed due to fill 
placement. 
3 Meters below ground surface (mbgs). Bottom reading depth and tip elevation.  

2 INTERPRETATION 

2.1 General 

For the SIs, the cumulative displacement, incremental displacement, and displacement time data was 
plotted in the A-direction (i.e., the direction of the A0-grooves) and in the X-direction (i.e., the 
direction of maximum movement obtained at a skew angle from the A0-grooves). The SIs have skew 
angles varying between 310° and 350 measured clockwise from the direction of the A0-grooves. The 
A0-grooves in SI-P01, SI-P06, and SI-P11 are aligned approximately in the downslope direction, 
towards the Red Deer River. For SI18-01, the A0-grooves are aligned approximately parallel to the 
river to monitor lateral movement of the north side slope of the east abutment. 

For the operational VWPs, the recorded porewater pressures were converted to an equivalent 
water/piezometric elevation and plotted relative to ground surface elevation and each instruments 
tip elevation.  

For the operational settlement plates, the recorded pressures were converted to an amount of 
settlement and the differential settlement was plotted relative to ground surface elevation and each 
instruments installation elevation.  

The SI, VWP, and settlement plate plots are included in Appendix I, and a summary of the SI data is 
provided in Table 2.1. Note that the reference elevations and stick-ups for the SI data plots need to 
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be confirmed by an as-built survey due to fill placement since KCB began reading the instruments in 
May 2019. KCB estimated the ground surface elevations of the pile-wall SIs (SI-P01, SI-P06, and SI-
P11) by refencing the elevation marking on the concrete bridge support. However, the instruments 
should be surveyed. The SI data plots presented herein only include data for readings taken with 
KCB’s equipment. 

The data logger recording data for the VWPs and settlement plates stopped recording data in early-
April 2019. An ice jam occurred in the Red Deer River near the bridge location, resulting in an 
increased water level that submerged the data logger damaging it (e-mail from the design consultant 
in May 2019). The contractor did not repair the data logger after the flood event and after 
construction was completed the solar panel powering the data logger was removed. Since September 
2021, KCB has read these instruments manually. 

2.2 Zones of Movement 

East Abutment Fill 

A description of the movement recorded in SI18-01 includes: 

 distributed movement from ground surface to an approximate depth of 4 m below ground 
surface (mbgs) in the abutment fill; 

 lateral spreading of the sand and gravel foundation at an approximate depth of 8 mbgs (which 
may be contributing to movement in the abutment fill); and 

 discrete movement at an approximate depth of 21 mbgs below the contact between the 
bentonite layer and underlying clay-shale bedrock. 

East Abutment Pile Wall 

A description of the movement recorded in the SIs installed in the pile wall (SI-P01, SI-P06, and 
SI-P11) includes: 

 distributed movement within the fill above the pile wall to an approximate depth of 2.0 mbgs 
to 4.5 mbgs; and  

 distributed movement along the depth of the pile wall to an approximate depth of 21.0 mbgs. 
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Table 2.1 Slope Inclinometer Reading Summary 

Instrument 
ID 

Date 
Ground 
Surface 

Elevation (m) 

Depth of 
Movement 

(mbgs1) 

Direction of 
Movement, Skew 

Angle 

Movement (mm) Rate of Movement (mm/year) 

Initialized 
(Re-initialized) 

Previous Maximum 
Cumulative 
Movement 
Recorded 

Previous 
Reading 

Most Recent 
Reading 

Maximum Cumulative Incremental Since 
Previous 

Maximum 
Cumulative 

Previous 
Maximum 

Most 
Recent 

Reading 

Change from 
Previous 
Reading 

Before  
Re-Initialization4 

After  
Re-Initialization Total 

SI18-01 May 29, 2018 
(Jun. 17, 2019)2 Jun. 14, 2021 Jun. 14, 2021 Jun. 27, 2022 694.5 

4.0 
X-Direction, 310° 

 

Unknown5 82.8 Unknown 14.3 136.5 13.9 4.7 
8.0 7.1  2.8 9.9 0.9 67.6 0.9 0.2 

21.0 9.6  2.3  11.9 0.4 150.7 0.4 0.2 

SI-P01 May 30, 2018 
(Jun. 17, 2019)2 Jun. 14, 2021 Jun. 14, 2021 Jun. 27, 2022 689.9 2.5 – 24.5  X-Direction, 335° 16.3 6.5 22.8 -0.5 138.4  -0.5 -2.8 

SI-P06 
Jun. 12, 2018 

(Jun. 17, 2019)2 

(Sep. 1, 2020)3 
Jun. 14, 2021 Jun. 14, 2021 Jun. 27, 2022 690.3 4.5 – 21.0 X-Direction, 335° 

26.5 (1st re-
initialization)2 

0.0 (2nd re-
initialization)3 

2.83 29.3 -0.5 128.3 -0.7 -2.0 

SI-P11 May 30, 2018 
(Jun. 17, 2019)2 Sep. 1, 2020 Jun. 14, 2021 Jun. 27, 2022 690.4 4.2 – 23.2 X-Direction 17.1 1.7 18.8 1.0 228.9 0.9 2.9 

Notes: 
1 Meters below ground surface (mbgs). 
2 Skew angle of X-direction measured clockwise from the A-direction.   
3 All SIs were re-initialized in June 2019 when KCB took over the readings and the SI equipment was changed. 
3 SI-P06 was re-initialized for a second time in September 2020 because the instrument was damaged between the September 2019 and June 2020 readings, and the top of the casing was cut off (not by KCB) between the June and September 2020 readings.  
4 The total maximum cumulative movement recorded does not include any movement that occurred between January 2019 (the last reading obtained by the previous consultant) and June 2019 (the first reading obtained by the KCB). 
5 SI casing was raised during fill placement which resulted in 177 mm of negative displacement being recorded in SI18-01 before KCB took over readings. The actual displacement amount is unknown.   
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2.3 Interpretation of Monitoring Results 

2.3.1 Vibrating Wire Piezometers in East Abutment Foundation 

Between early-June 2018 to late-July 2018, the equivalent water levels recorded in three of the VWPs 
(P2 through P4) steadily increased approximately 2.0 m to 4.5 m in response to fill placement on the 
east abutment. Whereas water levels recorded in P1, which was installed in the clay shale unit 
beneath the north side slope of the east abutment, remained relatively steady. After fill placement 
was complete, water levels slowly decreased, except for slight increases (less than 1 m) recorded in 
late-2018 likely in response to pile wall installation and another increase recorded in late-March 2019 
likely in response to the flood event caused by ice jamming in the Red Deer River. This flood event 
also damaged the data logger, so no further readings were taken of the VWPs until September 2021 
when KCB started reading the instruments manually.  

The first reading obtained by KCB in September 2021, indicated water levels recorded in P1, P3, and 
P4 had decreased 2.7 m to 5.9 m below peak water levels recorded during fill placement in 2018. 
Whereas the water level recorded in P2 was similar to the peak water level recorded during fill 
placement (approximately decrease of 0.5 m). 

Data obtained in June 2022 reading, indicates water levels recorded in P1 and P4 (both installed in 
the shallow clay shale unit) increased approximately 1.6 m to 1.1 m since September 2021, 
respectively. Whereas water levels recorded in P2 and P3 (installed in the weak bentonite unit and 
deeper sandstone unit, respectively) increased approximately 0.6 m and 0.4 m, respectively. It is 
likely that the elevated water levels recorded in these instruments in June 2022 were due to recent 
wet weather (i.e., higher-than-average precipitation) in June 2022. The previous period of wet 
weather occurred in 2020 and no readings are available for this period for comparison.  

2.3.2 Settlement Plates at Base of East Abutment Fill 

Between early-June 2018 and late-October 2018, a steady rate of settlement was recorded in the 
settlement plates (P5 and P6) in response to fill placement on the east abutment. By late-October 
2018, approximately 90 mm and 180 mm of settlement had been recorded in P5 and P6, respectively. 
P5 and P6 are located beneath the north side slope and crest of the east abutment, respectively.  

Between late-October and December 2018 when the pile-wall was installed, slight heaving 
(approximately 20 mm) was recorded in P6 followed by 20 mm of settlement before the data logger 
became inoperable in April 2019. During this same period settlement recorded in P5 remained 
relatively steady.  

 Between September 2021 and June 2022 approximately 260 mm of settlement was recorded in P5 
and P6, which is greater than the amount of settlement (90 mm and 180 mm, respectively) recorded 
during and immediately following fill placement on the east abutment.  No additional fill has been 
placed on the east abutment since construction activities ceased in September 2020. Without further 
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readings it is difficult to assess if the latest reading is a result of instrument noise or the instruments 
malfunctioning.  

2.3.3 Slope Inclinometers 

East Abutment Fill 

The maximum rate of movement recorded in SI18-01 was 67.6 mm/year and 150.7 mm/year at an 
approximate depth of 8 mbgs and 21 mbgs, respectively. These maximum rates of movement were 
recorded on July 18 and August 1, 2018 respectively, during fill placement on the east abutment. The 
rate of movement has since decreased and is now less than 1 mm/year. 

Overall, the slow (attenuating) rate of movement recorded in SI18-01 indicates the east abutment is 
performing well. However, KCB does not have documentation of the expectations of the designers to 
compare to the abutment behavior. The design engineer for the abutment should review the data in 
this report to assess if the pile wall is performing adequately. 

East Abutment Pile Wall 

Prior to the pile-wall SIs being re-initialized in June 2019, movement recorded in these instruments 
was occurring in the fill above the pile wall. The movement was likely due to disturbance of the SI 
casing during construction, as advised by Thurber via e-mail:  

May 5, 2019 e-mail: 

“Ignore the upper portions of the movements, the tops of the SI casings have been disturbed 
several times due to the fact that the top elevation of the piles are several meters (~3 m) 
below ground surface” 

June 6, 2019 e-mail: 

“The pile tops terminate about 3 m below grade, so there is SI casing extending through a mix 
of native and fill material from the cut off of the pile to surface. This is why you see the big 
movements in the upper portions of the SI. We had some disturbance to these zones and 
replaced the tops a few times between the completion of the piles and the general grading of 
the surface above. All 3 of these have their A+ azimuth pointing towards the river (i.e., 
downslope from the head slope).” 

Since the pile-walls SIs were re-initialized in June 2019, they continued to record movement in the fill 
above the pile wall. Since September 2020, the movement appears to have attenuated (currently less 
than 1 mm/year) . However, a higher rate of movement (up to approximately 12 mm/year) was 
recorded between June 2019 and September 2020  likely due to disturbance during ongoing 
construction, including: 

 riprap placement around the pile-wall SIs in early to mid-2019; 
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 fill placement (approximately 1 m) around the pile-wall SIs and removal of the old bridge 
between the September 2019 and June 2020 readings; and  

 fill placement (approximately 0.15 m to 0.30 m) around the pile-wall SIs between the June and 
September 2020 readings.  

It also noted that the casing for SI-P11 was extended and then repaired by KCB in June 2019, and the 
casing for SI-P06 was damaged between the September 2019 and June 2020 readings, then cut off 
(not by KCB) between the June and September 2020 readings.  

The data obtained from the pile-wall SIs indicates the top of the pile wall deflected approximately 
16 mm to 26 mm between June 2018 (installation) and January 2019 (the last reading obtained by the 
previous consultant), and up to approximately 6 mm since June 2019 (the first reading obtained by 
the KCB). Most of the deflection occurred between June 2018 and August 2018 when (or just after) 
fill was being placed on the east abutment.  

The maximum rate of movement recorded in the X-direction of the pile-wall SIs was between 
approximately 128 mm/year and 229 mm/year. This maximum rate of movement was recorded 
between July and August 2018 during fill placement on the east abutment. The rate of movement has 
since decreased and is now less than 1 mm/year. Additional displacement of the pile wall may occur 
in response to periods of heavy or prolonged rainfall, resulting in higher groundwater conditions  or 
river levels. 

Since distributed movement is being recorded in SI-P01, SI-P06, and SI-P11 to the bottom of the SI 
casing and the depth to the design failure surface is unknown, KCB cannot conclude if the pile wall 
has intercepted the failure surface and whether loads are being transferred to depths below the 
failure surface as the piles stabilize the sliding mass.  

The design engineer for the pile wall should review the data in this report to assess if the pile wall is 
performing adequately.  
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3 RECOMMENDATIONS 

3.1 Future Work 

As requested by AT, these will be the last readings completed by KCB as part of the Central Region 
GRMP, unless AT requests additional readings. 

3.2 Instrument Repairs and Maintenance 

No instrument repairs or maintenance is required. However, the above-ground casing protector caps 
were damaged and removed between the June 2021 and June 2022 readings (KCB suspects they were 
damaged from vandalism) (Photo 1). The SI caps are still in place on the casing within the casing 
protectors. Since the casing protectors are damaged, this could lead to future damage of the SIs. 

Photo 1 The casing protector cap at SI-P06 was completely removed between the June 2021 
and June 2022 readings. Photo taken June 27, 2022. 
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4 CLOSING 

This report is an instrument of service of Klohn Crippen Berger (KCB). The report has been prepared 
for the exclusive use of Alberta Transportation (Client) for the specific application to the Central 
Region Geohazard Risk Management Program (Contract No. CON0022160), and it may not be relied 
upon by any other party without KCB's written consent. 

KCB has prepared this report in a manner consistent with the level of care, skill and diligence 
ordinarily provided by members of the same profession for projects of a similar nature at the time 
and place the services were rendered. KCB makes no warranty, express or implied. 

Use of or reliance upon this instrument of service by the Client is subject to the following conditions: 

1. The report is to be read in full, with sections or parts of the report relied upon in the context 
of the whole report. 

2. The observations, findings and conclusions in this report are based on observed factual data 
and conditions that existed at the time of the work and should not be relied upon to precisely 
represent conditions at any other time. 

3. The report is based on information provided to KCB by the Client or by other parties on behalf 
of the client (Client-supplied information). KCB has not verified the correctness or accuracy of 
such information and makes no representations regarding its correctness or accuracy. KCB 
shall not be responsible to the Client for the consequences of any error or omission contained 
in Client-supplied information. 

4. KCB should be consulted regarding the interpretation or application of the findings and 
recommendations in the report. 

5. This report is electronically signed and sealed and its electronic form is considered the 
original. A printed version of the original can be relied upon as a true copy when supplied by 
the author or when printed from its original electronic file. 
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Please contact the undersigned if you have any questions or comments regarding this report. 

Yours truly, 

KLOHN CRIPPEN BERGER LTD. 
 
 
 
 
 
 
 
 
 
 
 
 
Chris Gräpel, M.Eng., P.Eng.   James Lyons, P.Eng. 
Senior Civil Engineer, Associate    Civil Engineer 

JL:bb 
 
 
 
 
ATTACHMENTS 
Figure 
Appendix I Instrumentation Plots 
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APPENDIX I 
Instrumentation Plots 
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