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GENERAL

AUTHORIZATION AND TERMS OF REFERENCE

By the "Letter of Award" dated August 13, 1986, the Yukon Department of
Community and Transportation Services authorized Klohn Leonoff Yukon
Ltd. to carry out the engineering investigations and final design of
the Dawson City Dyke Improvements. This letter covers engineering
services to be carried out in accordance with a proposal dated July 30,
1986 submitted by Klohn Leonoff Yukon Ltd. to the Yukon Department of
Community and Transportation Services, in response to a "Request for

Proposal" dated July 14, 1986,

THE PROJECT

The City of Dawson is constructed on the east bank of the Yukon River
near 1its confluence with the Klondike River. A dyke has been
constructed along the river banks to protect the City from flooding
which typically occurs during spring break-up due to ice jams forming
in the Yukon River. The dyke was built up in several stages over the
years and at present carries a road (Front Street) along its crest.
Shops and houses have been constructed up to and along the landside
edge of the crest of the dyke, and in some areas the riverside edge of
the crest has been extended towards the river and these areas developed
by substantial structures including the Canadian Imperial Bank of

Commerce and the S.S. Keno.

The largest flood on record and also the most recent flood occurred in
May, 1979, incurring damage in excess of $10 million. It is estimated
that the Yukon River overtopped the dyke by up to 1 m in some places.
Since that date the lowest portions of the dyke have been raised by
placing fill on the crest such that the dyke now presents a reasonably
uniform degree of protection against floods. The results of a recent
study (Dawson City Flood Evaluation) indicate that the Yukon River
would rise to the level of the crest of the present dyke during a flood

with a return period of from 30 years to 50 years. A low area

KLOHN LEONOFF
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still exists in the vicinity of the S.S. Keno which has a return period

of about 20 years.

As a result of potential flooding it was decided to improve the existing

flood protection standards by constructing a new dyke.

Klohn Leonoff prepared a Preliminary Report (Report on Preliminary
Design and Economic Analysis dated April, 1986) on the dykes which
examined the aesthetics and benefit cost ratio of various alternative
types of dyke, and recommended an earthfill dyke. The main text of the

report is included as Appendix V.

Subsequent to award of the final design, it was agreed that if possible
the dyke would be designed to be constructed prior to May 1, 1987 in
order to protect the City of Dawson from possible flooding during the

break up of the Yukon River in 1987.

Excavation of soft foundation soil and other work which could not be
done after the ground bhecame frozen, was carried out in September and
October, 1986 (Phase I). Exceptionally mild weather continuing into
November, permitted some of the bulk fill for the dyke (Phase I

Construction) to be placed during early November.

The final design of the dyke was completed in late January, 1987.
Drawings from the Tender Documents for Phase II of the work are

included in Appendix III.

Completion of the dyke (Phase II Construction) was scheduled to take
place during March and April, 1987.

SCOPE OF WORK

The scope of work for the engineering services includes the following:

KLOHN LEONOFF
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y Review existing information

2. Survey of the dyke

3. Inspect existing drainage structures

4. Confirm sources of construction materials
5. Carry out geotechnical investigation of the dyke
6. Identify foundation preparation

7. Liaison

8. Carry out the detailed design

9 Prepare cost estimates

10. Prepare a design brief

11. Prepare tender documents

12, Carry out construction monitoring

The determination of the design flood elevations for a range of flood
frequencies was specifically excluded from the work. This information
was provided to Klohn Leonoff by the Water Resources Division of the
Northern Affairs Program, Indian and Northern Affairs Canada (Ref.

Dawson City Flood Evaluation).

EXISTING DYKE (FRONT STREET)

CROSS-SECTIONS

The existing dyke is up to 1.5 m in height above the ground surface at
the landside of the dyke. The riverside slope of the dyke varies in
height up to about 5 m and has been constructed to slopes generally at

about 1 vertical to 1.5 horizontal (1V:1.5H).

The crest of the dyke is paved (Front Street) for most of its length

and is about 11 m wide.

MATERIALS

The existing dyke has been constructed with silt, sand and gravel from
a variety of sources including river gravel, White Channel Gravel and
Moosehide Slide materials (see Section 4). In addition, boreholes
through the dyke at the S.S. Keno show the presence of silt, woodchips,

peat and other materials.

KLOHN LEONOFF
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FLOOD PROTECTION

The crest of the existing dyke is generally at or just below El. 320
which is sufficiently high enough to provide protection against flooding
for the 200-year open water flood event, but it does not provide
adequate protection against ice jam related flooding. In April of 1986
a small amount of fill material was placed to raise the north end of
the dyke closer to El. 320 to provide a uniform degree of flood protec-
tion along the dyke Ffor the 1986 ice jam flood period. Some of this

material was removed after spring break up.

FOUNDATION SOILS

GENERAL

The City of Dawson has been built upon a floodplain of the Yukon River
and is underlain at depth by coarse sand and gravel similar to that
presently found in the river bed. As shown in the permafrost map of
Canada, Figure 1, the City is within the "Discontinuous Permafrost
Zone". The northern end of the City is built upon fill, peat, and silt
deposits which are frozen and which overly the river gravels. A section
along King Street has been plotted on Figure 2 which shows the silt
falling slightly in elevation as it approaches the Yukon River. The
southern end of the City is free from permafrost and the gravels are
overlain by sand and silt. It is believed that the permafrost boundary
intersects the dyke at about Church Street. Test pits excavated on the

riverside of the dyke did not encounter frozen ground.

SUBSURFACE INVESTIGATION

Thirty-four test pits were excavated in the foundation of the new dyke,
in the existing dyke, and on the gravel bar to the riverside of the new
dyke at the locations shown on the "Key Plan and Location of Test Pits",
Figure 8. Selected soil samples from these test pits were sent to a
testing laboratory for determination of grain size distribution. Logs
of these test pits and the results of laboratory testing are contained

in Appendix I and Appendix II, respectively of this report.

KLOHN LEONOFF
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FOUNDATION CONDITIONS
The results of the investigation show that in general the soils beneath
the new dyke are competent sand and gravel, but that a surface layer of

firm silt or very fine sand is present in many areas.

This surface 2zone of weaker material is generally thin and where
possible it was removed prior to construction of the new dyke. However,
between Station 1+550 and 1+900 (approximately from the Canadian
Imperial Bank of Commerce to the ferry haul-out location) the depth of
these materials increases to 4 m or more and it was not economical to
remove them below the level of the Yukon River. These materials are
slightly preconsolidated but nevertheless as discussed in Section 6 of
this report and as shown on Figure 3 it was necessary to flatten the

riverside slope of the new dyke.

As noted in Section 2.3 of the Preliminary Design report, a ground
acceleration of 6% of gravity has been used for an earthquake in this
area with a 100-year recurrence interval. It is considered that this
could cause liquefaction of the remaining weak silt and fine sand
beneath the dyke leading to some damage to the dyke. However, although
some slumping of the dyke fill would occur, the probability of this
event occurring at the same time as a high flood event is very small
and flooding of Dawson is not likely to follow. In addition, liquefac-
tion of the foundation soil could not occur when the soil is frozen, as

is 1likely to be the case during a spring break-up, ice jam induced

flood.

MATERIALS SEARCH

GENERAL
As discussed in Section 6, the new dyke is to be an earthfill embankment
constructed with sand and gravel and faced on the riverside slope with

riprap and filter gravel.

KLOHN LEONOFF
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WHITE CHANNEL GRAVEL

The most suitable local source of bulk fill is that material known
locally as White Channel gravel, A thorough inspection of this
material was carried out and samples were taken for laboratory testing
from the Lovett Gulch deposit owned by Clive Nicholson and the Teck
Corporation. It is a clean, well-graded, sand and gravel, containing
less than 5% fines and having a significant maximum size of about
75 mm. This deposit is particularly well suited to winter construction
due to the fact that its natural moisture content is close enough to
optimum water content to permit compaction to the specified degree
without the need to add water. This was proven during the Phase I

construction of the dyke.

A visual inspection of the Universal (Jackson Hill) Tailings Pits,
which also contains White Channel gravel, was also carried out,
however, at that time the owners of this material intended to rework
the deposit for its remaining gold content and required payment of
$2.50/m3 for their material compared to $0.06/m3 for material from
Lovett Gulch. As a result, no further investigations were carried out
in the Universal Pit. The ownership of this deposit subsequently
changed hands and discussions with the new owners, White Channel
Underground Mining Ltd., resulted in the material being available at
the same price as the Lovett Gulch material. Further inspections and
laboratory testing of White Channel gravel from Jackson Hill indicate

that it is suitable for use as dyke fill.

The results of laboratory testing including natural moisture content,
particle size distribution, and Compaction Tests are given in

Appendix II.
The White Channel gravel appears to have a relatively high thermal

conductivity which causes a greater than usual depth of frost penetra-

tion. Frost tubes were installed in boreholes in order to monitor the
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depth of frozen ground between January and March, 1987. The frost
tubes were installed during the period January 27 to January 30, 1987.
On February 5, 1987, the depth of frost was 2.3 m to 3.0 m below the

surface. The results are given on Table 2.

This frozen material must be removed to expose the underlying unfrozen
materials for dyke construction during the scheduled winter and spring
construction period. The Lovett Gulch deposit is 1likely to be more
economical than the Jackson Hill material because the topography of the
pit is more suitable to development of a high working face thereby

minimizing the volume of frost to be removed for a given volume of dyke
fill.

RIVER GRAVELS

Test pits were excavated in the bars of the river gravel located adja-
cent to the new dyke and also on the south side of the confluence of
the Yukon and Klondike Rivers. The materials consist of clean sandy
gravel and cobbles. The results of laboratory tests to determine

particle size distributions are contained in Appendix II.

These materials are suitable for use as a filter between the White
Channel gravel and the riprap. A layer of river gravel was placed on
the riverside slopes of the backfill placed in Phase I of the dyke
construction. Most of the material which was readily available in the

area adjacent to the dyke was removed during Phase I.

Further test pits excavated after freeze up of the rivers at the south
side of the river confluence, showed that the river level and hence
groundwater level in the test pits had risen to an average depth of
0.6 m below the ground surface. The quantity of filter gravel required
for Phase II of the work, is available from that gravel bar but the
area worked will have to be large. This coincides with the requirements
imposed by Federal Fisheries for the excavation of material from the

gravel bar.

KLOHN LEONOFF
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Access to the gravel bar during March-April is expected to be via an

ice bridge over the Klondike River or by a semi-circular route out onto

the Yukon River.

OTHER DEPOSITS

Deposits of granular material were also examined at the West Dawson
Gravel Pit operated by Yukon Territorial Government Highways and also
at the Cemetery Pit located on the Dome Road at about Station 1.5 km.
Both of these deposits consist of clean well-graded sand and gravel as
shown on the attached laboratory test results. These gravels will be
frozen during the scheduled construction period and are therefore not
suitable sources of material for bulk dyke fill. They are also unlikely

to be as economical for use as filter gravel as the closer river gravel.

Use of material from the Moosehide Slide was prohibited by the Yukon
Territorial Government due to its asbestos content. Nevertheless, the
material is not suitable for use as bulk fill material during winter
because the full depth of the deposit is frozen during cold weather.
Furthermore, except over a small range of moisture contents, its higher
silt content would probably make it more difficult to achieve good
compaction which would result in a weaker fill. The stability of this
borrow area, which represents the toe of a previous slide, should be

investigated before large amounts of material are removed from it.

A sample of the Klondike Wash material was taken from the Jackson Hill
mining operations. This material forms a cap above the undisturbed
White Channel deposits at similar elevations to the Cemetary Pit and
West Dawson Gravel Pit. It is however, finer than the other deposits

and not suitable as a filter material.

RIPRAP

The search for an economical source of rock riprap for the dyke included

consideration of both blasted rock and existing talus deposits.

KLOHN LEONOFF
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Talus deposits were inspected above "Lousetown" and elsewhere along the
Klondike River and Bonanza Creek but were judged to be of unsuitable

gradation and insufficient in quantity.

Surface exposures of bedrock on Dome Road indicate that this rock would
be adequate. It was agreed that Yukon Terrirotial Government Highways
would modify the gradient of their proposed new Dome Road to produce a

cut yielding the quantity of rock riprap required for the dyke.

DRAIN EXTENSIONS

Twelve existing drains were identified for extension beneath the new
dyke and are shown on the contract drawings for Phase II construction
included in Appendix III, It was also decided to extend the 170 mm
diameter pipe located at Station 0+700. In addition, one pipe located
near the Northern Canada Power Commission generating station is to be
abandoned on instructions from Yukon Territorial Government and will be
sealed. Two other pipes designed M and O in the Preliminary Report
could not be located but it is 1likely that these are in fact the two
extra pipes found elsewhere at Station 14806 and Station 2+300,
respectively. The pipe designated C at Station 0+794 could not be

located and it is conjectured that this pipe does not exist.

Seven of the 13 pipes were extended during the Phase I dyke construction
in October and November, 1986, The remaining pipes, located at
Station 0+700, 0+784, 0+794, 1+739, 14806 and 1+810 are to be extended

during Phase II of the work.

In view of the greater than normal amount of settlement expected of the
new dyke (see Section 6.4) and possibly the stretching of the pipes due
to the normal slight spreading of the foundation, it was agreed with
the Yukon Territorial Government that annular rivetted corrugated steel
pipe would be used for extending the pipe through the new dyke instead

of weaker helical pipe.

KLOHN LEONOFF
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Manholes were added to most of the pipe extensions in order to permit
de-icing of the pipes after winter. Corrugated steel pipe was also
specified for the manhole barrels. These are to be surrounded by
non-frost susceptible backfill to eliminate the possibility of ice

jacking.

Flap gates are to be installed at the discharge end of each pipe. The
flap gates are to he able to withstand a head of up to 6 m of water
without excessive leakage. The gates are hinged at the top and operate
automatically, opening due to the pressure of water inside the pipe and
closing by gravity when the water pressure outside the gate exceeds
that inside the pipes. The flap gates should be inspected each year at
low water to be sure they are operating satisfactorily and are not

jammed open.

DYKE DESIGN
DYKE CROSS-SECTION

The basic principle of locating the new dyke to the riverside of the
existing dyke was established during the Preliminary Design (see

Appendix IV) in order to avoid the access and aesthetical problems of

raising the existing dyke.

Determination of the crest elevation was excluded from the Terms of
Reference as stated in Section 1.3. The results of the study to
determine these elevations were made available in early January, 1987

and are as follows:

RETURN PERIOD (years) RIVER ELEVATION (m)
10 318.8
50 320.1
100 320.6
200 321..1

KLOHN LEONOFF
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The decision of the Steering Committee was to construct the dyke to a

final crest height of El. 321.1 m without additional freeboard.

The profile of the dyke was determined on the basis of the recommend-

tions of this study as follows:

1) From the Water Survey of Canada (WSC) gauging
station upstream to King Street (approximate
distance 850 m), a slope of 0.0003 m/m.

2) Upstream of King Street a slope of 0.0006 m/m.

A minimum crest width of 3.6 m has been adopted to ensure that access
is available for maintenance vehicles and also because of the need to

specify a minimum practical fill placement width.

STABILITY

Side slopes are generally 1 vertical to 2 horizontal which is considered
to be the minimum safe gradient for overall stability of the £fill
material. Where soft foundation soil was encountered between Station
14525 and Station 14900, the lower portion of the riverside slope was
flattened to 1 vertical to 2.5 horizontal in order to increase base
stability. In addition, Dbetween Station 1+725 and Station 1+900, a
berm at El. 318 m was required to improve stability. This berm is to
be made a feature of the area by utilizing it as a pedestrian walkway
along the waterfront. A similar berm walkway has been added. to the

dyke between Station 14525 and 1+650.

An additional berm was created on the riverside slope when the design
was revised after the Phase I construction to allow a lower and there-
fore narrower dyke section for Phase II of the worke. Although not
planned initially, this berm adds to the stability of the dyke and also

provides a very useful recreational and aesthetic addition to the dyke.

KLOHN LEONOFF
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Stability during rapid draw-down conditions, following release of an
ice jam flood, will be ensured by rapid drainage of the filter gravel
layer and the fact that the bulk of the dyke fill will still be frozen

during spring breakup.

Typical sections are given on the Construction Drawings, included in

Appendix V, Figures 7 to 17.

PERMEABILITY

The permeability of the White Channel gravel is estimated to be about
2 x 10-3 cm/s which is sufficient to retard seepage during the short
duration of an ice jam related flood, to an extent that seepage through
the dyke is not likely to be excessive. In addition, the dyke will be
frozen during this period and seepage water will probably turn to ice
inside the dyke. However, because of its high content of sand, exposed
slopes of the White Channel gravel, including the landside slope, should
be protected against surface sloughing caused by saturation during long-
term seepage or by rain. This may be achieved by topsoil and seeding,

or turf, or by a layer of river gravel.

FILL ZONES

Bulk Fill

It is recommended that the White Channel gravel be used as bulk fill
for the dyke. As noted in Section 4.2, it was possible to compact this
material during the cold weather encountered in Phase I of the work to
an adequate density without the addition of water. It is a relatively
strong material with an effective friction angle in excess of 35° when

compacted and is available in large quantities of consistent materiale.

The fill should be placed and compacted in layers not exceeding 250 mm
in thickness to a density of at least 95% of standard maximum dry
density. Experience gained during Phase I construction showed that this

can be achieved during cold weather provided that material is excavated
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from a fresh unfrozen face in the pit, and is transported, placed and
compacted without delay. In addition, the placement area must be kept
as small as possible to ensure compaction is achieved before the temper-
ature of the material falls below zero. It is also recommended that
placement should not take place when the air temperature falls below
-25° unless it 1is demonstrated that satisfactory densities can be

achieved at lower temperatures.

It was 1intended to place the material on a continuously advancing
inclined slope in order to avoid placing on previously frozen surfaces.
However, experience gained during Phase I of the work indicates that
this is not practical for this large scale of work. It is not desirable
to construct a dyke with frozen discontinuities between each 1lift but
in view of the granular and therefore frictioned nature of the fill,
provided that no ice or snow remains on the placement area it 1is

believed that this will not cause stability or settlement problems.

Riprap

The size of riprap recommended by the Preliminary Report has been
confirmed. As noted in the Preliminary Report, the riprap is designed
to provide protection against water velocity and waves. It 1is not
practical to provide effective resistance against ice scour, and damage
caused by moving ice should be repaired in the maintenance program. In
view of the maximum size of riprap required, the thickness of the
riprap should not be less than 0.6 m. Riprap is to be produced by

blasting a rock cut for the new Dome Road.

Filter Gravel

Several Dawson residents and others familiar with the behaviour of
White Channel gravel have indicated that this material erodes quickly
when exposed to flowing water. This is probably due to the high sand
content. As a result of this practical experience and also after a

detailed review of the filter requirements of the White Channel gravel
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and the riprap, it is felt that a filter layer should be placed between

these two materials.

The need for a filter zone is demonstrated by Figures 4 and 5 which
show the filter criteria for White Channel sand and gravel and for
river gravel. The most appropriate parameters for determination of the
filter criteria are believed to be those presented by Terzaghi, (Ref.
Terzaghi and Peck, Soil Mechanics in Engineering Practice, Table 11.2.).
The gradation of the filter material should have a mean size (Dgg) of
between five and ten times the mean size of the material to be pro-
tected. It should also be noted that in some areas the bulk fill may
be sandier, i.e. finer, than shown and where this occurs adjacent to a
coarse area of riprap, loss of material would more than likely occur
through the riprap unless a filter between these two materials were

provided as proposed.

The use of a filter cloth is considered to be less desirable in view of
the consequences of ice damage to the riprap and underlying filter
cloth. It is felt that a layer of filter gravel would be more likely
to remain in place long enough to protect the White Channel gravel if
ice damage were to occur. It is therefore recommended that a 0.6 m
thick layer (1.34 m horizontal) of river gravel obtained from the local
river bars should be used for filter protection between the White
Channel and riprap. A much greater thickness of fiver gravel was used
for this purpose for the Phase I work but at that time the river gravel
was also significantly cheaper than White Channel gravel. Only
18 000 m3 of river gravel are required for Phase II, and it is believed
that this quantity can be obtained economically from the gravel bar
located to the south side of the Klondike at its confluence with the
Yukon River. Only that portion of the gravel above the frozen water

table will be excavated.
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In view of the limited thickness of the filter gravel, it is not likely
to be practical to place this 2zone at the same time as placing the
White Channel gravel and consequently the river gravel will be placed
upon the completed slope of White Channel gravel. It is imperative
that all ice and snow be removed from this slope prior to placing the

filter gravel and riprap.

Filter gravel has been recommended to complete the crest of the dam.
This is to provide a seepage resistant surface over the White Channel
sand and gravel. Alternatively, this may be completed with reject

riprap, which might contain more fines than allowed for riprap.

Alternative Zoning

It is unlikely that the depth of frost in both of the possible borrow
pits for White Channel gravel will be so great that it would not be
economical to open a pit in March, 1987. However, in the event that
the use of White Channel gravel for bulk fill is not economical, the
zoning of fill materials will be redesigned. A basis for possible
alternative zoning would be as given in the dyke section shown as
Figure 6 in Appendix V. This section shows that use of White Channel
material is minimized and "Dredge Tailings" are to be used as part of
the bulk fill. Test pits in the Dredge Tailings stockpiles at the
bottom of Dome Road and in the Callison subdivision show that these
stockpiles are highly variable in gradation but generally consist of
gravel and cobbles. They are highly permeable and would require a core
zone of White Channel gravel. It is understood that these stockpiles
frequently become ice bonded by the end of winter and very difficult to
excavate. If the White Channel gravel is not economical, a search will
be carried out for stockpiles of Dredge Tailings free from this ice
bonding. It is also understood that Parks Canada would require that
these materials not be removed from areas where original "historic"

appearances are considered to be important.
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SEEPAGE
The conclusions made during the preliminary design phase regarding
seepage through and beneath the dyke have been reviewed and are con-

sidered to be still valid.

Seepage is not anticipated to be significant through the dyke during
ice jam related floods due to their very short duration. Nor is it
likely to be significant during open water floods because these levels
are below the present dyke elevation. Thus, no additional seepage

through the dyke is expected to occur at any time of year.

Some increased underseepage may occur during high ice jam flood events
due to the greater head difference caused by the new dyke. As stated
in the preliminary design report, increased seepage may occur at the
southern end of the dyke along the Klondike River where unfrozen sand
and gravel form the foundation material. Records of groundwater levels
in standpipes (E.W. Brooker & Associates Ltd., Preliminary Report on
Subsurface Conditions, Dawson Yukon, June, 1972) indicate that ground-
water levels beneath the southern portion of Dawson respond to changes
in the level of the Yukon River, indicating that the unfrozen gravel is
continuous in the area. Seepage is not expected to exceed about 1500 L/
min in this area and this is not 1likely to occur except in rare high
floods and then for only a few hours. This amount of seepage would be

handled by construction pumps.

It should be noted, however, that hydrostatic uplift and boiling of the
surface soil could occur at the landside toe of the new dyke during
high river levels where the new dyke is to be constructed on the gravel
bars between Sta. 0+900 and 14500, This low ground left between the
new and old dykes should be backfilled with landscaping fill as soon as

possible.
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SETTLEMENT

In view of the proposed winter construction period, it is 1likely that
post construction settlement of the dyke £fill will be greater than
normal. Case histories of embankment construction during cold weather
indicate that settlements of about 5% of the dyke height, i.e. up to
0.35 m, have occurred. This 1is assumed to be due primarily to the
difficulties of proper compaction during winter construction despite
the best effort of full quality control of the compaction. In view of
the decision to build the dyke to the design crest elevation without
provision for freeboard, it is recommended that an observational
procedure be established, and that fill be placed on the dyke crest
where settlement occurs. This should form part of the scheduled main-

tenance of the dyke.

WINTER CONSTRUCTION

The dyke will be constructed in two phases. In the fall of 1986, the
foundation was prepared when the water was low and before the weather
became very cold. In March and April, 1987 the balance of the con-
struction will be performed. The air temperature will be warmer, but

will still likely be below freezing.

Unfrozen White Channel bulk fill will be obtained from the borrow pit
and placed and compacted before the material freezes. In order to do
this, the work will continue 24 hours per day, 7 days per week until
the work 1is finished. The core of the dyke is expected to remain
frozen, an outside layer will freeze and thaw through the winter and
summer. Nevertheless, the fill is granular, and is expected to have a

very small volume change by freezing and thawing.

PERMANENT VEHICLE ACCESS RAMPS

Prior to construction of the new dyke there were five vehicle access

ramps from Front Street to the Yukon River, as follows:
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i) A ramp at Sta. 2+225 provides access to the vehicle
ferry "George Black".

ii) Access to the concrete boat-ramp at Sta. 2+078 was
available from Front Street.

iii) The commercial fishing boats are generally beached
at about Sta. 14900 to 2+000 and access to this
area was available via a ramp close to Sta. 2+000.

iv) A fourth vehicle access ramp was available at
Sta. 1+700, «close to the S.S. Keno, to allow
coaches to drive close to the tourist boat, the
M.V. Klondike, and to permit private vehicle access
to the other vessels moored at the floating dock.

v) A ramp at about Sta. 14075 permitted vehicles to
drive onto the gravel beach 1located between
Sta. 0+900 and Sta. 1+500.

Three new access ramps as described below are to be provided as shown

on Drawings 3008, 3009 and 3010.

i) A new access ramp has been provided for the

existing ferry at Sta. 24300. A maximum grade of

% was used at the ferry ramp and the existing skew
angle to Front Street has been maintained.

ii) A vehicle access ramp has been provided at
Sta. 14925, to allow vehicles to drive down to the
commercial beach area and provide access for large
vehicles to the new location of the ferry haul-out.
Access to the concrete boat ramp is available via
the proposed new ferry haul-out location. It 1is
understood that access to that ramp is necessary
only for small trucks.

iii) As requested, vehicle access is also provided to
the beach at Sta. 1+700 where the M.V. Klondike
cruise boat docks. In order to minimize encroach-
ment of the new ramp upon the beach area at this
location, the flood protection dyke runs down to
existing grade at each side of the new access ramp
such that the new ramp does not require any signifi-
cant fill. As a result it has been agreed that
this gap in the dyke protection will be filled with
gravel each fall by Yukon Territorial Government
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after vehicle access is no longer needed. After
spring breakup, this temporary gravel plug will be
dozed down onto the beach where it will be used for
annual beach maintenance. It is noted that such a

gravel plug will not prevent access to the beach by
"snowmobiles".

Pedestrian access ramps are provided at Sta. 1+125

opposite Church Street and also upstream and down-
stream of the City of Dawson Pump House at
Sta. 0+500.

FERRY HAUL-OUT

The new dyke fill covers part of the timber "ways" of the present ferry
haul-out. Discussions and a site inspection were held with Yukon
Territorial Government Highways personnel and a new location of the
haul-out was selected at Sta. 2+050. This is the location previously
occupied by Frontier Freightlines and appears to provide a reasonable
gradient down to the edge of the river. It also permits the ferry to
be hauled up to an elevation up to 3 m higher than previously. The new

haul-out is shown on Drawing No. 3009, Fig. 15 included in Appendix V.

CONSTRUCTION

FOUNDATION PREPARATION AND PHASE I CONSTRUCTION

Excavation of unsuitable foundation soil, replacement by granular back-
fill and construction of those portions of the dyke below water were
completed by approximately November 1, 1986. As discussed in Section 3,
a significant amount of unsuitable silt and fine sand had to be removed.
In general, the excavation was backfilled with White Channel gravel but
where the excavations extended below the water table, they were back-
filled with rock obtained from existing stockpiles produced by placer
mining operations in Bonanza Creek. This rock which is also known as
De-Rocker Tailing was also used to construct a rock toe along those
portions of the dyke between Sta. 1+500 and 1+900 which extended into
the Yukon River. The toe serves two purposes, it permits the construc-
tion of a strong stable fill zone below water and also acts as erosion

protection for the toe of the dyke.
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The portion of the dyke between Sta. 0+300 and 0+900 was constructed to
above river level by moving river gravel to the dyke from adjacent bars

in the Klondike and Yukon Rivers.

Fill placement continued after November 1, 1986 in order to reduce the
volume of fill to be placed during Phase II of the work, and hence

assist completion of the project before the next ice jam flood.

A total of 21 000 m3 of excavation was carried out and 79 000 m3 of
fill (White Channel and River gravel) and 16 000 m3 of rock was placed
during foundation preparation and Phase I construction. The cost of
these fill materials was calculated to be $7.56/m3 and $9.33/m3 for the
bulk fill/filter gravel and the riprap respectively.

The White Channel fill and the rock was hauled by end-dump trucks
sometimes assisted by belly dumps. The river gravel was hauled by
scraper or by end-dump trucks. Satisfactory densities were achieved

and useful experience gained for planning Phase II of the project.

PHASE II

During the Phase II construction, it is anticipated that in excess of
2500 m3 of bulk fill will be hauled per shift using end dump and belly
dump trucks. At this rate, the total bulk fill of Phase II will be
placed in about 40 shifts or 20 days of continuous work. It is to be
expected that some delay will be caused by excessively cold weather and
the fill placement operation is assumed to require about 30 days or say
35 days allowing for a slow start. Thus the operation is expected to
commence no later than March 15, 1987. Prior to this date, it is
anticipated that two D8 dozers will have been ripping frozen ground to
open up the White Channel borrow pit, this operation should commence
about March 1, 1987. The contractor should be mobilizing the remainder

of his equipment during this same period.
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The filter gravel and riprap are expected to require about 10 days and
15 days, respectively of continuous 24 hour work. These two operations
would be carried out simultaneously with each other and with placement
of bulk fill. More than 25% of the volume of riprap is to be placed on
the Phase I fill and this work could be carried out early in the

schedule.,

Extensions of the remaining pipes should be done in March in order not
to delay dyke fill placement above them but provided they are con-

structed early, the pipes are not likely to be on the critical path.

Completion of the dyke past the ferry haul-out cannot be carried out
until after the ferry is removed which is expected to occur about
May 20, 1987. A temporary dyke is to be constructed past the ferry for

the duration of 1987 breakup period, as shown on Drawing 3009 in

Appendix III.

Placement of the base course and possibly raising of the Klondike
Highway past Crocus Bluff could also be delayed until after the ice

breakup, provided that provision was made to plug the Klondike Highway

in the event of a flood.

COST ESTIMATE

The cost estimates given in Table 1 are believed to give a realistic
cost for the completed Phase IT dyke based on current costs and

experience gained during Phase I.
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The costs include all anticipated direct and indirect costs associated
with the work plus overhead and profit. It is noted that there is
little precedent for this type of fill construction during winter in
the Yukon and unit cost estimates for fill materials should be regarded
as approximate. A contingency of 15% has been allowed on the cost of
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Phase I Construction

Construction and Engineering

TOTAL
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TABLE 1
ESTIMATE OF COSTS

ITEM QUANTITY RATE TOTAL
Phase II Construction
1. Mobilization - - $ 60,000.00
2. Bulk Fill 96 731 m3 8.70/m3 841,559.00
3. Filter Gravel 18 506 m3 7.00/m3 129,542.00
4. Riprap, Stockpile 21 485 m3 Highways Contract 366,864.00

Riprap, Place 21 485 m3 7.45/m3 160,063.00
5. Basecourse 412 m3 35.00/m3 14,420.00
6. Chip Seal 200 m x 7 m LS by YTG 10,000.00
7. Pipes, installation 165 m 142/m 23,430.00
8. Flapgates, purchase 12 Supply Contract 10,417.00

Flapgates, install 12 420 ea 5,040.00
9. Manholes, installation 5 1,450 ea 7,250.00

Manholes, top, frame

and grate, supply 9 680 ea 6,120.00
10. Ditch Backfill 400 m3 5.00/m3 2,000.00
11. Ferry Haul-Out - L.S. 20,000.00
12. Royalty 100,000 0.06 6,000.00
13. Contingency (15%) - - 249,405.00
14. Engineering Inspection = - 123,910.00

SUBTOTAL $2,036,020.00

$1,191,250.00

$3,227,270.00
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Four frost

- 9 =

TABLE 2

April 30, 1987

RESULTS OF INVESTIGATIONS
TO DETERMINE DEPTH OF FROST

soil in the potential borrow pits.

tubes were installed to measure the depth of frozen

The results are as follows:

DEPTH OF FREEZING
BELOW GROUND SURFACE

FROST TUBE
NUMBER LOCATION INSTALLED JAN 29 JAN 31 FEB 5 FEB 17
1 Lovett Gulch January 27 2.7 m 2.7 m 2.5 m 2.8 m
2 Lovett Gulch January 29 - 2.1 m 2.55m 3.0l m
3 Jackson Hill January 30 - 2,7 m 2.3 m 2.7 m
4 Jackson Hill January 30 - 3.0 m 2.8 m 3.1 m
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FIELD TEST HOLE LOG
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FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR

DRILLING DATA

WEIGHT HAMMER

ELEV. GROUND

DlA CASING DRILL TYPE
RODS

HEIGHT DROP
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" _BIT DRILLING FLUID
CORE
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SYMBOL
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FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR

DRILLING DATA

| WEIGHT HAMMER

ELEV. GROUND

DIA. CASING DRILL TYPE
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FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR

DRILLING DATA

WEIGHT HAMMER ELEV. GROUND

DIA CASING DRILL TYPE

HEIGHT DROP

SYMBOL

CO-ORD. LOCATION
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RODS
"

BIT DRILLING FLUID
CORE

ELEV.| 1.D.| 3" NO;

DESCRIPTION OF MATERIAL - DRILLING NOTES
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FIELD TEST HOLE LOG

SAMPLE DATA

-| WEIGHT HAMMER

ELEV. COLLAR

DRILLING DATA

ELEV. GROUND

DIA CASING DRILL TYPE
RODS

HEIGHT DROP

CO-ORD. LOCATION

SYMBOL
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CORE

DESCRIPTION OF MATERIAL - DRILLING NOTES
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FIELD TEST HOLE LOG

SAMPLE DATA

ELEV. COLLAR DRILLING DATA
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DD 4 StaCion 0 +352725
/s 45.0 L

"0 eley 3172.45

O - /O0m i It\/ /[/negand Lrace c/a(/

SolPt /)/oé/// Otoanic. 5//0/;2:‘/V

Wicacen s Tt brown,

esC + 304 M.C.

0-1.0m cCable bricK wire,
ana/e [Fon, “bott/es. p/aZ?s steel
I“a:/ St&&/ Z_mﬁe# C/ebi"ls

(Poss; ble o /o Bierhogse siZad)

/.Om -2.7m As above Silty ,[)/hc sand
Llace C/O/l/ Af/oﬁ// OrgQan/c
S/gﬁfé/ micacéou’s bfown .
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FIELD TEST HOLE LOG
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FIELD TEST HOLE LOG

SAMPLE DATA

WEIGHT HAMMER

ELEV. COLLAR

DRILLING DATA
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FIELD TEST HOLE LOG

SAMPLE DATA
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DIA CASING DRILL TYPE
RODS
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0-5m -/ 7m Sand and Grave/ well graded

round. o subround. mHus &"

efo/mc/a/ aerse %—#Zoo

./ .,
occasiopal 107 How /der.

JOB Na360/-02- O5_TECH. 'éo/xd’

PROJEC

== KLOHN LEONOFF | LocATiON

Z-As— CONSULTING ENGINEERS HOLE NO@B@ 4

DATE/ 229 /986 PLATE No.
A




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER , | ELEV. GROUND DA, CASING BRILL THRE
- IS} " RODS
HEIGHT DROt 4 ? CO-0ORD. LOCATION ': ?:_);F oG TP
DEPTH | D |BLows] . 1 © s Ry =
Jeev oo Te ) No DESCRIPTION OF MATERIAL - DRILLING NOTES

DD GA Stotion  0+9/3.0

- 4 /0.0 L.

- | ‘0" eleyv 3/6.942

i O -20m St Cine 50uf1d oOrganicS

roots. C/’?r’ouq houl = bfbwn

! solftC

;Z)ine

2.0Om-2.6m - Coarse Sands ano/ arave /s

subround Co Suéanoa/aﬁ

minus 4" 2/—‘;‘4300

é’x?ffe/»é’//// s sc

ynable To 0@1_ Lo Coe of
o/ d(/%e.‘

. JOB No360)/-02- p5_TECH, M
== PROJECT,
% KLOHN LEOROFF LOCATION _
% CONSULTING ENGINEERS HOLE NoﬁﬁéA /
DATE i1y 29 /986 PLATE No.
/ Y




FIELD TEST HOLE

LOG

SAMPLE DATA ELEV. COLLAR

- | WEIGHT HAMMER

DRILLING DATA

ELEV, GROUND

DIA. CASING
' _RODS

DRILL TYPE

HEIGHT DROP

CO-0RD. LOCATION

SYMBOL

DEPTH

' _BIT DRILLING FLUID
' __CORE

0.D. |BLOWS

ELEV

1.D. 3"

NO DESCRIPTION OF MATERIAL -~ DRILLING NOTES

DD 7

Station 1 +092.3

s 19.0 L

‘O eleu BN O

Sand QHC\ C\\‘&UQ Sllt\/ mix (i

S s e peme ) Ve~

materials 124 —% 200

minus 6" round te subround

09m -1.Om

Silty Cine Sond brewn

30@% sliahtlh, micaceous

Comto\mly\oit)ed With radbs

and  melel debris.

[.Om - 2.0 m

Coarse Sands and Line

aravels . subround to )

Samolcfltaf@n

%ubanau lar minus' 72

[5m.

24 -#Ao

GS On‘l/
7

extreme//,/ dense

Waler Table & 2m.

W KLOHN LEONOFF

/k\,\,v\ﬁ;:’ CONSULTING ENGINEERS
A

£

JOB No360/-02- 05 TECH, éﬂ’d
PROJECT. % /

LOCATION S/,

HOLE No, D &) 7 /

DATE/ L 29 /984 PLATE No.
.



FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER 6] ELEV. GROUND DI‘A‘ (;1(\)\‘326 DRILL TYPE
HEIGHT DROP c,z.i CO-ORD. LOCATION gloge DRILLING FLUID
oepri | 0.0 [LOWS| o | 7 DESCRIPTION OF MATERIAL- DRILLING NOTES
- | O&
DD 7A StaClon |+e97=
O/s 6.0 t5=o L
O eley Ao
2/17.36
O - .5m 5 JJC/\/ e Scmcl Ok(c):amcs
4 roots br‘ouOn
Solt
.9 - 1.0m Sand and gravel , Grey

mi xTCure oﬁdmoosah de

white channel river m(f(,er'lal
minus &’ conbains roots

LOm - 3. Im SI(U/ Line sand _organic
bl"ou)ﬂ Sl
M - .3 m Sand and araug| round

JCQ Subr‘ound YV\lY\lAS G
E’.Xtremeé/ C/ense

Woter Seelo\ng N @ 3.1 m

- | JOB No3d/-02 - 05 .TECH d
=22 KLOHN LEONOFF ’

CONSULTING ENGINEERS

WZ?M% PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA

WEIGHT HAMMER

HEIGHT DROP

DEPTH

O.D. [BLOWS

ELEV.

1.0 3"

NO.

SYMBOL

ELEV. COLLAR DRILLING DATA

ELEV. GROUND DIA. CASING BRILL TYPE
' _RODS

CO-ORD. LOCATION " BIT DRILLING FLUID
' CORE

DESCRIPTION OF MATERIAL-DRILLING NOTES

DDSE StaCion | £302.0
O/s 640 L
‘0" eleyv 315.13

() {5 ey Sl C\/ ()lﬂc %Qﬂd bhou)h

7/
Qk‘aa{mc s\lqht Ly micaceo

Séht hlah “Q./

05m -/.2m Coarse Sands and

f/'r)d aravels »r/irws 37

ZX—-%OO swbrournd Co

subangular .

ex Zfre%e//f/ lpse. .

i

ST

\

£ 72 KLOHN LEONOFF LOCATION

JOB No3¢0/-02 - 05 TECH. M
| PROJEC

-/,/:;;5\\?_ CONSULTING ENGINEERS HOLE Noﬁﬁ@ 7

2

DATE 222029 /986 PLATE No.
Lgc




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER ., | ELev. crounp DIA; CASING DRILL TYPE
3 " TRODS
[e8] 7 .
HEIGHT DROP $ [co-orp. LocaTION BT DRILLING FLUID
> " CORE
DEPTH | 0.D. |GLOWS
T T NO. DESCRIPTION OF MATERIAL-DRILLING NOTES
DD 9 Stelion 46540

% 454 |

O'elepal ion 315.52

d-2.0m.

'72?/',\/5-(//”‘0 Qﬁ MA/&.B Q’éﬁ/?/?&// Fruer Sonds

0‘)70/ Oﬁau@/s 0/70’ 1005 ﬁ/c/e s/t

f‘QC/éy Adnaowlar St fock max 4"

es?” /-84 - TS0 dense.

p/t badly conlaminaled with

tlmbers Sfee/ Cczb/e. u)ooo//p//es ,éassi
o/ dock)

u)ater See’p;r\j N @ 1.0 w,

JOB No.3£01 02 OSTECH édd
272 KLOHN LEONOFE  [\ommadd

LOCATION %
M: CONSULTING ENGINEERS

e HOLE No. _
DATE&MIZ? /986 PLATE No.




- | WEIGHT HAMMER ELEV. GROUND EiA. CACNT L e

FIELD TEST HOLE LOG

—~ SAMPLE DATA ELEV. COLLAR DRILLING DATA

' _RODS

HEIGHT DROP

SYMBOL

CO-ORD. LOCATION " _BIT DRILLING FLUID
" CORE
DEPTH| 0.D. |BLOWS

ELev. | to. | 3" | N© DESCRIPTION OF MATERIAL-DRILLING NOTES

- DD\O | SCalion [+720.5
/s 24.0L

‘0" eley 21&.9

O - .5m WhiTe C\\dnﬂ&\ Sands and

aravels over\ying Ovrea .
) /7

Sm - 2.72m Silty Fine Sands _Qrey byrown
Sof Or‘qomlcs sliahtiy/ micaceous

Samp le Taken el e i sen ot Cased

5 iory (Bt With  wood \‘:S\\'\v\q : Voo bex
M.C. - A J
G.5. Nole  ofC 1.1 w 1L Qppears \iKe

on old Wood T/onque £ qQrooue
pleX Corm (dock?) ¢ 9

D P = 2 oy S'cmd & Gravel wax g”
roeruet e Solbraunc

c)((jremel\/ dense.

Otttﬁ’.mo_b&d To oblain o

P E. O s v T Samp\e buT
nots pos&b

JOB Noiﬁéo [-02-05 TECH. éc/xJ
&
£22 KLOHN LEONOFF  [oxiioundadon

/fVV\ CONSULTING ENGINEERS
*Es

> HOLE No. DD /O

DATE/ /1000.30,/98L PLATE No.
4



FIELD TESY HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA&

WEIGHT HAMMER . ELEV. GROUND DIA. CASING DRILL TYPE
& " RODS _ i

HEIGHT DROP b3 CO-ORD. LOCATION ’-':r ELrTeF DRILLING FLUID

DEFTH | 0.0 |BLOWS v n s it

ELEV. | 1 D.| 37 NO DESCRIPTION OF MATERIAL - DRILLING NOTES

DD (| Stalion \ +-880.8

e 248 L
‘0" elev 5172.03

O -39 Silty Fine Sands) arey broan
Sopt/i Slisht\v YY)iCoLCeoq/S
organ ¢ reabdtCs
crre OiC Coro e
rostCs @Y‘(C{)OJ\-\(‘_SL

Inaao r\ll\ll
TrattSty

3.4’m -39\m Si\t/\/ Q{m-; Scmo\/t Qre}/ Contained

o_boord wikth ol and
Soample Taken some. _Wire @t 3.6 m.
@ 5"-5on\*

M. C %
GS

NoCe unoble To excauate
e "
Corther ymaxi mum
reoch of boorn,

2
JOB No360/-02-05 TECH. Do/ x]
=52 KLOHN LEONOFF ‘
2o\~ CONSULTING ENGINEERS HOLE No. O O || 7
T DATE/ /12062 30,/9R6FLATE No.
7




FIFLD TEST HOLE LOG

M

SAMPLE DATA

ELEV. COLLAR

DRILLING DATA

DIA CASING. BRILL TYPE

WEIGHT HAMMER | ELEV. GROUND 2
o " RODS
o) 1 ~ s
HEIGHT DROP % | co-0RD. LOCATION L 8IT ORILLING FLUID
> " CORE

DEPTH 0.0 _iBLOWS

e T oa DESCRIPTION OF MATERIAL-DRILLING NOTES
_DDIle Stalion [+969.8
o _O/s 39.0 L

- 0" eley 3/5.15
{

, O -3.5m Silty Fine_Sands arey Drown

___1| :)o(-\lf} \\S\\t\v Y\r\\c&)ceougsg O\rqqm

enlire excaduoTion CO\R\:ammm

Thro ug\(\ouft, wDh melal roots

\uw\bex Tin cons To o

dﬁmbb of 3.5m

u)oib?,\r Seapage, @ 33.5m.

CirstT evidence of Crosb

Qa p&@ \umos wWere *\ch@hich

e o ean il S e

)

22 LOHN LEONOFF

JOB No3601-02-05 _TECH, é,o//d

| PROJECT,
LOCATION Ewm D

= CONSULTING ENGINEERS

HOLE No. D D 12 /.

DATE //447..30,1986 PLATE No.
A




FIELD TEST HOLE LOG

SAMPLE DATA

WEIGHT HAMMER

HEIGHT DROP

DEPTH

O.D. |BLOWS

ELEV.

1.D. 3"

NO.

SYMBOL

ELEV. COLLAR

DRILLING DATA

ELEV. GROUND

DIA. CASING DRILL TYPE
' __RODS

CO-0ORD. LOCATION Y _BIT DRILLING FLUID

' __CORE

DESCRIPTION OF MATERIAL-DRILLING NOTES

DD

12 A Station [+922.7

95 20.6 L

0 eley 3/5.98

O -0.2m Sand and Grave/ minus 3"

(mixture of white channel and

sut) est \e -15%4 —*200

03 - 3.5m e ity e Sands %r‘ey brown
SQ(D{DI. S(ightl/\/ micaceou s Organics
enGire extovotion &
contaminated with rope,
DrokKewn %\Q%S QQHS k‘oots
trou:e ol P\me ahxue\s @ 3wy
Wate - See@uﬁe @ 2w ond 33wy

e %My@@/ﬁ Q/lj\r
/'VuV( /s & S W e - l/‘e rom \
et PN D\E/ \2"\/ S/
0O /2

1;7
% KLOHN LEONOFF [ oo

W\P_ CONSULTING ENGINEERS
e

HOLE No. 2 9 ‘
DATE///M/30 /986 PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA

ELEV. COLLAR

WEIGHT HAMMER

DRILLING DATA
ELEV. GROUND WA CASING DRILL TYPE

HEIGHT DROP

RODS
CO-ORD. LOCATION " _BIT

SYMBOL

DRILLING FLUID

DEPTH 0.D. [BLOWS
ELEV. 1.D 3"

CORE

DESCRIPTION OF MATERIAL - DRILLING NOTES

NO

- DD\3 SGoCion 2+103.7
/s 19.0 L
0" eley 315.33

O-33m Dl \“()\/ (—ma Somds arey brown

So(\t/ s| \Shtlv Yv\\cace%us omcm\o,
entCire excanalion cOn‘tTQm.nq'ted

thraua\r\out q{qss boowd%

or(c()ah)ncs Y‘oots \Qood thDS.

-~ oocKe_t o0 white channel
q\*o_ocg\s @ O0.4m.

NoUe

There 1s o 02am thickK \Qvek

of Wood D\O.nKS rocts brokn alass.
o _bone ot 2.6m dcoth

AN —

X

== KLOHN LEONOFF

JOB No3601 -02-05 TECH. 'éo/,ed

CONSULTING ENGINEERS

L
DATE(Z1200-30/986 PLATE No.
7 4




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER 3 ELEV. GROUND DIA. CASING DRILL TYPE
= " _RODS ,
HEIGHT DROP = [ CO-ORD. LOCATION Y _BIT DRILLING FLUID
> " CORE
DEPTH| 0.D. |BLOWS
ELEV.| L.D.| 3" HO. DESCRIPTION OF MATERIAL-DRILLING NOTES
_
; 4
/FsT Hr S6-zo G |+ 028

Fom_out frm ot dybe

0= 0-Si  SITY FAE SAND. chw/w wols,
brown ., /0056 S ﬁw / c/camj CM\G( IKWCD'
%/kax) 7{) O Sm On d’ub& Side. 0’/ QLT

S~ Zebn_ SAND AND 6RAVEL _cecassmal. cobble,
brVWA wd’ /OOSQ _h;umlpz( “;(J Subound Ctmx}fe!

Abindin ,lmf af 2ibm — cayine
Walte obe, ~ Lbm 0

L JOB No. P5 Abbl  TECH. DMES

._—\_,—

=22 KLOHN LEONOFF PROJECT Da\,\}gg,g T ES

LOCATION DAWSON) , YT
M 4 £
MW: CONSULTING ENGINEERS HOLE NJ]‘P_ZO

DATE Sopf~ 25 /86 PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA

WEIGHT HAMMER

HEIGHT DROP

SYMBOL

DEPTH 0.D. |BLOWS

ELEV

1. | 3" NG

ELEV. COLLAR DRILLING DATA

ELEV. GROUND DIA__CASING BRILL TYPE

RODS
CO-ORD. LOCATION TR
CORE

DESCRIPTION OF MATERIAL - DRILLING NOTES

DRILLING FLUID

JEST i1 b6 -2 ~STA O+ 8o0O

5m ouf on que( bor

O-3.5m  SAND AND GRAVEL abunclan] cobbles 7o ZOcm;z’
Wwell qmdu{) G&m med Fp coasde dond, Wwo 7o coblble A/?)v,
4(1111” er s /amrf gén)wn /GOAL o f rezc\ md

At abowndsned B 3.5m = caving
/42;}& rlt o oo jnfle — Wil foble r~ fn~

R et

£°2 KLOHN LEONOFF  [Lommormon e

JOB No. P> Ab0]  TECH. Dw.X

— LOCATION JAQIWSON |, Y. 7.
,/&Q%J,\Q: CONSULTING ENGINEERS Ll

HOLE NoTP 86 - 2
DATE Séf)'f 2% [8(, PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA

WEIGHT HAMMER
!

| HEIGHT DROP

DEPTH

0.D. |BLOWS

ELEV.

1.D. -

NO.

SYMBOCL

ELEV. COLLAR DRILLING DATA

ELEV. GROUND DIA. CASING DRILL TYPE
" RODS

CO-ORD. LOCATION ' _BIT DRILLING FLUID
" CORE

DESCRIPTION OF MATERIAL - DRILLING NOTES

TET PIT 6 -22 ~STA_ 0 490

2om oul zm(cjnwd box

O-3m GRAVEL AND CHBALES  wrR couue Sand.

coarse rund rmut/ §, hunded cobbles 4o 20 om Q(

ong, Third 51”14 Sand IQU}J\, ~ B~ Thaeke - byt Im/er l§

Dflman’u I)\IA Sawi /;VFAAM tD(‘,A&z

FE obandend @ Dm — QOIVII\Q

High k. 5] Wiloy Inflord Wit faMoy

W LOHN LEONOFF

M
,,\:;:;§£:: CONSULTING ENGINEERS

JOB No. P& 340] TECH. DB

PROJECT DAWSON DYKES

LOCATION DAWSON, Y. T.

HOLE No. TP o2

DATE Sepl’ 23/BG  PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA

ELEV. COLLAR ORILLING DATA

ELEV. 1.D. 3

NO.

WEIGHT HAMMER | ELEV. GrOUND B LA DRILL TYPE
o] RODS
3] I

HEIGHT DROP = | CO-ORD. LOCATION " BIT ORILLING FLUID
> CORE

DEPTH | _0.D. |BLOWS

DESCRIPTION OF MATERIAL -~ DRILLING NOTES

7651 Pt 86 -2 ~ STA_ [+ 94440

Sin_from Tt of hww [l

0~ 0bm _SILTY FNE SAND S/mL/m(( WD _beda o] elear

ch/u) JamL up /0 /b(m k/}\4 elo Some Ort)amw hx)/3

hibWh (p/or /oo}e (lamf)

O:bm ~ 0.7Sm {k)( GRAVEL AND SIL,T Hmnrlu( araveds

madrix D] St/ﬁ{ or frg) 5:/?!4 Samf bgl o7 pm[z{mnfmﬂcf

ousded qmuds’ /onje/

0,75 - 2.3  SAND AND GRANEL , med o coarse sands

J
and ij‘mue[f’/ hrswin colot, Jeose

7.3m = 3.5m __FINE_SAND_AND SILTY SAND, Strati Eec{ :

ﬁm SandS ore, orans. /ox;duzu(,) Sf'Hv s grey

Cofory SUE layers Uup 1o em 1}\«40 - NOTE tm

Cﬁu.a /auef 5 &ﬂmcm/u C//t"(W\ /NJ Sand -

Wotdsn ,kuﬂw ﬁnw(ﬂuu( al boat a,/ @(f

/Q{" a/.‘m\(bml of 35m - cavry
'W(IE\ 7&,6‘&/ £y /.SIV‘/ U

s

JOB No. VA 360)  TECH. O S

= >* KLOHN LEONOFF  [toomon Dirsiod. Vot

M CONSULTING ENGINEERS

LOCATION DAWSON , Y. T.

HOLE No. TP -24

DATE S'epf 23/8L, PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER | eLev. erouno e L DRILL: TYPE

8 . RODS
HEIGHT DROP = | CO-ORD. LOCATION "_BIT DRILLING FLUID

> " CORE
DEPTH |_0.0. |BLOWS =
CACEEEN L NO DESCRIPTION OF MATERIAL - DORILLING NOTES

— >
= lagy
7EST Fi7T 86 -25 ~SIA_ [+ 550

~5m ﬁbm ewist d,(’/bj e .

0- 05m _ SILTY FINE SAMD s fla/%/cw(/ wilh_clean /rw fand,
Includeg  fayers e// Sand cmd fmmtl Up ‘/0 56m ﬁw/u,

[ayer ShickenC 2o 0 I Fowiids oxistme dmb

a//ma%f calbye o) orange / hine mnd)/) am( rm;u /S//f{é/
11/7)/\1/ Sdhdj}. /’m/f OC(M«H&?!&/ cobble 2o /O ('mQ/

08— /Sm _ SAND _Seme qravel, sind i< coarse., oraw/f
J
are. _hunded ano( med Fo coasse Includis Axvn{ dqé,.,

h,p fop

l5m = 2.0m  SAND, ﬁ/w% Med. grey jOOSL Ao q/cwel

er Sdé/ 7[\»0 07 }ﬁé Zat/(’/‘ Aa/d a#un(/anf ALOOo( OCQ./gf 15

fans, [«Mnéer (WHho oO aM( w [L/a(y g/uud Jevel Um/

rLuZu Was )zw.U’

2.0m —35m  SAND AND GRAVEL , cobpls /o £20 en Z,

}’ouncUcL /mc( /o Clanat ﬁfa.(}(»( é/wé cofor / mafl’zr éecl )
/()(}dp w0 St =

BE abondssed ot 3Sm — cavin
L\/aihj —/ELHU (d / 7m O

JOB No. PA 3L0) TECH. DS

PROJECT DAWSOA DYKES

::\T\Q.ZV% HKLOHN LEONOFE LOCATION DAWSON, Y. 7-
N&gﬂ’” CONSULTING ENGINEERS HOLE No. TP §b 25

DATE Sep{ 23/G _ PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER . | ELEV. GROUND DiA. CASING BRILL “TYRE
] (=] ' __RODS
o)
HEIGHT DROP % | CO-ORD. LGCATION S _BIT CRILLING FLUID
> " CORE

DEPTH 0.D. |BLOWS

ELev. | io. | 3» | NO DESCRIPTION OF MATERIAL - DRILLING NOTES

7P St.-Z26 ~STA [+ €60

The 07 exs51” dytes

0-0.4m HiL ~ sand, qmm( s, s Sands, wood

cldonS (umbser, hJM ﬁfc,f Q(\mj nbmz)/ﬁvm CL&I}%)

bawn CDIbT /OoSt/ ~ 5 rmi Mudf

0.8m —2.m SILTY SAND «afcu (,o(nf 5D1>7Vft/ 7[9?/ /SCFf ?)
occassaral é,mue/ /cu/ef

VANE 1oy ot 20nt qave, rda's  EF [-GF T/m®” € [ .5m degh
d JJ <J <J T

2 = 4i0r __SAND_AND SILTY_SAND, st fred)
{\r\u ,SGM Joers and 5(“14 Soand lauef'; a/uundor\‘f WOC(L

(Lska,o, glo,ul coms, e . Tn of /auef has @ lcum’iﬂ

>
wond _and (MLHS er/~ DIQANLED) a/ml Hhin hmf uw )auef
/hkdu The old gr\wd ,(’}J:[JW/'LL‘N dock. ULIST-CL)

4.0m ~ 42 SAND AND GRAVEL-, WK cobbles o 20 cmO!
black color (mevkar éu{)

AL adondind ot 42m < nlrseid a_wd® /muw\ﬂ
/auer Wik /@3 Wl /m%w infu pd: d

(Wl ’IQL,['QM\(? e, Bl Fuj )[me/

JOB No. PB 60| TECHDMIEZS
=72 KLOHN LEONOFE oo o v e

LOCATION DAWSON , Y. T.
M = CONSULTING ENGINEERS HOLE No. TP Z6

DATE St 23 /86 PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR DRILLING DATA
WEIGHT HAMMER | ELEV. GROUND DA, CGAANG DRILL TYPE
3 " RODS
[543 [y
HEIGHT OROP % [ CO-ORD. LOCATION BIT DRILLING FLUID
> "__CORE
DEPTH | _0.D. [BLOWS :
S T s DESCRIPTION OF MATERIAL-DRILLING NOTES
P 8c-27 ~ [+ T30

~ Im almne, 'tyzmud I’I.Vfw’ IQUQ{ .

0-0-3m  WHITE CHARNEL GRAVEL mrhn(g ot

Jurﬁ(tcmc )Q(L

0-3m —5:5p  SILAY FINE SAND and j(mdu sdfs Lreww

cwlor, fim o SHFF‘ Sandy k\um s Do, v

dpbns (WOCA e " 5 olter q(\rbaéL

No "Scrfifu Fons — Vane ni;;’j’ 72,52 G0 Tm @24 m

Boﬁowx nﬂ: ut}A/t/ ﬁ(h,h\(ﬂ,é)&/ fm\d am( mm/ /(u/(,u

and_pil AMM mméu /,,/u/u bt _inarke 6L (sce R6-26)

/Jb(mdm'\ 'l%f @ 55 — cowin L‘\;\ i ﬁooch;(’

JOB No. P 260!  TECHHIRS
N PROJECT XIinSoN DYKES
%é KLOHN LEORNOFF LOCATION Ban/Son/, Y. 7-
\../"Q:;,ﬁ” CONSULTING ENGINEERS HOLE N,°‘ TP 27’
DATE Sfpf‘.zalﬁé PLATE No.




FIELD TEST HOLE LOG

SAMPLE DATA ELEV. COLLAR

DRILLING DATA

WEIGHT HAMMER . | ELEV. GROUND L BRILL TYPE
g RODS

HEIGHT DROP = |co-ORD. LOCATION L 8T DRILLING FLUID
z CORE

epTH | 0.0 [BLows] | o

ELEV. | I.D.| 3© :

DESCRIPTION OF MATERIAL - DRILLING NOTES

7St Rl $6-28 ~ STA /#7550

O=é-7m _ SANDY SILT , st and very fini Sandd.

firee (cleas) Sand_tugere, mastly Jos iom" witd "soft”

_?th_ﬁt_‘m " brown” colvr, sio_grawel,

LJ undant h[(w(/ and 00/7142/” dQAfLY e QWQLARL a_rmbeny

0] _weod fedes

ZL/

Vine, Shax on Sbﬁf“ wu — Jfow 2./ 7/m 38 f/m

b7~ 7lm _ SAND AND 6RAVEL rounded _med. fo Coarse

amﬂd cearse Sand orcmw\ol bbbl o 65 e ¢-{

%/aCL walio Agafm!/ (marker 13?«:{)
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APPENDIX II

RESULTS OF LABORATORY TESTING



Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Client:
Sample:.... DDA S #1 ... Depth: .......... 2.0 Project
Location: ..DDLA e Made by
........................................................................................................... Ck'd by
7 ‘Suev; - H“Sizé of Opening . Weight X Percent % Fingr Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
40000 | 400 ] ] -
25000 25.0 .
—WQ—(.;}EO_O_“ ] 20.0
14000 | 140
12500 125
10000 10.0
5000 5.0 100.0
2000 20 ' 99.9
1250 1.250 9qQ.7
800 0.800 99.5
830 | 0630 99.3
400 1 0400 - 99.1
250 0250 98.7
160 0.160 97.6
63 ©0.063 74.3
Description of Sample .Fine Sandy. Silt . ... .. b Method of Preparation ...................

=.47.8%
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100 10 Grain Size - mm 1.0 0.1




Percent Finer Than

J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SCREEN ANALYSIS

Client: ............ KIOBA, LEORATT.. ...t amsmaansionssiniminnssasisssisss s sassas
Sample:.....DD3 S #1 . Depth: ..o 10, Project: .......Dawson Dyke
Location: ........ D 03 ................................................................................... Made by: m\ tR.& BA Job. No..................... 8001
................................................................................................................ Ck'd by oo 1986.09.04
Sieve Si—z;—o'l"Opening 1T —Weigm Percent °A_: Frner Than
No. MM Retained gms Finer Than Basis Orig.Sample
o o T » 100.0
40000 40.0 e o _ i B 92.4
25000 25.0 o 76.8
o %E)OO ------- 20.0 61.9
o0 [T o — 53.1
12500 12.5 49.9
© 10000 | 100 44.1
5000 | 50 34.0
2000 20 25.2
1250 B 1.250 21.2
800 | 0800 17.6
630 0630 15.5
400 0.400 _‘ 10.2
20 | o=zs0 | 5.8
160 0160 - 3.3
6 | o003 1.5
Description of Sample ...... .5.?‘_.'!9.3_’..,9?.?_‘??.1. ...................... Method of Preparation ................... B ] S Washed X .......................
.......................................................................................... ERBITTATKS 110505000 6885 R v shwissio il i o i i i om0
Time of Sieving ............. 15 ....... IS, i smisimmimsii ponta bl i S S R O SR AR AR ot e s S A S B S AR
63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
MO T HEEENEE RIRAIN L[] LT

90 \

80 j——rt-- N\

70 T \

\ -
GC o PNESSIRITIL. PENTRSIERISE SN . e - S
\\< - .
50
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[T T [T T [T T T1T T ==l

100 10 Grain Size - mm 1.0 0.1




Depthz. o smsss 1.5

- Sieve Size of Opening Weight J Total Wt. Percent % Finer Than
No. MM Retained gms iner Than gms Faneijfag_ Basis Ong.Sample
40000 40.0
2SOOQ 25.0
20000 20.0
14000 14.0
12500 - 12:5
10000 . 10.0
5000 5.0 100.0
2000 2.0 99.9
1250 1.25£ 99.8
800 0.800 99.7
630 0.630 99.6
400 0.400 99.4
2% 0.250 97.6
0 0160 88.3
63 0.063 18.4
Description of Sample ... Si1ty Sand Organics Method of Preparation .................. DO oo Washed ... X
......................................................................................... Remarks ... M:Co = 23, 0% e
L s
- 63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
1 —rr—
Ly BRI [T N L
90 <
50 \\
W i \\
S - \
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- \
i = B X
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d_:’ 40
30
20
10
LT T L] [T [ T] T L

Grain Size - mm 1.0 0.1




J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS
SCREEN ANALYSIS

Client: ... KIohn Leonoff ...,
Sample: ........ DMAS#Z ................ Depth: 2L . Project: .......... Dawson DyKe. e
Location: ... DDA e Made by:.. AK. & BK  Job.No...... 8001 .
................................................................................................................ Ckd by: . .. Date:r........1986.09.04 ...
) Slev; ] ;ze of Opening o Weight Total Wt. Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Ong.Sample
7 ) e o » - B 100.0
40000 | 400 _ . L 65.6
~ 25000 | 250 56.5
20000 20.0 ! - | 52.3
14000 | 140 | 43.4
12800 | 125 il ) 41.8
1000 | 100 ) 35.9
s000 | 50 29.3
~ 2000 | 20 24.1
1250 1.250 21.8
800 0.800 19.9
630 | 0630 18.7
400 0400 N 15.7
250 0250 ’ ' 11.5
160 | o0.160 o 8.7
e | oo 5.0
Description of Sample .3andy Gravel, Trace Silty peinod of Preparation ................... DY oo Washed ... X
................. O PSRRI CPRRRUE RPN NI 2 () {12 o L SR P e N D S ——
Time of Sieving ... 15 . IVHITTL s mmmmsmmmsmmnisarmamansl, s s o004 5 1 A S S S A S K YA SO
63 40 25 20 14125 10 5000 2000 1250 800 630 400 250 160 63
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Percent Finer Than

J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Client: ......... KIOMN Leonoff e
Sample:............ 007 S #1 . Depth: S Project: .........DaWSON DyKe e
Location: ........... DD7 ................................................................................. Made by:. BK & LK . Job. No............. 8001 e,
________________________________________________________________________________________________________________ ckaby: NAVLD) - Date: 19860904 T
Sieve Size of Opening Weight \JToxal Wit Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
R 100.0
40000 40.0 94.1
25000 ) 25.0 88.7
20000 200 80.5
14000 14.0 70.6
12500 125 68.9
10000 10.0 65.0
5000 5.0 54.7
2000 2.0 40.9
1250 1.250 29.4
800 0.800 16.8
630 0.630 10.8
400 0.400 ) 4.8
250 0.250 2 9
160 ] 10.160 1.9
63 0.063 0.
Descniption of Sample .......... Sandy Gravel .. ... .. Method of Preparation ................... DY commrmmsson Washed ...... K. s asssssaminssons
........................................................................................... FROMIATKS ooy e S T i et o e S S SR SR SRR
Time of Sieving ............. L MM e e ettt
- 63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
[ \l HREREE L rp LT
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\&\
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100 10 Grain Size - mm 1.0 0.1




J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Klohn Leonoff

(=T O sl e LR SRR Ve O
Sample:........ D D 10 S . #1 ................. Depth: ......... 2 0 ............................. gr;’e::l: ........ Daws on. Dy ke .....................................................................
LOCANOM: oot Made by:... K& BK Job. NOSOO1 ................................................
................................................................................................................ Ck'd by .. Date:....1986.09.04
Sieve i Size of Opening Weight ~ ‘folal Wt Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
40000 40.0 -
B 25900 L 25.0
20000 20.0
14000 14.0
2800 125
10000 100
5000 B 5.0 100.0
2000 2.0 99.9
1250 1.250 99.7
800 0.800 99.5§
630 0.630 99.3
400 . 0.400 98.9
250 0.250 97.7
160 0.160 ' 92 0
63 10.063 3 &
Description of Sample .....Fine Sandy Silt Organigs Method of Preparation .................. OIY-...vinsuenearamiiin washed ... X ..o,
........................................................................................... ReMarks ..o M Qo S 8839 % e en
Time of Sieving .......... 15 ......... INIHNL. cconmmmscvsamsisnpesmsauntll Ao 0o i s gy s 5 2 g S T o e e R S
i 63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
e INNEIN | BREE NI [ 1 L
\\
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J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Client: ............. K1ohn Leonoff ...
Sample:.......DD11 S #1 .. Depth: ... 3:5 Project: ........... DAWSON. DYKE oo
Location: ........] DD L L e Made by:... & BKo. Job. No............... BOON. cocvinesvinssssmssssmmmessanss
................................................................................................................ Ck'd by: ..\ /) j:l( Date: .................1.986.09.04 ..o
Sieve Size of Opening Weight \Jotal Wi, Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Ong.Sample
40000 40.0
25000 25.0
20000 20.0
14000 14.0
12500 12.5
10000 10.0
5000 5.0
2000 20 99.9
1250 1.250 99.9
800 - 0.800 99.9
630 0.630 99.8
400 0.400 99.8
250 0.250 ) ) 99.7
160 0.160 99.5
63 10.063 - 96.5
Description of Sample Sﬂt,Tr‘aceSand, .............. Method of Preparation ................... Dry oo Washed ....... X e,
......................................... Organics | Remarks L MiCe T 3L 3k e

1] 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
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J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SCREEN ANALYSIS

Client; KYORRLEDRALE. ..o ccomeimimmmemncseionsesrmnsivasensirsnerestinsasnnsorsstiosss
SaMPIE: ..o Depth: B | IO — Project: ... DAWSON. DYKE ..ottt e
Location: .00 12 B e Made by:. LK. ... Job. NO. .. 808
................................................................................................................ Ckdby: &€ - . Date:....1986,09.12 . ...
Sieve Size of Opening Weighl_ . Total Wt. _Percenl °/<? Fingr Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
40000 40.0
25000 25.0
20000 20.0
14000 14.0
12500 12.5
10000 10.0
5000 5.0 100.0
2000 2.0 99.9
1250 1.250 99.6
800 0.800 99.4
630 0.630 99.1
400 0.400 ) 98.9
e SLER 98.5
160 10.160 97.7
63 0.063 84.0

100

80

70

40

Percent Finer Than

30

20

10

Method of Preparation
Remarks

Moisture Content - 38.1%

LI T |1 RN N s e [

[ ]

[1]]

[ |

[11]

LT

100

10

Grain Size - mm

1.0

0.1




J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SCREEN ANALYSIS

Client: ........ Klohn Leonoff

2m

SAMPIG: ....ceeerreirceermmeeieaesasssnsnssesen (B1T6)1) AL N —— Project:
Location: ......... TPIZB ........................................................................ Made by:
................................................................................................................ Ck'dby: . #z*t /%
_*geve - msize of Opening Weight Total Wt. Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
40000 40.0
25000 25.0 B
20000 20.0
14000 14.0
12500 12.5
10000 © 100
5000 5.0 100.0
2000 20 99.9
1250 1.250 99.7
800 0.800 99.3
630 0.630 99.1
400 0.400 98.7
- 250 ] 0.250 97.9
160 0.160 94.7
63 0.063 70.6
Description of Sample ... 53ndy Silt, Organics Method of Preparation ................... DAY oo Washed ....... X o,

Remarks

Moisture Content - 48.2%

| e o o i e = A U
80 \\
N
70
30
T LT 100
100 10 Grain Size - mm 1.0 0.1




J. R. Paine & Associates Ltd.

CONSULTIMG AND TESTING EMNGINEERS

cient . YTG/ Municipal Engineering

sample:.. #3 DN oo e Project: .. Dawson City. Dike.Improvements.
Location: ... LOVEt. GUICH ..o ) Maoce by: .. . bXK... Job No..ooo . 8002 .
..................... Bonanza CxreekK. . CKd Y e Dater o BOL0A QT
SveTe - Size of Opening Weig-ht Total WL Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Ong Sample
T ao000 | a0 | 100.0
25000 250 74.8
20000 | 200 71.2
14000 14.0 65.9
12500 125 63.0
10000 ] 10.0 g 6
5000 5.0 n 49.3
2000 ] 2.0 387
1250 ] 1.250 32.5
800 0.800 ) 27.5
630 0.630 . 25.0
400 0.400 20. 1
250 0.250 14.8
160 0.160 102
63 0.063 4.7
Description of SAMPIE .......... oo oo, Method ol Preparalion ................... DIY oo Washed ... X,
........................................................................................... BRBITVATKS oo o ioievinn mmwn o siimanibedd 555065 3560 80 5B AR 69 50 6 SR R R DS SRS S PR ERA S WA
.85 . mm Maximum Size ... ..3.5% Natural Moisture. _—
Sandy Gravel ] e Standard Proctor.completed.. ...
NON=PLlaSEIC FINES ] oottt eeessees oo
Time of Sieving ............ ... VTN cpmsnssimsomensviimmnmnermmneld]  (ownsmomakasn i intosonm s 5immesinstomert RS R R SR BB R RSV AR 55
63 a0 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
M [ IR [HEREIN L1 1 1B N
90 |—-—-—— ——{-A\—A :
e il 4 N ] - -
80 |——- - 4 —

g
|

i
/1

&
|
I
i

H
o
|
|
i
|
|

Percent Finer Than

w
o
i
i
1
|
i
|
|
|

. 0 s — s 7
NS | SRSIIRUUIS NOSPUUNIOO. . (W A | ] — p— -

/

I I T 117

100 10 Grain.Size - mm 1.0




k%) J. R. Paine & Associales Lid,

COSNBLL THeO AND TEO TS ZNOSZERD

Project:

EOMONTON - OAANDE PAAMK - WAaTE HOAST

Sample: #3

Depth:

Location: _Lovet Gulch

. Made By:

COMPACTION TEST

Dawson City Dike Improvements .. YTG/ Municipal Engineering

Ck'd By:

bk

JobNo.:__ 8002

86.04.07

TRIAL NUMBER

Mold No.
2> | WL Sample Wet + Mold
e}
£~ | Wi Mold
wz
2 5 [ WL Sample Wel
¥
= g Volume Mold

Wel Unit Weight kg/m?

Dry Unit Weight kg/m? 6.3 7.8 9.5 10..3
Container No.
E , | Wi Sample Wet + Tare
g g Wt. Sample Dry + Tare
S § WL Water
T T
2 | Tare Container
v w
2 ° [ wi Dry Soil
Moisture Content 2005 2030 2035 2019
MAXIMUN UNIT
WEIGHT kg/m?
= 2038
OPTIMUM MOIST.
& CONTENT = 8.9 %
210
) N METHOD OF
g COMPACTION
\l
E STANDARDyt )
O A MODIFIED ( )
245
[
% n ==y T SAMPLE
> P DESCRIPTION
ong
o p Sandy Gravel
A7 > ‘. (19.0mm Max.
2000 — Size)
K
REMARKS:
=4 11 - I Rock Correction
19504 for +19.0mm
N Aggregate
7 3
1 2134 kg/m
| -
10 12

Moisture Conlent %




J. R. Paine & Associates Lid.

CONSULTING AND TESTING ENGINEERS

Clent: ........ YTG/ Municipal Engineering
Sample:...... . #4 .......................... DEPN: ..o . Pioject: .....Dawson.. City. Dike. Improvements
Location: ............ Lovet .GUlCh ..o .Made by:.......... bX....... Job. No........ 8002 .o
........................... _Bonanza.CreeK.. e .....Ckdby: oo Date: ......86.04.07 ...
Sieve B r_éize of Opening W—e—nghl Total WL Percent V % Finer Than
No MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
~ 40000 | 400 | _100.0 _
25000 | 25.0 _87.4
20000 20.0 ) 74.5
14000 14.0 62,3
TTTa2s00 | 12.5 | _59.2
T 0000 | 100 52 .9
5000 5.0 42.0
T 2000 | 20 312
1250 1.250 25:5.
800 0.800 L ¥} .2
630 | 0630 Y90
400 0.400 . 14.9
250 0.250 10. 6
160 9.160 7.0
63 0.063 ] . 1
Description of SAMPIE ......cccmcmemorssssasimssssissasmssssimmssnsss Method of Preparation ................... DR sesssmmsmmsms Washed ... X ..ccooeeeen

RBIMIBIKS ..ottt ceieeeet et ee it b et e e e s e tb b b areeeeaa s b b e aeeeess e nesensens e e e saabenneessebrnensrnees
..4,.5 % Natural Moisture. . . .

::::::t: ....... PetrographicmAnalysismcoméiéféd

63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 [X]

T TSN T 11 L 111 1T
N

90 N ===

-

|
|
|
i
|
Lo
l
|

80 ——— e ]

3
|
|
|
l

d

g
|
|

Percent Finer Than
3
|

L]
|
//

/!
EEE
i

IR ] 1 i
20 A~ e =] e Y
10 - == <

[T ] LI T 1 [T T T

100 10 Grain Size - mm 1.0 0.1




Percent Finer Than

J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SaAMPIE: ..o DEPth: ..o Project: ... DaWSON DyKe e
Location: .. Lovett Gulch White Channel . . . ... .. Made by:... LK ... Job. No......8051
................................................................................................................ CRIAIDYS .. Tl s DAY oo N T G v sonmmastes ossissarssss
Sieve Size of Opening Weight Total Wt. Percent | % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
T 100.0
40000 40.0 81.0
~ _25000 25.0 72.4
20000 20.0 67.6
14000 14.0 60.7
12500 12.5 59.0
1000 | 10.0 54.5
5000 5.0 43.1
N m"2_(-)60#hm-— 20 32.3
1250 1.250 26.6
800 0.800 22.5
630 0.630 20.2
400 | 0400 | 16. 4
o 250 0.250 127
160 0.160 9.6
6 | 0063 ' 5.0
Description of Sample Sandy Gravel Pit Run Method of Preparation Dry Washed X

63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63

M

[
50 A
\

©
')
/v

3
4

()]
o
Y

7

/
/

/]

/
7

/
/

LT T LT T T LI T T ] 111

100 10 Grain Size - mm 1.0 0.1




J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Client: Klohn Leonoff

Sample:........ R DEPHN: ..o Project: .....Dawson DyKe ... ..
Location: ... White Channel Made by: . LK\ ... Job. No....... 8051 .,
..................... Lou&é'(:'éulb‘\ Ck'd by:y D} Date: ..........1986.10.03 ...
Sieve N Size of Opening Weight /Total wi. | Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Ong.Sample
- A T _ 86.6
40000 40.0 80.9
25000 250 77.1
20000 20.0 71.4
14000 14.0 63.7
12500 12.5 61.9
10000 100 57.4
5000 5.0 53.5
2000 20 35.4
1250 1.250 29.4
800 0.800 24.8
630 0.630 22.5
400 0.400 7 18.3
250 0250 14.1
160 0.160 10.5
63 10.063 5.3

Description of Sample ......5andy Gravel, Trace of  \ieihod of Preparation ................ DIy oo, Washed ... o
t 2

Silt Moisture Conten .5%

........................................................................................... FROTIIATKES scsussns et st ot s e e oot i iy i S N TR PO SNV

63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63

N INEL T d LT 1] [HREA

% A

80 ~

70
_ N

Percent Finer Than

AV
80 \\\
\\\“\\N
50 '\\
40 = \
30
\
\
20
\\\
10 =

I T T [T PTT LI

100 10 Grain Size - mm 1.0 0.1




J. R. Paine & Associates Ltd.

CONSULTING AKO TESTING ENGINEERS
EDMOUNTON - GHANDE PHAIIE - wenl [E HONSE

COMPACTION TEST

Klohn Leonoff

Project: Dawson Dyke Client:
Sample: #1 Depth: Made By:__ K Job No.: 8051
Location: White Channel ol Gekel Ck'd By: g‘ Date: 1986.10.06
TRIAL NUMBER 1 5 3 74 5
Mold No.
» | Wt Sample Wet + Mold
52 [ Wt Moid
wZ
z ?r W1. Sample Wet
z £ | Volume Mold
a
Wet Unit Weight kg/m?
Dry Unit Weight kg/m® 2124 2128 2143 2143 2121
Container No.
E , | Wt Sample Wet + Tare
g g Wt. Sample Dry + Tare
; % Wt. Water
2 & | Tare Container
28
g Wt. Dry Soil
Moisture Content 1.1 3.0 4.6 6.7 8.1
MAXIMUN UNIT
WEIGHT kg/m?
= 2153
OPTIMUM MOIST.
CONTENT = 5.9 %
215
i = PN METHOD OF
£ Z . COMPACTION
g LIANEERS STANDARD ( )
© e S MODIFIED (X )
w
20 ™
’._
g SAMPLE
S DESCRIPTION
(03: Sandy Gravel, Trace
Silt
205
REMARKS:
Sample Rock Corrected
200 for -50mm and +20mm
Free Water
Sample #5
195
0 2 8

4 6
Moisture Content %




J. R. Paine & Associates Ltd.

EOMUNTUN - GRANDE FHAIMIE - WriTEHOHSE

COMPACTION TEST

Klohn Leonoff

Project: Dawson Dyke Client:
Sample: #2 Depth: P Made By: Job No.: 8051
Location: ___White Channel f_uw,c‘é’ Souleh Ck'd By: Date: 1986.10.07
TRIAL NUMBER 1 2 3 o 5 6
Mold No.
» | Wt. Sample Wet + Mold
%2 [ Wi Mold
w Z
E3 cil; Wt. Sample Wet
Z E Volume Mold
Wet Unit Weight kg/m?
Dry Unit Weight kg/m? 2051 2052 2067 2080 2098 2099
Container No.
U’EJ , | Wt Sample Wet + Tare
g g Wt. Sample Dry + Tare
3 § Wt. Water
o
g & | Tare Container
0w
2 © | wt. Dry Soil
Moisture Content 1.1 3.0 4.9 7.0 8.5 9.9
MAXIMUN UNIT
WEIGHT kg/m?
= 2104
OPTIMUM MOIST.
CONTENT = 9.4 %
2150
. METHOD OF
g) COMPACTION
’E‘ STANDARD (y )
9} MODIFIED ( )
w
210
- —
% = SAMPLE
. e N DESCRIPTION
& N
o Sandy Gravel, Trace
= Silt
2050 # = ani
REMARKS:
Rock Corrected for
2000 Aggregate between
-50mm and +20mm
1950
7 9
1 3 5

Moisture Content %




Percent Finer Than

{@@ J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SCREEN ANALYSIS

Sieve Size of Opening Weight Total Wt. Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
- - - o 100.0
40000 40.0 - 95.2
25000 250 89.7
20000 20.0 81.5
14000 14.0 i 75.7
12500 125 - 73.7
10000 100 o 68.6
o 5006-— . &0 | 54.9
2000 | 20 39.6
1250 1.250 32.0
800 - o0so0 26.2
630 0.630 23.2
400 0.400 17.5
250 | 0250 11.8
160 | 0.160 L 7.4
S X
Description of Sample .. Gravelly Sand Method of Preparation ................... DY oo
Remarks ..Moisture Content 2.7% .

[

0 25 20

100

HIRII NN

NN

L]

90 .

80 =
N

70 LE

60

? e

40 \‘

30

20 : ~

10 | ———

1] ITET T ]

T

| N

100 10 Grain Size - mm

0.1




14000

20000

12500
10000
5000

»

SCREEN ANALYSIS

J. R. Pai

BRI, s st s Project:

Sample: . 1,2.3 .
Locawon TP _#1 PN S S
Jackson Hill Borrow. Pit
Sieve Size of Opening
No MM
40000 400 i
25000

Chent: ...

Made by:

. CKdby: "

Weight
Retamed gms

Total Wt
Finer Than gms

Klohn:-Leonoff
Dawson City Dyke

Job. No8051 T e
... Dawe: . 1987.02.02

ne & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Percent
Finer Than

“o Finer Than
Basis Ong.Sample
100.0
82.3

2.7
688
Tea.a
T 62.2

100 l I ]ba\ I 40 ] 25 20 14 '2510] ] ] ]5000 I J 2000 1250 l 18 leﬂ ] 400 [ 25 1 [l I i l
- A\ 1
\\
80 a3
o
" ™~ ‘

Percent Finar Than

40 \
~
30 ™
20
\\
TN
10

[1]

LI

[ |

| |

17

100

Grain Size - mm

1.0

0.1




J. R. Paine & Associates Ltd.

CONSUL TING AND 1§ 5110 ENGINEERS

>)
=

COMPACTION TEST

. Dawson City Dyke Client: __Klohn-Leonoff
Sample:__1P#1,5am.1,2,3_ pepin: Made By:_ LK Job No.:_. 8051
Location:__White Channel Jackson Hill_ _ CkdBy &' % . Date: 1987.02.03
TRIAL NUMBER 1 2 3 4 5 6
Mold No.
> 1 WL Sz;mple Wet + Mold o R .
= | Wi Mold o o B
=3 P-Wl, Sample Wet 1
% :—j Volume Mold
“ " Wet Unit weight kg/m? ]
Dry Unit Weight kg/m? 1995 2052 2086 2123 2125 2089
Container No.
?1 . | Wt Sample Wet + Tare
i E Wt. Sample Dry + Tare
; g Wi Water
f' W Tare Container
¢ 2 ["'Wi Dry Soi
Moisture Content 3.9 5.5 7.3 8.1 9.4 10.8
H MAXIMUN UNIT
WEIGHT kg/m?
1 = 2132
:
H OPTIMUM MOIST.
L CONTENT = 8.9 K
2150
s 1] METHOD OF
i COMPACTION
- L - STANDARD (X )
o N MODIFIED ( )
w P
7200 A
% /| N SAMPLE
N L4 AN DESCRIPTION
o L .
o <] Sandy Gravel
i % "
+ N
2050 |
e
4
REMARKS:
Rock Corrected for
2000 // +20mm material
i Free Water in Samples
5 and 6
19502 4 6 8 10

Moisture Content %




Percent Firer Than

L‘m; J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SCREEN ANALYSIS

Sample:.......... A, | EFZTC] [ ) S = Project: . DaWSON. DYKES e
Location: ...... Klondike RiVer Bars ..o, Made by: .. LK ... Job. No.. . 800L
............................................................................................................... Ck'd by b‘i ~=...... Date ]9870121
Sieve Size of Opening l Weight “Total Wt Percent % Finer Than

No. MM Retained gms Finer Than gms rFiner Than Basis Ornig.Sample

. ~ 82.7

40000 40.0 712.0
25000 250 58.5 B
20000 i 200 49.9 B

14000 14.0 36.9

12500 i2.5 33.6

10000 10.0 28.9

5000 5.0 19.8

2000 20 13.0

1250 1.250 10.1

800 0.800 7.5

630 0.630 5.9

400 0.400 3.1

250 0.250 1.4

160 0.160 0.9

63 0.063 0.5
Description of Sample ..Coarse Sandy Gravel Method of Preparation .................. 8]V 2 Washed .......... X e
........................................................................................... Remarks 100%Pass1ng75mm
Time of Sieving ..oooeeveerien Min. ... L. OO

- 63 20 25 20 1412510 5000 2000 1250 800 630 400 250 160 63
1 H\'\\[l [ HRE NN L L] [ ] [

90 A
\

w0 A

70 A
Y

50 \

‘0 A

30 N

20 >~

\

~]

-
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100 10 Grain Size - mm 1.0
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Percent Finer Than

J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

CIBIIE, e anion i s st o aconis sy s wpmie s s mmmm s S5 S N NS
Sample:... B (011612 E Project: .DaWSON DYKE e
Location: .. Klondike River Bars . . .. Made by . LK .. Job No.....800)
............................................................................................................. Ckaby: .oy k. Date: ... 9870020
Sieve Size of Opening Weight ~ Total Wt. Percent % Finer Than

No. MM Retained gms Finer Than gms riner Than Basis Ong.Sample

89.4

40000 40.0 67.6

25000 25.0 63.0

20000 20.0 57.4

14000 14.0 47.3

12500 12.5 44 .4

10000 10.0 40.3

5000 5.0 30.8

2000 2.0 21.6

1250 1.250 17.2

800 0.800 13.3

630 0.630 111

400 0.400 7.4

250 0.250 .0

160 0.160 3.5

63 0.063 1.8
Descnption of Sample ... .5.5"..'.‘4‘.1.}’...9?.?.‘!?.? ........................ Method of Preparation ................... Dry oo Washed ............ X .................
T iesensssaes s ———— —————_— £ AR TSR A Remarks ........ 100%Pass1ng75mm .....................................................................
Time of Sieving ......ocooovei Min. ... LS o e e

63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63

e IAN N M1 I TT11 111

90 \

- \

70 \

\
\\
€0
\‘3 :
N
40 ™

30 \

LI LT T LT T ] [T T TP

100 10 Grain Size - mm 1.0 0.1




Percent Finer Than

Ik) J. R. Paine & Associates Ltd.

CONSULTING AMD TESTING ENGINEERS

SCREEN ANALYSIS

Sample: ol DePIN: ..o Project: ..9.‘:‘.".".599...%.‘?.&. ...........................................................................
Location: . Klondike River Bars Made by:... LK . Job. No.....8001
.............................................................................................................. ckdoy: . SSNh..... Date:....1987.01.21 ..
Seve Size of Opening ' Weight " Total Wi. Percent % Finer Than
No MM Retained gms Finer Than gms Finer Than Basis Ong.Sample
_ 88.0
40000 40.0 ] 79.4
25000 250 60.8
20000 200 52.1
14000 14.0 45.2
12500 12.5 42.5
10000 10.0 38.7
5000 5.0 28.3
2000 20 20.1
1250 1.250 16.6
800 0.800 13.5
630 0.630 11..7
400 0.400 7 9.0
250 10.250 1.3
160 10.160 6.1
63 0.063 2.4
Description of Sample ........ Sandy Gravel . .. . Method of Preparation ................. DI cossssssssnssasn Washed ............ X .................
..................................................................................... Remarks ........100% Passing 75mm e
Time of SIeVINg ...ccooveenvernnnn. Min. ... L e e
- &3 40 25 20 1412510 5000 2000 1250 80O 630 400 250 160 63
S0 \
80 \\
70 \Y
60 V\
N
50 N -
Yo N
N
\
30 \\
T~
20 N
\\\
10 I~
-

[T 1T 1] T T[T [ 1T

100 10 Grain Size - mm 1.0 0.1
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GEOTECHNICAL (.

HIGHWAYS &

SERVICES TRANSPORTATION
CONTRACT NO. PROJECT. LOCATION OR NO. SAMPLED FROM DATE .
WER. &RAVEL TEST ) 2V P EL
CONTRACTOR AGGREGATE TYPE TIME LAB NO.
2 éﬁgg J00%,  Gravel Surface Base Course
—; - e
¢ 4c4¢ B 8257 WT. WET AGGREGATE + TARE
SIEVE WT. RETAINED | FoBEIAMNED. | % PASSING WT. DRY AGGREGATE + TARE _
80.0 mm ‘gz i [ lﬁqq/ /A 7(?% TARE WT. _—
500 mm WT. DRY AGGREGATE P —
25.0 mm WT. MOISTURE P—
womm | 9a¢es5 |11/0¢ 419 9, % MOISTURE [ ]
2ewm | 2227 | BRFY R
10.0 mm WT. FRACTURED PARTICLES SR
somm | 3 e | 04 | 25 WT. RETAINED ON 5000 P ——
25mm | ;395 | 4349 T % FRACTURED FACES [ |
1.25 mm J4C {3419 9.7 LIQUID LIMIT S
630 mm 34 PLASTIC LIMIT PEE————
asem | 9, | [Fo4 7 PLASTICITY INDEX ]
160 mm
.080 mm 7Y 52 8 20 REMARKS S A M [')¢ & [:/\7(.‘/{ LA A 47—
IJ\/\ b, -‘?‘fﬁ i 5 + — ra = %
TES ] A CCARCE JC I N
G RAVE (-
SIEVE SIZE - mm
g poed ) % @ o 0 o o o (o)
© 0 o : 5 5 ;
= = o & - p = s RBR 8 8.,
l -
> -
10 t
7 i -
/ i)
/ /
7 f 80
20 yA ]
7 [
: /
A 7 f =
7 ] ya
4 z
7 y,
40 e / 4 80
L/ Y
7
Q 4 V4
w30 7 7 - B
< 7 7 7 >
P Z 7 7 3
< 60 £ 5 -
2 7 P4 7 40 2
i Z
7 y, 7
70 7 7
2 7 20
2z Pl
=z
- 7
80 — — — 20
= iz =
p o Z
P
90 |2 - 10
100. i 0
YG [2605] NC4 1s1 COPY WHITEHORSE OFFICE  3rd COPY LAB
2ng COPRY RESIDENT 4th COPY CONTRACTOR
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7

%ﬁ ( , GEOTECHNICAL 4 HIGHWAYS &
&@ - SERVICES TRANSPORTATION
CONTRACT NO. PROJECT/LOCATION OR PIT N(?, SAMPLED FROM DATE c o 5
RWER — gRAvEL S e o /6L
CONTRACTOR AGGREGATE TYPE TIME LAB NO.
‘ Gravel Surface Base Course
10852  /00.0 WT. WET AGGREGATE + TARE

SIEVE WT. RETAINED | Se-BEEatdFD | % PASSING of WT. DRY AGGREGATE + TARE
swomm | /Z/4 | 9538 879 13 TARE WT.

‘

soomm | ;336 | 820 756 | 2 WT. DRY AGGREGATE
25.0 mm
% MOISTURE

N

l
200mm |93 | 5267 486 | %
12.5 mm /0 4(7 4220 33? 4 o
10.0 mm ' ¢4’ 3/ WT. FRACTURED PARTICLES
somm | 1423|2797 25,8 |¢2” 4T WT. RETAINED ON 5000
L Sy

2.5 mm 55 19209 | 20.4 | 007 %1c% FRACTURED FACES |
g

o

g WT. MOISTURE

0

1791 /&5 LIQUID LIMIT
630 mm PLASTIC LIMIT

asmm | fCA4 7| 742 L8 PLASTICITY INDEX

1.25 mm <] /£

160 mm TR

Mo mm Kor S401 240 2:2 REMARKS _ S A/ I1'¢E  FRCa WHEAT
R ¢ = .
T T ok COARSE  NKive K
G RAVE [
SIEVE SIZE - mm
§ s o % - pt & cd g & g g
0 100
7
V4
10 /
7 i 0
7 ]
/ / /
ya { 7 80
0 7 1 7
7 [
/ ]
4 / i
30 V4 I / 70
7 / 7
7 7
- 7 -
"0 v 7 7 60
/ 7/ /
a 50 7 7
z / 7 . % g
z 4 7 ' 2
< 60 / =
x i 7 o g
5 -
— 7
70 — s 20
Z Z
pd -
P
80
P » 20
4 -
80 : 10
— =
100 0
1st COPY WHITEHORSE OFFICE  3rd COPY LAB

YG [2605] NCA
2ng COPY RESIDENT 4th COPY CONTRACTOR



GEOTECHRNICAL

I % U Q HIGHWAYS &
komn - SERVICES . TRANSPORTATION
I CONTRACT NO. PRQJECT LOCATIOr;l OR PIT NO. SAME',I:ED FROM DATE )
L1UOER RAVELS OV 750 ArdER é)A 2 &L-(p-17
ONTRACTOR AGGREGATE TYPE TIME LAB NO.
46’4’/16 {d)&,///)/)y(-‘)z/r. Pit Run Base Course /100
WT. WET AGGREGATE + TARE _RA3O
SIEVE WT. RETAINED | % RETAINED % PASSING WT. DRY AGGREGATE + TARE 0'2 z ﬁs g 2
80.0 mm TARE WT. _MYST
50.0 mm WT. DRY AGGREGATE /2R3
25.0 mm WT. MOISTURE ____S50
Pe—— % MOISTURE
12.5 mm T4 o/ 5 <27
10.0 mm WT. FRACTURED PARTICLES
somm | /090 La.d) 2372.9 WT. RETAINED ON 5000 —
25em | /007 | 701 | _29.9 % FRACTURED FACES [ ]
125mm | /3 /47 7431 22.7 LIQUID LIMIT -
630 mm PLASTIC LIMIT S
3smm | /S5GFC | G2 3 7.7 PLASTICITY INDEX [ |
160 mm
8omm | /1D 98 X /.8 REMARKS
SIEVE SIZE - mm
w0
g 2 5 3 2 0 o e = =R
= =] o o - ~ 0 = & & 8 100
;|
v V4
Vi
10 7 Il
7 y
7 7
20 ,[ A 80
7 7
7 7
// [/
30 - y 70
7 7
4 7
7 7
u pd g myi 60
- - 7
o 50 > P Y
i = . 7 %z
< % 7 2 z
G Z 7 7 b4
o< 80 o Z A E
® v a = sl
= > ya
. z o
70 P z y 4 30
~ i
7 -
I/ . o
yd 7
e - . —— 20
e
/ P [ i
%0 [Z° -~ - 7
,1 /1 17 10
R e il
— = —.,/ ’7/
100 b 0
YG [2808] NC4 1st COPY WH|TE.HDR E OFFICE 3rd COPY LAB
‘2nd COPY RESIDENT 41h COPY COMTRAQTOR



J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Client: .....Klohn Leonoff
SamPle: ..o, Depth: ..o Project: ..Dawson Dyke
Location: . West Dawson Dept. of Highway Pit . .. .. .. .. Made by: LK. _Job. No.....805Y
.......................................................................................................... Ck'd by: .S - . Date: ... 1986.09.12 ..
Su;\—/é 7 »‘S'i-Z;;' Opening o Weogr;t_‘m | i:otal Wi Percent % Finer Than
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample
- 7 R A B ) T 100.0
40000 | 400 B 89.0
© 25000 | 250 74.8
—“';?_(_)OOO - 20.0 b3..7
14000 14.0 R 55.6
12500 | 125 53.3
~ 10000 | 100 49.9
5000 | 5.0 40.3
2000 20 30.5
1250 | 1.250 26.4
800 0.800 23.6
630 “ 0.630 20.5
B T 10.8
B T 6.6
160 | 0160 5.0
63 ~0.063 3.0
Description of Sample ... Sandy Gravel Pit Run Method of Preparation .................. DIy oo, Washed ....... ; (S
........................................................................................ ool P OB bunsusionsisomaicosmarmsrsis s s i 0o ST A B ST B S B S sl e
Time of Sieving ......... 15 . IVTINS sl sy S st S 4 S S HE a  AS  ATA AAN RR  C
63 40 25 20 1412510 5000 2000 1250 80O 630 400 250 160 &

e IBRENEE [TITT 1 O T 111 [TTIT

o0 AN

e ——\

70 \

Percent Finer Than

30 ]

20 \

10
\\

LI T T T IR [T 1l

100 10 Grain Size - mm 1.0 0.1




Percent Finer Than

J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

Klohn Leonoff

17720 [ R LR o L L

SAMPIE: .o DEPHN: oo e Project: ...Dawson Dyke e

Location: ....... DQW?...RF_’?_@ ...................................................................... Made byLK .................. Job. No....... 8051 .............................................

.............................................................................................................. Ckdby: 44 7%  pate: .. 1986.09.12 ..

R Sieve ] méiz—;;{ E)pening B Weight Total Wt Percent % Finer Than

No MM Retained gms Finer Than gms Finer Than Basis Ong.Sample
R R 100.0
_____ 40000 40.0 e 88.1
25000 | 250 B 83.1
20000 200 e 77.4
14000 il 147.6‘ o - 70.2
12500 125 N 68.2
~ 10000 | 100 64.7
5000 | so 524
T 2000 | 20 37.1
1250 1.250 28.5
800 0800 20.4
830 | 063 15.9
B 400 _ 0.400 B 10.3
250 0250 ) 7.3
e _H_E(_)—; - 0.160 5.7
63 | _ 0083 ] 4.0

Description of Sample SandyGrave],P1tRun ..... Method of Preparation ................... B R Washed ....... X ......................

.......................................................................................... Remarks ...Combined Samples 1 and 2

Time of Sieving e D MINL o e e

63 40 25 20 1412510 5000 2000 1250 800 630 400 250 160 63

R InE | [IEEE Lt Iy NI

N

8
i

~
o

/

Y

/

4

/

/
|

[T 11 T ] [T T [ T

100 10 Grain Size - mm 1.0 0.1




{_@@ J. R. Paine & Associates Ltd.

CONSULTING AND TESTING ENGINEERS

SCREEN ANALYSIS

Client: .. Klohn-Leonoff
Sample: Llef 1 BN 5 511 o oA Project: . Dawson City Dyke . . .
Klondyke Wash Coliston Pit Mage py: LK . Job. No. . 8051
Ckdby: _:= %  Dae: .. 1987.02.02

Locaton.

Sne-vé Weight Total Wt Percent “o Finer Than
No. Retained gms Finer Than gms rFiner Than Basis Ong Sample
40000 | 00
25000 N B - i | 92
20000 3 e 93.7
- 14000 N ) [ N él_a
— RSO | R SRR S - 7§-2 faee
10000 B ] ] ) 69.4
- 5660 B ) o - o B o 53.6
2000 | 20 | | | N 41.5
1250 I 36.1
B0 | ) T 31.6
630 - 28.1
I L _ o as
250 . B 15.2
L A ] R ) 11.8
... B I e — . 8.5

Description of Sample ......3IavEeLLly »and .| Method of Preparaton ................ ssrsnmiasiies UNASDE s e s ssass s

' T T T T T T T I

B e S

70 V—~-»—:: PO S — \

Percent Finer Than

40 \

30 ~]

20 \

I T LT IRl EEE [T

100 10 Grain Size - mm 1.0 0.1
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INTRODUCTION

BACKGROUND

Dawson City is located on a floodplain just below the confluence of the
Klondike and Yukon Rivers and is subjected to repeated £flooding. b\
protective dyke has been built around the City in stages over the last
20 years, but it does not have a uniform crest elevation and does not
provide adequate protection. During the last 60 years, the City has
been flooded many times, most recently in 1979, when a major overtopping
of the dyke occurred at its lowest spot near Duke Street at the northern

end of the City.

SCOPE OF WORK

on January 17, 1986, the Yukon Territorial Government (YTG), Department
of Community and Transportation Services (DCTS), authorized Xlohn
Leonoff Ltd. to carry out consulting services reguired in connection
with the Dawson City Dyke Improvement Project. Klohn Leonoff hes
retained the services of Thomson and Iles of Whitehorse, Yukon, Gary
Bowden, Resource Economist, Vancouver, British Columbia and Dr. R.
Gerard, Professor, Department of Civil Engineering, University of

Alberta, Edmonton, Alberta to assist in the project.

The Request for Proposal defining the scope of work upon which this
report is based is included in Appendix I. As proposed by the Consul-
tant, the study was carried out in two phases: a conceptual design

phase - Section 2, and a preliminary design phase - Section 3.

TEMPORARY REMEDIAIL MEASURES

In order to improve the protection of the City to the general level pro-
vided by the dyke along most of its length bhefore the next spring flood,
the City and YTG decided to carry out temporary plugging of the low
part of the dyke in April 1986. At the end of January 1986, Klohn

Leonoff was authorized to prepare designs for the necessary temporary

KLOHN LEONOFF



PB 3601 0101 e B = April 17, 1986

remedial works. The design work was carried out in February, and a
report was submitted on March 7, 1986, together with the construction

drawings and brief specifications.

The temporary work was to consist of additional fill placed to the re-
gquired elevation and grade (El. 320.0 at Station 1+4750; 0.04% gradient)
either over the present roadway between Station 14920 and Station 2+350,
or on the riverside road shoulder, parking area or behind the buildings
as appropriate between Station 1+520 and Station 14920. Subsequently,
it was decided to extend the roadway fill beyond Station 1+920 to
approximately the York Street intersection at Station 1+4810. Between
York Street and the Bank of Commerce (Station 1+810 to Station 1+520)
the temporary dyke will be located at the riverside shoulder of the
road and will consist of a berm constructed with a 1 m wide crest to

permit adeguate compaction to the crest level.

As the temporary fill will be placed during April when the preparation
of suitable foundation and general construction quality will be Qiffi-
cult to control, it is assumed that all of it will be removed before
the placing of the permanent dyke f£fill is started. If it is decided
later that some of the temporary work can be left in place, a small

cost savings will be made.

PREVIOUS INVESTIGATIONS
The reports made available by DCTS at the start of the study are listed
in the Request for Proposal (Appendix I). These reports were used

throughout the study.

In addition, the cross-sections of the dyke obtained by DCTS were also

utilized as explained under Section 2.2(a).
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Many more reports, drawings, photographs and other records were made
available to the Consultant during the course of the study by the
members of the Steering Committee. Although these various documents
are not all listed in this report, they contributed considerably to the
results of the study. Particularly important reports are referenced in

the text as appropriate and listed in Section 7.

PHASE I - STUDIES

GENERAL

Phase I studies consisted of the following:

- hydrologic, topographic, geotechnical and economic
data collection and reviews;

- definition of design criteria and parameters; and

- conceptual design of options.

A key Steering Committee Meeting was held at the end of Phase I studies,
where decisions wers made as to which options were to be carried into

Phase II.

DATA COLLECTION AND REVIEW

(a) Topography .
In late January 1986, Northwest Survey Group of Edmonton was
requested by the YTG to carry out the following photogrammetry

work, based on 1984 aerial photographs:
i) longitudinal profile and 50 m interval cross-sec-
tions of the existing dyke;

ii) water surface spot elevations along the Yukon and
Klondike Rivers; and

iii) 1:2000 scale, 1 m contours orthophoto map of the

City, complete with spot elevations at road
intersections.
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Unfortunately, problems were encountered with the results of Northwest

Survey's photogrammetry work and a considerable amount of ground survey-

ing had to be done in order to permit the study to proceed:

b)

(c)

i) Only the shapes of the Northwest Survey cross-
sections were useable for calculation of dyke
quantities. YTG ground survey data had to be used
for elevations. Spot checking of the YTG eleva-
tions carried out by the Consultant confirmed their
validity at all those locations checked.

In those areas where additional fill was placed
since the aerial photographs were taken, conven-
tional survey was used to prepare new Cross-
sections.

ii) Northwest Survey's water surface spot elevations
were not sufficiently accurate to resolve the
discrepancy between the river gradients quoted in
previcus studies. A 0.04% gradient was conserva-
tively selected as described in Section 2.3.

iii) Ground survey was carried out by the Consultant
throughout the City and the extent of potential
flooding established for the economic analysis.

Hydrology

A review of all hydrological reports made available to the Consul-
tant by the YTG was carried out as required during the study.
Based on this review, design criteria and parameters were accepted

or formulated as described in Section 2.3.

Geotechnical Studies

Geotechnical studies by others have been made for various struc-
tures in Dawson City, and copies of the reports provided by the
YTG were reviewed to obtain an appraisal of the geotechnical
conditions pertinent to the dyke improvement project. None of the
previous reports specifically investigated the dyke. A visual

appraisal was made of the existing dyke, but as the appraisal was
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made during February 1986 when a snow cover obliterated the
details, little data was obtained. Apart from limited sampling of
the White Channel gravels and rock exposures, no investigations

were performed as part of the work.

Generally, Dawson City occupies a floodplain of the Yukon River and
is underlain at depth by coarse gravel similar to that presently
found in the riverbed. At the southern end of the City, the
gravels are overlain by sand and are free of permafrost. The
remainder of the City is underlain by either fill, peat or silt,
which also overlie the alluvial gravels, and aré in permafrost.
The existing data does not extend to the riverside of the dyke,
but it is believed that the softer silt and psat deposits are
absent on the riverside, and the soils are predominantly river

gravels,

The dyke has been built up over a number of stages since Dawson
City was first settled. It is believed that the present dyke
consists largely of material from the Moosehide Slide and White
Channel gravels. However, drill holes by others (1) near the s.s.
Keno indicate that £fill could consist of a wide variety of mate-
rials including a mixture of silt, woodchips, peat, and gravels,

usually in a loose condition.

The present dyke has a paved crest (Front Street). The riverside
of the dyke appears to have been left near the natural angle of
repose of the materials, and slopes are often approximately
1.5 horizontal to 1.0 vertical (1.5:1). It is understood that
riprap has been installed in some areas, although the nature of the
riprap is unknown. In general, the present riverside bank appears

to be stable during spring flood conditions. One factor assisting
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the stability may be that the dyke soils are still frozen during
the ice related flood period. Ice-jam related high water usually
occurs during late April to May when soils have at best just begun

to thaw at the surface.

Borrow sources for earthworks at Dawson City have been investigated
by others, usually for specific purposes such as pipe bedding or
building foundation support. For this project, the two borrow
sources that would provide sufficient guantities of suitable mate-
rial are the Moosehide Slide and the White Channel gravels. The
Moosehide Slide material is a mixture of slide debris that probably
varies in gradation from very large boulders to silt sizes. It is
helieved to be composed mostly of Serpentinite, which has been re-
ported(z) to be a friable rock. Grain size analyses by others(3)
on Moosehide Slide material samples indicate that the scil can be
well graded to approximately 10% silt content on analyses done on
minus 50 mm material. The investigator(3) indicated that samples
provided for testing did not reflect the overall appearance of the

slide debris, and that the silt content may be higher.

The White Channel gravels occur in the terraces and valley bottom
of Bonanza and Hunker Creeks down to the Klondike River Vvalley.
Analyses of samples(4) indicate that the material can be well-
graded sand and gravel, containing less than 5% silt sizes. The
analyses were performed on selected samples of material that were
intended for specific projects, such as pipe bedding, and the

overall characteristics may be somewhat different. It is believed
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that nearly all of the accessible sand and gravel deposits have
been worked at 1least once by dredges or other means for placer
mining, and the characteristics of the material could vary from

area to area.

The suitability of the White Channel gravels for dyke construction
was checked for this project. Laboratory tests performed in
April 1986 by J.R. Paine & Associates on four samples obtained by
the YTG confirm previous tests, and indicate that the material is
a clean, sandy gravel, well graded from a top size of between
63 mm and 40 mm, with approximately 42% sand sizes, and approxi-
mately 3% silt sizes. Two samples were obtained near the Klondike
Valley bottom at the Callison subdivision, and two samples were
obtained at Lovette Gulch in the Bonanza Creek Valley. All four

samples are nearly identical in gradation.

The natural moisture contents of the samples varied from 3.5% to
4.5%, which is considered to be typical of "air dJdry" moisture
content. However, at the time of sampling, on April 4, 1986, the
exposures were nearly vertical and were relatively difficult to
sample with hand tools. This may indicate that excavations in

this material when the ground is frozen could require ripping.

Petrographic analyses on the samples were also performed, and the
results indicate somewhét different mineral composition in the two
areas. The Callison material is predominantly quartz (60%) with
gquartz muscovite schist (30%), whereas the Lovette Gulch material

is predominantly quartz muscovite schist (62%) with quartz (35%).

Previous riprap placed on the dyke was obtained from selective
borrowing of suitable sizes from the Moosehide Slide. However,
the quantities borrowed at any one time were probably small, and
may have been obtained from a stockpile of oversizes that was

developed over the years. For this project, use of the Moosehide
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(e)

Slide only as a source of riprap may be uneconomical, and would
include sorting of suitable sizes or breaking the larger sizes.
Bedrock near Dawson City is essentially metamorphic, composed
largely of quartzite, but with varying amounts of schist. Develop-
ment of a quarry for riprap would be governed more by ease of
access than by rock type. One potential quarry area is on the
Dome Road at the "Cemetery Pit" where previous borrowing removed
the overburden and exgosed bedrock. It is understood that the
Yukon Department of Highways plans to upgrade the Dome Road in the
near future, and that rock excavations may be required. If excess
rock could be stockpiled, this could be another source for some of

the riprap.

Existing Facilities

A review of all Qdrawings and reports provided by the YTG to the
Consultant indicated that a total of 26 drain pipes penetrated the
dyke at some time. Their sizes and types vary from 150 mm diameter
woodstave pipes to 600 mm diameter corrugated steel pipes. In
discussions with the YTG and City officials a total of 14 of these
drains were identified as being required for the existing drainage
system. The locations of these 14 drains are shown on Drawing
No. X-1001, together with elevations of their outlets (where

known) .

Field Collection of Economic Data

A ground survey was undertaken to determine elevations for all
streets and intersections in Dawson City. The level of the ground
floor for each structure was established relative to the known
street elevations, and the depth of flooding in each building was
established for four flood elevations. The flood elevations were:
322 .5 m, 321.7 i, 320.0-m (the level of protection which would be
provided by a temporarily rehabilitated dyke) and 319.0 m (the
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protection currently provided by the existing dyke). Damage
potential was estimated on the basis of five "zones" of flooding -
water level below floor level, water level up to 0.3 m, 2.6 m, and

2.9 m above floor level, and exceeding 2.9 m.

It was found that there are 457 individual structures constructed
at elevations such that they would be affected by flood elevation
of 322.5 m. For each structure the type of construction, dimen-
sions, current condition and use were noted. This provides the
basis for estimating structure and contents value, and potential

damages from each level of flood.

243 DESIGN CRITERIA AND PARAMETERS

(n)

Flood Elevations

Based on previous investigations, flooding at Dawson City has been
dominated at higher stages by ice related events. Ice-jams occur
upstream and downstream of the City and result in very unsteady

flow conditions.

For the purposes of this study, the preliminary flood elevations
and frequencies were provided by Mr. R. Janowicz of Indian and
Northern Affairs Canada (INAC) and Mr. N. Lyons of Inland Waters
Directorate in conjunction with Dr. Gerard from the University of

Alberta and are as follows:

Preliminary Return Period (years)
Flood Elevation (m) Ice-Jam Open Water
at King Street (Station 1+750) Related Flood Flood
32245 200 >>1000
321 il 100 >1000
321.0 50 1000
320.0 20 200
319.0 10 20
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(B)

River Profile

As mentioned in Section 2.2, water surface elevations from North-
west Survey could not be used to determine the Yukon River

gradient in the vicinity of Dawson City.

Recognizing that surveys of water levels under the ice cover might
also prove unreliable, a 0.04% gradient was conservatively selected
for study purposes. This gradient is consistent with the overall
slope of the Yukon River reported by others(5), Preliminary infor-
mation on the results of Dr. Gerard's 1986 study for INAC indicates
the river gradient might be between 0.03% and 0.035%, probably
closer to the higher figure. This is so close to the gradient
selected for this study that no design modifications are considered
warranted at this late stage. Dr. Gerard recommends, however,
that a conventional survey of the entire reach be undertaken
during the 1986 period of hich flows, probably in June or July as
this may allow fine-tuning of the dyke design in the detailed

design stage.

With the river gradient selected, water surface profiles for study
purposes were developed assuming uniform flow conditions. This
approach 1is considered acceptable, as a detailed study of the
unsteady flow associated with surges caused by upstream ice-jam
breakage such as recommended by others (6) would be required before

any less conservative assumptions could be made with confidence.

In the absence of such a study, the 0.04% gradient corresponding
to a uniform flow condition can be accepted as an "upper bound" on
ice-jam related flood stages, for both downstream ice-jams and
upstream ice-jams breakups. If sufficient quantity of ice 1is

available, accumulation of ice upstream of an ice-jam can reach
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(C)

(D)

an equilibrium profile, which is parallel to the uniform flow
gradient. If an upstream ice-jam breaks up, the peaks of the
resulting dynamic surges passing the City can, depending on the
degree of attenuvation, reach the same uniform flow gradient

elevations.

Freeboard

Considering the conservative assumptions which had to be made for
the water levels and river gradients related to ice-jam floods, no
additional freeboard appeared justified on account of hydrological
uncertainty. Furthermore, no additional freeboard was considered
necessary for ice push-up because no historical evidence of ice
push-up occurring was found. This absence of ice push-up appears
to be the result of the orientation of the existing dyke relative
to the river. The ice appears to concentrate along the western
bank of the river throughout the City and does not strike the

right bank until well downstream of the City.

As for freeboard provisions for the open water floods, it is to be
noted that by designing the dyke crest for the 100-year and
200-year ice-jam related floods, a large freeboard of between 1.8 m
and 2.5 m will exist for open water floods of equal probability of

occurrence .

Dyke Geotechnical Design

Design parameters considered for this project were stréngth of
materials and foundation, permeability, erosion resistance, settle-
ment and resistance to earthquake damage. Previous investigations
did not specifically address any of these items, so the criteria
were established indirectly. It has been assumed that the dyke
fill materials will be well compacted granular materials that will
have an effective friction angle in excess of 35°. Similarly, it
is believed that the base of the new fill will be on river gravels

which are also frictional, and relatively strong.
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From estimates made on the basis of the grain size analyses, the
permeability of well compacted materials from the White Channel

deposits will be in the order of 2 x 10-3

cm/sec. In the event of
an ice related flood, that permeability is sufficient to retard
seepage through the dyke, and the dyke probably would not become

fully saturated.

Erosion protection on the riverside of the proposed dyke is re-
quired against the action of the river current. It is estimated
that during floods, the average velocity of the river at the dyke
will be in the order of 1.8 to 2.0 m/sec. During high river
stages, there could be natural or boat-induced waves superimposed
on the current. Design of riprap is governed as much by wave size
as current velocity. In this project, riprap that will resist

0.9 m waves will also be adequate for the estimated currents.

For portions of the dyke constructed on the riverside of the exist-
ing f£ill, settlement is not expected to be a problem, as the dyke
and foundation materials are anticipated to be granular, and
almost incompressible for the loadings considered. However, fill
placed over the existing dyke (Front Street) may cause settlement
in the existing dyke material. Since no data is available on the
exact nature or distribution of existing dyke fill, no settlement
allowance was made, but an observational procedure is recommended
to correct any future settlement by placing additional fill as

required.

Previous studies by others indicate that Dawson City is in earth-
quake Zone 2 as defined by the National Building Code. This rep-
resents a zone of moderate earthquake risk. A study performed by
Indian and Northern Affairs(7) predicts a ground acceleration of

6% of gravity, for an earthquake having a 100-year recurrence
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interval. VNeither the dyke material nor the foundation is con-
sidered to be susceptible to loss of strength from such a low

intensity occurrence.

For the dyke portion that will be formed by raising Front Street,
the design allowed for a pavement width of 7 m, shoulders of 2 m
on each side, for a total width of 11 m. This is consistent with

the current dimensions of Front Street.

CONCEPTUAL DESIGN OPTIONS

Providing flood protection for an ice-jam related flood with a return
period of 200 years requires raising the existing dyke levels 2.5 m on
average, It was immediately evident that simply raising Front Street
by 2.5 m over its entire length would not be feasible because of the
access problem to streets and buildings along its length, in particular
in the few blocks near the S.S. Xeno. However, at the southern end of
the project, along the Klondike River, raising the road level is appro-
priate because the highway has to tie into the dyke and landside access
is less difficult. Similarly at the north end of the project area,
access towards the river, such as at the ferry terminus, is feasible
only if the dyke raising is essentially directly over the present Front
Street. Therefore, the concept for locating the new dyke was developed

as follows:

up to Station 0+100: Taper existing highway up to new dyke level.
at Station 0+150: Full dyke height requires tie into hillside.

Station 0+100 to 0+200: Front Street on crest of dyke over present
dyke.

Station 0+200 to 0+300: Taper Front Street from dyke crest to existing
grade; new dyke on riverside.

Station 0+200 to 2+150: Dyke raising is on riverside of all existing
fill; Front Street as is.

Station 2+000 to 2+150: Taper Front Street up to dyke level.

Station 2+150 to 2+350: Front Street on crest of dyke over present
location.
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For the two areas where the dyke raising would be coincident with
raising Front Street, earthfill construction was obvious. For the
remainder of the dyke the only potenﬁial dyking method other than
earthfill that appeared feasible was an earthfilled cribwall with suit-
able facing. The relatively high cost of cribwalls became apparent and
several sub-alternatives were studied: limiting the cribwall either to
the top portion of the dyke, or to a short full height section behind
the more restricted area behind the S.S. Keno. For comparison, it may
be noted that while the estimated cost of the 200-year protection for
the earthfill dyke is $700/m, the full height cribwall would cost

$1800/m in treated timber and $3500/m in concrete.

The options investigated were presented during a Steering Committee

Meeting on February 14, 1986 and are listed below:

(a) Earthfill for full height and length.

(b) A 3 m high timber crib on an earthfill base for
approximately 1300 m of the dyke; remainder of dyke
to be constructed by raising roadway.

(c) Full height treated timber cribwall for either
150 m or 225 m length near S.S. Keno; all remaining

dyke of earthfill.

(d) As above but using concrete members for cribwall.

Appendix II contains illustrations of the concepts presented above, and

contains a comparative estimate of costs.
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PHASE II - PRELIMINARY DESIGN OF RECOMMENDED SCHEME

RECOMMENDED SCHEME

The results of the conceptual design phase clearly indicated that an
earthfill dyke for the entire project length was the most economical
alternative. The cribwall alternatives have no cost advantage, and
probably have greater negative visual impact than the earthfill. 1In
addition, the high cribwall alternatives behind the S.S. Keno do not
appear to significantly reduce encroachment onto the rivershore, and
actually hinder waterfront access and appearance. Therefore, as dis-
cussed with the Steering Committee on February 14, 1986, the recommend-
ed scheme is an earthfill structure. The earthfill would include a
roadway on its crest at the north and south extremities, and would be

placed on the riverside of the existing fill elsevhere.

The Phase II work included comparison of flood protection for 200-year,

100-year, and 50-year events {(all ice-jam related), staged as follows:

Stage 1: ©50-year protection (El. 321.0), crest wide enough to permit
raising to El. 322.5 without widening.

Stage 2: 100-year protection (El. 321.7).

Stage 3: 200-year protection (El. 322.5).

The results of the Phase II studies are reported in the following

sections.
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DESIGN DETAILS

Section

As previously mentioned, the recommended scheme would consist of a
raised roadway at each end, and a dyke adjacent to the existing dyke

elsewhere. Thus, there are two typical sections with the following

features:
Roadway Section - 7 m wide pavement
- 2 m wide shoulders each side
- 2:1 side slopes both sides
- riprap slope protection on riverside slope
- grassing on landside slope
Dyke Section - 2.5 m wide crest to random fill section (minimum

access width), for 200-year ice-related flood
level; wider for lower stages

- 2:1 landside slope

- riverside slope 2:1 to 200-year open-water flood
level, 1.5:1 slope above

- riprap slope protection on riverside slope

- grassing on landside slope

Foundation Preparation

River gravels are anticipated to be present over most of the base of
the dyke. However, there are reaches where there may be silty pockets
which should be removed, and portions of the existing riverside dyke
slope may contain soft or objectionable material. 1In addition, a growth
of shrub has developed over much of the site. Therefore, it has been
assumed that foundation preparation would include stripping of soils to
an average depth of 0.15 m over the base of the new fill, except where
present development 1is obvious. In practice, the stripping would
probably be occasional, and to a greater depth. Removal of the shrub
growth directly under the proposed dyke is assumed to be part of the

stripping operation.
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In the areas where the new road surfacing would meet the existing
pavement, some pavement removal or grinding may be required to produce

a good bond and a smooth transition.

Embankment Materials

The main portion of the dyke would be constructed of pit run materials,
consisting of well graded, strong, durable particles. 0f the two
potential material sources, Moosehide Slide and White Channel gravels,

the White Channel gravels are preferred for the following reasons:

- relatively consistent material can be obtained for
the gquantities required;

- the gravels are probably easier to excavate and
handle;

- they are composed of relatively strong materials;

- they would also be the source of road base course
and paving aggregate.

The Moosehide Slide material by comparison is unproven in its consis-
tency. If the present excavation bench 1is extended to obtain the
required gquantities for this project, an excavation in the order of
30 m deep would be required. This quantity of excavation in one con-
struction season may affect the stability of the slide. Investigations

and analyses would be required before proceeding with the excavation.

Furthermore, the more friable materials could result in a finerégrained
compacted fill which could be weaker, and may require modifications to

the present design.
At the present time, the YTG has closed the Moosehide Slide pit due to

the potential health hazard from the asbestos fibres contained in the

slide material.

KLOHN LEONOFF



PB 3601 0101 - 18 - April 17, 1986

The riverside slope protection will be blasted rock riprap. A potential
source of this material has not been positively identified, but the
exposure at the cemetery pit indicates that development of this source
may be feasible and that additional material may be availabe from the
proposed Dome Road reconstruction. The material should be graded from
a maximum particle size of 450 mm, with a mean size of 300 mm, and
should grade down to no more than 5% finer than 75 mm. If such a
gradation is produced by the quarrying operations, and if the Wwhite
Channel gravels are well graded as anticipated, then no transition zone

is required between the riprap and the random fill zone.

With the use of the White Channel gravels for the main dyke fill, the
need for slope protection on the landside of the dyke is more fer
visual impact than for structural integrity. Therefore, landside slope
protection is assumed to be a 300 mm layer of a material suitable for
growing grasses. This layer may be fine to medium sand, with topsoil
or other organic material cover, A source for these materials has not

been identified.

The sections of the dyke which include a full roadway cection on the
crest would also be constructed of pit run material for the main zone.
A 300 mm thickness of base course would underlie the paving and form
the shoulders. The base course and gravel for use in the paving would

be obtained from crushing White Channel gravel.

Existing Drains and River Access

2n allowance for locating, strengthening and extending 14 existing

drains has been included in the cost estimate.

As requested by the Steering Committee during the study, river access

ramps were provided in the design as follows:
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- vehicular access ramp to the Government ferry near
Edward Street;

- vehicular access ramp for smaller commercial vehi-
cles near Duke Street;

- pedestrian access ramp near the S.S. Keno; and

- pedestrian access ramp near Church Street.

As for the winter haulout for the Government ferry, the Department of
Highways expressed their preference for the existing location near Duke
Street. Alternatively, provisions for a new winter haulout could be
incorporated into the design of the summer access ramp near Edward

Street.

All these ramps are shown on Drawing No. X-1001.

Seepace

The ice-jam related river levels are known to reach their peak and
recede to their normal level in a relatively short time. Records and
observations indicate that usually the river level will rise to a peak
flood level and recede to the pre-flood level in less than 24 hours.
In addition, the peak is usually instantaneous, as the water level
rises only to a point where the ice—jam breaks, and then recedes.
Estimates of the possible saturation of the proposed dyke during these
conditions indicated that the dyke will not become fully saturated,
even with the assumption that the dyke material is unfrozen and has the
same permeability as in its unfrozen state. Therefore, no seepage is

anticipated through the dyke for ice-related flood events.

The open water flood levels are coincident with or lower than the
existing dyke crest level for the same probabilities of recurrence.

Therefore, no additional seepage will result from open water floods.
One area where seepage may increase, from riverside to landside, due to

the proposed increased height of dyke, is at the southern end of the

City near the Klondike River, where unfrozen sand and gravel form the
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foundation materials. In that area, foundation seepage could be in the
order of 1500 1/min, and which would probably emerge in a reasonably
broad zone on the landside of the dyke. This magnitude of seepage aoes
not warrant installation of permanent seepage pumping facilities, and
could probably be handled with construction pumps when and if the need
arises. Therefore, no allowance has been made in the cost estimate for

pumping of seepage water.

CONSTRUCTION SCHEDULING

Based on the staged construction concept, it is estimated that the
construction period for the 50-year dyke (El. 321.0) would be in the
order of 65 working days, assuming that the work would be performed

continuously and efficiently.

The Department of Fisheries and Oceans reguires all in-stream construc-
tion work to be carried out before mid-June, with an additional period
available on the XKlondike River after the river level has dropped in

September and/or October.

Assuming that the construction starts in late March, it would appear
that the dyke can be built to El. 321.0 without conflicting with the
Fisheries and Oceans' requirements. Depending on the weather and the
severity of the ice-jam flooding in the year of construction, it should
be possible to substantially complete the dyke before the tourist season
starts in late June. If necessary, some selected items of work may be
delayed until after the tourist season (September or Octobef). Two

such items are placing the landside slope protection and seeding.

With the construction starting in late March, the soils will be frozen,
making the foundation preparation very difficult. For this reason it
might be prudent to carry out some limited foundation preparation in

the fall prior to construction.
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An additional 20 working days are estimated to be required to raise the
dyke to the 100-year level (El. 321.7), and a further 20 days to raise
it the 200-year level (El. 322.5).

ESTIMATE OF COSTS

For the designs described and presented on the drawings, the costs of
dyke construction are summarized on Table 1. The earthfill costs were
obtained from a best estimate of current costs in the Dawson City area,
assuming the use of White Channel gravels as the predominant borrow
source. However, it is believed that the indicated cost estimates
would cover the cost of the Moosehide Slide material, if reguired. No

allowance has been made for royalties.
A contingency of 15% has been added to cover any unusual conditions, or

slight design modifications. The main areas where modifications could

be required are at the ferry haulout, and street intersections.
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TABLE 1
COST SUMMARY
Incremental Costs
Item | 50-year(1) 100-year 200-year
A. Capital Costs
1. Mobilization 380,000 110,000 140,000
2. Foundation Preparation 30,000 - -
3. Pit Run Fill 972,000 76,000 61,000
4. Riprap 264,000 36,000 33,000
5. Landside Slope Protection 60,000 30,000 25,000
6. Base Course 50,000 55,000 83,000
7. Paving 58,000 76,000 110,000
8. Extend Existing Pipes 70,000 - =
2. Winter Ferry Haulout v_10,000 15,000 15,000
10. Highway Guard Rails 13,000 18,000 20,000
Sub Totals 1,907,000 418,000 487,000
Contingency (15%) 287,000 62,000 73,000
Design and Supervision 246,000 60,000 60,000
Totals 2,440,000 540,000 620,000
B. Operation and Maintenance Costs
Year 1 - Dyke Construction 0 0 0
Year 2 34,000 5,000 4,000
Year 3 34,000 5,000 4,000
Year 4 Onwards 26,000 1,000 1,000
NOTES : (1) Costs include extra width to permit future extension to
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PRELIMINARY ECONOMIC ANALYSIS

Estimates of the economic benefits from flood protection at Dawson City
are presented in Appendix III. Benefits from flood protection consist
of damages prevented, hence the essence of the analysis in Appendix III
is to estimate damages which can be expected over time, in the absence

of flood protection.

DAMAGE CATEGORIES
Following conventional methodology in analyses of flood damages, poten-
tial damages fall into several categories: primary direct, primary

indirect and intangible.

Primary direct damages include damages to structures and contents, and
vehicles and equipment. The estimates of primary direct damages  for
Dawson City are complete, with one notable exception. The historic
buildings in Dawson City are repositories for important artifacts and
archival material. Neither the value of such objects, nor the extent
to which they would be Adamaged by floods could be satisfactorily estab-
lished within the scope of the present study. There is, therefore, an
omission with respect to these resources in the estimate of primary

direct damages.

Primary indirect damages represent permanent income losses to firms
located in the floodplain, as a result of flooding. These are esti-
mated for business income losses in the tourist sector of the Dawson

City economy.

Intangible damages are flood effects which cannot be measured in mone-
tary terms. They include possible loss of 1life, suffering, anxiety,
inconvenience and disruption. By definition such effects are not
quantified and as a result have to be omitted from subsequent direct

comparisons of dyking costs and benefits. However, they should not be
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neglected in the final decisions regarding the feasibility of dyke
construction. When dealing with ice-related floods which can occur
with very 1ittie warning, as 1is the case at Dawson City, the threat to
human life - which remains as an intangible - may merit particular

emphasis.

DAMAGE ESTIMATES

Flood damages have been estimated in terms of the damages that would
occur as a result of floods at specific elevations. These are then
translated into average annual damages for floods between certain
elevations. Finally, the average annual values for these ranges are
discounted to present value equivalents so that they can be compared

with dyke construction and maintenance costs.

Damage Estimates for Specific- Floods

Damages were estimated for floods at the following elevations and
expected frequency of occurrence: elevation 319.0 m, 10-year return
period; elevation 320.0 m, 20-year return period; elevation 321.C m.
50-year return period; elevation 321.7 m, 100-year return period;

elevation 322.5 m, 200-year return period.
The results are summarized in Table 2.

TABLE 2
PRIMARY DAMAGE ESTIMATES FOR SPECIFIC FLOOD ELEVATIONS

Primary Damages Total
Elevation ~Direct Indirect Primary Damages
319.0 m S 542,000 S 0 S 542,000
320.0 m 4,165,000 240,000 ‘ 4,405,000
321.0 m 9,055,000 640,000 9,695, 000
3217 m 12,479,000 920,000 13,399,000
322.5 m 21,005,000 1,995,000 23, 000, 000
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Average Annual Damages

Estimating damages for the specific floods provides a basis for comput-
ing the average annual value of damages, as set out in.Section 4 of
Appendix IITI. In order that these estimates can be compared with the
cost of building dykes to various elevations, they are expressed as
damages associated with floods between given elevations. The findings

are summarized in Table 3.

TABLE 3

ESTIMATE OF AVERAGE ANNUAL FLOOD DAMAGES

Average Annual Damages
Flood Elevations (Primary, Direct and Indirect)
318.0 m to 320.0 m $ 124,000
320.0 m to 321.C m 211,500
321.0m to 321.7 m 115,500
3217.7 m to 322.5 m 91,000

Present Value'thiQéiéﬁﬁé

Three factors are provided for in converting the estimated annual values
to present value eguivalents so that they can be directly compared with
the costs of dyke construction. These are the discount rate, project
life, and expected rate of growth in annual damages. A range of values
has been used for these factors. Discount rates of 6%, 8%, 10% and 12%
were used in the calculations. Two assumptions regarding project life
- 50 years and 35 years - were used. The rate at which damages were
expected to grow was set at 1%, 2% and 3%. The resulting wide array of

estimates is presented in Tables 8 through 11 of Appendix III.
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A base case, with the results drawn from what were felt to be acceptable
values for the discount rate (10%), project life (50 years) and annual

rate of growth (2%) is summarized in Table 4.

TABLE 4
PRESENT VALUE, POTENTIAL FLOOD DAMAGES

Flood Present Discounted
Elevations vValue of Damages
319.0 m to 320.0 m $ 1,545,000
320.0 m to 321.0 m 2,635,000
321.0 m to 321.7 m 1,439,000
321.7 m to 322.5 m 1,134,000

The calculations of present values are sensitive to the discount rate
selected, as well as to the values adopted for future growth, and the
project life. The comparisons in Table 5 indicate how the results are

affected by the choice of discount rate.

TABLE 5
PRESENT VALUE OF FLOOD DAMAGES, ALTERNATE DISCOUNT RATES

($1,000)
Flood Present Discounted Value of Damages*
Elevations With Discount Rates of
6% 8% 10% 12%
319.0 m to 320.0 m 2,700 1,990 1,550 1,250
320.0 m to 321.0 m 4,600 3,390 2,640 2,140
321.0 m to 321.7 m 2,520 1,850 1,440 1,170
3217 m to 322.5 m 1,980 1,460 1,130 920

* 50-year project life, 2% annual rate of growth
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The influence of the assumptions regarding the rate of growth of future

damages, and the project 1life, can be determined from Tables III-8

‘through III-11 in Appendix III. The direction of the effects is that

present values are larger the higher the assumed rate of growth (3%
versus 1%) and the longer thé project life (50 years versus 35 years).
These tables indicate the sensitivity of the ultimate results to the
values adopted for these parameters. While the estimates presented
above in Table 4 are felt to be acceptable for the present study, this
sensitivity should not be overlooked 1in assessing overall project

feasibility.

BENEFIT/COST ANALYSIS

The results of the preliminary benefit/cost analysis are summarized in

Table 6:
TABLE 6
COMPARISON OF PRELIMINARY
BENEFITS AND COSTS
Elevation of Dyke Crest (m) 320.0 321 .0 321.7 322.5

Estimated degree of protection
against ice-related flooding
(preliminary) 20-year 50-year [100-year | 200-year

Estimated incremental capital
and O&M costs (preliminary) -
$1,000 (1) 200 2,510 560 640

Estimated incremental benefits
(preliminary) - $1,000 (1) 1,550 2,640 1,440 1,130

Benefit /Cost Ratios
(preliminary) 7.7 1.05 2.6 1.8

(1) Present value of costs and benefits calculated on the basis of a
50-year. project life and a 10% discount rate.
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As would be expected, the benefit/cost ratios generally reduce with
increased protection. The variation at El. 321.0 can be explained by
the requirement for staged construction. The dyke at El. 321.0 is wide
enough for raising to El. 322.5 and therefore it is disproportionally

expensive.

As can be seen from Table 6, all benefit/cost ratios within the investi-
gated range (50-year, 100-year and 200-year ice-jam related flood
protection) are larger than one and each of those levels of protection

can therefore be justified.

CONCLUSIONS AND RECOMMENDATIONS

a) Based on the preliminary design and economic study, the benefit/
cost ratios for the 50-year ice-related flood protection
(El. 321.0), 100-year protection (El. 321.7), and 200-year protec-
tion (El. 322.5) are all larger than one and their implementation

can therefore be justified.

b) An earthfill dyke for the entire project length is the most econom-
ical alternative, It should be built on the riverside of the
existing dyke/Front Street, except at the south and north extrem-

ities where it should he placed on the existing roadway.

c) The available topographical surveys of the dyke are inadequate for
final design and construction. The dyke should be re-surveyed
with cross-sections at approximately 25 m intervals and with

detailed topographic plans at access ramps and intersections.

e) The proposed conservative flood levels and river gradients cannot
be refined with the available hydrological information. An addi-
tional study of dynamic surges caused by upstream ice-jam breakage
is recommended, as is a conventional survey of the river gradient

during periods of high flow.
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e)

f)

g)

h)

i)

of the two potential construction material sources for the main
portion of the dyke, Moosehide Slide and White Channel gravels,
the latter is preferred and its suitability should be confirmed
during final design. If the Moosehide Slide is considered as a
borrow source, an investigation and analyses of the effect on the

stability of the slide is recommended.

A 450 mm thick layer of blasted rock riprap with a mean size of
300 mm is the recommended protection of the riverside slope. The
availability of suitable rock in the cemetery pit on Dome Road

should be confirmed during final design.

No serious problems are expected to occur with respect to seepage
through the dyke during floods. Even at the southern end of the
City where increased underseepage may occur through the foundation
gravel, no permanent seepage pumping facilities are considered

warranted.

Fourteen existing drains through the dyke were identified as
needed in the future. Strengthening, modifications and extensions

of these drains should be provided for during final design.

Two vehicular and two pedestrian access ramps to the river were
identified and should be incorporated in final design. A govern-
ment ferry winter haulout should be incorporated during final

design in either of the two vehicular ramps.
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(1)

(2)

(3)

(4)

(5)

(6)
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