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EXECUTIVE SUMMARY

EBA, A Tetra Tech Company (EBA) was contacted on April 14, 2010, by Doug Ritchie, Program Director of

Ecology North, to provide a proposal to assist in developing climate change adaptations for the Charter

Community of Tsiigehtchic, NT. In general accordance with EBA’s proposal of June 18, 2010, this report has

been prepared as one of the deliverables of the project: to evaluate stabilization options for Church Hill

(Adaptation 25).

The current study was to examine the stability of the hillslope and the potential consequences for the

church and cemetery should further slope failures occur. Potential remediation options were to be

identified along with cost estimates.

The following tasks are documented in this report:

 Reviewed site-specific information, including historical photos, past reports, aerial photos, information

on soil/rock stratigraphy, as-built records or prior assessments on/at Church Hill.

 Conducted preliminary ground-truthing.

 Determined the possible/probable mechanisms of slope failure on Church Hill.

 Evaluated hazards and consequences on a qualitative basis.

 Provided possible solutions with Broad Cost Projections.

An important part of the information review included the analysis of a series of aerial photographs dated

from 1965 through 2007. We were able to document numerous slope failures, some apparently dormant

and some active, on several slopes at Church Hill, and our field observations confirmed the air photo

information. Based on our visual assessment, EBA could define which slopes and associated slope failures

should be considered “hazards” in relation to the structures and other features on Church Hill that the

community wants to protect. EBA then determined what the consequences of slope failures of different

sizes would be, that is, what the effect would be on the element at risk if a slope failure were to happen.

Then, using a simple risk analysis, EBA determined which elements were most at risk. This qualitative

slope stability evaluation resulted in the following conclusions:

 All the slopes on Church Hill, to the northeast, the west, and southwest, are defined as hazards; that is,

they are prone to slope instabilities that potentially could affect the structures and other features

present on the hill, including the churches and the cemetery.

 The likelihood of a landslide reaching the cemetery and the old church is high, while the likelihood of a

landslide reaching the new church is moderate.

 The consequence of a landslide reaching either the churches or the cemetery is high; that is, if a

landslide did reach any of these elements, there could be property damage or loss, or human injury or

loss.

 The overall risk, which is a combination of likelihood and consequence, is therefore, high to very high.

Most at risk are the cemetery and the old church.
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To mitigate the assessed risk of failure, there are a few options, including to:

 Avoid the unstable or landslide-prone terrain by moving elements at risk;

 Reduce landslides by designing measures or operating procedures to reduce the probability of

landslide occurrence; and/or

 Protect elements at risk by implementing measures to reduce the consequence of a potential landslide.

EBA, with the assistance of Dowland Contracting Ltd., reviewed several options of each type, and made

Broad Cost Projections for each option, as defined by Public Works and Government Services Canada.

Some options are relatively inexpensive, and are well-suited for community participation during

construction. Such options include moving the commemorative sign, protecting the slope by filling in

tension cracks, installing soil stabilization mats and establishing natural ground cover, and installing wood

chips. However, these options may not be sufficient in the long-term, either to improve slope stability or to

protect the elements at risk. There are other more expensive and more technically-difficult options as well,

and some of these may be better for long-term success.

However, there is not enough information at present to decide which options would be best for the site and

for the community, whether they are inexpensive or expensive options. The community needs to review

the options, decide which options are the most reasonable for their budget and for what they want to

accomplish, and then get more details about design and costs of each option. Many options may need more

field investigation first to determine if they will work over the long-term. Learning more about the

geotechnical and permafrost conditions will help to support the necessary detailed slope stability and

thermal analyses. As well, a topographic/LIDAR survey will help to create a detailed baseline to track

future movements, and if a design is installed to help prevent movements, follow-up surveys will help to

determine if the design is working as intended. EBA recommends that these items be incorporated into

future phases of the project.

Because the cemetery and especially the graves nearest the west edge of the cemetery appear to be at the

greatest immediate risk, we recommend that options related to the cemetery be considered first. Since

low-cost options will not necessarily prevent slope failure, we further recommend that serious

consideration be given to moving the gravesites most at risk. This task will begin with identifying the

gravesites, their exact locations, and the people related to those buried there.
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1.0 INTRODUCTION

EBA, A Tetra Tech Company (EBA) was contacted on April 14, 2010, by Doug Ritchie, Program Director of

Ecology North, to provide a proposal to assist in developing climate change adaptations for the Charter

Community of Tsiigehtchic, NT. EBA met with Mr. Ritchie and Craig Scott, of CS Environmental, on April 28,

2010 to discuss the proposal. Mr. Scott sent additional details for the proposal via email on May 4, 2010.

EBA provided a proposal on May 18, 2010, meeting again with Messrs. Ritchie and Scott on May 25, 2010 to

discuss the proposal. EBA’s revised proposal of June 18, 2010 provided a revised work scope to better

accommodate the project and budget requirements.

This report has been prepared as one of the deliverables of the project: to evaluate stabilization options for

Church Hill (Adaptation 25).

1.0 PROJECT DETAILS

The climate change adaptation to be developed for this portion of the overall project was to evaluate

stabilization options for Church Hill (Adaptation 25). Very little site-specific geotechnical information is

available for Church Hill, though a previous slope stability review has been done (Johnson, 2007). Ecology

North envisaged the current study as a follow-up to the site observations made in 2007.

The current study was to examine in more detail the stability of the hillslope and the potential

consequences for the church and cemetery should further slope failures occur. Potential remediation

options were to be identified along with Class D estimates of cost (which EBA has assumed to be as defined

by Public Works and Government Services Canada (PWGSC)). Indian and Northern Affairs Canada (INAC)

proposed to install a thermistor for monitoring the ground temperatures on Church Hill, and it was

anticipated that data obtained from the thermistor installation could be a useful addition to the current

study.

The site location is shown in Figure 1.

2.0 SCOPE OF WORK

The scope of work for the slope stability study was understood by EBA to consist of the following tasks:

 Review site-specific information, including past reports, aerial photos, information on soil/rock

stratigraphy, as-built records or prior assessments on/at Church Hill.

 Conduct preliminary ground-truthing.

 Understand the possible/probable mechanisms of slope failure on Church Hill.

 Evaluate hazards and consequences on a qualitative basis.

 Provide possible solutions with Class D cost estimates.

 Prepare a report.
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3.0 METHODOLOGY

EBA evaluated the Church Hill site as follows:

 Collected and reviewed available reports that evaluate slope stability and/or document the

progression of slope movements and/or permafrost thaw at Church Hill.

 Collected and reviewed available information for the church, church residence, cemetery and any

other structures or features on Church Hill, including grave sites and historical grave locations. Such

information included geological mapping and historical photos.

 Carried out an air photo interpretation from a series of available stereo air photos, digital maps and/or

recent satellite images representing a period of several decades. The goal was to determine whether

there is a progression of slope movements or permafrost thaw at Church Hill, and whether or not that

progression appears to have been accelerating in recent years.

 Conducted an on-site evaluation of Church Hill to confirm or correct the findings and assumptions

made during the literature review.

 Geo-referenced corners of structures and other features as local site benchmarks. Geo-referenced a

nearby survey monument. EBA notes that because Global Positioning System (GPS) data is only

accurate to within 4-10 m in this region (and less accurate on the slopes northeast of the church and

below the cemetery where the signal is blocked by terrain and/or buildings), such measurements are

only an approximate aid for mapping features. Where such features were located along good sightlines

and within reasonable measuring distance to landmarks, we also used a measuring tape to obtain

more precise relative locations, scaling distances perpendicular to those landmarks.

 Consulted with community members who are familiar with the Church Hill site. Attempted to

delineate possible areas of permafrost thaw and/or slope failure within the cemetery.

 Noted vegetation, site disturbance, and surface drainage features. Geo-referenced pertinent features.

 Logged and geo-referenced soil exposures and bedrock outcrops. Obtained some representative

samples for laboratory testing and further examination.

 Evaluated and geo-referenced existing slope failures and erosion features on the slope.

 Observed and geo-referenced areas where physical or thermal erosion could be accelerated as a result

of non-motorized traffic (foot or bicycle) or motorized vehicle traffic (ATV or snowmobile).

 Visually evaluated and geo-referenced the top of the slope, measuring the locations of tension cracks

relative to both the crest of slope and existing structures and features, and measuring the widths and

apparent depths of tension cracks where possible.

 Compared the extent of slope failures and erosion features with those noted in previous reports and

on the most recent set of air photos.

 Where the crest of slope is not sharply defined (where there is no defined scarp), the transition from

flatter than 15 percent grade to steeper than 15 percent grade was designated as the crest of slope.

The same transition applied to the toe of slope. Slope angles were determined with a clinometer.
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 Attempted to delineate the area(s) with the highest likelihood of continued or periodic failure and

which structures or features are likely to be affected in the near future.

 Documented findings with geo-referenced photographs.

 Participated in logging/evaluating the soil cuttings obtained during coring by INAC on Church Hill in

order to determine permafrost conditions and soil/rock stratigraphy and characteristics. Soil samples

were retained by INAC for testing at the Taiga Environmental Laboratory.

 Determined what the hazards are on Church Hill. For example, where are the specific areas that

appear to have experienced slope failure and/or permafrost thaw? Defined the characteristics of the

areas. Determined some likely mechanisms of slope failure – that is, the probable causes of, or

contributing factors to, slope failure and/or permafrost thaw.

 Determined the likelihood of continued or periodic slope failure and/or permafrost thaw in each of the

areas.

 Determined qualitatively what the consequences of slope failure are with respect to the existing

structures and features on the hill. For example, the slope may be likely to continue failing, but is that

failure likely to affect the structures and features? Or perhaps a failure will affect some structures and

features but not others, or it may affect them many years in the future.

 Prepared drawings identifying the observed affected areas, showing preliminary setback lines and

locations of existing structures and features. EBA notes that no topographic/LIDAR survey, slope

stability analysis or thermal analysis was planned for the current phase of the project, hence any

recommendations for setback are necessarily preliminary and are largely based on field observations

of tension cracks and the probable progression of failure as estimated from the air photo analysis.

 Based on the preliminary setback lines, determined whether structures or features at risk should be

protected or moved.

 Identified options to protect or move structures or features at risk and, because Class D estimates were

not possible with the limited site-specific information available, provided Broad Cost Projections for

the proposed options, as defined by Public Works and Government Services Canada (PWGSC). Future

phases of the project will need to provide much more stringent estimates and hence much more

detailed site and cost data to support those estimates.

EBA prepared this summary report including the results of the information review, the site investigation,

and options to protect or move structures/features at risk.

4.0 INFORMATION REVIEW

4.1 Reports and Historical Photos

Two reports and numerous historical photos were found and reviewed for this project. Figure 2 provides a

site plan for reference in the following discussions.
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4.1.1 Facility Condition Assessment

EBA reviewed a Facility Condition Assessment prepared for the “new” church in September 2008 by VFA

Canada. The building was determined to be in “fair” condition on the basis of its present condition,

excluding improvements and code compliance issues. It was determined to be in “poor” condition when

improvements and code compliance issues were taken into account.

The building was determined to have a replacement value of just over $3,000,000. The funding required

just to maintain the structure in “fair” condition was over $200,000, with a resulting backlog of over

$500,000. Total “required” funding was judged to be about $62,000 in 2009, $688,000 in 2010, and

$36,000 in 2013, and of these costs, some $442,000 was due to elements of the building being beyond their

useful life. Additional funding requirements of $528,000 over the following 11 years (until 2025) were also

identified for building “renewal” for a total of about $1,314,000.

The document discusses only such items as fire/smoke alarms, fire separation, emergency lighting, HVAC

systems, water, stairs/ramps, doors, wall finishing and skirting, windows, floor finishes and roofing. It

does not address structural or foundation issues, not even to say whether or not these are considered

adequate.

No Facilities Condition Assessment was received for the “old” church, but it is probable that the condition

of the old church is even worse. Certainly there are a few issues visible even from the outside of the

building, such as broken windows and the lack of stairs or ramp at the back door of the church. On the

other hand, it is understood that in 2005, some renovations were done at the old church, including the

installation of new roofing, new skirting, and foundation reinforcements (GSCI, 2007).

4.1.2 Historical Photos Documenting Slope Configurations

EBA reviewed historical photos available from the Glenbow Museum Archives and the NWT Archives. The

locations of buildings (former and existing) on the slope were noted and EBA attempted to distinguish

changes in slope configuration occurring over time as a result of human activity versus possible historical

slope instabilities.

The northeast-facing slope of Church Hill (as seen from the road to the ferry crossing) appears to have

experienced both man-made and natural slope changes. The natural slope changes visible on the photos

appear to have been the result of periodic or ongoing slope movements. The first mission chapel-house

was built at the crest of Church Hill in 1896 (GSCI, 2007). As seen in Photos 1 to 4, several other structures

have been built on the northeast-facing slope of Church Hill since about 1901. Associated with the

construction of the buildings was apparently a certain amount of earthmoving to create level working

surfaces at the building sites, and even a rudimentary braced-timber soil-retaining wall in the case of the

first two structures on the hillslope: the Hislop and Nagle Company trading post buildings (Photos 1 and 2).

The steep slope seen at the back of the right-hand (westernmost) building may have been cut to create a

balanced cut and fill, or it could be a naturally-steep slope section.

A shed behind and upslope of the two main buildings was replaced by 1957 by another shed with gable

ends to north and south instead of east and west. By 1957 (Photo 3), the Hislop and Nagle buildings

themselves had also been removed, and some of the fill at the east end of the building area had been
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removed and a new building situated at that location (marked as “former building location” on Figure 2).

The mission chapel-house was still in place in 1957, and judging by its location relative to the “old” church,

the chapel-house was a little south of the then-future “new” church, and at the top of the slope. Given that

the “new” church is located within a few metres of the toe of the steep local slope at the north end of the

cemetery, and that there is a soil retaining structure there now, the old mission-house would have been

removed and this part of the slope was likely cut so that the new church would fit on the site (Photo 4).

4.1.3 Report Relating to Slope Stability

An earlier slope stability review exists, dated August 14, 2007, prepared by Mr. Robert Johnson, P.Eng., of

Aboriginal Engineering Ltd., based on his site observations of August 1, 2007. It can be inferred from

Mr. Johnson’s report that the thaw slide of 2007 below the cemetery that exposed the steppe bison carcass

had not yet occurred, but the photo on the bottom of page five of his report documents some slope

instability that was probably the beginning of the slope failure reported to have occurred in late August

2007 (Zazula et al, 2009).

The progression of the slope failure can be partly inferred by comparing photos of the river slope by

Mr. Johnson on August 1, 2007 and Dr. Grant Zazula, of the Government of Yukon on September 15, 2007

(Photos 5 and 6). Mr. Johnson’s photo does not incorporate the entire slope height, and the photos are

from slightly different perspectives (from the north versus northwest), and neither photo is face-on to the

slope. However, the same bedrock outcrop just to the left (north) of the main debris path, some scrub trees

and brush upslope and right (south) of the bedrock outcrop, and the fallen end of a section of barbed-wire

fencing to the right of the main debris path, are visible in both photos.

Judging from the similar configuration of vegetation and debris on the lower colluvial slope below the

bedrock outcrop in the two photos, and at the lower south edge of the slide area, it appears that most of the

movement in that interval must have taken place within the upper thaw slide/bowl area, without sliding or

flowing out through the apex just south of the bedrock outcrop. Such movement would be consistent with

gradual retrogression (ravelling or sloughing) of the upper slope, and periodic “flushing out” of the bowl as

a result of the overloading of debris at the apex and/or a precipitation event that softens the debris soil and

allows it to flow out of the bowl at the apex and down the lower slope to the river.

4.2 Aerial Photographs

EBA examined aerial photography dating between 1965 and 2007, the oldest and newest photography

available for the present review. Stereo coverage at intervals of three to eight years was available. Stereo

coverage was not available for the years 1975 and 1985, but was available for all other air photo dates

reviewed. Scales varied from 1:5,000 to 1:12,000 for air photos that were examined in detail.

Table 1, at the back of this report, summarizes the findings of the air photo review. Findings from 1987 and

1998 are not described in detail, as there was little change observed from the years before to the years

after, except as specifically noted. References to “crow beds” denote the three large thaw slump/slide

features along the upper slope of the bank of the Arctic Red River. “Crow bed” or “Raven’s bed” is the local

name for these features according to the traditional Gwichya Gwich’in legend about Raven or Deetrin’

(GSCI, 2007). Figure 2 shows the approximate locations of three prominent “crow beds” along the Arctic

Red River slope, along with a few of the more recent and significant slope instability features.
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The 1975 air photo was taken early in the season, and shows where snowdrifts tend to linger in the spring.

Snowdrifts in winter may insulate the ground, preventing the frost from penetrating as deeply as it

otherwise would, and possibly contributing to a locally thicker active layer. This occurs most significantly

on the slope northeast of the churches.

The August 22, 2007 aerial photography appears to have captured the beginnings of the thaw slide event

that exposed the steppe bison discovered in early September of 2007 and investigated in mid-September of

2007 (Zazula et al, 2009). Although the slope down to the Arctic Red River is essentially in shadow, it does

appear as though there is some exposed soil that was not present on the 2001 aerial photography, and a

much sharper ridge or topographic boundary exists at the north edge of the north “crow bed” below the

cemetery. Because the new slide headscarp seen in the August 22, 2007 air photos (Figure 2) appears to be

smaller, narrower and at a lower elevation than the headscarp visible in the Zazula site photos, it is likely

that some further slope instability occurred after August 22, 2007 and before the discovery of the steppe

bison in early September 2007.

A visual slope retrogression analysis was conducted on a series of aerial photos and is summarized on

Figure 3. This analysis was done only for the west-facing slopes above the Arctic Red River, not for the

northeast-facing slope below the churches facing the Mackenzie River, because too few air photos showed

enough detail to make measurements of the northeast-facing slope crest. Very little change was observed

along the sidecast fill slope southwest of the churches, other than ongoing surface erosion. If sloughing has

occurred along this slope section, it appears that repeated applications of fill over the years along the

access road have obscured such sloughing.

The approximate top-of-slope lines from the 2010 field work and the 2007, 2001, 1993, and 1987 airphotos

are shown on Figure 3. Where only part of the top-of-slope line is shown (for example, a short green

segment for the 1993 top-of-slope at the north end of the cemetery), it means that the remainder of the

top-of-slope line could not be distinguished as different from the current (2010 or 2007) top-of-slope line.

As estimated from the airphotos, up to about 5 m of slope crest has been lost along the western edge of the

cemetery since 1987, of which 1-2 m appears to have been lost between 2001 and 2007. Most of the slope

crest retrogression appears to have occurred along the north half of the cemetery, that is, north of the large

bend in the fence. A rate of retrogression of 0.22 m per year is estimated, however, this does not mean that

there will be a failure of 0.22 m in thickness every year. In some years, no failure will occur at all, while in

other years, a much larger failure could occur. This ongoing slope movement appears to have been the

impetus for installation (by 2001) of the small wooden retaining wall a few metres downslope in this area.

There is no indication that movement is necessarily accelerating in this area, although the slope will most

assuredly continue to ravel and slough in the future. In the area of the 2007 thaw slide, by contrast, the

rate of retrogession is estimated at about 2.3 m per year between August 2007 and August 20 10.

The retrogression of the 2007 thaw slide was also tracked and is shown on Figure 3. The 2010 boundary of

the slide is shown in red, while the 2007 headscarp and north sidescarp is shown in orange. The slide

headscarp has retrogressed an estimated 7 m to the east over a period of 3 years, and the north sidescarp

has expanded an estimated 4 m to the north over the same time period. It would not be unexpected to see

the headscarp continue to retrogress in the future, although the slope becomes less steep above the current

headscarp and the rate of failure may decrease. Similarly, the terrain immediately north of the slide area is

historically unstable, showing numerous small instabilities over the time period covered by the airphotos.
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4.3 Topographic Mapping

EBA reviewed topographic mapping based on aerial photography dated 1983 and 2007, the oldest and

newest mapping available for the present review. Only incomplete mapping in GIS/AutoCAD format was

available for 1993 and 2001, with topographic contours available in 1993 at a contour interval of 2.5 m.

Since the 1993 contour interval was so large, the 1983 and 2007 topography was considered more useful.

The 1983 topography has a contour interval of 0.5 m and the 2007 topography has a contour interval of

1.0 m, but the elevations shown are 1.5 to 2.5 m different between the two data sets. Since the difference in

elevation at the top of slope is not the same as the difference at river level, it is not clear whether these

differences are due to differences in river level at the time of each survey (6.5 m in 1983 and 5.0 m in

2007), and/or due to a difference in datum (overall top of slope at 35.5 m in 1983 and 33.0 m in 2007),

and/or due to changes in site grading within the cemetery.

Because the datums and contour intervals, as well as contour elevations, were different for each set of

topographic contours, few direct comparisons could be made between them. For example, it is very

difficult to determine from the mapping, how much, if any slope crest retrogression has occurred along the

west edge of the cemetery because the contours are not consistent. In this case, it is more useful to refer to

the original airphotos (see Section 5.2 above).

However, when we superimpose the 1983 and 2007 topographic plans, we can closely match the locations

of structures at the top of slope, and further east into the community. Doing so, we see that, below the

cemetery, the horizontal distance of the slope between river level and the approximate top of slope location

(and the horizontal distance between river level and the structures) apparently decreased by 4 to 5 m

between 1983 and 2007. If the actual river levels were indeed as shown on the respective plan for each

year, the distance could be even more than 5 m. Assuming that the 1983 topography is based on

orthorectified imagery, as is the case for the 2007 imagery, the reduction in distance suggests that the

Arctic Red River has been eroding and scouring the toe of the slope. This observation is confirmed by the

progression of airphotos over the years, from which we can see that the bottom end of the former river

access trail in this area has completely disappeared, scoured away by the river.

The practical implications of this observation include the likelihood that continued or periodic erosion

from the river at the toe of slope will eventually result in retrogression of the overall bedrock slope, and of

the overlying sediments that are supported on the top of the bedrock. This means that the retrogression of

the top of slope could result from river erosion processes, not just from processes that involve local

instabilities in the soil such as permafrost thaw, or excess soil water pressures on steep scarps, or washing

away of slide debris during periods of high rainfall or surface water runoff.

Coincidently, the retrogression of the top of slope in the north half of the cemetery appears to be about the

same as the apparent scour at river level. However, there is not enough information to determine what

proportion of the retrogression at the top of slope was due to processes acting in the soil layers as

compared to processes occurring as a result of river erosion. If both processes are acting together, such a

determination is even more difficult.

Figure 4 provides a topographic plan based on the 2007 air photos. Typical measured slope gradients from

the 2010 field work have been added to the topographic plan.
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5.0 SITE DESCRIPTION

5.1 Location

The community of Tsiigehtchic is located on the southeast side of the confluence of Tsiigehnjik (Arctic Red

River) and Nagwichoonjik (Mackenzie River), approximately 125 km southwest of Inuvik, NT and 60 km to

the east of Fort McPherson, NT. The Arctic Red River flows essentially north into the Mackenzie, which

flows from east to west at Tsiigehtchic. Church Hill and Vik’ooyendik are the local and traditional names

for the prominent headland above the Arctic Red River just before it enters the Mackenzie River floodplain

(GSCI, 2007). Figure 1 shows the site location.

5.2 Climate

5.2.1 General

No climate data is available for the community of Tsiigehtchic. The nearest Environment Canada weather

station is at Fort McPherson, some 60 km to the west of Tsiigehtchic. Therefore, some significant variations

in local duration and intensity of precipitation events (rain or snow), as well as local temperatures, may be

anticipated. However, there are Water Survey of Canada monitoring stations on the Mackenzie River at

Tsiigehtchic, on the Peel River upstream (south) of Fort McPherson, and on the Arctic Red River upstream

(south) of Tsiigehtchic. This means some links can be made between the precipitation and temperature

data that were measured at Fort McPherson and what probably happened at Tsiigehtchic. The inset on

Figure 1 shows the locations of the water monitoring stations. Appendix B provides the details for the

information summarized in the following sections.

5.2.2 Climate Data

Since 1981, Environment Canada has maintained a meteorological station at Fort McPherson, about 60 km

west of Tsiigehtchic, NT (Figure 1). Environment Canada has compiled historical data encompassing 1981

through 2007, but no climate normals or averages are available for this site. There seems to have been

some difficulty in maintaining consistent and regular readings at this site.

A mean annual air temperature of -7.3°C was recorded from 1981 to 2007. The mean annual air

temperature is trending warmer, at an average rate of about 0.02 C per year; however, considerable

variability was also noted in the data.

During the years for which complete temperature data was available (18 years from 1986 to 2005,

inclusive), the freezing index was approximately 4000 C -days, and the thawing index was about 1400 C -

days. The freezing index is trending lower, at a rate of about -10 C -days per year. The thawing index is

also trending lower, but at a rate of only about -2 C -days per year. These trends suggest that while

summers have become slightly cooler over the measurement period, winters have become warmer, warm

enough that the mean annual air temperature rose during the measurement period.

In an average year the precipitation at Fort McPherson is about 307 mm, just over half of which is snowfall,

assuming a snow water equivalent of 0.1. That is, 1 cm of snow is assumed equivalent to 1 mm of water, in

accordance with Environment Canada standard practice for sites not equipped with an instrument to

determine snow water equivalent (a Nipher gauge).
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Total precipitation (rainfall plus snowfall) appears to have decreased slightly over the period of

measurement. The snowfall appears to have decreased slightly, but it has also decreased slightly in

proportion to the amount of precipitation that falls as rain. Despite the apparent decrease in snowfall, the

typical month-end thickness and annual maximum thickness of the snowpack has increased over the

period of measurement, both during the November-to-March winter season and the April late winter /

early spring season. According to Heather Auld, an expert climatologist and meteorologist, and the

Associate Director of the Adaptation and Impacts Research Division at Environment Canada, snow is

becoming wetter and denser than it used to be in Canada’s North, based on data from sites where the snow

water equivalent is actually measured.

The practical implications of an increased snowpack thickness at Church Hill include potentially increased

snowmelt in spring, and correspondingly greater surface water runoff and infiltration. As well, a thicker

snowpack suggests the possibility of a thicker insulating layer over the permafrost, resulting in less cooling

over the winter and hence progressively warmer permafrost and a thicker active layer.

Appendix B provides further background information about climate data.

5.2.3 Precipitation and River Flow Data

The year 2006 was a record year for snow depth on the ground at Fort McPherson, ranging from 77 cm in

January to 75 cm in April, the highest late-season snowpack on record. The snowmelt and resulting surface

water runoff and infiltration is expected to have been heavier than average. This event was followed by a

wetter than usual spring and summer season, with most of the rain falling in June, July, and September,

with amounts measured at 61.8, 48.4, and 40.3 mm, respectively.

A less-than-average snowpack was present in the year 2007, with up to 40 cm of snow on the ground in

March (and no data for April). This was followed by a slightly wetter than average summer, with the

wettest month being July at 61.6 mm of rainfall.

Because there is no weather station at Tsiigehtchic, climate data at Fort McPherson was correlated with

hydrometric data (river flows) measured by the Water Survey of Canada at Fort McPherson (Station

10MC002, upstream on the Peel River), at Tsiigehtchic (Station 10LC014, on the Mackenzie River), and on

the Arctic Red River (10LA002, upstream of Tsiigehtchic). Figure 1 shows the station locations.

EBA compared river flows at each station in an effort to relate peak flow events with the precipitation

measured at Fort McPherson, so that we could see whether there was an obvious trigger for the 2007 thaw

slide event. Most of the measurements that we compared matched very closely, although there were a few

precipitation events or river flow events that did not match at all of the stations. In general, the

precipitation at Fort McPherson can be assumed to be at least roughly similar to the precipitation at

Tsiigehtchic, based on the river flows near each location.

The practical implications of these observations of precipitation and river flows include the likelihood that,

as a result of the record snowpack and high-than-average rainfall, the ground became wetter than normal

in 2006, and that it was still wetter than normal in 2007 in Tsiigehtchic. Even normal precipitation in 2007

could then have allowed excess soil porewater pressures to develop, the active layer to deepen, and ice-rich

soil layers to thaw, and so increased the likelihood of slope instabilities.
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5.3 Geological Setting

Late Devonian rocks of the Imperial Formation, consisting of grey shales and sandstones, are mapped at

Tsiigehtchic (Jones and Pyle, 2007). At many locations, mappers reported that the thinly-bedded shales

and sandstones could be ripped for fill material (Lawrence et al, 1972), an opinion that has been borne out

by the development of the quarry at Tsiigehtchic.

On upland areas, hummocky, ridged or rolling moraine is present, consisting of clayey till. Soils in elevated

areas are moderately to well drained, and intervening depressions may be poorly drained. Ice content is

anticipated to be low in hummocky and ridged moraines, and in rolling moraine there may be 10 to

25 percent segregated ice as thin, irregular, discontinuous seams in the upper 2 to 3 m, and irregularly

distributed large masses of segregated ice at greater depth. Small areas of alluvial plain are present along

the Mackenzie River and the Arctic Red River near/at the confluence with the Mackenzie River. Alluvial

soils consist of sands and gravels, minor silt, fine sand, and clayey silts, commonly organic and 2 m to more

than 5 m thick. Channel and overbank floodplain sediments include deltas, and may include small areas of

glaciofluvial sediments. Small areas of colluvium are present along both rivers, consisting of diamicton or

rubble derived from bedrock and surficial materials, usually less than 5 m thick (GSC, 2000).

A few geotechnical engineering reports prepared by Thurber Engineering Ltd. and some predecessor

companies of AMEC Earth & Environmental provide some soils and bedrock information for the community

of Tsiigehtchic; however, none of the existing information provides site-specific information for Church Hill

itself. Most of the geotechnical information relates to structures built in the middle of Tsiigehtchic, such as

the firehall, the maintenance garage, and the gymnasium (Figure 1). Temperature information is also

available at the playground. Soil types encountered in the geotechnical drilling include peat, 0.2 to 0.8 m

thick, overlying clay till, 5.2 to 7.8 m thick, overlying shale/claystone/siltstone bedrock. Bedrock was

encountered at depths of 8.3 m below ground surface at the gymnasium, and 6.0 to 7.5 m at the

maintenance garage. Frequent weathered shale fragments and shaley soil were also reported below depths

of 6.9 and 7.5 m at the gymnasium, suggesting that very weathered bedrock might be present at shallower

depths than the reported 8.3 m. Bedrock was not encountered within the 8.4 m maximum depth of drilling

at the firehall, however.

A layer of clayey silt or silty clay was also encountered between the peat and the clay till in the

northernmost borehole at the firehall, and in all boreholes at the gymnasium. No silt/clay layer was

identified at the maintenance garage, however. The silt/clay, where encountered, was 1.2 to 1.3 m thick at

the gymnasium to 2.2 m thick at the firehall. EBA interprets this material as possibly comprising

glaciolacustrine deposits, coincident with the glaciofluvial deposits at Church Hill, and related to the

Tutsieta Lake retreat phase ice position of the glaciers about 11,800 years ago (Zazula et al, 2009).

It is possible that thicker deposits of this silt/clay also exist, such as at the playground between the

gymnasium and the firehall. The irregular elevation of the underlying hummocky moraine (till) deposits

may account at least in part for the wide variation in thickness of the glaciolacustrine deposits. No detailed

logging was provided at the playground borehole, however, since that borehole was advanced primarily to

install a ground temperature cable. Without more information, the silty clay recorded at the playground

cannot be conclusively determined to be either till or glaciolacustrine soil.
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5.4 Surface Conditions

Church Hill is bounded on the west by the Arctic Red River (Photo 7), on the northeast by the floodplain of

the Mackenzie River and on the east by Gwichya Gwich’in Road which leads down to the ferry crossing

(Photo 8), and on the south by the property of Mr. Douglas Kendo (Photo 9, Figure 2).

Church Hill forms a local topographic high that is the location for two church buildings and a cemetery, all

situated at the top of slope. As well, a commemorative plaque is located at the crest of slope overlooking

the Arctic Red River, which is a Canadian Heritage River (Photo 10).

The two churches are located at and near the crest of slope at the northeast edge of the headland, at an

elevation of about 28 m at the “old” church and 29 m at the “new” church, about 23 to 24 m above the

elevation of the Arctic Red River. The “old” church, understood to have been constructed in the 1920’s, is

located about 18 m from the crest of slope above the Arctic Red River. The “new” church is located further

to the east, directly below the north end of the cemetery.

There is a one-lane gravel/dirt road around the “new” church, and along the south edge of the “old” church

out to the crest of slope. Based on the review of the aerial photos, gravel surfacing has been periodically

placed on the access road beside the churches, labelled Church Hill Road on the Atlas GIS mapping.

Currently, there are a few small areas of road surface where water can pond on the road and/or run off

onto the slopes below. It is feasible to get a vehicle around all sides of the "new" church, but not to the

northeast side of the "old" church. The tightest spacing between the “old” church and the top of slope is at

the northwest corner where the crest of slope is only about 1.7 m away (Photo 11).

The cemetery is located immediately to the south of the churches, at an average of about 33 m elevation

(the local height of land) and about 4 m higher than the elevation of the churches. It is not known whether

the cemetery area was always as level as it appears at present, or whether some earthmoving was done to

level it (Photo 12). Based on the air photo analysis, the area does appear smoother from 1990 on. Though

this appearance may have more to do with mowing than earthmoving, it might explain some of the

discrepancy in elevations between the 1983 and 2007 topographic plans if earthmoving did take place.

Some evidence of earthmoving, also possibly to smooth out the ground surface, is seen in the 1971

airphotos, where there is some exposed soil in the south half of the current cemetery area.

The cemetery is fenced for almost its entire perimeter, with a gate at the north end near the church for

pedestrians. The steep local slope between the north end of the cemetery and the new church below has

been modified with a dry-stone retaining wall and stone steps set into the slope (Photo 13).

The dirt road continues below the eastern boundary of the cemetery, where there is another gate for access

to pedestrians and vehicles. Part of the south boundary of the cemetery is not currently fenced, but there is

no road access here from the Kendo property (Photo 9).

Where present, vegetation in the vicinity of the churches and cemetery consists mainly of grasses. Within

the cemetery, there are a few shrubs in the less-developed areas along the western edge, and around

occasional grave sites. Vegetation on the slopes below the churches consists primarily of grasses, low

shrubs and flowering herbs. There are a few small copses of willows on local benchy areas below the

churches on both northeast and southwest slopes, typically locations that tend to trap snow, and trap or

delay surface water runoff (Photo 14).
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Slope instabilities are apparent to some extent on all the local slopes at Church Hill, varying from ongoing

creep on the slope northeast of the churches; to surficial erosion on the sidecast fill on the southwest side

of the churches (Photo 15); to creep and surficial sloughing on the promontory by the commemorative sign

(Photo 10); to creep, surficial sloughing and deeper thaw slides on the slope below the cemetery

(Photo 16). Figure 2 shows the approximate locations of the larger slide features observed at the site.

Figure 3 shows the results of the visual slope retrogression analysis. Further discussion is provided in

Sections 5.2, 5.3, and 7.0.

5.5 Subsurface Conditions

Little detailed geotechnical information is available at Church Hill. INAC was of great assistance in

obtaining what little site-specific information there is, namely from a 2.0 m deep corehole and a 3.4 m deep

water-jetted borehole done just south of the cemetery on the property of Mr. Kendo. The approximate

locations of the corehole and borehole are shown in Figure 2. Photo 9 shows coring in progress.

The corehole was advanced and sampled by Messrs. Michael Palmer and Stefan Goodman, of INAC, with a

two-man hand-held CRREL coring apparatus, which met refusal at 2.0 m on the increasingly coarse-grained

soils. The water-jet method encountered gravel at about 3.0 m below grade and met refusal at about 3.4 m

below grade.

Soils encountered in the corehole were:

 0- 0.6 m SILT – sandy, or SAND – silty, very fine-grained, with some organics, very dry,

becoming darker by 0.5 m below ground surface;

 0.6-0.8 m CLAY – some organic layers and laminations, low plastic, likely cryoturbated (mixed

up by frost action);

 0.8-0.9 m CLAY – silty, 20-30% visible ice crystals and lenses up to 6 mm thick

 0.9-1.1 m ICE – up to 70% by volume, layered/laminated with SILT or CLAY

 1.1-1.9 m CLAY (TILL) – silty, trace sand to sandy, trace fine gravel increasing with depth, low

to medium plastic, 30-70% ice, 10 cm thick ice lens at 1.2 m. Decreasing ice at 1.5 m

to 10-25%. Well-bonded except at ice lenses (not clear ice).

 1.9-2.0 m CLAY AND SAND (TILL) – silty, trace to some gravel, well-bonded, becoming poorly

bonded with decreasing ice content (5-10%) and increasing sand and gravel

content.

 END OF HOLE at 2.0 m - REFUSAL on gravelly soils (20-30 mm diameter particles)

Peat was not encountered at the surface of this site, because the area has been modified by various

previous developments.

Otherwise, the soil conditions encountered at the corehole appear to correspond well with the soil

conditions observed on the exposed soil slope at the 2007 thaw slide location, where about 1.0 to 1.2 m of

silt was observed overlying glaciofluvial sands and gravels. Appendix C presents test pit logs, of which TP-1

through TP-3 are located within the 2007 thaw slide area). Because the upper edge of the exposed soil
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scarp was a metre or so below the crest of slope, the thickness of the fine-grained soils over the

glaciofluvial soils appears consistent with the findings further upslope. A layer of peat was encountered

overlying the silt, with a thickness of 0.25 m to 0.5 m. This layer appeared to have been disturbed, as

numerous tin cans and other household garbage were noted in the exposed soil scarp and on the ground

surface (Photo 16). These observations suggest that the slope below the present-day cemetery had been

used as the local dump sometime during the community’s past.

The GNWT / GYT steppe bison recovery team appears to have encountered similar soils in 2007 (Photo 17)

and because the thaw slide was so recent at the time of their visit, they encountered a larger clean soil

surface than did the Ecology North / EBA team in 2010, who observed that continued raveling and

sloughing of the scarps had started to fill the failure area with loose soil debris and new vegetation

(Photo 18).

EBA, with the assistance of CS Environmental, also logged several other shallow test pits on Church Hill,

including TP-4 on the slope below the northeast side of the old church, TP-5 on the slope below the north

half of the cemetery, about 10 m downslope of the small retaining wall, TP-6 near the base of the north

“crowbed” south of the cemetery and TP-7 on an exposed soil scarp between the north and south

“crowbeds.” These test pits tended to confirm the overall site stratigraphy determined at the 2007 thaw

slide area, with up to about 0.4 m of peat being encountered (TP-4 and TP-6), and other near-surface soils

consisting of silt (TP-4, TP-6 and TP-7), and sand (TP-5).

It is noted that all of the test pits are located in areas that have been disturbed or potentially disturbed by

creeping or sloughing soils, with TP-3 and TP-5 considered likely to have been most recently affected by

local slope movements. Therefore, the near-surface soils seen in the test pits may not reflect the soil

stratigraphy deeper within the slope.

5.6 Groundwater

No obvious groundwater table was encountered during coring of the 2.0 m deep corehole south of the

cemetery. The surficial soils (SILT) were dry to a depth of about 0.6 m below ground surface, and frozen

ice-rich soils (silty CLAY) were encountered at about 0.8 m below ground. The intervening low plastic

CLAY layer appeared to be cryoturbated, and would be the most likely location of a seasonal water table. It

should be noted that the corehole was located near the approximate local height of land along Church Hill

and as such might only intermittently experience a perched water table, as a result of spring melt or

infiltrating rainfall.

Periodic water seepage could also be experienced on the open slope below the cemetery, either due to

surface water infiltration and subsurface drainage, or as a result of ice lenses thawing, as likely occurred

preceding and during the thaw slide of 2007. This judgement is based on the ice lens observed by the

GNWT/GYT team in 2007 when the steppe bison site was investigated (Photo 17), and the suspected

former ice lens located between the silt and the sand/gravel layer beneath (Photo 18) that was observed at

the time of EBA’s 2010 field work.
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5.7 Permafrost

Tsiigehtchic is located in the zone of continuous permafrost (90-100 percent) and is mapped as having a

medium (10-20 percent) to high (over 20 percent) content of visible ice (NRC, 1995). The near-surface

fine-grained soil layers in Tsiigehtchic tend to be cryoturbated, that is, disturbed or broken and mixed up

by frost action, as is seen by soil layers that are mixed in with discontinuous layers of peaty or organic soils,

as was seen between 0.6 and 0.8 m below ground surface in the corehole south of the cemetery, and by the

two layers of peat separated by silty clay in the shallow test pit at the south end of the hamlet.

As noted in the soil stratigraphy described in Section 6.5 above, soils on Church Hill can vary considerably,

with ice contents as low as 5 to 10 percent, or as high as 30 to 70 percent, depending on the fines content of

the soil. Layers and lenses of ice can be also be expected, with thicknesses of up to 10 cm observed, and

thicker ice lenses certainly being possible. EBA and INAC identified an interface located 1 m or so below

the headscarp of the 2007 thaw slide, situated between the upper silt soils and the underlying sand soils,

which may once have contained a lens of ground ice, which when it thawed, could have triggered (or

contributed to) the slide (Photo 18). A ground ice lens is also visible in the photos from GNWT (Photo 17)

and GYT. Since the headscarp of the slide appears to have retrogressed by several metres since 2007, the

ground ice lens seen in 2007 is probably not the same as the suspected former ground ice lens seen in

2010.

Very little ground temperature data is available for Tsiigehtchic, and until the 2010 field season, none of the

data was specific to the Church Hill site. Temperatures measured by Thurber Consultants Ltd. (1986) at

depths of 6 m below ground surface varied from -3.1 to -3.6°C at the then-proposed firehall and school

gymnasium sites, to -4.6 °C at the existing playground site between the two proposed sites, as shown on the

Tsiigehtchic Community Permafrost Map. It is possible that the lower ground temperature measured at the

playground site was due to compaction of the snow creating a less effective layer of insulation over the

ground and allowing faster cooling of the ground in winter, counteracting the effects of the likely-thicker

active layer in summer. Conversely, the undeveloped gymnasium and firehall sites likely had brush up to

about 2.5 m high, trapping snow and insulating the ground over the winter.

A few metres away from the Church Hill corehole, a 3.4 m deep temperature cable was installed using a

water-jet drilling method (Figure 2). At this depth, the water-jetting method met refusal on the

increasingly coarse-grained soils. The cable has thermistor beads at 1.0, 1.5, and 3.4 m below ground

surface.

Because the gymnasium, firehall and playground sites are in the range of 280 to 340 m upland from the

crest of slope (Figure 1), and the INAC temperature cable installation is less than about 20 m from the crest

of a warm west-facing slope (Figure 2), it seems likely that warmer permafrost should be expected at

Church Hill, even before considering the likelihood of climate warming effects since 1986. Data from

INAC’s 7 m deep temperature cable installation, located near School Lake, will be helpful in calibrating the

warming effects of the slope compared to the potential effects of climate warming.
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6.0 QUALITATIVE SLOPE STABILITY ASSESSMENT

6.1 Definitions of Assessment Parameters

EBA has carried out a qualitative slope stability assessment for the subject site. This means that we have

evaluated the stability of the nearby river slope on the basis of a review of historical and recent air photos,

on slope characteristics based on topographic mapping and measured slope angles at selected locations,

and on the basis of observations of shallow soils only. Exposed soils were logged within the 2007 thaw

slide area. The only drilling done at the site (by INAC) was shallow and well back of the crest of the river

slope: a corehole was advanced to 2.0 m below ground surface and a water-jetted borehole was advanced

to 3.4 m, in which a set of three thermistor cables were installed within a metal casing.

Some useful definitions to keep in mind for the following discussion (adapted from British Columbia,

Ministry of Forests, 2004):

 Hazard – a source of potential harm, or a situation with a potential for causing harm in terms of human

injury, and/or damage to property, the environment or other things of value. In the case of the subject

site, the nearby river slopes are the hazard.

 Likelihood – a qualitative estimate of the probability that a landslide will occur, referred to as a

probability rating, and described with relative qualitative terms such as “very low” to “very high.”

 Elements of value, or elements at risk – including human life and well-being, public and private

property (such as buildings or land), transportation or utility corridors, domestic water supply, and/or

parts of the environment such as wildlife habitat. In our case, the existing churches, the cemetery, and

the people working or visiting there are the “elements.”

 Consequence – the effect on human well-being, property and/or the environment, that is, the change,

loss or damage caused to the elements by a landslide. That is, what could happen to the churches or

the cemetery if a landslide occurs?

 Risk is the qualitative evaluation of a potential loss, defined as a measure of the likelihood of an

adverse event and the consequence of that adverse event.

6.2 Results of Qualitative Slope Stability Assessment

6.2.1 Assessing the Hazard

The following observations of slope behaviour are important in assessing the hazard posed by the Arctic

Red River valley slope west of the subject site, and the Mackenzie River valley slope north of the subject

site:

 The existing slopes have been subject to instabilities in the past, as evidenced in the review of air

photos and topographic mapping, and by direct observation of the site (Sections 5.0 and 6.0 above).

These observations of slope instabilities and, in particular, those instabilities that have caused damage

to property on the slope and above the top of slope, confirm that the slopes are a source of potential

harm, hence, a hazard.
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 Excess surface water runoff and infiltration related to site development (roads and/or houses) can

sometimes contribute to slope instabilities if water is allowed to run and/or infiltrate where no such

volume of water flowed previously. On Church Hill, changes in site grading due to construction and

removal of the various buildings that are or were situated on the site, possible flattening of the

cemetery area, and the removal of natural vegetation from the hilltop, could have contributed to new

routes for surface water runoff and infiltration. The extent of such influences is difficult to quantify,

because of the lack of information on pre-existing conditions. However, historical photos do suggest

more low-growing brush was present on top of Church Hill in the early 1900’s than is presently the

case. As well, the stepped configuration of the northeast side of Church Hill appears to be at least

partly attributable to past site development, possibly allowing water to infiltrate that would have

otherwise flowed away.

These observations suggest that the hazard is partly natural and partly man-made.

6.2.2 Assessing the Likelihood of Further Slope Instability

Assessing the likelihood of further slope instability at the subject site has two aspects in the present

application: first, determining the likelihood that a landslide of a particular size will occur; and second,

determining the likelihood that it will affect elements of value, specifically, the existing churches and the

cemetery and the people working or visiting there. The likelihood of a slope failure of a particular size

affecting these elements is based on the concept of “safe” setback.

The churches are affected by more than one major slope. The cemetery is affected by the slope down to the

Arctic Red River. The potential for further slope instability at the churches and the cemetery is discussed in

the following sections. Slope gradients are described below for the slopes below each element of value and

summarized on Figure 4.

6.2.2.1 The “New” Church

The “new” church is affected by the slopes to the northeast and the southwest, and to a lesser degree by the

slope to the west. Of these slopes, the slope to the northeast (the Mackenzie River / Gwichya Gwich’in Road

side) is the gentlest and least likely to become problematic. The new church is over 12 m from the crest of

slope, and the slope has a gradient of only 50% for 50 m, then it is benchy below.

The slope to the southwest of the new church is steep, with gradients of up to 70% below the crest of slope.

It is about 6 m from the southwest corner of the church to the edge of the road at the grass, then about 8 m

further down at a gradient of 15% or less to the crest of the slope, steepening to 70% below. The overall

slope height averages about 11 m from the bottom of the “church” crow bed.

The slope below the new church appears to have been partly constructed from sidecast fill. That is, when

the earthmoving was done either to flatten out an area to build the new church, or to widen the access road

around it, some fill appears to have been pushed over the crest of the slope into the “church” crow bed.

Sidecast fill, because it is sloped in layers parallel to the steep natural slope, tends to be unstable, especially

when wet. Since the fill was already in place in 1965, the year of the earliest air photo coverage available to

EBA at the time of this report, it is difficult to determine how thick the sidecast fill might be. However, the

analysis of the air photos from 1965 through 2007 suggests that surficial sloughing or deep-seated failures

are much less likely to occur than surface erosion. No obvious sloughs or failures were seen on the air
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photos, but exposed soil was seen periodically on the air photos. No obvious slope instabilities were seen

at the time of the field work.

6.2.2.2 The “Old” Church

The “old” church is affected by slopes on three sides: northeast, northwest and southwest. Part of the slope

on the southwest is the same as the slope below the new church, with similar gradients, and the same

sidecast fill. The slope then curves to the west as it follows the crest of the “church” crow bed, maintaining

a similar gradient, as well as the layer of sidecast fill. However, the steepest part of the slope becomes

shorter to the west, where the outside edge of the crow bed forms a ramp-like feature along the top of the

steep lower slope down to the Arctic Red River. Here again, no obvious sloughs or failures were seen, only

exposed soil on the air photos. No obvious slope instabilities were seen at the time of the field work, but

periodic surficial sloughs could be occurring since the vegetation on this slope remains incomplete

(Photo 15). On the other hand, the lack of vegetation, particularly near the crest of slope, could also result

from new fill soils being pushed over the side whenever the access road is improved.

To the northwest, the slope below the old church is steep all the way down to the Arctic Red River, with a

slope height of about 23 m. From the crest, the slope gradient averages up to 60% for about 5 to 10 m

depending on location, then steepens rapidly up to a 90% gradient below. Very short local slope sections,

up to 1 to 2 m in height, such as at the top of the bedrock, can be near-vertical. The average slope gradient

on this slope is about 75%, based on the topographic data. Note that the average slope can appear to be

slightly steeper or slightly flatter, depending on the elevation of the river at the time of observation.

There is some tension cracking and sloughing apparent in the upper slope here, with tension cracks

typically 1 to 2 cm wide and 10 cm deep. Part of this movement appears to result from sloughing of the

afore-mentioned sidecast fill, which has been pushed over the west end of the promontory, and partly from

the fill overloading the crest of slope. Similarly, the movements and cracking at the commemorative plaque

appear to be at least partly related to movement of probable sidecast fill, and partly due to an inadequate

foundation system (burled logs set into a concrete block cast into or onto the slope). This is not to say that

the underlying soils are not also moving: in fact, they likely are moving too, and part of that movement

might be attributable to thaw of the surficial soils. However, these movements are obscured by the

overlying fill, and it is difficult to decide how much of the movement should be attributed to each potential

cause.

To the northeast, the slope gradient below the old church is moderate, with steeper slope sections

alternating with benchy sections. The only large steep section is at the toe of slope, where a through-cut

was made sometime before 1965 to create a road access to the river. The overall slope is essentially

stepped, with either four or five large steps down to the road, depending upon the location. The slope may

have been naturally stepped to begin with, but human activities have made the steps even more

pronounced as a result of creating level areas for the various buildings that have been situated on the slope

over the past 110 years.

The gravelled pathway immediately adjacent to the church is about 1.7 m wide at the west end, and 2.5 m

wide at the middle of the church, and it is essentially overgrown at the east end. Slope gradients typically

vary from about 35 to 45% for the first 5 to 8 m from the building, steepening to 60 to 65% below that for

the next 5 to 7 m, and then becoming benchy for a few metres before sloping down again, and so on. At the
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west end of the church, the terrain becomes benchy at about 8 m from the building, but the terrain further

west has a slope section of up to 110% gradient for 2 m. It is not known whether that local steep section is

a natural slope or a cutslope dating from the construction of the original buildings on the mid-slope area,

but it is currently well-vegetated.

On the slope section immediately below the old church, numerous tension cracks were noted. These

appear to consist of patterned ground features which, because they are located on a slope, are particularly

prone to ingress of water, freezing and thawing, and subsequent downslope creep. These features vary

widely in size, typically from about 2 cm wide and 15 cm deep, to 25 cm wide and 40 cm deep. The deepest

feature observed at the time of the field work was 80 cm deep. Tension cracks were also noted along the

footpath leading north downhill from the crest of the slope overlooking the Arctic Red River.

A copse of willows about 10 m downslope of the old church is situated in a local topographic low that traps

water. As suggested by the snow deposits seen on the 1975 air photo, it is also likely that the benchy slope

feature below the church, and the willows that grow in the low area usually trap snow in the winter,

insulating the permafrost and potentially allowing deepening of the active layer, along with increased creep

of the surficial soils. The copse of willows on the next bench downslope (where a building was once

located) likely also traps snow.

6.2.2.3 The Cemetery

The cemetery is located at the top of Church Hill, about 4 m in elevation above the churches. As noted in

the discussion of surface conditions in Sections 5.2 and 6.4 above, the available topographic mapping for

the cemetery indicates that the top of slope at the cemetery is 28 to 29 m above the usual river elevation.

Local slope sections immediately downslope of the chainlink fence at the south end of the cemetery (above

the north crow bed and 2007 thaw slide area) vary from 30 to 50% for a about a 2 to 12 m slope length,

steepening to 60% or more downslope, with a near-vertical 1 m high headscarp at the 2007 slide and again

near-vertical at the 2.0 to 2.5 m high bedrock outcrop below the bottom of the slide. Slopes become gentle

at the bottom of the north crow bed and at the bottom of the 2007 slide area, steepening again from the top

of the bedrock outcrop down to the Arctic Red River.

Just north of the large bend in the fence, slope gradients are 35 % for 4.3 m, then 60% for 5.0 m, then 90%

into the copse of willows just north of the 2007 slide area. Slope gradients along the crest of slope below

the north end of the cemetery are typically up to 80% for slope heights of about 8 to 15 m down to the

bench created by the former access trail to the Arctic Red River. Slopes below the trail are at a 60 to 65%

gradient to the river.

The average gradient from slope crest to river is about 53% at the south end of the cemetery, through the

middle of the north crow bed. The average gradient from the large bend in the fence at approximate

middle of the cemetery is 66%. The average gradient at the north end of the cemetery is 55%.

The entire west boundary of the cemetery is of concern. There are some very steep (80 to 90%) slope

segments immediately downslope of the chainlink fence, or within a few metres of the chainlink fence.

Even where the slopes are not so steep, significant tension cracking was observed, with cracks located as

close as 0.5 m to 5.2 m downslope of the fence along the southwest edge of the cemetery, and tension

cracks at the fence line at the mid-cemetery corner post and continuing north, and again cracks as close as
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0.6 m at the north end of the cemetery. Tension crack dimensions vary considerably, measuring between

2 cm wide and 10 cm deep to 12 cm wide and 45 cm deep, to 30 cm wide and 35 cm deep. Just as is seen on

the slope northeast of the old church, patterned ground is prevalent on the cemetery slope, and these

cracks can open, take in water, and creep much more readily on the slope. Patterned ground is seen within

the cemetery fence as well, so any water that infiltrates there can create further instability when it seeps or

flows out onto the steep slope below.

Several indicators indicate an ongoing potential for further retrogression (moving back, or failure) of the

headscarp. The steep slope gradients, the apparent slope retrogression seen between 1987 and 2007 on

the airphotos, the slope instabilities seen on the slope, such as the 2007 thaw slide and the actively

creeping and periodically sloughing area just north of the 2007 slide, as well as the obvious tension

cracking seen in the field are all indicators of likely continued future movement. The closer (west) to the

crest of slope, the greater the likelihood of such an occurrence at that location. Conversely, the further east,

away from the crest of slope, the smaller the likelihood of such an occurrence at that location. There are

grave sites within about 2 m of the crest of the Arctic Red River slope in the northern portion of the

cemetery.

There is a short, steep section of slope at the north end of the cemetery which potentially could be affected

by slope movements too; however, the likelihood of further movement on the north side of the cemetery

affecting the cemetery is much lower than that on the west side. This local slope section is about 4 m high,

with two layers of dry-stone retaining wall located on approximately the upper third of the slope and the

lower third to half of the slope. The stone appears to have been sourced from the local siltstone bedrock. It

is difficult to ascertain how much of a soil-retaining function the wall actually performs; that is, it is not

known whether it actually supports significant weight from the slope. However, it does appear to be

reasonably effective at reducing ravelling of surficial materials, although some ravelling of the upper wall

itself was noted. A dry-stone stairway was also built. The walls and stairway do not appear to have been

maintained in some time (since 1985 or earlier).

6.2.2.4 Summary

The following observations and information on the slope characteristics, the slope geometry, and

presumed “safe” setback distances are important in the qualitative slope stability assessment. A “safe”

setback distance is defined as the distance from the crest of slope within which no development should be

allowed. Figure 5 shows some typical “safe” setback distances as discussed below. It is noted that these

lines appear to be very conservative; however, the assumptions made are typical for sites for which there is

little or no data.

 When a “safe” setback distance is assumed in a typical residential subdivision, a slope gradient of 25%

(4H:1V) from the toe of slope has commonly been used in regions without permafrost, in clay till soils.

At Church Hill, the river level (assumed at 5.0 m elevation) has been chosen as the toe of slope for this

scenario. All of the elements that need protection are downslope of the setback line, meaning that

none of the elements at risk satisfy this preliminary suggested setback, and the entire Church Hill is at

risk (see Figure 5).

 In regions with discontinous permafrost – that is, where permafrost may or may not be present – and

where soils may include glaciolacustrine silts, sands and clays, as well as glaciofluvial sands, a slope
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gradient of 5 to 10 degrees (9 to 18%, or 11H:1V to 5.5H:1V) has been used to establish a setback line.

The elements at risk are even further downslope of the 5.5H:1V setback line (Figure 5). The 11H:1V

setback line is so far back that it is off the edge of the figure, well past the community office.

 If we consider the presence of bedrock at about 8 to 11 m below ground surface as a mitigating factor,

and ignore the slope below the top of bedrock elevation, the remaining upper slopes are still too steep,

and the elements at risk still do not satisfy either of the proposed “safe” setback distances (Figure 5).

 If we further consider the types of failures likely to occur, we note the following: the slopes around the

churches are most likely to keep creeping and ravelling for years to come, and this may involve slope

movements of 0.5 m or less in thickness in any one event. For example, it might take three or four such

small events for the old church to be affected at its northwest corner (which is currently the closest to

the slope crest). Of all the slopes around the churches, the westernmost slope, at the commemorative

signpost, is the most likely to experience a larger failure, due to its western (warm) exposure and

steeper gradient, but it is also the furthest from the churches.

 The slope below the cemetery, on the other hand, could continue to experience slope movements of

0.5 m or less in thickness, but it is also much more likely to continue to experience much larger events,

with thicknesses of 1 to 2 m or more potentially being lost, as can be surmised from the scarp heights

measured in the 2007 thaw slide area, and from the top-of-slope retrogressions estimated from the

airphotos. As noted in Section 5.2, an average rate of retrogression of 0.22 m per year was estimated

along the north half of the cemetery between 1987 and 2010. In the area of the 2007 thaw slide, by

contrast, the rate of retrogession was estimated at about 2.3 m per year between August 2007 and

August 20 10. Since there are already tension cracks right at the fence line, and since the 1993 through

2007 airphotos indicate that some slope crest has already been lost outside the fence since the fence

was installed (Figure 3), this means that part of the cemetery, and possibly the graves nearest to the

fence, could be affected by a slope failure of any size.

The following section discusses the consequences of slope failure.

6.2.3 Assessing the Consequences of Slope Failure

So far, we have determined that the river slopes do present a hazard, and that the likelihood of slope failure

increases with proximity to the crest of slope. But what are the potential consequences of slope failure on

the churches and the cemetery? These consequences could include:

 Damage to the grounds or landscaped areas of the churches/cemetery;

 Damage to, or loss of, gravesites within the cemetery;

 Damage to portions of either church building, including the above-ground structure and/or the

foundations, such as cracking of building finishes, failure of structural elements, and/or settlement and

failure of the foundations;

 Loss of the building or part of the building in a large landslide; and/or

 Injury or even loss of life if a large landslide occurs when the building/premises are occupied.

EBA considers the consequences of slope failure to be high at the subject site.
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6.2.4 Assessing the Risk of Slope Failure

The risk associated with the likelihood and consequences of slope failure as discussed in the preceeding

paragraphs can be qualitatively assessed using the following risk matrix (adapted from British Columbia

Ministry of Forests, 2002):

Table 7.2.4.1: Risk Matrix - General

Risk to Element
Consequence of slope failure

Low Moderate High

Likelihood of
slope failure
affecting the

element

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High

For each element to be considered, the likelihood of slope failure and the consequence of slope are

qualitatively assessed. Several risk matrices are presented for consideration, as follows:

Table 7.2.4.2: Risk Matrix – Old Church – Northeast Slope

Risk to old church from
slope failure on northeast slope

Consequence of slope failure

Low Moderate High

Likelihood of
slope failure

affecting
old church

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High

The likelihood of slope failure affecting the old church on the northeast (Mackenzie River) side within the

next 1 to 10 years is considered to be high. This is because the crest of the slope is within 1.7 m of the

church at its northwest corner, and because some large cracks were observed in the slope below the

church. The size of potential slope failures may be small because the slope configuration is irregular and

stepped, but even a small slope failure that causes retrogression of the slope crest could easily reach and

damage the foundation of the church. As noted in the previous section, the consequences of slope failure

are high on Church Hill, hence the risk to the old church is considered to be very high.

Table 7.2.4.3: Risk Matrix – Old Church – Northwest Slope

Risk to old church from
slope failure on northwest slope

Consequence of slope failure

Low Moderate High

Likelihood of
slope failure

affecting
old church

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High

The likelihood of slope failure affecting the old church on the northwest (Arctic Red River) side within the

next 1 to 10 years is considered to be moderate. Although some tension cracks were seen near the crest of

slope and the Canadian Heritage River sign located at the crest is clearly moving, the crest of the slope is

18 m away from the church at its northwest end, and the total depth of a potential slide is mitigated by the

presence of bedrock. A single catastrophic slope failure that reaches and damages the foundation of the

church is certainly possible, but appears less likely than a series of lesser events that would result in a

gradual retrogression of the slope crest. However, as noted in the previous section, the consequences of

slope failure are high on Church Hill, hence the risk to the old church is also high.



SLOPE STABILITY REVIEW AND EVALUATION OF STABILIZATION OPTIONS, CHURCH HILL, TSIIGEHTCHIC, NT

EBA FILE: Y14101275 | JUNE 2011 | ISSUED FOR REVIEW

22

Y14101275 Tsiigehtchic Slope Stability IFR.docx

Table 7.2.4.4: Risk Matrix – Old Church – Southwest Slope

Risk to old church from
slope failure on southwest slope

(Church crow bed)

Consequence of slope failure

Low Moderate High

Likelihood of
slope failure

affecting
old church

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High

The likelihood of slope failure affecting the old church on the southwest side (at the crow bed below the

church, on the Arctic Red River side) within the next 1 to 10 years is considered to be high. As mentioned

in Section 7.2.2, the slopes around the churches are likely to keep creeping and ravelling for years to come

either as a result of general creep and surficial sloughing of the slope, or from failure of the sidecast fill, and

this may involve slope movements of 0.5 m or less in thickness in any one event. It might take six or seven

such small events for the old church to be affected at its southwest corner.

Though no obvious tension cracks were seen between the church and the crest of slope, nor on the steep

slope section investigated below the crest, a slope failure at this location could also consist of a

retrogression of the existing crow bed slope failure. The crest of the slope is only 3.5 m away from the old

church at its southwest corner and a single slope failure could potentially reach and damage the foundation

of the old church. Because the church has no basement, its foundations may be very shallow and thus more

vulnerable to slope movements than deeper foundations would be. However, such a failure is considered

less likely than a series of smaller failures retrogressing towards the church. The consequences of slope

failure are high on Church Hill, hence the risk to the old church is very high.

Table 7.2.4.5: Risk Matrix – New Church – Northeast Slope

Risk to new church from
slope failure on northeast slope

Consequence of slope failure

Low Moderate High

Likelihood of
slope failure

affecting
new church

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High

The likelihood of slope failure affecting the new church on the northeast (Mackenzie River) side within the

next 1 to 10 years is considered to be moderate. At its closest point, at the northwest corner, the new

church is about 12 m from the crest of slope (coincidentally, also the road edge). No tension cracks were

noted, and the slope gradient below the road is 50% for 50 m, then benchy below. However, as noted in the

previous section, the consequences of slope failure are high on Church Hill, hence the risk to the new

church is also high.

Table 7.2.4.6: Risk Matrix – New Church – Southwest Slope

Risk to new church from
slope failure on southwest slope

Consequence of slope failure

Low Moderate High

Likelihood of
slope failure

affecting
new church

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High
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The likelihood of slope failure affecting the new church on the southwest side (at the crow bed below the

church, on the Arctic Red River side) within the next 1 to 10 years is considered to be moderate. Some

cracking noted on the south foundation wall of the new church (adjacent to the dry-stone wall) may have

been related to possible movements of the nearby slope but is considered more likely to have been related

to permafrost thaw and differential settlement after building construction, since the church basement was

reported to have had some significant thaw settlement issues.

Though a slope failure at this location would predictably consist of a retrogression of the existing crow bed

slope failure or sloughing of the sidecast fill, no obvious tension cracks were seen between the church and

the crest of slope, nor on the steep slope section investigated below the crest. The crest of the slope is

about 14 m away from the new church at its southwest corner. A single catastrophic slope failure that

reaches and damages the foundation of the church is certainly possible, but appears less likely than a series

of lesser events that would result in a gradual retrogression of the slope crest. However, as noted in the

previous section, the consequences of slope failure are high on Church Hill, hence the risk to the new

church is also high.

Table 7.2.4.7: Risk Matrix – Cemetery – Northwest Slope

Risk to cemetery from
slope failure on northwest slope

(Arctic Red River slope)

Consequence of slope failure

Low Moderate High

Likelihood of
slope failure

affecting
cemetery

Low Very Low Low Moderate

Moderate Low Moderate High

High Moderate High Very High

The likelihood of slope failure affecting the cemetery on the northwest (Arctic Red River) side within the

next 1 to 10 years is considered to be high. Numerous tension cracks exist at and below the crest of slope,

as well as along the cemetery fence. Some sections of the fence are already leaning and the slope crest in

those areas is likely to fail during the next thaw season, if not before. Numerous lumps of soil and

vegetation on the 2007 thaw slide surface appear to have originated at the headscarp, indicating that

ravelling of the slope crest is an ongoing process.

Photos 17 and 18 present a comparison in the headscarps as at September 2007 and August 2010 (see also

Sections 6.5 through 6.7). Photos 6 and 7 also show the significant change in the headscarp, as viewed from

the Mackenzie River. The headscarp has retrogressed an estimated 7 m horizontal in 3 years, resulting

mostly in deposition of headscarp debris into the slide bowl (Section 5.2). Given that there are already

tension cracks at the fence line above the headscarp, this is a strong indication of continued future slope

retrogression.

The sidescarps of the 2007 thaw slide were also compared. The north sidescarp appears to have moved

further north by an estimated 4 m, based on analysis of the August 2007 airphotos, GNWT’s September

2007 observations (email communications, April 28-29, 2011; G. MacKay, R. Kors-Olthof), and EBA’s

August 2010 observations. The south sidescarp has ravelled and retrogressed by an estimated 2 m,

although the exact dimensions are not clear due to the lack of landmarks on this side. In any case, the

raveling has been enough to transform a very sharp slope crest into a more rounded slope transition on the

south (Photos 19 and 20). The lower edge of the thaw slide bowl appears to have been relatively static, as

it is controlled by a bedrock outcrop.
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Note that frost-crack polygons within the cemetery perimeter allow easy ingress of surface water from rain

or snowmelt, potentially leading to accelerated permafrost thaw and increased soil porewater pressures.

Seasonal freeze-thaw cycles also tend to contribute to progressively larger cracks, eventually causing slope

failure. About 10 years ago, some skeletal remains were recovered from the slope below the cemetery,

presumably exposed as a result of thermal and physical erosion, or possibly an unrecorded slope failure.

All these observations indicate a high likelihood of continued slope movements. Furthermore, as noted in

the previous section, the consequences of slope failure are high on Church Hill, hence the risk to the

cemetery is very high. Groundskeepers have already recognized this fact and no longer conduct burials on

the western side of the cemetery.

6.2.5 Assessing Options to Reduce the Risk to the Existing Structures and Features

The next step is to consider how the results of the landslide risk analysis compare to the thresholds of

acceptable or tolerable risk; that is, is the high to very high risk to the existing structures and features

tolerable or not? If the risk is not tolerable, then options need to be developed to reduce the landslide risk.

EBA assumes that a high or very high risk from a landslide that is associated with the damage or loss of a

permanent structure or feature, or that could cause injury to persons or loss of life is not tolerable. Several

options are available to reduce the risk to the existing structures and features on Church Hill. These could

include the following (from British Columbia, Ministry of Forests, 2004):

 Avoid the unstable or landslide-prone terrain;

 Reduce landslides by designing measures or operating procedures to reduce the probability of

landslide occurrence; and/or

 Protect elements at risk by implementing measures to reduce the consequence of a potential landslide.

Some specific corresponding options to reduce risk could therefore include the following:

 Avoid the unstable terrain: Implement a minimum slope setback, 4H:1V, for instance, as discussed

above. However, adjusting the slope setback to this extent would result in a major adjustment of the

western and northern boundaries of the useable land area on Church Hill. In practice, implementing a

minimum slope setback means having to move both churches and the cemetery. Further investigation

could prove this measure to be appropriate, or it could show such a measure to be too conservative.

 Reduce landslides: Consider options to limit surface water runoff and infiltration by keeping water

from either flowing downslope or from infiltrating into the many frost-crack polygons and associated

tension cracks. Consider alternatives to keep the ground frozen, thereby reducing the volume of soil

that could fail. Consider soil retention options to keep the existing slope from failing, or even build up

a buffer area between the crests of slopes and the elements at risk. Some of these options may be

relatively inexpensive, but correspondingly ineffective over the long-term. Conversely, options that

may be effective over the long-term are also likely to be very expensive. Note too, that only one very

shallow corehole has been drilled at the subject site, and no detailed investigation has been carried out

specific to slope stability at the site. Thus, there is a certain amount of risk involved in assuming that

any of these options would be adequate to maintain slope stability at the site.
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 Protect the elements at risk: For foundations at risk from thaw slides or thaw slumps, a remedial

foundation could be designed such that slope failures would leave it relatively unaffected. For

example, a landslide might have an immediate effect on a shallow foundation, but if the failure surface

is not as deep as the foundation elevation, for example, as with piles, then site repairs might be easier

and less expensive. Bedrock is estimated at about 8 m below ground surface in the vicinity of the

churches, and about 11 m below ground surface at the cemetery, so conceivably the existing

foundations could be underpinned and supported in bedrock. Another idea would be to construct a

mat slab under the building so that it moves as a unit instead of breaking into pieces if soil falls away

from under any one part of the foundation. However, such options will be expensive to install, and

with the present lack of information, it is not known whether such protective measures would be cost

effective, or even adequate to the intended purpose.

7.0 FURTHER CONSIDERATION OF OPTIONS TO REDUCE RISK

Various options are considered in Table 2 at the back of this report to reduce the risk of slope instabilities

to the churches, the cemetery and the sign. These options include ways of avoiding unstable terrain,

reducing landslides, or protecting the elements at risk. Insufficient information is available for “Class D”

cost estimates as defined by Public Works and Government Services Canada (PWGSC). That is, the project

scope (and certain unit costs) for each option cannot be sufficiently defined with the currently-available

site information. Therefore, a “Broad Cost Projection” has been assigned to each option, in accordance with

PWGSC’s definition, and with the kind assistance of Dowland Contracting Ltd. (Dowland). This cost

estimate is not a construction estimate but is typically based on historical data from similar projects and

indicates a rough budget for the resources needed to develop a project, for discussion purposes only.

Because there is virtually no site-specific geotechnical, permafrost or structural engineering information

available, EBA and Dowland have had to make numerous preliminary assumptions about the feasibility of

the various possible options, the structural integrity of the existing buildings, the quality of soils and

bedrock, foundation types and depths, soil retaining structure types and dimensions, access methods

including the heights and lengths of approach fills, and so on. These assumptions in turn affect the amounts

of construction materials required for each option, the costs of transporting those materials to the site, the

types of equipment required for construction, possible requirements for specialized equipment and

personnel that are not available locally, the costs of mobilization/demobilization of equipment and

personnel, and requirements for food and accommodation for construction staff mobilized from outside

Tsiigehtchic. It is EBA’s understanding that lower-cost options are preferred, particularly those options in

which community members can easily participate and contribute their labour. Such options include

moving the commemorative sign, protecting the slope by filling in tension cracks, installing soil

stabilization mats and establishing natural ground cover, and installing wood chips. Although we have not

heard much enthusiasm to date for moving gravesites, we anticipate that this will also become a necessary

activity.

A do-nothing or wait-and-see option is also a possibility. However, it is very important that such a decision

be made consciously, with the informed consent and consensus of community members. This is because it

may cost nothing now to do nothing, but inevitably a slope will fail, and something will be lost that the

community or community members feel is important, like the gravesites. Community dialogue and
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consensus is essential to come up with a good solution for the community while also accommodating the

needs of individual members of the community. For example, some members of the community may be

comfortable with having nature take its course and having their ancestors or family members end up in the

Arctic Red River when a slope failure takes away part of the cemetery. Other members of the community

may want to move their ancestors or family members to a safer place.

8.0 RECOMMENDATIONS

EBA recommends that the options presented above be further considered by the community, and those

options of most interest can be further investigated as to details of design and anticipated costs of

construction. EBA can assist in this regard, upon request.

Because the cemetery and the graves nearest the west edge of the cemetery appear to be at the greatest

immediate risk, we recommend that options related to the cemetery be considered first. Since low-cost

options will not necessarily prevent slope failure, we further recommend that serious consideration be

given to moving the gravesites most at risk. This task will begin with identifying such gravesites, their

exact locations, and the people related to those buried there.

Also at very high risk is the old church, due to its proximity to the slopes both south and north. Options for

long-term stability should be considered for the church if it is to be preserved.

A topographic/LIDAR survey, a slope stability analysis, or a thermal analysis were not included in the

present workscope. Associated with the slope stability and thermal analyses is the need for much better

geotechnical and permafrost data than is currently available, because a detailed geotechnical site

investigation has not been included in the work to date. EBA recommends that these items be incorporated

into future phases of the project.
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9.0 CLOSURE

We trust this report meets your present requirements. Should you have any questions or comments,

please contact the undersigned at your convenience.

EBA, A Tetra Tech Company

Prepared by: Reviewed by:

Rita I. Kors-Olthof, P.Eng. Ed Hoeve, M.Eng., P.Eng.

Senior Geotechnical Engineer, NT/NU Region Project Director, NT/NU Region

Direct Line: 403.763.9881 Direct Line: 867.766.3728 x222

rkors-olthof@eba.ca ehoeve@eba.ca
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Table 1: Air Photo Observations
Feature Observed 1965

1:12,000 Scale
1968

1:6,000 Scale
1971

1:7,000 Scale
1985

1:5,000 Scale
1990

1:5,000 Scale
1993

1:5,000 Scale
2001

1:10,000 Scale
2007

1:10,000 Scale

Trail from new church to

Arctic Red River

Trail in active use, boats

at river, small shed at

crest

Trail in active use, boats

at river

No boats, bottom of trail

scoured out, close to river

elevation

Trail growing over,

scoured out on lower

slope?

Trail hard to see on lower

slope

Confirm lower trail was

scoured out by river

Lower slope in shadow

(can’t see trail area)

Lower slope in shadow;

scour visible on enhanced

photo

“New” church on gravel

pad

Pad looks bladed flat with

sidecast fill on SW side

into “church” crow bed

No obvious changes;

exposed soil more

obvious on fill slope

Significant erosion of

sidecast fill below old and

new churches

New gravel surfacing

around new church and

maybe to W of old church

No obvious changes Possible erosion on

sidecast fill below

churches, exposed soil

New fill surfacing

continues W of old church,

trail down to N is more

travelled

No obvious changes

Footpath NE side of old

church

In shadow, possible

gravelled surface

In shadow, possible

gravelled surface

Glare on 1:12,000 and

shadow on 1:7,000, can’t

see

Clearly visible 4 – 5 m

from church

Faint footpath visible In shadow, but E end is

visible

Gravelled footpath

alongside church

Not visible due to camera

angle above church

Building on bench below

old church NE side

(marked “former building

location” on Figure 2)

Exists already; trail/road

runs along E side down

hill; exposed soil at fill

area to W, below former

building location

No obvious changes, but

cut/fill is easier to see than

in 1965 – ramp W of low

area below church, and fill

area below

Exposed soil, erosion just

west of building

Building is gone, but foot-

print still clearly visible

No obvious changes No obvious changes No obvious changes No obvious changes

Slope failures N of N crow

bed, W of mid-cemetery;

includes area of 2007

thaw slide

Well-vegetated except at

top N corner – possible

dumping or slide area?

More exposed soil visible

than in 1965, two obvious

slide areas on 1967 and

1968 photos

Slope crest looks

straighter on the 1:12,000

photos, but not on the

1:6,000; slide paths

growing in

Slope over-grown again,

but exposed soil on N side

of N crow bed

Slope well-vegetated, still

less vegetation at N side

of N crow bed, since it is

very steep

Exposed soil on ridge

between N crow bed and

slide to N

No obvious changes Ridge N of N crow bed is

failing, runout to river

matches photos by

Johnson and Zazula

Fences Fence on SE side of

cemetery and S end of

cemetery area, possibly

into N crow bed

As in 1965; cemetery area

is divided in two, not clear

if both areas for cemetery,

or just N half

No obvious changes;

linear feature diagonal

across N crow bed crest

could be angle iron fence?

(1:12,000 photos)

Faint linear feature, likely

barbed-wire fence across

bottom of N crow bed onto

ridge N

Barbed-wire fence at

bottom of S & N crow

beds to ridge N; chain-link

fence around cemetery

after 1987; partition gone

Chain-link fence present Slope crest closer to

chain-link fence

Slope crest just outside

(W of) chain-link fence

Drystone retaining wall &

stairs at N end of

cemetery

Exists already Area in shadow, no

obvious changes

No obvious changes Possible added wall W of

stairs, & repairs done

No obvious changes No obvious changes No obvious changes Area in shadow, no

obvious changes

Graves Not readily visible Possible graves just N of

partition?

Earth works south of

partition: dozer?

Possible graves just N of

partition?

Grave markers clearly

visible

Grave markers clearly

visible

Many markers not visible Many markers not visible

Small wooden retaining

wall on slope below

cemetery

- - - - - - In place by 2001 No obvious changes
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Table 2: Options to Reduce Risk
TYPE OF OPTION SPECIFIC OPTION BROAD COST PROJECTION ($) PROS CONS

Avoid

terrain

Move old church New foundations, preparation for move, moving

and placing building on new foundation.

$420,000

Opportunity to choose safe long-term location for church. Moving

the church will become part of history.

Could be very expensive, especially if church needs a lot of structural reinforcing to

safely transport. Church will no longer be at historical location.

Move new church New foundations, preparation for move including

dividing building into two parts, moving and

placing building on new foundation.

$600,000

Opportunity to choose safe long-term location for church. Moving

the church will become part of history.

Could be very expensive, especially if church needs a lot of structural reinforcing to

safely transport. Church will no longer be at historical location.

Move gravesites on west side of

cemetery

Identify gravesites to be moved, determine

where new gravesites should be, excavate

remains, place in new containers if needed, and

move remains. Blessings, rites, or other

ceremonies.

Estimate 50 grave sites at $6000 each:

$300,000

Gravesites can be moved to long-term safe location, with no

worries that a family member’s remains could slide down the hill or

be mixed up with someone else’s remains, or that they could fall

into the Arctic Red River and be lost forever. Opportunity to

research and rediscover missing markers and graves.

Time-consuming, possibly expensive. Worrisome or traumatic for people who don’t

like the idea of disturbing someone’s remains. Raises the problem of identification

of graves/remains, especially if markers are missing and a grave is not seen.

Move entire cemetery As above.

Estimate 100 grave sites at $4800 each:

$480,000

(Need to determine number of sites – refer to

church records)

As above. Graves of family members are less likely to be

separated into different cemeteries. Won’t have to return in future

if more ground is lost.

As above.

Move Canadian Heritage River sign $1200 Don’t have to worry about the sign sliding down the hill for a few

more years if it is moved. It can still be placed on the hill, just a

little further east.

None.

Reduce landslides Limit foot/bicycle traffic and

snowmobile/ATV traffic on steep

trail by old church

Install sections of fence at access points of trail

$1200

Low cost option. Helps reduce physical and thermal erosion. A fence only works as long as people respect it. A fence could be hazardous if

someone doesn’t know it is there and travels at high speed on the trail.

Fill tension cracks and frost-cracks

polygons in with silt or clay soil - not

wet soil, and not sand or gravel - so

that the cracks will be sealed.

Estimate 200 m
3

of fill soil needed, at $200/m
3

to

supply, haul and place.

$50,000.

Reduces volume of water that could infiltrate into soil. Relatively

inexpensive and can be done with local labour using wheelbarrows,

5-gallon pails and shovels, with help of dump truck and loader or

excavator to stockpile and transport fill.

Short-term solution only, unlikely to be sufficient on its own.

Protect slope sections with light-

coloured soil stabilization mat (e.g.

straw or cocomat) and establish

natural ground cover.

Estimate 1500 m
2

of mat needed. Vegetate with

local low-growing but deep-rooting plants and

shrubs.

$30,000 supply, ship and place mat and secure

with stakes.

$35,000 collect and plant vegetation.

Reduce infiltration and summer heat gain without trapping snow in

winter. Relatively inexpensive. Can be done with local labour. Can

collect local plants to transplant onto site.

Short-term solution only, unlikely to be sufficient on its own. Need expert guidance

to place mat so that it will stay in place, and to collect and transplant vegetation so

that it will survive.

Potential to add heat to soil.

Install thermosyphon systems to

keep ground frozen adjacent to

churches and cemetery.

Estimate 1500 m
2

area cooled by

thermosyphons:

$600,000

Insulation $160,000

Grading & Prep:

$220,000

Maintain permafrost, reducing the likelihood of continued thaw

slides and slope creep on Church Hill.

Very expensive, may not be sufficient on its own. Difficult access, hard to install on

slopes. Might freeze too much soil, resulting in heave of church foundations and

structural stresses. Significant ground disturbance to install.
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Table 2: Options to Reduce Risk
TYPE OF OPTION SPECIFIC OPTION BROAD COST PROJECTION ($) PROS CONS

Reduce landslides (cont’d) Protect slope sections with light-

coloured wood chips.

Estimate 1500 m
2

of wood chips needed, at

0.5 m thickness.

$120,000 supply, haul, and place wood chips,

securing with stakes and lines of snow fence.

Reduce infiltration and summer heat gain without trapping snow in

winter. Relatively inexpensive. Can be done with local labour.

Proven in discontinuous permafrost along Norman Wells pipeline,

even in locations where upper surface of wood chips burned in a

forest fire. Also used to help remediate a failed slope section.

Potential to create heat if wood chips are allowed to decay significantly. Potential

fire hazard, especially in dry conditions. Not a no-maintenance option. Need the

right size of wood chips and fencing or mesh so that wood chips don’t fall through.

Silt fence not suitable due to likelihood of trapping water on slope over long-term.

Depending on the height and angle of slope to be protected, fencing or mesh may

not be enough to hold wood chips. Might need timber cribbing which is more

expensive to install.

Build slope retaining structures

along the west side of the cemetery

and around the churches.

Structures ideally founded in

bedrock for long-term reliability.

Several options – gabions, lock blocks, concrete

panels…

Estimate 90 m long and 9 m deep for the

churches: $360,000

Estimate 100 m long and 13 m deep for the

cemetery: $480,000

Long-term solution that does not rely on maintaining frozen soils.

Will likely help maintain permafrost behind structure. Could fill

gabions with locally available quarry material. Could also backfill

retaining structures with light-weight materials such as wood chips

(Alaska DOT study).

Expensive. Bedrock quality not known. Difficult access conditions because there is

so little clearance between elements to be protected and the crests of slopes to be

supported. Likely have to build access trails below.

Build air convection embankments

on slopes for natural cooling.

Estimate 90 m long and 9 m deep for the

churches: $240,000

Estimate 100 m long and 13 m deep for the

cemetery: $360,000

Enhance freezing of slope soils without having to maintain

equipment. Less expensive than thermosyphons. (Alaska Hwy test

section in Yukon.)

Large fills needed, difficult access.

Build “snow/shade-shed” to reduce

thaw of permafrost.

Estimate 1500 m
2

area to be sheltered:

$720,000

Enhance freezing of slope soils without equipment or need for large

fills. (Alaska Hwy test section in Yukon.) Could be built locally with

some carpentry expertise.

Could be difficult to install reliable foundation supports for sheds on slope. Also

difficult to anchor down against potential wind forces. May not be sufficient on its

own to protect permafrost.

Protect elements at risk Underpin foundations of old church

with piles into bedrock.

Jacking up and supporting church, possibly

moving it temporarily for access to foundations,

installing piles and beams, lowering church.

$630,000

Will allow building loads to be transferred to bedrock, so that

building will survive a slide and repairs can be made.

Expensive. Will not prevent landslides from undermining building. Would have to

design for lateral support in the event that soil is lost under building. May have to

move building out of the way for access to foundation area. Same cost as moving

the building somewhere safer.

Underpin foundations of new church

with piles into bedrock.

Underpinning foundation in sections due to

basement, installing piles and beams.

Alternatively, moving building to get better

access to foundations.

$900,000

Will allow building loads to be transferred to bedrock, so that

building will survive a slide and repairs can be made.

Expensive. Will not prevent landslides from undermining building. Would have to

design for lateral support in the event that soil is lost under building. Same cost as

moving the building somewhere safer.

Build a mat slab under the old

church.

Jacking up and supporting church, installing mat

slab, lowering church.

$270,000

Will allow building to move as a unit if large soil movements occur,

similar to seismic design of Anchorage courthouse and Fireweed

building in Yellowknife. Easier to work under than piling option,

likely less expensive.

Will not prevent entire building from falling downslope, unless it is otherwise

anchored to bedrock. Or differential settlements may be too high to reasonably

repair.

Build a mat slab under the new

church.

Build mat slab above, at, or below elevation of

basement floor, depending on proposed future

use of church basement. Extend slab under

existing foundation walls.

$540,000

Will allow building to move as a unit if large soil movements occur,

similar to seismic design of Anchorage courthouse and Fireweed

building in Yellowknife. Easier to work under than piling option,

likely less expensive.

Will not prevent entire building from falling downslope, unless it is otherwise

anchored to bedrock. Or differential settlements may be too high to reasonably

repair.

Do nothing
Wait-and-see

or

Decide now to do nothing

Cost could be $0, but more likely there will be

some cost associated with the loss of the feature

that is lost when the slope fails, for example,

loss of gravesites at west edge of the cemetery.

Don’t need to spend any money now. The community can make a

conscious decision to do nothing, and a conscious decision to

accept whatever might happen, like the loss of gravesites down the

slope, or a broken foundation under the old church.

This option won’t work if there is no consensus in the community about it. If nothing

is done because no one can decide what to do, or because it doesn’t seem very

urgent so no one bothers to do anything, and then something happens, this could

create frustration and anger between community members.
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FIGURES

Figure 1 Site Location

Figure 2 Site Plan and Slope Instabilities

Figure 3 Visual Slope Retrogression Analysis

Figure 4 Topographic Plan with Measured Slope Gradients

Figure 5 Topographic Plan with Preliminary “Safe” Setbacks
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SLOPE STABILITY REVIEW AND EVALUATION OF STABILIZATION OPTIONS, CHURCH HILL, TSIIGEHTCHIC, NT

EBA FILE: Y14101275 | JUNE 2011 | ISSUED FOR REVIEW

PHOTOGRAPHS

Photo 1 Looking south at the northeast slope of Church Hill…

Photo 2 Note steep local slope section immediately behind right-most Hislop and Nagle building…

Photo 3 Hislop and Nagle buildings and part of supporting fill is gone…

Photo 4 Subaerial view from the southeast…

Photo 5 Looking south along the bank of the Arctic Red River…

Photo 6 Looking southeast at east bank of the Arctic Red River…

Photo 7 Looking southeast at Church Hill from the Mackenzie River…

Photo 8 Looking south at churches from Gwichya Gwich’in Road…

Photo 9 Looking north from Douglas Kendo property toward cemetery…

Photo 10 Looking southeast at commemorative sign…

Photo 11 Looking northwest along northeast wall of “old” church…

Photo 12 Looking south at cemetery from north fence…

Photo 13 Looking west along old dry-stone retaining wall…

Photo 14 Looking northeast below the old” church at small copses of willows…

Photo 15 Looking southeast at sidecast fill areas below churches…

Photo 16 Looking upslope at west cemetery fence…

Photo 17 Looking upslope at headscarp of 2007 thaw slide…

Photo 18 Looking upslope at headscarp of 2007 thaw slide…

Photo 19 Looking southwest at lower south corner of 2007 thaw slide…

Photo 20 Looking southwest from headscarp of 2007 thaw slide…
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EBA FILE: Y14101275 | CA. 1901-1919 | ISSUED FOR REVIEW

Y14101275 photos 1-4.do

P

P

hoto 1: Looking south at the northeast slope of Church Hill. Mission chapel-house
top left (1896), and Hislop and Nagle trading post buildings on mid-slope
(1901). Note braced-timber soil-retaining wall supporting buildings.
Glenbow Archives, NA-1628-10, ca. 1901-1905.

Mission chapel house

Hislop & Nagle buildings
c

hoto 2: Note steep loc
Nagle building
of stairway and
cut yet below b
al slope section immediately behind right-most Hislop and
(at arrow). This slope section still exists today. Note addition
new building between the two original buildings. No road

uildings. Glenbow Archives, NA-1411-18, ca. 1917-1919.
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Y14101275 photos 1-4.doc

Photo 3: Hislop and Nagle buildings and part of supporting fill is gone. “Old” church
now at top of slope, another unidentified building lower on slope. Footprint
of this building still visible on site. NWT Archives / Robert C. Knights fonds /
N-1993-002:0012, 10 May 1957.

Photo 4: Subaerial view from the southeast. Note orientation of mission-house (down
and left of “old” church at top of photo, see arrows) relative to later location
of “new” church; and presence of road cut at toe of northeast slope. NWT
Archives / Robert C. Knights fonds / N-1993-002:0012, 11 August 1957.
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EBA FILE: Y14101275 | AUGUST - SEPTEMBER 2007 | ISSUED FOR REVIEW

Y14101275 photos 5-8.do

P

P

hoto 5: Looking south along the bank of the Arctic Red River. Note bedrock
outcrops north and south of 2007 thaw slide runout zone (black arrows), and
barbed-wire fence on south side of apex of runout (red arrow). R. Johnson,
1 August 2007.
c

hoto 6: Looking southe
Same pattern o
bedrock outcro
configuration (
2007 headscarp of
ast at east bank of the Arctic Red River below cemetery.
f vegetation and debris in runout zone of 2007 slide, same
ps visible (black arrows), same barbed-wire fence

red arrow). Government of Yukon, 15 September 2007.

2007 thaw slide
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EBA FILE: Y14101275 | AUGUST – SEPTEMBER 2010 | ISSUED FOR REVIEW

Y14101275 photos 5-8.d

Photo 7: Looking southeast at Church Hill from the Mackenzie River. Arctic Red
River flows from the south (right), the Mackenzie from the east (left). “Old”
church in foreground, “new” church partly hidden behind it to the right,
cemetery to the right and at higher elevation. To far right, 2007 thaw slide.

2007 thaw slide
oc

Photo 8: Looking south at churches from Gwichya Gwich’in R
ferry crossing on the Mackenzie River floodplain up t
community.
2010 headscarp of
oad which leads from
he hill to the
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EBA FILE: Y14101275 | AUGUST - SEPTEMBER 2010 | ISSUED FOR REVIEW

Y14101275 photos 9-12.d

P

P

oc

hoto 9: Looking north from Douglas Kendo property towards cemetery. Stefan
Goodman and Mike Palmer of INAC coring and logging soils.

hoto 10: Looking southeast at commemorative sign. “New” church is in background
at left, the cemetery fence is visible beyond the sign. The sign is founded
on shifting soils, associated with sidecast fill and/or thawing permafrost.
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EBA FILE: Y14101275 | AUGUST – SEPTEMBER 2010 | ISSUED FOR REVIEW

Y14101275 photos 9-12.
Photo 11: Looking northwest along northeast wall of “old” church. What was once
apparently a gravel path on this side of the church has now completely
overgrown on the near end, and it is only 1.7 m wide at the far end, where
the slope drops away to the northeast (right).
doc

Photo 12: Looking south at cemetery from north fence. Ground surface is somewhat
uneven but appears to be more level than it was prior to installation of the
perimeter fence.
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EBA FILE: Y14101275 | AUGUST - SEPTEMBER 2010 | ISSUED FOR REVIEW

Y14101275 photos 13-16

P

P

hoto 13: Looking west along old dry-stone retaining wall below north end of cemetery
and beside “new” church. Stone steps are just out of view, close to window
casing left on slope.
.doc

hoto 14: Looking northeast below the “old” church at small copses of willows that
indicate local topographic lows and benchy areas that trap and detain
surface runoff. The willows and taller brush also trap snow.
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EBA FILE: Y14101275 | AUGUST – SEPTEMBER 2010 | ISSUED FOR REVIEW

Y14101275 photos 13-16
Photo 15: Looking southeast at sidecast fill areas below churches on southwest side of
churches. No obvious evidence of sloughing, but some exposed soils due
to repeated applications of fill and/or surface erosion. Slope crest is 3.5 m
from corner of “old” church.
.doc

Photo 16: Looking upslope at west cemetery fence from about 4 m south of north
scarp of 2007 thaw slide. Considerable household debris including tin cans,
a bedspring and other metal debris was noted in the upper 0.5 m of soil at
the slide area, as well as to the north and south.
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EBA FILE: Y14101275 | SEPTEMBER 2007 - AUGUST 2010 | ISSUED FOR REVIEW

Y14101275 photos 17-20

P

P

hoto 17: Looking upslope at headscarp of 2007 thaw slide. Yellow marker is at
steppe bison find. Ice lens (marked with arrow) is estimated at about 2.2 m
below the headscarp, based on this photo. Government of the Northwest
Territories, 14 September 2007.
.doc

hoto 18: Looking upslope at headscarp of 2007 thaw slide. Suspected former ice
lens is located at 1 m long linear feature below scarp (marked with arrow).
Ice lens marked transition between silt soil layer above and gravelly sand
soil layer below. Ecology North / CS Environmental, 30 August 2010.
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EBA FILE: Y14101275 | SEPTEMBER 2007 - AUGUST 2010 | ISSUED FOR REVIEW

Y14101275 photos 17-20
Photo 19: Looking southwest at lower south corner of 2007 thaw slide. Note sharp
transition and approximate 2 m height of south scarp, as well as position of
barbed-wire fencing along lower edge of bowl. Government of Yukon,
14 September 2007.
.doc

Photo 20: Looking southwest from headscarp of 2007 thaw slide. Note similar height
of south scarp as in 2007, but rounded transition due to ongoing ravelling.
Lower edge appears to be very much the same as in 2007, due to bedrock
control: note location of barbed-wire fencing. 31 August 2010.
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General Conditions - Geotechnical.doc

GENERAL CONDITIONS

GEOTECHNICAL REPORT

This report incorporates and is subject to these “General Conditions”.

1.0 USE OF REPORT AND OWNERSHIP

This geotechnical report pertains to a specific site, a specific

development and a specific scope of work. It is not applicable to
any other sites nor should it be relied upon for types of development
other than that to which it refers. Any variation from the site or

development would necessitate a supplementary geotechnical
assessment.

This report and the recommendations contained in it are intended
for the sole use of EBA’s Client. EBA does not accept any

responsibility for the accuracy of any of the data, the analyses or
the recommendations contained or referenced in the report when
the report is used or relied upon by any party other than EBA’s

Client unless otherwise authorized in writing by EBA. Any
unauthorized use of the report is at the sole risk of the user.

This report is subject to copyright and shall not be reproduced either
wholly or in part without the prior, written permission of EBA.

Additional copies of the report, if required, may be obtained upon
request.

2.0 ALTERNATE REPORT FORMAT

Where EBA submits both electronic file and hard copy versions of

reports, drawings and other project-related documents and
deliverables (collectively termed EBA’s instruments of professional
service), only the signed and/or sealed versions shall be considered

final and legally binding. The original signed and/or sealed version
archived by EBA shall be deemed to be the original for the Project.

Both electronic file and hard copy versions of EBA’s instruments of
professional service shall not, under any circumstances, no matter

who owns or uses them, be altered by any party except EBA.
EBA’s instruments of professional service will be used only and
exactly as submitted by EBA.

Electronic files submitted by EBA have been prepared and

submitted using specific software and hardware systems. EBA
makes no representation about the compatibility of these files with
the Client’s current or future software and hardware systems.

3.0 ENVIRONMENTAL AND REGULATORY ISSUES

Unless stipulated in the report, EBA has not been retained to

investigate, address or consider and has not investigated,
addressed or considered any environmental or regulatory issues
associated with development on the subject site.

4.0 NATURE AND EXACTNESS OF SOIL AND
ROCK DESCRIPTIONS

Classification and identification of soils and rocks are based upon
commonly accepted systems and methods employed in
professional geotechnical practice. This report contains

descriptions of the systems and methods used. Where deviations
from the system or method prevail, they are specifically mentioned.

Classification and identification of geological units are judgmental in
nature as to both type and condition. EBA does not warrant

conditions represented herein as exact, but infers accuracy only to
the extent that is common in practice.

Where subsurface conditions encountered during development are
different from those described in this report, qualified geotechnical

personnel should revisit the site and review recommendations in
light of the actual conditions encountered.

5.0 LOGS OF TESTHOLES

The testhole logs are a compilation of conditions and classification

of soils and rocks as obtained from field observations and
laboratory testing of selected samples. Soil and rock zones have
been interpreted. Change from one geological zone to the other,

indicated on the logs as a distinct line, can be, in fact, transitional.
The extent of transition is interpretive. Any circumstance which
requires precise definition of soil or rock zone transition elevations

may require further investigation and review.

6.0 STRATIGRAPHIC AND GEOLOGICAL INFORMATION

The stratigraphic and geological information indicated on drawings
contained in this report are inferred from logs of test holes and/or
soil/rock exposures. Stratigraphy is known only at the locations of

the test hole or exposure. Actual geology and stratigraphy between
test holes and/or exposures may vary from that shown on these
drawings. Natural variations in geological conditions are inherent

and are a function of the historic environment. EBA does not
represent the conditions illustrated as exact but recognizes that
variations will exist. Where knowledge of more precise locations of

geological units is necessary, additional investigation and review
may be necessary.
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7.0 PROTECTION OF EXPOSED GROUND

Excavation and construction operations expose geological materials
to climatic elements (freeze/thaw, wet/dry) and/or mechanical

disturbance which can cause severe deterioration. Unless
otherwise specifically indicated in this report, the walls and floors of
excavations must be protected from the elements, particularly

moisture, desiccation, frost action and construction traffic.

8.0 SUPPORT OF ADJACENT GROUND AND
STRUCTURES

Unless otherwise specifically advised, support of ground and
structures adjacent to the anticipated construction and preservation

of adjacent ground and structures from the adverse impact of
construction activity is required.

9.0 INFLUENCE OF CONSTRUCTION ACTIVITY

There is a direct correlation between construction activity and
structural performance of adjacent buildings and other installations.

The influence of all anticipated construction activities should be
considered by the contractor, owner, architect and prime engineer
in consultation with a geotechnical engineer when the final design

and construction techniques are known.

10.0 OBSERVATIONS DURING CONSTRUCTION

Because of the nature of geological deposits, the judgmental nature
of geotechnical engineering, as well as the potential of adverse

circumstances arising from construction activity, observations
during site preparation, excavation and construction should be
carried out by a geotechnical engineer. These observations may

then serve as the basis for confirmation and/or alteration of
geotechnical recommendations or design guidelines presented
herein.

11.0 DRAINAGE SYSTEMS

Where temporary or permanent drainage systems are installed
within or around a structure, the systems which will be installed

must protect the structure from loss of ground due to internal
erosion and must be designed so as to assure continued
performance of the drains. Specific design detail of such systems

should be developed or reviewed by the geotechnical engineer.
Unless otherwise specified, it is a condition of this report that
effective temporary and permanent drainage systems are required

and that they must be considered in relation to project purpose and
function.

12.0 BEARING CAPACITY

Design bearing capacities, loads and allowable stresses quoted in
this report relate to a specific soil or rock type and condition.

Construction activity and environmental circumstances can
materially change the condition of soil or rock. The elevation at
which a soil or rock type occurs is variable. It is a requirement of

this report that structural elements be founded in and/or upon
geological materials of the type and in the condition assumed.
Sufficient observations should be made by qualified geotechnical

personnel during construction to assure that the soil and/or rock
conditions assumed in this report in fact exist at the site.

13.0 SAMPLES

EBA will retain all soil and rock samples for 30 days after this report
is issued. Further storage or transfer of samples can be made at

the Client’s expense upon written request, otherwise samples will
be discarded.

14.0 INFORMATION PROVIDED TO EBA BY OTHERS

During the performance of the work and the preparation of the

report, EBA may rely on information provided by persons other than
the Client. While EBA endeavours to verify the accuracy of such
information when instructed to do so by the Client, EBA accepts no

responsibility for the accuracy or the reliability of such information
which may affect the report.
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1.1 Climate Data

1.1.1 General

This appendix provides background information for the climate summary provided in Section 6.2 of the

main report.

No climate data is available for the community of Tsiigehtchic. The nearest Environment Canada weather

station is at Fort McPherson, some 60 km to the west of Tsiigehtchic. Therefore, some significant variations

in local duration and intensity of precipitation events (rain or snow), as well as local temperatures, may be

anticipated. However, there are Water Survey of Canada monitoring stations on the Mackenzie River at

Tsiigehtchic, on the Peel River upstream (south) of Fort McPherson, and on the Arctic Red River upstream

(south) of Tsiigehtchic. This means some links can be made between the precipitation and temperature

data that were measured at Fort McPherson and what probably happened at Tsiigehtchic.

1.1.2 Climate Data

Since 1981, Environment Canada has maintained a meteorological station at Fort McPherson, about 60 km

west of Tsiigehtchic, NT (Figure 1). Environment Canada has compiled historical data encompassing 1981

through 2007, but no climate normals or averages are available for this site. There seems to have been

some difficulty in maintaining consistent and regular readings at this site. Table B1 shows the mean

monthly air temperature, mean month-end snow cover, and mean monthly snowfall and total precipitation

measured for Fort McPherson from 1981 to 2007.

Table B1 Summary of Climatic Data, Fort MCPherson, NT (1981 – 2007)

Month
Mean Monthly Air
Temperature (ºC)

Mean End-of-
Month Snow on

Ground (cm)

Mean Monthly
Snowfall (cm)

Mean Monthly
Precipitation

(mm)

January -27.2 46.4 15.0 15.0

February -24.5 51.9 14.8 14.8

March -20.4 45.7 12.7 12.7

April -10.1 25.3 10.6 10.9

May 1.9 0.1 8.8 16.7

June 13.0 0 0.3 25.8

July 15.3 0 0.0 44.5

August 11.7 0 0.2 37.4

September 4.6 1.9 7.4 33.1

October -7.0 22.3 36.4 37.6

November -20.8 32.8 28.4 28.4

December -24.4 39.3 16.0 16.0

Mean Annual -7.3 - - -

Total - - 159.0 307.0
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A mean annual air temperature of -7.3°C was recorded from 1981 to 2007. The mean annual air

temperature is trending warmer, at an average rate of about 0.02oC per year; however, considerable

variability was also noted in the data.

During the years for which complete temperature data was available (18 years from 1986 to 2005,

inclusive), the freezing index was approximately 4000 C -days, and the thawing index was about 1400 C -

days. The freezing index is trending lower, at a rate of about -10oC-days per year. The thawing index is also

trending lower, but at a rate of only about -2oC-days per year. These trends suggest that while summers

have become slightly cooler over the measurement period, winters have become warmer, warm enough

that the mean annual air temperature rose during the measurement period.

In an average year the precipitation at Fort McPherson is about 307 mm, just over half of which is snowfall,

assuming a snow water equivalent of 0.1. That is, 1 cm of snow is assumed equivalent to 1 mm of water, in

accordance with Environment Canada standard practice for sites not equipped with an instrument to

determine snow water equivalent (a Nipher gauge).

Total precipitation (rainfall plus snowfall) appears to have decreased slightly over the period of

measurement. The snowfall appears to have decreased slightly, but it has also decreased slightly in

proportion to the amount of precipitation that falls as rain. With climate warming, one would expect that

some of the snowfall in the shoulder seasons (late fall or early spring) may now be falling as rain. This is

particularly likely in the fall, before the large bodies of water have frozen. There may also be an increasing

number of rain-on-snow events. Most of the proportional increase in rain, however, appears to be in the

summer months, consistent with the trend toward cooler summers.

Despite the apparent decrease in snowfall, the typical month-end thickness and annual maximum thickness

of the snowpack has increased over the period of measurement, both during the November-to-March

winter season and the April late winter / early spring season. This may suggest increasingly overcast skies

or increased humidity in winter, with a corresponding decrease in the sublimation of an existing snowpack.

It is also possible that if there are rain-on-snow events, making the snowpack denser, subsequent snowfalls

would result in less settlement of the snowpack.

Finally, because the snow water equivalent is not actually measured at this site, but only estimated, it could

be that the snow water equivalent has become higher in recent years. That is, the snow is denser and

wetter than it used to be, but the method of recording snowfall does not capture that information.

According to Heather Auld, an expert climatologist and meteorologist, and the Associate Director of the

Adaptation and Impacts Research Division at Environment Canada, snow is indeed becoming wetter and

denser than it used to be in Canada’s North, based on data from sites where the snow water equivalent is

actually measured.

The practical implications of an increased snowpack thickness at Church Hill include potentially increased

snowmelt in spring, and correspondingly greater surface water runoff and infiltration. As well, a thicker

snowpack suggests the possibility of a thicker insulating layer over the permafrost, resulting in less cooling

over the winter and hence progressively warmer permafrost and a thicker active layer.
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1.1.3 Precipitation and River Flow Data

The year 2006 was a record year for snow depth on the ground at Fort McPherson, ranging from 77 cm in

January to 75 cm in April, the highest late-season snowpack on record. The snowmelt and resulting surface

water runoff and infiltration is expected to have been heavier than average. This event was followed by a

wetter than usual spring and summer season, with most of the rain falling in June, July, and September,

with amounts measured at 61.8, 48.4, and 40.3 mm, respectively.

A less-than-average snowpack was present in the year 2007, with up to 40 cm of snow on the ground in

March (and no data for April). This was followed by a slightly wetter than average summer, with the

wettest month being July at 61.6 mm of rainfall.

Because there is no weather station at Tsiigehtchic, climate data at Fort McPherson was correlated with

hydrometric data (river flows) measured by the Water Survey of Canada (WSC) at Fort McPherson (Station

10MC002, upstream on the Peel River), at Tsiigehtchic (Station 10LC014, on the Mackenzie River), and on

the Arctic Red River (10LA002, upstream of Tsiigehtchic).

WSC graphs of daily discharges (river flows in m3/s) from 2006 are shown below. All three stations show

near-record daily discharges (river flows in m3/s) in mid-May of 2006, suggesting that Tsiigehtchic and the

surrounding area probably had a very similar snowpack to Fort McPherson in the winter of 2005/2006.

The stations upstream of Fort McPherson and at Tsiigehtchic also show record river flows at the end of

June 2006, correlating very well to the large amount of rain that fell in late June in Fort McPherson. The

station upstream of Tsiigehtchic shows a peak in river flow in early July too, but not a record flow.
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Approximately average river flows occurred in August 2006 at all three stations, but with a small peak seen

on the Arctic Red River upstream of Tsiigehtchic in mid-August. There is no obvious correlation here,

because very little rain fell in August at Fort McPherson. The peak on the Arctic Red River could have been

due to a local rainstorm.
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WSC graphs of daily discharges (river flows in m3/s) from 2007 are shown below. In late May of 2007,

approximately average peaks in spring flows occurred at all three stations, corresponding to snowmelt

from the slightly less-than-average snowpack measured at Fort McPherson over the preceding winter.
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Small peaks in river flows occurred at the stations upstream of Fort McPherson and on the Arctic Red River

in late June/early July corresponding to rainfall of up to 7 mm per day at Fort McPherson (see graphs

above). July continued with several peaks, with the largest peaks at these stations corresponding to the

days of highest rainfall (July 17 and 18, at about 28 and 12 mm per day, respectively). Prominent peaks

were seen in early August, apparently the result of rain falling over a period of nine days between July 30

and August 7, with rainfall of over 6 mm on August 6. Lesser peaks were also seen in late August,

apparently the result of rainfall of about 2-3 mm per day from August 18 through 20 (and smaller amounts

to traces of rain in the preceding days). These peaks are less obvious at the station on the Mackenzie River

at Tsiigehtchic, which was flowing at near-record flows in July 2007, tailing off in August 2007 (see below).

As seen from the graphs, the precipitation at Fort McPherson can be assumed to be at least roughly similar

to the precipitation at Tsiigehtchic, based on the river flows near each location. This being the case, we can

suppose that the winter of 2005/2006 also resulted in a thick snowpack at Tsiigehtchic, that snowmelt was

followed by near-record surface water runoff and infiltration in May 2006, and that rain in late June 2006

also likely caused record surface water runoff and infiltration. Similarly, we can suppose that the winter of

2006/2007 resulted in a less-than-average snowpack at Tsiigehtchic, with a correspondingly smaller

snowmelt and surface water runoff and infiltration, but that periods of rain over the spring and summer

resulted in several peaks in surface water runoff and infiltration.

The practical implications of these observations of climate and river flows include the likelihood that, as a

result of the record snowpack and high-than-average rainfall, the ground became wetter than normal in

2006, and that it was still wetter than normal in 2007. Even normal precipitation in 2007 could then have

allowed excess soil porewater pressures to develop, the active layer to deepen, and ice-rich soil layers to

thaw, and so increased the likelihood of slope instabilities.
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SILT - trace fine sand (upper face of suspected thawed ice lens)

SAND - some silt, trace clay, fine-grained
- 79.4 % sand, 13.2 % silt, 7.4 % clay

SAND and GRAVEL (GLACIOFLUVIAL) - very clean, subangular to subrounded, damp to
moist, brown-grey

End of testpit (0.4 m)
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PEAT

SILT - some organics, trace sand, trace clay

CLAY - silty, trace sand
- 8.4 % sand, 53.2 % silt, 38.4 % clay

End of testpit (1 m)
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SAND (probable COLLUVIUM)  - some gravel, trace silt, trace clay, brown to reddish
brown

End of testpit (0.4 m)
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PEAT

SILT and SAND (COLLUVIUM) - some clay, some organics, trace to some gravel, damp,
brown

- 48.4% sand, 36.2% silt, 15.4% clay
- estimated 10% gravel

End of testpit (0.8 m)
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SAND (COLLUVIUM, GLACIOFLUVIAL origin) - silty, some gravel, trace to some
organics

-estimated 10% > 75 mm (more on surface)

End of testpit (0.3m)

UNFROZEN

NO RECOVERYDISTURBED CORESHELBY TUBEA-CASINGSPT
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PEAT

SILT (COLLUVIUM, possible GLACIOLACUSTRINE origin) - some to trace clay, trace
organics, damp, light grey and brown

End of testpit (0.65 m)

UNFROZEN

NO RECOVERYDISTURBED CORESHELBY TUBEA-CASINGSPT
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SILT (possible COLLUVIUM with GLACIOLACUSTRINE oirgin)- trace to some clay,
damp, light brown

-exposed soil surface 1 - 2 m below crest

End of testpit (0.47 m)
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