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1.0 INTRODUCTION

EBA, A Tetra Tech Company (EBA), has completed a geotechnical evaluation of conditions throughout the

Mayo Town site and the NND Subdivision locates east of the main town site.

Presented in this report is a summary of the previously completed geotechnical evaluation work along with

the current work completed; the historic and recent conditions encountered throughout the two study

areas; and recommendations for deep utilities/roadway design and construction.

2.0 HISTORICAL GEOTECHNICAL REPORTS

EBA has completed geotechnical evaluations throughout the Mayo area since 1975. Testhole information

from 9 previously completed projects was reviewed and used for evaluation purposes. Individual site

plans, testhole logs and laboratory test result report forms are included in this report so that YTG –

Community Services has an easy to reference source for future review purposes. Previously completed

reports reviewed and used for this evaluation include:

 1975 – Administration Building, Sports Complex and Water and Sewer – EBA file no. E-1021. Seven

boreholes drilled at various locations.

 1974 – Mayo School – EBA file no. E-1114. Two sites were evaluated and six boreholes were drilled.

 1980 – Yukon Housing 4-Plex – EBA file no. 101-2870. Two sites were evaluated and four boreholes

were drilled.

 1988 – Mayo Subdivision Expansion for Stanley Associates – EBA file no. 0201-4929. Ten boreholes

were drilled throughout what is now the NND Subdivision located east of the town site.

 1991 – Sewer Lift Station and Forcemain for Stanley Associates – EBA file no. 0201-10506. Two

boreholes and a testpit were advanced at the Lift Station location and along the forcemain route.

 1991 – Binet House Restoration – EBA file no. 0201-10625. Two boreholes were advanced at the 2nd

Avenue location.
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 1999 – New School – EBA file no. 0201-99-13993. Six boreholes and 8 testpits were advanced

throughout the New School site. Logs for the five original boreholes are included in this summary.

 2004 – Evaluation of Various NND Sites For The Proposed Administration Site – EBA file no. 1200073.

Two testpits were excavated in the 1st and 2nd Avenue area of the town site.

 2010 – Proposed Urban Infill – EBA file no. W14101489. Four testpits were excavated northeast of the

school site.

During the completion of the projects listed above, 52 testhole logs were prepared describing soil,

groundwater and permafrost conditions. Laboratory testing was performed, including natural moisture

content determination and particle size distribution testing (by sieve analysis and/or hydrometer) of select

representative samples. On some projects, Atterberg Limit testing to assess soil plasticity was performed

as well. Site specific testhole locations, logs and test result report forms for existing data is presented in

Appendix C of this report.

3.0 2012TESTPITTING PROGRAM

Subsequent to the project start-up meeting on October 22, 2012, Mr. James Buyck of EBA mobilized to

Mayo, made arrangements with the Village of Mayo (VOM) to subcontract their rubber tired backhoe for

testpit excavation purposes, met with all interested parties to discuss project objectives and challenges as

well as determining testpit locations that would provide good coverage of the NND Subdivision and the

Mayo town site.

On October 24 and 25, 2012, a total of 13 testpits were excavated throughout the study area. Six testpits

were excavated within the NND Subdivision; two additional testpits were excavated along Duncan Street

east of the Laurier Street/Duncan Street intersection and the remaining five testpits were excavated

throughout the town site west of Laurier Street between 1st Avenue and 7th Avenue.

During excavation, detailed testpit logs were prepared describing soil, groundwater, seasonal frost, and

permafrost conditions. Select samples were collected for basic index testing (natural moisture content

determination and particle size distribution testing). Upon completion, all testpits were backfilled to grade

to ensure safe conditions for vehicular and pedestrian traffic and the UTM coordinate location was

recorded for future reference.

The locations of the 13 testpits are presented on Figure 1 of this report. The testhole logs and associated

laboratory test result report forms are presented in Appendix B.

4.0 SITE CONDITIONS

4.1 Surficial Geology

The surficial geology of the Mayo area is considered to be quite complex. The area has been affected by a

combination of valley glaciation and fluvial action related to the Mayo and Stewart River channels. Glacial

sediments have been found to extend to depths in excess of two hundred metres during water well drilling.
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Nearer the surface, glacial melt water deposited glaciolacustrine silt and clay in temporary pro-glacial

lakes. Fluvial deposition of coarse granular outwash deposits is also common. Adjacent to the Mayo and

Stewart River channels, soil deposition is further complicated by erosion of glacial sediments and

deposition of river gravels throughout post-glacial river floodplains.

For additional information that details the depositional history and surficial geology of the Mayo area, refer

to the “Northern Climate Exchange, March 2011. Mayo Landscape Hazards: Geological Mapping for Climate

Change Adaptation Planning” which is available from Northern Climate Exchange c/o Yukon Research

Centre, Yukon College, Whitehorse.

4.2 Soil Conditions

The soil stratigraphy is relatively consistent throughout the Mayo town site and the NND Subdivision with

silty surficial soils overlying granular sediments which are underlain by fine grained glaciolacustrine soils.

However, the thickness of each of the soils units is extremely variable.

4.3 Bedrock

As anticipated, no bedrock has been encountered during the completion of any of the current and historic

geotechnical evaluations completed within the Mayo town site. As mentioned above, the community water

well was developed just above the bedrock surface at approximately 240 m (800’).

4.4 Groundwater

The presence and depth to groundwater was quite random during the evaluations completed throughout

Mayo. Of the 65 testhole logs reviewed during this evaluation, groundwater was noted at 19 locations.

The presence of groundwater may be related to seasonal water level fluctuations in areas close to the Mayo

and Stewart Rivers; the depth to the underlying permafrost where ice rich soils have melted out, leaving

groundwater perched on frozen glaciolacustrine soils; or it may be encountered at shallow depths in

channels within the floodplain deposits.

Based on the recently completed “Sanitary Inspection Survey”, much of the accessible portions of the sewer

lines and manholes were noted as being under water. Based on this observation, it is assumed that much of

the inaccessible areas would be under water as well. Therefore, during reconstruction, groundwater could

be encountered throughout major portions of all phases.

4.5 Permafrost

Also documented in the Mayo Landscape Hazards document is a good overview of the permafrost

conditions within the Mayo town site and throughout the Mayo area. The current and historical testhole

logs presented in Appendix B and C of this report detail the permafrost conditions at specific locations

spanning the last 40 years.

In general, if the root mat and tree cover are undisturbed, permafrost can be expected at shallow depths in

the coarse grained sediments that define the floodplains deposits and extend into the fine grained

glaciolacustrine soils that continue to significant depth. The permafrost encountered in the coarse grained
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sediments are typically not ice rich while significant visible ice contents (stratified ice contents of more

than 70%) have been noted in the underlying fine grained soils.

Throughout the Mayo town site where development has included deep utilities and roadway construction,

much of the permafrost that existed within the coarse grained soils has melted but it is generally accepted

that there is still potential for ice rich permafrost to exist in the underlying fine grained soils.

Determining the rate of permafrost degradation beneath roadways in Mayo has not been addressed as it

would entail the drilling of numerous deep boreholes, the recovery of permafrost core to assess ice content,

and the installation of thermistors to monitor ground temperatures. This program would be quite

expensive and to be successful, on-going data collection and interpretation would be necessary.

5.0 RECOMMENDATIONS

5.1 Challenges Related To Infrastructure Construction and Maintenance

The degradation of warm permafrost at depth will remain the biggest challenge for deep utility

reconstruction and the development of realistic maintenance schedules. There have been numerous

papers written discussing the problems with maintaining water and sewer line systems in northern

communities and the consensus seems to be that additional research is required. However, the additional

cost of the research may not yield significant financial benefits in Mayo since the majority of the deep utility

system has been in place for a number years and even with additional temperature data, there are other

potential causes that could accelerate permafrost degradation in localized areas (such as water line leaks or

failure of sewer mains at manholes).

Historically, even as recent as the 80’s, typical recommendations would have focused on preserving the

underlying permafrost and would have likely included:

 Shallow installation (within the active layer);

 The use of pipe insulation to minimize heat loss into the underlying soils;

 Placing moisture resistant, high density insulation across the base of the trench to further minimize

heat loss;

 In extreme cases where trenches are excavated in ice rich permafrost and deep utility lines are placed

below 3.0 m, recommendations may have also included the insulation of the base and sidewalls of the

trench to minimize the potential for accelerated permafrost degradation due to the placement of warm

backfill; and

 It was usually suggested that work be completed in the fall so that the trench sidewalls didn’t “melt

out” and the backfill temperatures were lowered to more appropriate temperatures.

Engineers and scientists are now of the opinion that the degradation of permafrost, especially in the

“discontinuous permafrost portion of northern regions”, is inevitable. Therefore, specific to the Mayo town site

and the existing NND Subdivision, this office is of the opinion that in areas where deep utilities and

foundations have been in place for numerous years, the potential for settlement from permafrost degradation

will become minimal but in areas that have been recently cleared; the potential for settlement is much greater.
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The challenge for the deep utilities design team working on this project will be to specify types and

schedules of pipe (sewer and water) that can withstand full overburden pressures in areas where lateral

support may be lost due to permafrost thaw and settlement. Insulation will not only help mitigate the

potential for heat loss into the underlying soils but will also add to the rigidity of the pipe as well.

Some innovative approaches such as placing the utility lines in half shell culvert pipe to increase rigidity

have been used in other communities but his office feels that a cost benefit analysis should be completed

for any unconventional solution proposed.

5.2 Underground Utilities Reconstruction

Along with the design challenges revolving around permafrost thaw and settlement, deep utilities

reconstruction will also be complicated by the presence of groundwater at specific areas throughout the

study area. Since the excavation of utility line trenches must conform to Yukon Occupational Health &

Safety Regulations guidelines, trench sideslopes must be addressed. The granular soils throughout the

Mayo town site and the NND Subdivision are generally prone to sloughing in a dry state and presence of

groundwater in trenches will cause excess sloughing and possibly unsafe working conditions. Trench side

slopes may have to be cut shallower than 1.5:1 (horizontal:vertical) to ensure safe working conditions.

All material excavated from the utility line trenches can be considered for backfill. If the soil excavated is

particularly frost susceptible, it should be used as backfill at depth. Higher quality granular soils should be

considered for backfill within the top meter to ensure a stable roadway with less potential for frost heave.

All utility line backfill should be placed in 200 mm thick lifts and compacted to 95% of Standard Proctor

maximum dry density for material placed below 1.0 m from grade and 98% of Standard Proctor maximum

dry density for backfill placed in the final 1.0 m from grade.

It is recommended that a Class "B" pipe bedding configuration (commonly used on YTG and City of

Whitehorse projects with 150 mm of bedding under the pipe, beside the pipe and 300 mm above the pipe)

be specified for this project. When compacted to at least 95% of standard proctor maximum dry density,

this bedding configuration will ensure proper support and protection of the utility lines during backfill.

Bedding may be imported bedding sand (for use in dry areas), but the use of bedding stone will likely be

fairly extensive (as mentioned above, groundwater may be encountered throughout most of the areas

being reconstructed and contractors should have a water management plan in place and be prepared to

pump water).

Imported bedding sand and stone should conform to the gradation specifications presented in Table 1,

below.
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Table 1: Recommended Pipe Bedding Materials Specifications

Bedding Sand 25 mm Bedding stone

Particle Size (mm) % Passing by Mass Particle Size (mm) % Passing by Mass

10.000 100 25.000 100

5.000 80 – 100 20.000 70 - 100

2.000 55 – 100 12.500 55 – 100

0.630 25 – 65 10.00 30 – 80

0.250 10 – 40 5.000 0 – 40

0.080 2 – 15 2.000 0 – 10

5.3 Roadway Structure

To ensure that no underground utility lines were damaged during the current testpitting program, testpits

were excavated at the edge of or slightly off the surface of the existing roadways. As a result, the amount of

granular structure present along existing roadways could not be definitely determined.

From anecdotal information, it is understood that there is minimal granular structure

(approximately 0.3 m) over a silty sand subgrade beneath the majority of the BST surfaced roadways

throughout the town site. Although unconfirmed, there are likely problems with subgrade softening and

instability throughout the spring and early summer, as well as during periods of heavy rain. If sections of

roadways are going to be disturbed during deep utility reconstruction, it is recommended that the roadway

structure be upgraded as well. A minimum of 500 mm of granular structure (400 mm of sub-base and 100

mm of basecourse gravel) should increase the life of the BST surface to acceptable levels.

5.3.1 Roadway Reconstruction

All imported granular materials (crushed basecourse and pit run sub-base) must meet the gradation limits

presented in Table 2, below. If non-compliant materials are proposed, a sample can be submitted to EBA

for testing and an opinion regarding use can be supplied.

Table 2: Imported Gravel Gradation Specifications

20 mm CRUSHED BASECOURSE AGGREGATE 80 mm PIT RUN SUB-BASE AGGREGATE

Particle Size (mm) % Passing by Mass Particle Size (mm) % Passing by Mass

20.000 100 100.000 100

12.500 64 – 100 25.000 55 - 100

5.000 36 – 72 12.500 42 – 84

2.500 18 – 54 5.000 26 – 65

1.250 12 – 42 1.250 11 – 47

0.315 2 – 22 0.315 3 – 30

0.080 3 - 6 0.080 0 - 8

All sub-base materials must be placed in lifts not exceeding 200 mm in thickness and the contractor should

be prepared to moisture condition each lift to facilitate compaction. Basecourse materials can be placed in

a single lift and final tight-blading should be performed immediately prior to BST construction.
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If soft areas are encountered during roadway reconstruction, additional sub-cut may be required (down to

a stable surface). When the sub-cut areas are being backfilled, all materials placed with-in the final meter

must be compacted to at least 98% of standard proctor maximum dry density. Below 1.0 m from finished

grades, 95% of standard proctor maximum dry density is considered acceptable.

6.0 LIMITATIONS OF REPORT

This report and its contents are intended for the sole use of Government of Yukon and other consultants

working on this project. EBA, A Tetra Tech Company, does not accept any responsibility for the accuracy of

any of the data, the analysis or the recommendations contained or referenced in the report when the report

is used or relied upon by any Party other than those listed above, or for any Project other than the

proposed development throughout the subject site. Any such unauthorized use of this report is at the sole

risk of the user. Use of this report is subject to the terms and conditions stated in the General Conditions

presented in Appendix A of this report.

The information and recommendations presented herein are based on current and historical geotechnical

information from investigations conducted throughout the Mayo Townsite and NND Subdivision. The

conditions presented herein are believed to be representative for the site. However, if conditions differing

from those presented in this report are encountered during subsequent phases of deep utilities

reconstruction work, we request that EBA be notified so that the geotechnical recommendations can be

re-evaluated in light of new findings.
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7.0 CLOSURE

We trust this report meets your present requirements. Should you have any questions or comments, or

clarification of any of the recommendations presented is required, please contact the undersigned at your

convenience.

Sincerely,

EBA, A Tetra Tech Company

Myles Plaunt, CET

Engineering Technologist, Arctic Region

Direct Line: 867.668.2071 x227

mplaunt@eba.ca

Chad Cowan, P.Eng.

Project Director – Yukon, Arctic Region

Direct Line: 867.668.2071 x229

ccowan@eba.ca

Attachments: Figures – Figure 1 – Site Plan Showing 2012 Testpit Locations

Appendix A – General Conditions and Soil Classification

Appendix B – 2012 Testpit Logs and Laboratory Test Result Report Forms

Appendix C – Historical Testhole Logs and Laboratory Test Result Report Forms
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FIGURES

Figure 1 Site Plan Showing 2012 Testpit Locations
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APPENDIX A
EBA’S GENERAL CONDITIONS AND SOIL CLASSIFICATION
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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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GROUP
SYMBOL

GW
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GM

GC

SW

SP

SM
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MH

CL
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OH

MODIFIED UNIFIED SOIL CLASSIFICATION

VISIBLE ICE LESS THAN 50% BY VOLUME

VISIBLE ICE GREATER THAN 50% BY VOLUME

ICE NOT VISIBLE

Dual symbols are used to indicate borderline or mixed
ice classifications.

Visual estimates of ice contents indicated on borehole logs ± 5%

This system of ground ice description has been modified from
NRC Technical Memo 79, Guide to the Field Description of
Permafrost for Engineering Purposes.

1.

2.

3.

NOTES:

LEGEND: Soil Ice

GROUND ICE DESCRIPTION

SUBGROUP DESCRIPTIONSYMBOL
GROUP

SYMBOL

Poorly-bonded or friable

No excess ice, well-bonded

Excess ice, well-bonded

Nf

Nbn

Nbe

N

Individual ice crystals or inclusions

SUBGROUP DESCRIPTIONSYMBOL
GROUP

SYMBOL

Ice coatings on particles

Random or irregularly oriented
ice formations

Stratified or distinctly oriented
ice formations

Vx

Vc

Vr

Vs

V

Ice with soil inclusions

Ice without soil inclusions
(greater than 25 mm thick

ICE +
Soil Type

ICE

ICE





MAYO WATER AND SEWER UPGRADES

EBA FILE: W14103095-01 | DECEMBER 11, 2012 | ISSUED FOR USE

W14103095 - Mayo Water and Sewer Upgrades

APPENDIX B
2012 TESTPIT LOGS AND LABORATORY TEST RESULT REPORT
FORMS





































MAYO WATER AND SEWER UPGRADES

EBA FILE: W14103095-01 | DECEMBER 11, 2012 | ISSUED FOR USE

W14103095 - Mayo Water and Sewer Upgrades

APPENDIX C
HISTORICAL LOGS AND LABORATORY TEST RESULT REPORT FORMS






























































































































































































































































































