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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 Klahn 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 Klahn Leonoff Yukon Ltd. to the Yukon Department of 

Community and Transportation Services, in response to a 11 Request for 

Proposal 11 dated July 14, 1986. 

THE PROJECT 

The City of Dawson is constructed on the east h a nk of the Yukon River 

near its 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 bui 1 t 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 over topped 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 Leonof f 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 al terna ti ve 

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 became 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 

Drawings from the Tender Documents 

included in Appendix III. 

completed in late 

for Phase II of 

January, 1987. 

the work are 

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: 
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1. Review existing information 
2. Survey of the dyke 
3~ Inspect existing drainage structures 
4. Confirm sources of construction materials 
5. Carry out geotechnical inv·estigation 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 Klehn Leonoff by the Water Resources Di vision of the 

Northern Affairs Program, Indian and Northern Affairs Canada (Ref. 

Dawson City Flood Evaluation). 

EXISTING DYKE (FRONT STREET_) 

CROSS-S EC'r IONS 

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 PROTEC'rION 

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 for 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 Pl.an and Location of Test Pits ... , 

Figure 8. Selected soil samples from these test pi ts were sent to a 

testing laboratory for determination of grain size distribution. Logs 

of these test pi ts 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 zone 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 likely 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 

however, at that time the owners of 

the deposit for its remaining gold 

$2.50/m3 for their material compared 

gravel, was also carried out, 

this material intended to rework 

content and required payment of 

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. T'ne 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 likely 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 sou th 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 pi ts 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. 
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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 t.he Dome Road at about Sta ti on 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 Jack~on 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. 
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Talus deposits were inspected above 11 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 0 in the Preliminary Report 

could not be located but it is likely that these are in fact the two 

extra pipes found elsewhere at Station 1+806 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, 1+806 and 1+810 are to be extended 

during Phase II of the work. 

In view of the greater than normal amount of settlement expe·cted 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. 
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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 be 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-SEC'rION 

The basic principle of lo ca ting 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) 

10 

50 

100 

200 

KLOHN LEONOFF 

RIVER ELEVATION (m) 

318.8 

320 .1 

320.6 

3 21 • 1 
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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 

1+525 and Station 1+900, the lower portion of the riverside slope was 

flattened to vertical to 2. 5 horizontal in order to increase base 

stability. In addition, between 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 waterfr-ont. A similar berm walkway has been added . to the 

dyke between Station 1+525 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 work. Al though 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. 
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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 wi 11 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 surf ace 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 material. 

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 f t'."esh unfrozen face in the pit, and is transported, placed and 

compacted without delay. In addition, the placement area ~ust 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 is demonstrated that satisfactory densities can be 

achieved at lower temperatures. 

It was intended 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 lift but 

in view of the granular and the ref ore frictioned nature of the fi 11, 

provided that no ice or snow remains on the placement area it is 

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 is 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 

detaile<l 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 

fi 1 ter criteria are believed to be those presented by Terzaghi, (Ref. 

·rerzaghi and Peck, Soil Mechanics in Engineering Practice, Table 11.2.). 

The gradation of the fi 1 ter material should have a mean size ( D50) 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 river gravel was used 

for this purpose for the Phase I work but at that time the river gravel 

was also significantly ~heaper 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 froz.en 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 zone 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 surf ace 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 fi 11 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 Dorne 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 the.se 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. 

in standpipes (E.W. Brooker & Associates 

Subsurface Conditions, Dawson Yukon, June, 

Records of groundwater levels 

Ltd., Preliminary Report on 

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 likely to occur exc.ept 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 1 +500. 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 likely 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 is 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. 

6.7 WINTER CONSTRUCTION 

6.8 

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 Apri 1, 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 we-ek until 

the work is 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. 

PERM.ANENT 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 11

• 

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. 1+900 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. 1 +075 permitted vehicles to 
drive on to the gravel beach located 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. 2+300. A maximum grade of 
7% was used at the ferry ramp and the existing skew 
angle to Front Street has been maintained. 

ii) A vehicle 
Sta. 1+925, 

access ramp has been provided at 
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 is 
understood that access to that ramp is necessary 
only for small trucks. 

iii) As 
the 

requested, 
beach at 

vehicle access is 
Sta. 1+700 where 

also provided to 
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 Terri tori al Government 
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after vehicle access 
spring breakup, this 

is no longer needed. After 
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 uways" 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 ~emoved. 

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 per mi ts the cons truc

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 wi 11 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 opet:"at.ion 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 

1 5 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 II 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 t.h.ere 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. 

the project. 

c. David Sellars, P.Eng. (B.C.) 
Manager, Water Resources Division 
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TABLE 1 

ESTIMATE OF COSTS 

ITEM QUANTITY 

Phase II Construction 

1 • Mobi li za ti on 
2. Bulk Fill 96 731 m3 
3. Filter Gravel 18 506 m3 
4. Riprap, Stockpile 21 485 m3 

Riprap, Place 21 485 m3 
5. Basecourse 412 m3 
6. Chip Seal 200 m x 7 m 
7. Pipes, installation 165 m 
8. Flapgates, purchase 1 2 

Flapgates, install 1 2 
9. Manholes, installation 5 

Manholes, top, frame 
and grate, supply 9 

1 0. Ditch Backfill 400 m3 
11 • Ferry Haul-Out 
1 2. Royalty 100,000 
1 3. Contingency { 1 5%) 
14. Engineering Inspection 

SUBTOTAL 

Phase I Construction 

Construction and Engineering 

TOTAL 

KLOHN LEONOFF 
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RATE 

$ 
8.70/m3 
7.00/m3 

Highways Contract 
7.45/m3 

35.00/m3 
LS by YTG 

142/m 
Supply Contract 

420 ea 
1, 450 ea 

680 ea 
5.00/m3 

L.S. 
0.06 

TOTAL 

60,000.00 
841,559.00 
129,542.00 
366,864.00 
160,063.00 
14,420.00 
10,000.00 
23,430.00 
10,417.00 

5,040.00 
7,250.00 

6,120.00 
2,000.00 

20,000.00 

6,000.00 
249,405.00 
123,910.00 

$2,036,020.00 

$1,191,250.00 

$3,227,270.00 
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TABLE 2 

RESULTS OF INVESTIGATIONS 
TO DETERMINE DEPTH OF FROST 

April 30, 1987 

1. Four frost tubes were .installed to measure the depth of frozen 

soil in the potential borrow pits. The results are as follows: 

DEPTH OF FREEZING 
BELOW GROUND SURFACE 

FROST TUBE 
NUMBER LOCATION INS'l'ALLED 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 2.55 m 3.01 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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~---S-=AM~PLE-DA;,--T~~E-=-LE-=-V-. _c_o_L_L_A-R==-~-_-_ ----· . -. ~IA CA=-=-~ DR~Ll- .C~~::~.L ·-TYP-f ---- ---"'! 

I WEI GHT HAMMER ! 6 ELEV. GROUN D +--" RODS _________ -={ 
. HEIGHT DROP -~ ~ CO- ORD . LOCATION f--)~IT -=-==-----==--====~-DRILLING FLUID 

f!:PTH _Q__Q __ II _lll,,Q_wc; J No -l ~ DE. SCRl .PT I 0 N ~F c~~ TE[~ IA L :~D-R-i LL-.1 N-. G~N-O_T_E S-E LEV I I fl. 3" . -r---r-1 ~,--+----------------------·--------! 

U: i 1 I ~-==!2=-D~--===4===~==-------=s-c~-c·~ a 0_12·_~±:5 2 2~5.---=-_ 
l 1 I 1--------------0/s -~-~-~Q-1-__ ·-----1 

I I I --------------~" o·' e\ ~,L ____ ~_L9__.J_9 _______ ---f 

I I I 

! I 
) I 

i I 
i I 

1 I 
, I 

I 
I 
I 

I 

i 

n - I. l_m_,_~----~ure _o_Q__mooseb.\de 'tde 
,___ _________ t_o ~~_w_n.J_ t ~ ch a. f\ n-=-e..~=...:...n~ _ __,, 
;--- ______ ..__i~r_.so.n d s °' Y\ d ~-r~e.~.s-~ 
1------------Y.ril..Yl1lS 8

11 

So~e. s\\d~_Y-cc.kYT}Q~ \5 ... 

r---------~0~q-~b~IQ~c~l<~o~rafilli_c_W~~---~~-

\. - 2. (;, \'Y\ S\ \t:1 b:;; e, So.vt d tr-o.ce cla 
----------~~- brown..~.~~Q~~~· ~--

s I i 3 kt ( f m \ c cu:e.: l!!.-5_. __ _ 

.~-Ci~a l:en . ..1.--__ 

! 

G.S 

JOB No3{;/J/ -02-05 TECH. 

~-
~ K~ OHN LEONOFF 
~~=- CONSU L T ING ENGINEERS 
"*~~~~ 

PROJECt 



----·--·--~·· -"··--·~·-··~· ... ---------------~-------·-------------

I 

SAMPLE DA TA ! 
WEIGHT HAMMER ----, ...J 

HEIGHT DRO P 

..QEPTH ~ § LOWS 
ELEV I. D . 3 ' ' ill O. 

J 
I 

0 
Q) 

~ 
:~ 

(/) 

FIELD TEST MOLE LOG 

r 
ELEV . COLLAR DRILLING DATA 

~-------------..!---·------~--=-=-=------·-
ELEV. GROUND DIA CAS_IN_G_ -----------<DRILL TYPE 
•-------------+-'··-' _R_OD_S _________ , __ _,___ _______ _. 

II 81 T DRILLING FLUID co - ORD LOCATION '1'1'•--'--co'••-RE--------i 
~------·----'---=---~------------·---t 

DESCRIPTION OF MATERIAL- DRILLING NOTES 

-----D-1)__5--~--=---=_-=_-=_-=_-=_-=_-_S--Li-. -t=,·o=n==-o--=_+--=_5--·~8~0-=_.-o_~.~--=-·-
~--~-~~~~~~0A~~s~~-~~1~3_. 3~L~-~~ 
>--~~--~~--~~~·a~··~'e~/e~tJG----~3~1~2-~·-9~'~-----~~ 

!--------------- -----------------------

LQ-=-J~·~O~rn~ __ _,_r~e~µ~J~o~r~k~e~d"--~5~·1_\t-=-~S_Q_n~d~~=--Q_n_d---4 
~----------§_r-o._l)~ls_b~o ~ Q_'\oot ~ 
f----------------0~~--=5=4-'=-'a;_:.n_ I c... s \ 0 x ~i VI Cb~ :U:? 00 

~-·-----------·------·-------------' 

_Lllm - 2 .Gm S~f5y Q;~e Sond,hnce day 
-5aG.t 

7 
bro421J ot;cqanrc,. roots 

i-----------5-Li_3 ht l v mi L-CLceio u..s . 
1-------------=o__;:c_=.:c=o_~s:...>..' 1~ £na. l 0 na rs'° o ra ue /'::l 

ca6hles . CJ 

...___ __________ !ton s6r?f!f?i~ased@ /.C Yn ~ 
?.GYYl -2.IW) _C)nnd ()nd Oroue/17J/nvs 3 

5%-~on / 

~~~~,n~;~+:~~--"b=-=c~l~C;~o~rn~-=:d~f:JL~q~C~e~r __ s_e_e~o.~1·~n __ __ 

~--·------~@>~2~.~~rn_._ _________ _,.... 

JOB No.3£n/ -02. ·05 TECH_. 't:d;:ff 
~ 
~ KLOHN LEONOFF 
~CONSULTING ENGl -NEERS 
~~ef 

PROJECX~· .:.~f~/c./1-;,.; ~~~.-7&-v 
LOCATION tjj/N~Jdo-7?./ J!i~/ 
HOLE No. _'lj f) 5 t7 

DATEa./L:t/281986 PLATE No. 



1-· ------~-· ·~· ··-·-·-"· · ··------·----~--· ~---~--·---·-~-- ·-·-----·---·-~·-

' F ~ E L D T E S 7 M 0 L E L (~ (~ 
l-----------,---··--·---·---.. ···- -----·------- ........... -... ·-··----·~-~~·~ ···-.... ·-· ···-.. ·-·---· .. --~--~~-.----·--·------
' ~i>.f<1P l..£ DATA i ELEV . COU.AR I DRlt. :.I NG Lll-i"il 
c----------. ---------·-'--·- ·----·- ·--·-···--··-····----·----- --·---· .... -·-·---·----------·-- --
! 1 • 'DIA i-:.v::; :.J(, ' fJ, jlLL TYPF. ~ 

1 WE I GH l~ M~~~--------1 2 ELEV Gr10LJ N-~--------·------1-::_~Q~i==~-·: --·~· ~~=--~--~=-~=~--1 -~ ~--.-·;--;:·---- .. - ---
HEl G n T DROC' 1· ::: CO- ORD LO Ct.TIO N _____ !!.~ ~------ ----- ______ j ll 11 LI•.., Fl u1D 

)- " CORE I I 

DEPTH ! Cl D. l BLOWS,---, u, ·- y · · -:_·--···~-:--:--~~:,~- ·~·--, l~7~7--;-~.-;:-·-·---·-- ~ 
ELE\l"t'·io"".-3-.. ---1 "JO. I DESCRIP I ION OI- M/U E~IAL "· L•f<ILurJ ... , r~d I c.S 

- i· ···--- ---J-----·I··· --· - -~- -----------------------·--- -·- __ ----- -----·-- ---- ---- . ---- -----

: I J i 

-------32\ - ---~t-ar-/;--o=~+~:18=~ -·~- I 

0/s .0 L 

.5 

/ 

/.7rn -3. 

3. 

~ 

~ KLOHN l-EONOFF 
~CONSUL TING ENGINEERS 



,.., 
-~ .... - .. .,- -. .. ....... ~-- _., .,,.- ·.:... .. ....... ,_ ............ :~ ~ , .. ,. ___ ..... _. __ ~ ----·~ 

FIELD T ES T HOLE LOG 

----- -·- .. ··-1--·-----------·---r---~~·-·-

' S A~~~ DA~_. __ I ELEV. COLLAR DRI LLING DA TA 

WEI GHT trnMM EP 1 6 ELEV. GROUND DIA . CASiN~ --~-- . - JDR ILL TYPE- · ~ ---;l -------------+---:: ~~~2------------h-Rit:l. ING FLU ID ____ _ 
HEIGHT DliOF-' ~ CO- ORD . LOCATIO N " COHE -·-1.~ 1 

D£PTHL_Q~~rt§r~;-· v ; DESCHIPTION OF MATERIAL- DRILLING NOTES 
ELE :_+_ I. C 3 ~-- , -+-----------------------------------------1 

i I I 
i i I 

I I I 
i I I 

i 

I 
~ 
I 

i I 
I 
I 

I 

I 
=]}15-. -G·--====~~-~~s:__-_t_-"'=-·-o..~~-t~--j·_-o-·=n=--o_--1:-9_1_7 __ -a·---~ 

._____~~-~~---- 0/5 ~!_9~_·5=-=L=-~-~ 
------------=·o~· ··--=-ele u 3J-±3~----

f----l'-'n<-----_,_,n,___,.5=-~rn __ --=S~i _,_I t___; Y--]J_i_ac.~and 1 or_q_gn_L_c ---1 

~------~Yh--'-..Ji . .ca._c_t: .. au~_bco w nJ 03_o£_ __ 1f:""'-'-~----4 
1---------........ A~ec. bar Sqnds os a,_QQJd~---
1-----------c_h~~-~c~Ked_ for Y"'Q.n.dorn de12tlt~_o..ri_d. _ ___, 
1----------~l)Q"'-=-J"~ f'rom O. 5 tn Co /. 5 rn 
~, ________ s __ -t--"-~a 0-1-9 s a t;o It: 350 

.. u~5m - /. L--1n. ,Son d mzd Grauel tue!I or-aded 
~---------_c.D.Lm..CL_~o SuDround tni~·1c:. 6

11 

eK'Ucmt'!.9L dense c:Z- "°"200 

i------------0=--"'-c_c-'----'a.-=-~n a / I 0 ' r Dou /de r ·'---------1 

>--·------------------ .. ---------------! 

-~-
~ ~{LOHN LEONOFF 
~\.~~--- .......... 

DATE/h/h,2q /98h PLATE No. 

~CON SUL TIN G ENGINEERS 
~~ 



1---------------------------· 

----·-----------f 

i------·----------------------------------~ 

____ __.. 

~-~----------------1i_ng_~ 
µ......_.:....=-L1.-1-----..:::::2~. 6 m -----"'"C~OCL=-----rs e. Sands a_11~!J-raoe __ .._____. 

subtxlt1L1d£°osuba{j_u__/g_r_~-
~---------_mj__nu.s 4'' 2%- 2 _ _oo_ 

1-----------~~~r~P?~~ns~e=-. ~-

old dyKe? 

~ KlOHN LEONOFF 
~ c<SrTsuL TING ENGINEERS 
~p 



----·--,--·· · ··~-· .. ·'·-·- ·-·- -----·--------------
FIELD TEST HOLE LOG 

ELEV. GROUND 

DRILLING FLUID 

SAMPLE DATA I 
WEI GHT HAMMER --i .J 

HEIGHT DROP r;l ~ 
~~BL0~2_ NO V> 

ELE V. I. D . 3" . 
-----~---+---+----4.---------------------·-----------------

ELEV . COLLAR DRILLING DATA 

-·-------------+---------~~--------1 
DIA . CASING DRILL TYPE 1------------·-

~··---------~ -" _R_OD_S _______ ~---------
~. BIT 

...__--------------+--" CORE 
CO- ORD. LO CATION 

-~--·------------4 
DESCRIPTION OF MATERIAL- DRILLING NOTES 

12n_ -2_---.~~~-~~~~~~--"=St~ . .e&tiOD\+097. 3 
_ .. ___________ ?/s \Li .o L 

··a·· eJeu 31G.o3 

n - .9m 
-

Sa_n d o..n_~J:.hlue \
1 

s·1 ttv, mitfw .. t 
1--__________ ol- t.0b;te chonnt°J Ll..Vl d rltJer 

vYla.t°er ~a..{ s \2X -*?_on 
m \ n ~ s 6" to un ri to 5 ub Y.{)Ltt'\d 

-

I. 

l,Om - 2.0rn Coarse_ Sands nnd f/ne_ 
I Oraoe.ls. suhrnunrl Go 

-

l--_ _...l'"'""'-1Ja,Tu1- l0-ble (Q) 2 tn ____ . _________ _ 

- " ,. 
JOB No300/-()2-05 TECH.~,//«} 

-~---
~ ~OHN LEONOFF 
~CONSULTING ENGINEERS 

LOCATIONY9au~ A/~ 
HOLE NoY}_b 7 / 



------~--,-~,.-~-·----~----·-------------------

SAMPLE DATA -~ 
WEI GHT HAMMER j cS 

co 
HEIGHT DROP ~ 

>-
DEPTlj_ --2.cQ..~ 8LOW_§_ NO. I (f) 

ELEV 1. 0 . 3" 

FIELD TEST HOLE LOG 

ELEV . COLLAR DRILLING DATA 

DIA. CASING DRILL TYPE 
,_ __ " -R-OD-S-------·-ELEV. GROUND 

~!_ T _____ --tDRILLlNG FLUID 
II COR E 

CO- ORD . LOCATION 

DESCRIPTION OF MATERIAL- DRILLING NOTES 
--.+-----+-·---------------------------------

t--=--=--------------------_l~O=--R~----
D n ·2fd ____ --=S~;ta.t_i_on I+ ~.__,_7_::· 3=------t 

O/s ~.o · '""' .. -J L 
_..... -

.J 

3 J/. 3G 

() - .. 5 rn 

Sof.t; 

1--·__._."l~L-L-J_h'l_-__._I ---=· O=---=--:cm-.!.----~~""-'n..:..=..;_nJ-...>rl__.___;:..;a.::_:_n...__d-=--~ e I . G re 1 / 

m'1xture. o~ mooseh~de / 
' wh·\te cbcmneJ r'1 uer ma±er~oJ 

minus ro" co·nta1n~ root_c:; 

1.0rY\-- ~.Im 

~.I YY1 - ~. ~ m 

exrr~me/1/ dense 
/ 

. , u 

JOB No3&J/ ·02-05 TECH. "he//) 
~ 

~ l(lOHN LEONOFF 
~ COl\iS UL TING ENGINEERS 

PRQJECT('\~7'/A7~T~ f'lr//__ ~~~..,?J:::....,,11 

LOCATJON!/;/h//~ 9-:b~ 
,._);'.;:: 

HOLE No. _93JL) 7/i 07 

DATE/~/,n/29./9fJ6 PLATE No. 



-----~-~---~----· ' ·· ·--·--~------"-----~--·-----------·----

SAMPLE DATA 

WEIGH T HAMMER 

HEIGHT DROP 

DEPTH ~ BLOWS 
ELEV I. D. 3" NO. 

l .,____ 

-

FIELD TEST HOLE LOG 

ELEV . COLLAR DRILLING DATA 

ELEV. GROUND DIA . CASING 
cS " RODS 
~ ~~-0 .-L-OC-A-T!O--N------t-i-, -B...:...c·'-'-1 T~-=-·-=--=--=--=--=--~-=--=--=--__,DRIU.ING FLUID 

DRILL TYPE ---------1 

> " CORE 
Cf) 

DESCRIPTION OF f\itATERIA.L- DRILLING NOTES 

D f) 8 STutio_n_ t ±302.0 
~~~§_-------0-,;,-:=-1/ S:::... . .o...-=- 64 0 L 

··a·· eJ e.-v ~ 1 5. 1 3 

n- n .. ~rn 

o.~rn - /.2m Coarse _Sands and 
1---""---"-"-''-L....1---4~~..L----------"-(}/n ~raue/s 122l.. /n/,; s 3 '/ 

1--------------=c __ %-=-:_-:-~OO suhr~L/nd Cc;, 
subanaular. 

JOB No3MJ/-02-05 TECH._~ 
~ 
~ Klt HN lJEONO·FF 
~~ . -

PROJEC"t ~,:,.;;~-Z~/0,f~ -~~~ 
LOCATION _ _}Z--_1//f-*'77 / _B~ 

~kP- CONSUL TING ENGINEERS 
~ HOLE NoY) 93 8 c7 

OATE/)n/129 19136 PLATE No. 



------·------··---·-··~,. ..... -~---------------~·---------.----------

SAMPLE DATA 

WEIGHT HAMMER _J 

--·------·- ~ 
HEIGHT DROP .... 

>-

FIELD TEST HOLE LOG 

ELEV . COLLAR 

ELEV. GROUND 

CO - ORD . LOCATION 

DRILLING DATA 

,_D_!_A . _C_A_S_l_NG~---------l DH I LL TY PE 
II RODS 

·-·--ilSl-T ----- DRILLING FLUID 
II CORE -----

DESCRIPTION OF MATERIAL- DRILLING NOTES ~t:Ll_Q_Q_ p L01_§_ -~ ui 
~I ID 3" ---+---+----------------------------------

[ 

-

I I I 
I I 

.:p __ J:) _9 5~-CqZj_O_~ I +G54. 0 
r---========-----~----~-----

i--------------o_Vs ___ ~2±_-=--L ___ 
_ . _______________ '_lJ_"'_e_leua -C ion 3 / .5.5 2 __ 

-·--------------------------------. 

IJ- 2.0.~m~. -----------------1 

1--------'--m_1~·x~C. ure oJJ ILJ);;te cfM~ r1bet- so!Xl.s 
ond:ra~~~ and moose /}ic/e . s/;de ,, 
rocL (j_~ular- s~ole rock l?JQX- 24 

______ e_s~tz_ __ / 2 _______ -l_f%__. - ~cl?O d__e_n_s_e-____ __ 
p;C badlv Contaminated with 
't· b /~ / 1------·---'·~'m ers sueel CQ..ble uJood n:les (R!'s~;U. 

i-------o~!~d~ _ _®~kJ 
7 

~ ' 

1-------w-"'--Q-=b-=-er s eep4 l Y\ @ \ .o ~'~--------

JOB No.3~nl-02·05TECH. ~g') 
~ 
~ 

~ KLOHN LEONOFF 
~- . ' 

~ COf'JSUL TING ENGINEERS 

DATE(b/h~/986 PLATE No. 



---

FIELD TEST HOLE LOG 

,...., SAMPLE DATA ELEV . COLLAR DRILLING DATA 

WEIGHT HAMMER ELEV. GROUND DIA . CASING DRILL TYPE 
_J 

II 
0 RODS 
ID II BIT ORI LLING FLUID HEIGHT DROP ~ CO-ORD . LOCATION 
>- II CQRE 

DEPTH 0.0 . BLOWS 
en 

ELEv.- -1.-D. -3,-, NO. DESCRIPTION OF MATERIAL- DRILLING NOTES 

l)D\O StQt.,on I +720.5 
0/3 24.0L 

"o" ,____ eJe~} 3u;.5 

n - .5m wh·,t~ c.. nD._V\ V\e. \ ~ci V\ Ac; o.n d 
- O'l~<; oue.r- h1 \ V\Q QY'e.Q . 

c) I cJ 

.Sm - 2.7yY"\ Sdt-.v P\V\e. ~a.nds Q\"'(°\/ brow\'\ 
- So9t oraan\cs s\ic{h~\\/hliCAc~us 

So..mo\e_ toJ(en t/• () 't, ~I/, t0l 
P n , Y-l° rJt fl on jo_rn 1 r\Q ~ 

I 

@ 2.oYY\ Pot- h)'\-t h W bod o'\ \\no . \L\_VV\ 'oe..r 
x \ u' tv'\ .C- . -:: 

- G .. C). t'Jote. o..t \. \ vY\ \t O..ooe..o...r-s \.\Ke 
O..V'\ c\d ~aod toY\~ ~e_ t Q \-Anue, 

D \ °'----\__,~or- YV\ ( dod::?) (.) () 

2.7m -2.9 m _s 0. Y\ ci a, c; rcuJ p \ rna'f..... G" 

--------- \-'ou_n d -Cb Su.. 'ore u._V\c\ 
ex.tre YY'I ro. \ \) rl C°. Y\ .s e. . 
c&teY'Ao\-/ci to o'btQ\ Y\ CL 

~ '\fl f)t-e,~(£~ tcLt'\ u e. So.. mo\ e_ b~ 
no~- poss'1 b\e-. I 

,__._. 
\ 

-

,.. 

JOB No3GO /·02.-05 TECH.t;r/ ~. 
~ PROJEC~ '7_ I - -L~~ 11 !"ftf'-~ ... 

~ KLOHN LEONOFF 
7JT1' 1''V~TI. ~rl., ,,, ....... 

LOCATION J-3fthkt0?7.,,/ !/-)/~_/ 
~CONSULTING ENGINEERS HOLE No. _)0_50 /Q c:/ 

~ 

DATE(/JL0~0. fi£!:0 PLATE No. 
4 



11-~·--·-··· · · · --- FIEL D TE ST HOLE LOG l 
~~~~~ATA --T~-· -E-LE-V.-C-OL-LA-R------~··~---·----~-;~LLl;G-DA 1· A ~ 

WE IGHT HAM MER ------ii g_J ELEV. GROUN D DIA . CASlrJG ·--===- - ID. RtL. L_ TY PE - II, 

" RODS . · · . 
-~ __ -_Bi_T·---.· _ _ -_-·---. ---·-=lDH1U .ING Fl.UID HEi G HT ORO? 1' ~ CO - ORD . LOCATION --- _ 

).- - ------- --- --" gQ!!.f.~. ~~-~· ~-~ ~------
~[~~°-H g-'. j ~~.ws ':;;- ~ DESCRIPTION OF MATERIAL - DRILLING N 0 TES 

·11;: I, II ·1' - - - -----·-----! 

Sta._t ~ Q_Q__L:i--880, 8 __ 
! ! I QI 
! I I I ________ __cl 5=--- 24i.8_ L ___ 4 

! ! j I "n" L 
I I -------------~_e_i e l......._) _ _ -=--3 LL_Q_.3 __ ~ 

i I 1---- --------- - -- --- ---------------1 
I 
l 

~._-3.4tn 3'1\ty ~'.~nnds, 5tc:.y b 
So\='t 

1 
;;; I 18 h~1 m, co..c~ · 

cr-gg._Y)·, c_ r~ot~ 

================e=-n.'t'1 r~_, .p·1t c..av:it~\.'Y\i no...i:e_d 
1------------ 'roots <b t:'t\_Q.=-=.;:_V'I-'--'--·, c...-=-s-~--------

_ _,_t~+-A~~--~ 
.4:m - 3.9 '(D Si.¥-=.in~te_y' Con airie 

_Q... __ boa_r-d w'\"t:h D~~_d_ ____ _.... 

__ S........:o yY\~ _ _wJ..t_~_@ "±_ 3 · ~ l'Y"\ • I 
I 

I I 
I I 
I I 
I I 

I 

G 'S...;::__ ________ _ 

1---------'-~-=--~-_un~b \ e.. ta ex. cn..u a._t 
the..r 

~ 

#~ ~~1LnH•1 LEON·OFF ~ . ~~ .. u . ~ ·\§ 
~~ C O_,.~._J S_..U_ L T-1 N_ G_ E_N,_G __ I N ..... · _E_E_R_S 

'(~~;·~<~ 
*'°I"'~~~-



l F!ELD TEST HOLE LOG 1 

~--SA M P~~~=-~- 1---.. , ELEV . COLLAR 1----- ,-- t~:- . ·- DRILLING DA UI. -------i 
WE IGH T HAM~-R __ H_J 6 ELEV. GROUND ~ ;:,,~~~:. · ·-==-~=-- =i DRILL y;p;;--------1 I 
HE IGH T Df"<O P I ~ CO-ORD LOCATION ---+-~:-BIT___________ DRILLING FLUIO l 
~~;tp_g !f~?.~l_~ ~ tH DESCRIPTION I ~F c:rERli2~ NOTES ====1 

. 1 111 m ~ 
! : I ItlLL2 __ _____ ~----- S~t1_ox1---1±-q G ct· 8 
~ i i i 

L. _ :!,. , I 1 Q_j_s_ ___ li~O_L 
1 I __ _:_a:__ e/e v _ 3 / 5 , 15-
f . ! f _ ___, 

! I j 

I 
I 
I 

I 

I 

I 
I 

I 

I 

! 
i 

i 

0 - 3 .5Yv\,~-----=S~i1~µ;Y\_e-_~~~brg_w"' 
1----------·--~sc..=o.~-~ .i~ ~ ~~ M.'- c.0-.c.e_a ~-,_Qf-8-qxl~, 
...__ __________ e=-:......:'(\ t_ ·\ r-e.. e.,;&.0..Qu o..-t~ 0 V1 co-'!lto.:m'n\o.±e. 
__________ t~.hro~clit w\Lb Yy\e_~L>_Y-oot 

\uvY\b~r t~n c.a_n__~9 __ Q.--=------1 

.__ _________ depth' or 3.5m 

---------------------------~ 

~-------~\.&¥--00...-ler- seep~~@ 3.5\'Y\. 

~---L:~~;::.;......___....L__.!i__:_r--=s===-t e u ·, d e n c. e o t? ~_..__r-"o.£....s'-"""=--------1 
1------~___!..~~e~___J_\-=-u ~~ 5 w e. Y--__e.__:___i_:C,~_i_c. 
~----~~---~a~<~e.tl. ~-t 3.~---~--~~-

fdd. 

!-----------------------------~ 



1 SAMPLE DATA 
~--------~_.... 

WEIGHT HAMMER 

: HEIGHT DROP 

DEPTH 0 . D . BLOWS NO. 
ELEV. -1. 0-. _3_" _ 

...J 
0 
CD 
Ji: 
>
(/) 

FIELD TEST HOLE LOG 

ELEV. COLLAR DRILLING DATA 

ELEV. GROUND 
~Dl_A ._C_A_S_IN_G _____ _...ORI LL TY PE 

" RODS 

CO-ORD . LOCATION 
11 Bl T DRILLING FLUID 
II CORE 

DESGRiPTION OF MATERIAL- DRILLING NOTES 

1-------------'~rCA.C~e~===...!---'---'-~~:\-!--.!:~=..!..::::..-l.:::.;._~L!......J'-'-----1 

~c:Lter- 3ee 

~ 
~ KLOHN LEONOFF 
~CONSUL TING ENGINEERS 



... . ____ .__._.._ 

FIELD TEST HOLE LOG 

-
SAMPLE DATA ELEV . COLLAR DRILLING DATA 

WEIGHT HAMMER ELEV. GROUND 
DIA . CASING DRILL TYPE 

_J 
II 

0 RODS 
ro II BIT DRILLING FLUID HEIGHT DROP ~ CO-ORD . LOCATION 
>- .. CORE 
Ul -DEPTH O.D. BLOWS NO. DESCRIPTION OF MATERIAL- DRILLING NOTES ~ -1.D-. 311-

TID_ \3 Strl_t\on 2--\- \03.7 
O/s 19.0 L 

''o·· e.,\ e___\J 315.33 -

() - 3.3 YY\ S\ \tv ~\ne 3o_Y)cis a l/'(O v brown 
- SQt:t_J 5\\Qhtl,1 YY\.\ cn.~~~us' or-oo..f\\C 

t' / u / t' I () . 

en 're. '° x- C.Cl.t)O... 'on CD ntO..VYl .1 Y1Q.t_d 
throuohout q{Qs~ boo..r-ds 
oracuY; e.s ro~t.s vJood eh·l o~. 

C) / / I 

-
t/ oock'e.t o~ w ~·t te c.ho..Y\n~ \ 
~a_u~\s @ 0.4Yn . 
CJ 

-/' ... t\\ote -
-rhr>,r~- \S ~ O.:lm th't c..k \a..ver 
nP wood o\o..Y\kS roots brof:f!.n o/o.ss 

boh~ 0.-t / 

dedt:h. cJ 
Cl 2.0 YY1 

I 

-

-

-

l'I 

JOB No360l-02-05 TECH. UJi'f 
.~ 

PROJECI7.n\"'./A?~~./ n~,JP,//;,---~ ~v ~ 

~ KLOHN LEONOFF LOCATION~u~677/ ~~/ 
~ CONSUL TING ENGINEERS HOLE No . ...) f-}FJ/3 c:7 
·~ 

DATE(~/301986 PLATE No. 
// 



-----·--· ---... .. ,.- - ·----------·-------------------~ 

FIELD TEST HOLE LOG 
...._~-~~~~~·-,-~~~~~~~~--·-~---~~--~~~-----~~~---. I ELEV . COLLAR SAMPLE DATA 

WEIGHT HAMMER 
11---------

HEIGHT DROP 

DEPTH O. D . BLOWS NO. 
ELEV. - 1. 0-. -y-

r--

DRILLING DATA 

..J ELEV. GROUND DIA. CASING ---------tDRILL TYPE 
II RODS 0 

ro 
~ CO-ORD . LOCATION ~.L.T"--·-=--=--=---=--=-·=---t DRILLING FLU ID 
>
(f) 

II CORE 
..,_~~----~-~---

DESCRIPTION OF MATERIAL- DRILLING NOTES 

· P!r g(.,-20 rv9TA /f-038 
~--------~~-~~~3 __ 0~~~-Q_>U~ cid· J~k. 

---------! 

(). ~m - 'Lb t\A S\ND . AND G QAV.ElL O<!f44M12~J__ r)".hJe,,' 
l:xvwn w.,Y, loo>e, ~~<tvle J .j w.b(b{,y)d '.) f1'v\H-/. / / / / c 

-------------~-------·-----------~ 

JOB No. }1:) ~b \ TECH. J)N((J . 
~ PROJECT tAVJS~N TJ/KF:\ 
~ KLOHN LEDNOFF LOCATION MtrJ£oN ~v..r.....:...T_.;._. __ _ 

~CONSUL TING ENG I NE ERS HOLE No.{f-20 --------. 

'-----------------------------------------~D_AT_E_~-~~-"td}J . ./8() PLATE_ No. 



....... .. ~-- - · ... .-.. ............. .,, ... 

FIELD TEST ~-i OLE LOG 

SAMPLE DATA ELEV . COLLAR 1 DRILLING DATA 

WEIGHT HAMMER ELEV. GROUND 
DIA . CASING DRILL TYPE 

_J 

" 0 RODS 
m ,, 

BIT DRILLING FLUID HEIGHT DROP ~ CO - ORD . LO CATION 
>- " CORE 

DEPTH 0 .0 . BLOWS 
(f) 

ELEV. -1.0-. 3 ..---- NO. DESCRIPTION OF MATERIAL- DRILLING NOTES 
-

--
-n:.sr:__p,-; 'l.b -2/ /VS/A O -J- Boo 

·-==---

5m ou-f on qnwel ho....r -
-

0 --- 3 ,$Jn 54/'JD AND GfAvEG alx,<ncla,,;d cobblu,_,; fo 1oc,n t/, 
L\/\? 11 a rr1rl a .l ·~ ~ ~ . J 

l ~ Mra.l '_o C-0<.lM-u da'Y'({i Wo -101 r vb/Ai.J A /7).,, ~ 
ho ~f U: Frr SJ.t: . r 0 -7 

- '"-'(a~w~ f(f.M~ n{) fou~'i> tM1-

/it a}cvY1cLm~ @ 3. Sn"-
( 

._ CillJ1no-

- l-hak. rnli1 ?fl t ;JaiiN i 11ft~ - ~ ·-fnliLi . f'v I fV"v 
u I 

-

-

-

-.--

-
-

JOB No. °PB 3b lJ t TECH.~K 
~ PROJECT tK\hl.SbN JJL/r£\ 
~ KLOH.N LEONOFF LOCATION -:M VJ 50N l l/, T, 
~CONSUL TING ENGINEERS HOLE No1P 8 b - ;l-f 

J 

· ~......,.;.. 

DATE Sept t3 IB?-i PLATE No. 
I 



. - , .............. ~ ..... 

FIELD TEST HOLE LOG 

SAMPLE DA TA ELEV . COLLAR DRILLING DATA 

( 
WEIGHT HAMMER ELEV. GROUND DIA. CASING DRILL TYPE 

_J II 
0 RODS ! ro II DRILLING FLUID HEIGHT DROP ::1! CO - ORD . LO CATION BIT 

I 
>- II CORE 

a::PTH 0 . 0 . BLOWS 
en 

TCEV I. D. 
_3_"_ NO. DESCRIPTION OF MATERIAL- DRILLING NOTES 

·-rfST err_ ~b -2z rv'[{JA o+ f, 9D 
2Drn o-tit 01\~Wf b0v.r 

-
0--'3tn GRAVEL A"1D Cts-JB13l£S . 

-;)-
w1fi:J r~ .50..111.1 

C..«XJ.rS:.u Jl>U.A.J.c!Jfa1Jel2; ill~~ eobh~efi -~) 20 cm r/-:' 

- o!J.!J_____'-/1v;i--;> 6tl ft1 ~tN.l l~~ .rv .:>c,"" tlv..!k::- · JJ, it lnyex- 1<; 

on~1 D\LJ. swNl, ~M1 / 
I ( 

- Rt r1hett'\~J (ii) 3m - 0.0NIA n 
llt'ri~ raJL D1 waicv /~yJArJ .._ \~rr~-t-;.i ~-f~lv rv }/\ ...... 
u 

-

-

-

-

JOB No. P8 '3boJ TECH. 0(1){2..) 
~ PROJECT ~WSON ()\f KFS ~ 

~ l<~LOHN LEONOFF LOCATION DAV\\ 5()N 1 \_/_. T, 
~CONSUL TING ENGINEERS HOLE No . TP c2d... ....... ~ 

DATE 5fot- :23 /8G PLATE No. 



- J 

J 

FIELD TEST HOLE LOG 

SAMPLE DATA ELEV . COLLAR DRILLING DATA 

WEIGHT HAMMER _J ELEV. GROUND 
DIA . CASING DRILL TYPE 
~i-, -R-00---S-~---~ 

--------·- g " BIT DRILLING FLUID 
HEIGHT DROP ~ CO-ORD . LOCATION t--~-----1 

>- .,_ ____________ .. __ co_R........,E ·-··-~----------------c 

~~;~ I ~ ·~ · !3;~.ws NO. en DESCRIPTION OF MATERIAL- DRILLING NOTES 
--t---·-----------~--~--------~~-----~--1 

__ 1FS1 _Ell_ lf6 ~ 24- ____ /'V ____ s IB /1- 44_""'"'o __ -'1 

~---------------------~& __ m_fiPi0 ~l,u{A~ -fk~~L~--
>-------------·------------------------

D·£m. -- oasrn ·fi0f: GRAtifl__ANP s1 LI, 11>uNLr..d o.r,we/} 

tnairix m 5',/fy er fNJ s;/fit sand :J h;l Lb NJc/111 ;n ,,_,Jlr 
nJU.A@.) c!ftalld'i: /oo.S~ 

o,l:J-2.311" SAND AND 6RA\Jfl,.,j t'Ni ·b CA>C\fS.-{., )o.nc4S 

(vnrJ a10Vt.fr bro 1,vn CDlor._, /ooc::0 
() / 

. . , U / I ,. V I 

t-0/()f°,}. S{Lt /a,V e;(S up ±() }DUY\ 'fr\<tL -- /-JD Te ~f Jvtt 

c~1 frLuel is M1mc~nfi1 cJe(l,n -{,~ .ScvnrA · 
I I I I 

' I " 

JOB No. PB 3bo1 TECH. orn-e_f 
~ 
~ KlOHN LEONOFF 
~CONSUL TING ENGINEERS 
~F 

LOCATION rA ~.S~N I Y,T. 
HOLE No. TP-J...4' .,., ,,__.,._ 

DATE Sert d.3/ B h PLATE No. 



--------·-.--~ .. -,~·-----------·---~------------·-----

FIELD TEST MOLE LOG 

SAMPlE DATA ELEV . COLLAR DRILLING DATA 
----------

WEIGHT HAMMER _J ELEV. GROUND DIA . Ct:-_Sl_N_G _____ ~DRILL TYPE 
.,____________ £ II RODS 

HEIGHT DROP ~ CO-ORD . LOCATION ~- BI T --------+-D-R-ILL--IN_G_F-LU--10 

'!ffTH ~ ~Low~p- ~ c-----·--D-E_S_cf~-j-pT-10·-N-~~-F-c~~R.\-~E·-H-IA-L~--D-R-l-L·L-l-N.-G-l-\JO-T-E-S-·------t 
ELEV. L D . 3" 

~· ·------------------~---·-------------

-

-

i------------------- ------------------ --------------1 

_7EST f!_fL iG -2s -·--/V_·2]J. lt5'5'o 
i-------- __________ ,....,_~~~-~ QJt'1d llf~ ·fDt_, , 

----~·~--~---------------··--------------~ 

o · c; - l (f't\. SAND s omR-- Q/ave / 5dn cl /s fA)t.d\ ('_ , orru1 f'ls 
_._.,, CJ > ./ v 

n.rp/ fr>tmdol anJ mecl lo CJJC\13~7 In cltdt.v 4{"1?-L(,, d¥-k..u __ _ 
ho IIw 

I • 

I 

- · CrAV/11 't, 
u 

JOB No. pf> .%6/ TECH.0/YltJ 
~ 
~/"'.::: 

~ -<! OHN LEONOFF 
~ COl\JSULTING ENGINEERS 

_PROJECT])()wSoN~·-~·n~_v~~~(=~~~~~~ 
LOCATION 1_)qlA/SON) Y,T 

~- -~OLE No. TP gb_--LS'_.::;___ ____ ___,. 
DATE 5e1:>t-2.3/ H>6 PLATE No. 



~--·--"' -- -

FIELD TEST HOLE LOG 

-
SAMPLE DATA :=i-: ELEV . COLLAR DRILLING DATA 

WE I GH T HAMMER ;$ ELEV. GROUND 
DIA . CASING DRILL TYPE 

II ROOS 
. m II BIT DRILLING FLUID HEIGHT DROP L CO-ORD . LOCATION 

>- II COHF-·- en 
DEPTH 0 . 0 . BLOWS NO. DESCRIPTION OF MATERIAL- DRILLING NOTES ELEV. -1.0-. --3 .. -

_:__1E__3_, - 2(;, rv5fA l-f b60 

~ ~ e.~1st du1<,1 
I 

-
O - o ·8'/Y\, FILL,. - 5aridtJ:~J,3 s:ifu_,. ~__s:a,l\d~, woocL 

debn5:;) Lun.J9Q_,(';} ~_;brt>S ~AA.,( nb nua I~ cLvhJ 
...J J I I ' I 

brtwn c\olti-r ~~~ ·- a y-v,J JrU.M J 
_/ 

- I 

c~b)'~ r5prntql/ !~el fsc,f f ? ) ' Q_Jrn -2.~m S/G~NO -Jjfe&( 
DCC .hfer <.._./ I I .-/ 

• \I !, 

rd ts· fJfJ:_ /.Cf T/mL ~ /, 3m dcp/J... - ~~O) sett PQl'\_L, J<UJ e1 ~ 0 (J .. I 

Jj::; /)'\ - 4. 0 IV-- 54ND AND Sl~TV/ S4ND. ski1'h'eJJ . ciecw--
~ L ., _/ b/ \ L 

- ~lli!l. .SC\~ /91tn u,Nl St -h.( S(Jvrvl~if>~ a . . ,nc cm. ooJ_. 
--~~'>1 d:t-~p (Jf_jg,!,(J'.r hv.s o._ fa1:f'f 01 

\/JOl'.l r\ oM<l M r)_t; wltJ- ~"'i; :J th~ p(\t tJv )a~er 
/t1kdu ·fku o(d. ctf\urd_l0J wht.tv oc.L !xl5f-zcl) 
v I v -

-
4.olY\-4Z/\r--- SAND AND bl<~V_GL-7'- rirt~ eob1ks ·-ll) 2D c fY'r rtr-

h!(t ck co Io(' (incArLt1r belJ 

- /Lt o.ku~lhN_J of- 4. Z tr- - ialrr:.;~;(".,t,cl a ~·1J.aft0 &cJ.f\~l\e· 
lw.1 '(_f ' w~ IWJ~ IN~ /13~isffi ~t u 

I ii 

wd,~ 
'. 

sod'-cl (:1 F bdd tu'trtrY f?lf-)/(\Q 
u I ' -

-
JOB No. PQ 3(~ l TECH.[)/V12J 

~ PROJECT DAWSo>J 'Dl/f-8 ~Kl ~. . OHN LEONOFF LOCATION DA\.JSotJ~-C. 
~CONSUL TING . ENGINEERS -

HOLE No. ·rp 2.0 ,, 

DATE ~pf 23 /fJfo PLATE No. 
I 



------~·----· · ·--,--~---------------,----·--·--·------- ----- -

FIELD TEST HOLE LOG 

·-
SAMPLE DATA ELEV . COLLAR DRILLING DATA 

WEIGHT HAMMER ...J ELEV. GROUND 

-- 0 ..____ 
ro 

HEIGHT DROP ~ CO-ORD . LOCATION 
>· 

DEPTH 0,0. BLOWS 
(/) 

ELEV. ~-:- -3-,,- NO DESCRIPTION OF MATERIAL- DRILLING NOTES 

-
0- Q. 31~ WHCTc Clf_A&_~fL 6@VEL -pg.-=t~~~-4-<r/;__L....::....J,o.&---I __ ~ 

1-------""'--s~,u rfaq ",,..~L. ll 

Alx1nrltm J-:J;tra 55M - ecwmi -fiO(Jrli~r:,_r ___ ·----------t , a o 

-

JOB No. JJ6 .'Zf>6/ TECH.cl){~ 5 
PROJECT l~WS°ON DVK.f.5 ~ KlOHN LEONOFF &-- cor~S UL TING ENGINEERS 
LOCATION MWSotJ, Y. r: 
HOLE No. TP ~i 
DATE Sjpf-;2.3/ fJb PLATE N.o. 



--·---~*~~~···--· - ·· --·· ---·-· --------------

SAMPLE DATA 

WEIGHT HAMMER 

HEIGHT DROP 

DEPTH 0. D. BLOWS NO. 
Ei:::EV" -~ 31.-

_J 
0 
CD 
~ 
>
Ul 

FIELD TEST HOLE LOG 

ELEV . COLLAR DRILLING DATA 

ELEV GROUND 1--Dl_A_ ._C_AS_IN_G ------------= '""f5RTLL TY PE 
II RO_D_S __________ --i, _______ -----1 

CO-ORD. LOCATION ~._IT·---·------iDRILLING FLUID 

.,_~--~~-.-~~~~~~·--" . ....-...CO~RE,.__ ___ ~--~--~~~~-~--~ 
DESCRIPTION OF MATERll\L- DRILLING NOTES 

l117 __, ]. f 1y\ SAND AND 6RAV£L-
7 

rouncb/f nu:.A. iv Coor5z., 

nR1 ,vef; C.C(Lrk~cl 
7 

OCCQM< ir1v)_, cAJ:;b~-='~=---=Crv-'-'---~rJ{__,,./ ___ ~ 
C/;la cl-:-J wctit.-u k (ifJA l- Ono.rhr br1.d-) 

(J 

JOB No. ffi ?/-lJ I TECHdfJv~ 
~ 
~ KlOHN l.EONOFF 
~ CONSUL TING ENGINEERS 
~~ 

PROJECT J2i1~)N btm_B....;;._.-· ___ _ 

LOCATION TAvJSotJ , '{.T. 
J 

HOLE No. ·-rp ---2<;! 

DATE ~fl_- 23/gt, PLATE No. 



~-~· ·-· -.. .. e 

FIELD TEST HOLE LOG 

·--
SAMPLE DATA ELEV. COLLAR DRILLING DATA 

WEIGHT HAMMER ELEV. GROUND 
DIA . CASING DRILL TYPE 

_J '"'~5---
0 -ro - II 

HEIGHT DROP ~ CO- ORD . LOCATION BIT DRILLING FLUID 
>- II CORE -- (fl .~ ..:.·-

~PTH O.D . BLOWS NO. DESCRIPTION OF MATER!f\L- DRILLING NOTES ELEV. -1.D-. 31i-

-

7esf f{t 817 -2c; /V sm 11--21~ 

- ·--·--· 

-
0- Q.ZfY\ ALL 7-11~_r.lu1~~G--J&trl"~ /_yf ~r{ 1.-0 . 

" 

Q, 2rn - 3-t/Y\ S'f1NDLj .St l---r/51LI1/ 9-'\!VD _/ s /rnljv'J.,. Wtfl 
df.rw' -b~1 

,. 

- .Sclncl_r-fl..o ,Jat.,v_t_,[j VtJ'lt!1_1 (All.o-r
7 

v_frct!.-0 Drqanu~ 

_ _wrni_£li..1Jd5 
v ..7 

--

:31 b(T\ -- 4:~~ .Y\tJl) AND 6P..;WeJ.-, • 1rwSfu1 . t.Ort/\IJI / \('vi'\ l./ 
. ,,, I 

~e&l; r - (.V frJ0 PNJ (jrn,ue.J-f-£~_cd2iz~~{o.(k., {Allo-r7 wr11i~ 
CJ 

flt r1 fn rr/ ,{Jhl J (a ~~t'f' -1-vtf:b J-(itu 01 Wc'W Jr.+trrv 
u I I 

-

-

,.___ 

~ 

JOB No. TECH. 
~ PROJECT 

~ KLOHl\I LEONOFF LOCATION 
~CONSULTING ENGINEEF~S HOLE No. 

DATE PLATE No. 



-------·- · ~··~---------~----------------------..... 

FIELD TEST HOLE LOG 
t--------...-----..-----------..,,----.. ·---------------t 

SAMPLE DATA 

WEIGHT HAMMER 

· - -· HEIGHT DROP 

~PTH ~ BLOWS NO. 
ELEV. I. D . 3 11 

_J 

0 
m 
::E 
>
en 

ELEV . COLLAR DRILLING DATA 

DRILL TYPE DIA . CASIN G 
ELEV. GROUND 

II ROCS 

CO-ORD. LOCATION 1-':-:-,: ._.::~'-'-'~~---E ------·- ORI LL I NG FLUID 

DESCRIPTION OF MATERIAL- 0-RILLING NOTES 

6RAV8-, ·13AJ2_ /AJv~STl6ADDN · 
------"'--~----

.,___ _____ Q,_$J[L O -tCftO /o 0 i ~bO) 

·r,p, 3o tv STA Of-5=--7.L..:Cs"'-----------------f 

v J 

t,p 31 rJ S/+4 o +--~ 

u _, 

o- 2,,0/>"- 6~W'EL /J.ND CD/3J3lE5 w11:b so11d, c-ebU~A -~ 4vrM 
ciecW'\ coatiM 1 5:.}nLi o.11J oroJJt,l . <fl_d-. 3o/o l~bbfr<J 4-0% fl111MI, / 

, 

JOB No.PJ3 3/:;D/ TECH..·H/)}-5 
~ 
~ 

~ KLOHN LEONOFF 
~CONSULTING ENGINEERS 

PROJECT ]),()W5<Y-J ])Vk3 
LOCATION ])AtrJ.5DrJ I 'I. T-
HOLE No. TP ,30 :__ 32-
DATE ::£pt~5/80 PLATE No. , 





APPENDIX II 

RESULTS OF LABORATORY 'rESTING 



J. R. Paine & Associates Ltd. 
CONSULTING ANO TESTING ENGl"IEERS 

SCREEN ANALYSIS 

Client: ..... ..... .. P .9.~.n..J .~.<?.riqf.f. .... .. ..... .. ........ ... .. ... .... ..... .... .. ................. . 
Sample : ..... .Q.OJJ\ .. ~ - .. H ...... .... .. .. ... . Depth: .... .... ... ?. .& ................. ... ... .. . Project : .. .. .. .. .. D.ii ~-~.'!!1 .. PY.~~ ..... .. ............ .......... ....... ..... ....... ........ ......... . 

L~all:e~i O~ I~ ..• ... ~.~~ ~pe~o~ ~ ~-= ~~ ~ ·····. ... .. ~eo:i:eb~y ~ ~;,~-;~e ~~-Peo~::;! . Q 9 0 4. "o Fm~; T"~~ •.• •• 
No. MM Retained gms Finer Than gms hner H1an Basis Orig.Sample 

40000 40.0 
- ·· -··--- ---- ---- -·· - --- --------- - - -------- - -----·----··---- -----· ---·----~ - ---- · --- ·- - -----···-----·----- --------

25000 25.0 
-- - ------- --·- ·· ··- . -·- ··--·--·----------- ------ ·- - ------------+------·--

20000 20.0 
· - --------- - -- -- --- ---+.---------'·---------i·------·--->-----------~i------

14000 

12500 

10000 

5000 

14.0 - ----->----·-------- ·------------ ---·------ ____________ _,__ ______ _ 
12.5 

-·· --------------!------~------·---+·-----·---·- - --------
10.0 

5.0 100.0 
- - - --- --- - ·- ·- --- ----- -------"'-·-------+-----

2000 

1250 
------- - -

800 
--- --- . - -- - -----

630 

2.0 

1.250 
-------------·----·---··----~---------

99.9 
99.7 

0.800 ----T--------+---·-·--·-·--· -~----
_____ o.~~~-----------·--- ·--·---~-----------1-------·--- --~_:] __ _ 

400 0.400 99. 1 
· ·- - --·- --·- - ·-- - - . · ·- - -·- - - -- -- ·-·--·--.._----- - ··---··- -----------------------

250 0.250 98. 7 -·- -·---·- -·-- --·- ----- -- - ------~--------···-· -----·-- --- - - --- --------4--------
0 .1 60 160 

63 
-----· . . ---·-- - ----·------1--------- --------·- ·- -------- ·- · --~L:_L ___ _ 

0 .063 74.3 - ·---·· ·- -- . -- -- -· ... ·------- .. ---~---------J'--------

Description of Sample . .Fi.r:t.~ .. S.~ .IJ.9.Y .. S.i.l.L .... .. . . Method of Preparation ..... ... .. .... .... . Dry .......... .... ..... .Washed .... .. X .. ... .. ... ..... ....... . 
....... .. O.r.g9_ni..c;:.s .. .... .. ... .... .. .. ..... ...... ... .. . Aenlarks ..... . M. .•. C .•... :=: .. . 4.7. •. 8% ..... .... .. ... ........ ...... ... .... ..... ....... ... ... ..... .... ... ..... .. ....... .. . 

Time of Sieving 15 ..... Min . ....... .. ...... . 

63 40 25 20 14 12 .5 10 5000 2000 1250 800 630 400 250 160 63 

rnoITJllTITil-r--rl-.l-r,---ll~jnlllll-rlJ---,l---.,.-===r;=ITlrAFll~l==t=~F=t=l=1i:::=::r~ijljT1TJTi1j 

90 "' 
-- --·- ---- - --- -"'--,,,.\---'--"' 

80 1 ······ •------' - ~ A-~-, 

70 ~ =-- -- ~=-=-=:±- j. --- -------j------'---------f-~--i=-~+--+ I 
2 £0 I ... ... . .. - . . . -- - - · ·-- -- .. - - - --· , · - · - --- - - ·- - ·-- -----l----- ------- ---1--1- --· ! ! I I II ... . .. ... . ..... · 1' .. - · --- · ---!~· ···-------- -----.---- ___ __J, 

~ l ·------ --·--·--- -- ---! ---~- - -------~---i ---+--i----· -·---·-··-+--·-···--i--i 
& 50 -- - --- . -t---·-->-----i---- -----~----~~ 

c 
Q) 

~ 40 -- - ·- ··-- - -- -·-- --+--le--J---l--·--->------+---4---1---·---- ---·- ·--··----1---1 

a.. 
-- - - ---·--1---f- ·-----t---~--------- -------

30 

..___--~ --- ----.. - --+--.-f·--l--f· - ----4---- - --.. ----1---1-- -------. ----- +----+---t 

20 ___ _, _______ ----•- - -+- - -------·- ---··--··- -- -------1---1 

• __ __, ____ ----- ··-4·--1- --l ·----~1-----+---~---f---i---··---------~-----l----.I 

lO ------ ------1--+--~f-

I I I I I I I I 1. I I I 11 I I I I I 111 I I 
100 10 Grain Size - mm l .0 0.1 



c 
ro 

.i:::. 

....... 

CJ 
c 

u:: 
c 
Q) 

~ 
(l) 

a.. 

J. R. Paine & Associates Ltd. 
CONSUL TING ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client : ..... .... ... Klohn .. Leonaff .. ........ ... ... .. ... .. ... ... ...... ........ ... .. ....... .. ..... . 
Sample: .... .... . P9) .. ~ . . #.1. ................ Depth: ..... .. ..... ....... 1 .. 0 ........ ...... .... Project: .. ........ P.~.~-~-o-~ ... P.Y.k.~ .. ... .. ... .. .. ......... .. .......... ........... ...... ............... . 

~=·:;;e :DJ iiz~~;~ong .. --=~~-~- ~et~~~;~::~~ ~;,g:~e~o ~;::c~L j~~~B~;s:;,~~ ~:~~!~· 
100.0 

--·-- - --·----- -- !- -------- -·- -------·------·- ·--------·--- -------------- -- - ---------------
40000 40.0 92.4 

-- -----· - -- - -·- - ---------- --------- -------- ------- - ··---- ______________________ ___, _______ ____,_ ______ _ 
25000 25.0 76.8 - -------·----- - ----------- - --------_______ ......__ _____ _ 
20000 20.0 61. 9 

-----· - ----- ----- ---- ----- --------·---------- -------------------------
14000 14 .0 53. l 
12500 12.5 49.9 
10000 10.0 44.1 ----- - --- ----------- --- -----------'--------·------·-- ---------+----------
5000 5.0 34. 0 

- ·- -------- --------4--- _____ .._ ______ ----------+--------lf------

2000 2.0 25. 2 

1250 

800 

630 

1.250 
- - --------· 

0.800 

0 .630 

400 0.400 

21. 2 

17 .6 
15.5 

10. 2 
- - --------·-· ----------- ----· 

250 0 .250 5.8 
-----+--------· ------ ------·--- -----------i·------

160 0 .160 3. 3 ---·- - -- ___ _,_ __________ ~------------ - --------·------------·-------
63 __ 0 ~~3 __ --------i-------•--------~~ _____ _.__ __ l_. _5 __ _ 

Description of Sample . .. .. ~. ?- ~~:Y. .. ~r.~~~-~ - ......... .. .... .... .. Melhod of Preparation ....... .. ...... .. .. Ory ............ ......... Washed .... ~-- ..... ............... . 

Remarks ... ... ... ............ ...... ...... ...................... .... .... .... .. .... ...... .... .... ............... ........... . 

Time of Sieving .. 15 ..... Min ... ......... .. ........... ...... .. . 

63 40 25 20 14 l2.5 10 5000 2000 1250 800 630 400 250 160 63 
100 
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J. R. Paine & Associates Ltd. 
CONSUL TING I.NO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client: .......... ~J.~h.r:i .. J~~?.r.l.9.f f. ...... ... .... .... .. ... .... ...... ...... .......... .. ............. . 

~:c:~~;·· 66:~ ·S· •:.:.·o~;en1::pth··· ·· · ·~·~:~ ··5 ·· ··· ····· · · ·: .. f ~;~::~~~~~~:~~~~:··.~:::;;t~·~. ·~:.;)~~~·~:~~1e. 
-- -· - --- - - -··- ···--- ·-·--·--- ------- ----- ------ -- --- - ·---- - ------- - - ·-----· 

.. ·----- - -· - - ----- --- . -------,!---- ·- --·- ------ --- - -·----- -- - - - - - ------ --------
40000 40.0 

----- ------
25000 25.0 

- ---------- ----
20000 20.0 

14000 14.0 

12500 12.5 

10000 10.0 

5000 5.0 }00.0 
-----·-- ----·-

2000 2 .0 99.9 
1250 l .250 99.8 
800 0.800 99.7 
630 0 .630 99.6 
400 0.400 99.4 

----------- - ------- - --- ----· -------4·---- ---- -t---- - - ------------· 
250 0 .250 97. 6 

- ----+------ - -- - --- ---· · - ·---·-------... - ·----·- - •>-------.... -------
160 0 .160 88. 3 

- - -- ·- ----... --- -·- .... ·- -- · ---- ---·- ·-----l- ---------·- - --- ·-----1--------1·-------
63 0 .063 48. 4 --- -.. ---·- - - --- ·- - ---·---.. - - - --·-·-----·'--------------------~----· ____ _.___ ______ _ 

Description of Sample ..... ?.iJ .t . .Y. .. ?~ .~ .~ .. .Qr,g _a.n. i.~~. Method of Preparation .... .. ...... ...... . Dry .. .. ...... ...... ..... Washed ...... ~ .. .. .... ............... . 
Remarks .. ... ~. : ~ .. · ... . ~ ... ?.~ ... -~% ... ..... .. ... ..... ........... .... ..... .. ... ......... .. ....... ... ... ...... .. ... ... . 

Time of Sieving . 15 .. .. Min . .... .. 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 
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J. R. Paine & Associates Ltd. 
CONSUL TING ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client: ..... ..... .J.l.9.tm ... ~-~.QnQ.f.f. .. ... ..... .. ........ .... ....................... ..... ... ...... . 
Sample: ....... . ~~~~---~---~. ? .. ..... ... ... ... Depth: .... ..... ... .. ~. :.? .. .... ... .... ........... . Project : ....... ... P~.w.?. 9!1 .. P.Y~~ .... ..... ......... ........ ... ............ ......................... . 

~~~~ti.°.~ : .. :.·: . : °:~~~:: :::: :: :::::::::::::::: : : :::::::::: :::: : : : :·::::: · : :::::: ::::: : :::::::::::::: :: :: : ~=·~eb~:: : :O\tsiK~ :: :: ::i~~~:::::: :::: ::::: i~:~·!:.: 0 ·9·: :0:1 ::::::: :::::::: : : :::::: 
- ------Si~-~~-------. Size of Opening ---·----·--- Weigh-;- -·- - --{--).Tot~Wt:----·-- -----P~rcent ____ - % Finer Than 

No. MM fletained grns Finer Than gms t-=iner Than Basis Orig .Sample 
... . _ - · .. -- - - -··-- - -- ·- - - - ----·- ----- - ---- ---- -·- - --- --··--- -·--- - --------- ------ -------

100. 0 
- - - --- ---- ·- --·- -------- -----·---------·- ---------- ---------···- ·-------·r------- - ------
40000 40.0 65. 6 

--------- ---- - ---------· -- -- --·- -----·------ ------- - --·- -------- --- - ----- ·-···-- - ------- -·-------
25000 25.0 56. 5 

- ·-- - --- ----- --- ----- ·-·- -- ---------------·----•·------
20000 20.0 52. 3 

.. - - -- ---·-·---- -- ·-···· . ... - - ·- .. --- - ·------· - · _ _______ ___ .. , -- ---------4---------- -------- ---·-f-------
14000 14.0 43. 4 

. ------·----·---- ____ ,, ________ , _ - ------------------ · --·---- - - - ·---·-- ----------
12500 12.5 41.8 

-- ---------- - ·-- - -------4----------~--------

10000 10.0 35.9 
5000 5.0 29. 3 

------------- -··- --- -· --------·- -----------1---------1---------1------~-------

2000 2.0 24.1 
___, __________ ----- --------- -----·---------i--------1-------

1250 1.250 21.8 
_ _ ___ _ _ __ ,, ---- ---·-----1---------1---------+-------~-------'-------

800 0 .800 19.9 
----------- ------- - -----'·- -----"·--------i--------l-------1---------

630 0 .630 18 . 7 ------- _,, _____________ --------------- --------- -~~---·----~------~·------·--+-------

400 0.400 15. 7 
-- -··---- --- ---. ·---- ------- - --·---- - ------ -- - - ----------+--------t-----------f--·-----

250 0 .250 11. 5 ----- - ------------- -- ------ - -- _____ . ______ ___. _________ . ________ __. ______ _ 
160 0.160 8.7 

---------------- ---- - ___ ____,, ---------'- -·------t-------- ·t---------<-------
63 0.063 5.0 

- - - - --- - ---- - ·- · ----- - - __ __i_ ______ J.__, ____ ____ ---·----~------•------

Description of Sample -~~ -~-dY. .. ~ .r:- .ay_~.J .. • .... ~.r.a.~~ ---~.1 .l. ~ Method of Preparation ...... ...... ...... Dry ....... ... ... .. ... Washed ..... .. ~ ... ...... ............ . 
Remarks ...... ......... ... .... ... .............. ... ... .... .... .... ....... .. .... .. ... .. ... .. .... .. .... .... .... .. ..... ... . . 

Time of Sieving ....... J..5 .... ..... Min . ..... ..... ...... ... .. . 

63 40 25 20 14 12 5 10 2000 1250 800 630 400 250 160 63 
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J. R. Paine & Associates Ltd. 
CONSULTING A.NO TESTING ENGINEERS 

SCREEN ANAL VSIS 

Client: .... .. .. .. J.~ .?.~~.--~-~.~~~!.f. .. ....... ......... .. .. .. ... ... .... .. .. ... ... ................. . 
Sample: .. ... ... .... ~0..7 ... ~ ... ~.~-- ... .. ... .. .. 0epth : .... ...... .. ~: .. s ..... .. ......... .. .... .... . Project: ......... . ~~.W.~-~~ .. .0..Y.~~- ······· ...... .... .. ... ... ............ .... .... ...... ..... ... ...... . 
Location: ..... ...... 0..0.7 ... ... .. ... ..... ... .... ..... .............. ... ..... .. .......... .. .. .. ....... ... ... Made by : . ... ~ ... ~ .. -~~ ... ... Job. No ......... .... ~9~.L .... .... ........ .. .. ... .... .. .. .... . 
~~~~~-~=~-=~ · - · · ...................... .... .......... ~-.:~·:~·~~=-.. =-~~~~Ck'd-~~~~-· 0 . .r. .. ~~=:.···· ... .. J~~-~. : .Q~._Q.4 ........ ... ..... ... .... .. . 

Sieve Size of Opening Weight Total Wt. Percent % Finer Than 
No. MM Retained gms Finer Than gms ~iner Than Basis Orig.Sample 

- - - ·- -- . -- -- -- ---- -----------·----- - ------------- -------------- ------ -- ---- --- --
100. 0 

-- -------------- - --------<----------- ·- -- - ---- - - ·---- - --·- ·------- - ·-t-------
40000 40.0 94. 1 - - --- ---!------·--------- - - -------- -·----- - - --->- -----------<------
25000 25.0 88. 7 

---------·--- - ------·- --------1--- ---·--+-------

____ 20_0_0_0 _ ___ _ ____ 20_·~- ___ --·- ··--- - ---------+--------+-------.. ----'8=-=o:....:·-=5 __ _ 
14000 _ ___ 1_4._0 __ -4-----·----- 70. 6 

12500 _1_2._5 ___ ~---------------1-------+-------l---6~8~·~9 __ _ 
10000 ____ 10_.o ___ -+--------+-------~ 65.0 
sooo ____ 5 ___ .0 ___ 

4 
______ -1-------1------- 54.7 

2000 ___ 2_.o ___ i-------i--------i-------+------~-__:4~0~.9~--
___ 12_s_o _ _ _ ______ 1 ~2_5 __ o ___ ..__ _____ ~--------+-------~-------~---=-2~g~·4.:._ __ 
___ s_oo ___ ~ ___ o_.s_oo __ --+-------~---------------if-------+--~1~6~·~8 ___ _ 
___ 630 _____ _ ___ o_.6_3_o ___ _._______ 10.8 

___ 4_0_0 ___ .. ___ 0_.4_00 _______ ___ ________ _ 4--------1--------t·-------t-----4_. 8 __ _ 
250 0 .250 2. 2 ____ ..,_ ______ --- ----------l-------+---------1-------+----=....::.....=._ __ _ 
160 0.160 1.2 
63 0.063 0. 7 

Description of Sample ........ .. ~.~.i:i.~.Y .. Gr.c:t.Y.~J ...... .. .... : ... . . Method of Preparation ............. .. ... . Dry ...... .... .. .. ...... Washed ...... X.. .... .. ...... ..... ... .. 
Remarks ...... ..... ....... ..... ..... .. ........... ........ .... ...... ..... .. ... .. .. .... .. .. ..... .... .... ................... . 

Time of Sieving .. .. ... .. ... .l.? ...... Min . .... .. .. .. ... ...... .. ... . 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 
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J. R. Paine & Associates Ltd. 
CONSUL TING ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client: .......... ~~- ~~.~- ·-~~?~.?. ~~ - - - ············ · · ·· · · · · · ·· · · ···· · ································ 

;~:~::e~ DD!~~~ :.:e of ~~no::pl~ : 
2

. °:: : . : ~ei::::~:-i1::~~~~::: ~::,:e~~ .i~ <:Finer Tha~::.:: 
No. MM Retained gms Finer Than gms Finer Than Basis Orig.Sample 

---·- - ----- . _ _____ .. ______ _.__ _______ -+·-------------- ------>----------<--------
40000 40.0 ------------ ---
25000 25.0 

--- ---- - - ·-···- -- ------------+--- -----··----------.+--------4-------r------
20000 20.0 

-------------+---- ---+---·-----i---------t-------+------1-------
14000 14 .0 ----------·- ________ ___,._ ________ --------·-f-·--------li------~-------

12500 12.5 

10000 10.0 
- ------- --------.. -------f--------~-------f--------~-----

--~g_oo __ . __ . _____ .s_._.o ___ ._ _________ _, ________ -.+-------+------~---'l"-"0'-"'1Q_._.O"'------
2000 2.0 qq 9 
1250 

800 
-----·-· ----1._2s_o ____ -1----- -----1--------t-------+-------+--9 ..... 9LL..LZ __ _ 

0.800 qq " 
---------·-·---------~-------'--------1-------+-------+--,,L.,,L__,'-"'-----

_ ___ 6~9 ________ o_.6_3_0 __ ___,1---------~-------~----------+-------+----qq"'-L->1.__ __ 
400 0.400 98 9 

__ _ _ .3_5_0 _ ___ ___ .0 .25~ --· -------11-------~·- ------+---------11-----'Q'-'-7 ....... ...._7 __ 

_ . ___ 16_0 ____ ---- - ~ · _16_0 __ ,. ____ --------'•-------·---------------.+--~9~2~0...__ __ 
63 0.063 i;1 " 

Description of Sample ... J.1.~~ .. ~.a.n.~Y .. ~.i.H .. Or.g~. !1.i.. s Method ot Preparation ........ ........ ... Dry ........ ....... ..... Washed .... .X.. .................... . 
.. .. ....... ... ... .. .. ............ ..... ...... ..... ........ ........... .. .... ... .... .. .. .. ... . Remarks ... .. .... . M. '..~.: .. . '.: .. AA.·.~-~ .. % .. ..... ....... ......... ......... .. ....................... ..... .......... . 

Time of Sieving 15 ... Min ... .. .......... .... .. 

63 40 25 20 14 12 .5 10 5000 2000 1250 800 630 400 250 160 63 
100 
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J. R. Paine & Associates Ltd. 
CONSUL TING ANO TES"rlNG ENGINEERS 

SCREEN ANALYSIS 

Client: .. ... .... ... . KJ.oh.r:i ... L~ .o.n.o. f f. .. ........ ..... ... ....... ... ...... ........ .. ..... ........... . 
Sample : .... ... . P.QJ~ ... ~ .. U .. .. ..... ...... Depth: ....... }~ .?. .. ............. ... .. .... ... ... Project: ........... Oaw.s.o.n .. Dy.l<.e ... ... .. ...... .. ..... ... ... .. .... .. .... ...... .. .. .. ... ........... . 

~~~t i.~~. '. .: : ::.: :0:::1: ~ :::::: : :: :: : : : :: :::: : : : ::: :: :::: ::: . : : : :::::::::::::::::: : :::::::::::::::::::: : : :: ~=-~eb~~ : : :: .. ·.:. &.·:0;k ~0a~~~~ : ::::: : : :::: ::: :~~~~: : :a~~ 0·~::::: ::::::: :: ::::::: : : 
------ --- ·--- ·---- ---- --- ----- ------ -·--------

Sieve Size of Opening Weight I... otal Wt. Percent % Finer Than 

----~~- _________ _____ M!'-1 _ __ + ___________ , __ R_e_ta_in_e_d ___ g_m_~--_Fi'2~~_!ha'2_gm __ ~ __ f_·i~~-~-an ___ B_a_s_1s_O_rig_._s_am_p_1_e 

,,, ____ _ _ __ - -------+-------!--------!--------· ---------·------

40000 40.0 
-------------------- ·------i-----·- ·-··-----·---- - ----+-------

25000 25.0 

20000 20.0 - -----·- - ---- ___ _, _ _____ __, _______ _ --- ------ - +------4-------
14000 14.0 

12500 12.5 

10000 10.0 
.. ____ 

5000 5 .0 
-

2000 2 .0 

1250 1.250 
--- - ----

800 0 .800 99.9 
630 0 .630 99.8 
400 0.400 ----------t-·-·--------~------1--------t------~-9::...:9:...:..·..:::..8 __ _ 
250 0 .250 99.7 
160 0.160 99.5 
63 0.063 96. 5 ------

Description of Sample ... . ~~--1--~- ~ ... ~-~~-~-~--- ~~~-~- ~ ...... .. : ... .. 
..... ............ .. .. .. .. ... ........ ..... ~:..~.~-~-~-~~ -- ......... .. .................. . . 

Method of Preparation ......... .......... Dry ...... ... .... .. ... ... Washed ....... x .. .................. .. . 

Remarks .... ~. :.~. : ... ~. )}: .. ~.~ ... ....... .. .. .. ........... .. .... .. .. ... .. ..... .. ....... .. ........ ..... ...... .. .... . 

Time ol Sieving .... .... .. .. .1.~ ...... Min ............ ... ..... ... ... ....... .. 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 
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J. R. Paine & Associates Ltd. 
CONSULTING ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client: Klohn .. leonaff ........ ... .... .............................................. .. ........ ... . 
Sample: ........................................... Depth: ....... .l .. 2ro ............ .......... ..... . Project: .... D.awson ... Oyke ......................... .. .. ... ............... ........ ..... ........... . 
Location: ... .. PP ... ~.g ... ~ ...... ..... .......... .. ......... ..... ......... ................. ..... .. ........ Made by: .. U ......... ... ..... . Job. No ........ aO~l ... .. ....................... .... ......... .. 
... .. ...... .. ...... ... ............. .......... ... .......... ....... ..... .... ........ .... ... ........... .... ........ Ck 'd by: .. 0.-:'.:-:· .. <'.-. ... : ...... Date: ...... J.98:6. •. 09,12. ..... ......... .. .... ........... .. .. 
--------·-- -· - . --- ·----~ 

Sieve Size of Opening Weight Total Wt. Percent % Finer Than 

No. MM Retained gms Finer Than gms i-:iner 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 .. 

250 0 .250 98 . 5 - ----------- -- -- - - ------ - --·-
160 0.160 97.7 - - --- - -··- - -
63 0 .063 84 n 

Description of Sample ... ~~ .n _?:Y. .. ~-~ 1.~ ................ .... ....... . Method of Preparation ... ........ ...... .. Dry .................... .Washed ... J ...................... .. 
...... ... ... ..... ·· · ·· · ·· · · - · · ··· · · · ····· q·~·~-a-~. ~. ~ -~ ... ~.~~ .~ .~-n.~ .... ... ....... . Remarks ....... ~~ -i .. ~ .~.~- ~~ ... ~.<?. n. ~~.f'_l. ~ .. :-: .. }~_ ~)~ .... ......... ..... ........... ......................... . 

Time of Sieving .. ....... J5 .. .... . Min .......... ........ .... .... ....... .. 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 
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J. R. Paine & Associates Ltd. 
CONSUL TING .ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client: ....... . ~~.~~~ .... ~~~-~-<?.~r ..... ................ .. ................ ... ...................... . 
Sample: ... .. .. .... ... .. ...... ... ......... ......... Depth: ..... . ?.~ ........... .......... ... .. .. ... ... Project : .... P.~.~~().'! .. . 0.>:'.~.~- · ···· ··· ··· .. ······ ·· ·· ··········· .. ·· ·················· ·· ··· ··········· 
location: .... .. .... !P..}.2. .. 8. ... ..... .... ..... ... ...... ..... ... ..... .. ...... .. ..... ...... ... ..... ... .. Made by: ..... ~~-- ··········· · ·· Job. No .. ........ ?~~ -~ ..... ... .... ... .. ...... .... .. .. .. ........ . 
....... .. ... ...... ... ......... ...... . .. ... .... ..... ..... ... .. ... ......... ... .. ........ ... ......... ............. . Ck'd by : ... "!::-:: .. ~ .. ('-:: ....... Date: ...... ..... .. ~ -~~~: . .9.~~J? ...... , ...... .... ......... :. 
---- ------------ - ·- -·--·---------~----------- ·· ··-- -·· ·-------------.....--------,-------

Sieve 
No. 

Size ot Opening 
MM 

Weight 
Retained gms 

Total Wt. 
Finer Than gms 

Percent 
Finer Than 

% Finer Than 
Basis Orig.Sample 

-- -- ·- - -- -- -- ----- -----·-- --------·- -· --------------!-- ------ - ------- -------

40000 40.0 -- - ------ -------- - ---------------- ------------- --+----·-----------i-------
25000 25.0 

---- ------ ------- - -----------+----·- - ----i------ - -+-----------+--------+-------
20000 20.0 

----------- ---------4---------t--------+--------·--------i-----~ 

14000 14.0 
--- -------+---------11-------1-------__,1---------+-------

12500 12.5 ------ ----- --·-- - ------ - ---------.--------~------'--------+------

10000 10.0 
-------- ---------+-------r-------+--------+------- r-------

5000 5.0 100.0 
2000 2.0 99.9 

__ 12_5_0 ______ 1:_2_so ____ ~-------·-------+-----------------+--~9~9_.7 __ _ 
___ a __ o_o _ ______ o._a_oo ___ __,1---------i-----·---+--------i-------_._---=-9~9~.3=----
____ 6]~------ ___ o_._63_o ____ t----------+ ______ 

1 
_______ ____,

1 
_________ --=9~9~· ~l ___ _ 

---~-~----- ----~.400 ______ . ··--- -- --i--------11---------------t---9~8~·~7 __ _ 
__ _ _ 2_s_o _ _______ o_.2_so ___ -r--- - ----•-------+--------+-------+-----'9"-'-7-"".-=9 __ _ 
_____ 1_60 _ _ _ _ ___ __ ~_._16_0 ___ •--------.--------r-------t-------;i---~94~.7-~-
----~~------- ___ o_.o_63 __ _._ _______ ..__ ______ ., _______ __._ _____ ___.c______,7_,,0....,_,._6 __ _ 

Descnp!lon of Sample ... . ?.~.~-~Y. ... ~.~ .1 . ~ .. • ... 9T.9~. ~·~ ·~ ·~· - ·· ·· · 
Present 

Time of Sieving ........ -1.~ ... ....... Min .. ... .. ...... ...... .. . 

63 40 25 20 14 12.5 10 
100 
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80 

70 

60 
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10 

I I I I I I I I I I 
100 10 

Method of Preparation ............ ...... . Dry ........ ....... ...... Washed .. ... J .. ......... .. ........ . 
Remarks .. .... . f-1() .i. -~- t. ~ t~ .. . ~. q "! .t.~.~. ~ .. :: .. A.~: .. ?.~ ... ... ... ... ........ ...... ... ......................... . 

5000 2000 1250 600 630 400 250 160 63 
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Ir-~ J. R. Paine & Associates Ltd. 
CONSUL TIHG ANO TUiTIHG HIGl,..EERS 

(_ SCREEN ANALYSIS 

c 
!'C 

f. 
t 
c 
u: 
c 

Cheri! · ___ . X TG,/.. .. M ~-~· ~. ~ .~ P9. .~ .... ~. ~ 9. ~.~. ~ .~F.~.~9 ....... _ ..... . 
Sample: ... . ~} .. .. .... ..... .. ........ ........ Depth: .......... ...... ......... .. ......... .. .. .. . Project: .... . Daws.on .. Ci.ty .... D.i.ke .... lmpr.o.vem.e.nts.. 
Location : ·-- - Love.t. ... Gul.c.h .. ..... ..... ... .. .... .. .. .. .... ......... .... ..... .. __ Made by :.. _bk ....... ... Job No ... .... ..... .. H.0.0.2 .. ... .. .. ... .. .. ............ .... . 
...... ........... ... _B_o_n~nz ~ - - Cx.e.e.k ...... ...... ....... ...... .... .... .... .. ...... ..... ck ·d by - ............ .. ...... .. . Date : ............ .. 8.6 ... . 0.4-. .0.7.. .. ... ..... ......... . .. 

Sieve 
No_ 

--
· Size o f Opening 

MM 

---
40000 40 .0 - - - ---·---~--- ·-
25000 25 _o 
20000 

14000 

12500 

10000 

5000 

2000 

1250 

800 

630 

400 

250 

160 

63 

20 

14 

12 

10 

0 
_o 
.5 

_o 
·---- -

5 _o 
- - -

2 _o 
.250 

--

--- -

-------·-
0 .800 --
0 .630 

0 .400 
------

0 

0 

0 

.250 

.160 

.063 
-

-·- - -----· 
Weight Total Wt. Percent % Finer Than 

Retained grns Finer Than gms Finer Than Basis Ong Sample 

- -
100.0 

·-
74.8 
71. 2 -
65.9 
q_3. o __ 
59.6 
49.3 -----

-------- -- :3. 8. 7 
32.5 
27.5 ------ --
25.0 
2 0. l ---
14.8 __ 

10.2 
4 . 7/ 

Description of Sample ..... .. ... .......... ... ... .... .... .. .... .. ... ..... .. · Method of Preparation ... ....... .... .... . Dry .. ... ... .... ... .. ... Washed ... ..... . ~ ..... .. .. ...... ... .. 

Remarks ...... .. .. ... ..... .. ..... .... .. .. .. .... .. ... .... ... ....... ... ...... ....... ....................................... . 

.. ~.?. ... ~-~·. -~ .?..~. ~-~ ~~-· . -~- t. .'.? -~- .... -.... .... .. .. .... . -... .... - ... ............ ... .......... . J .. ! .. .?. .~ .... N .~.t. P. .r.~. l ... M9..i..~.t.µ,r. _~ ................................ . 

.. ~. 9. ~ _q J.' .. .. G. .r. .~ .Y ~}. -... .... ... --...... ...... ·-· .... ...... ... ....... . . ·· ·· ··· ···· · · · · · ···· ·· · - ····-~- t.g.J1_Q9.X.9 .... ~X.9.G.t.o;r. .. .. G.Qmpl.~t..~.Q. .. L . .. .... .. .. . 

.. ~. 9 ~ -~ p_ ~- 9. -~ _t. ~- c;_ ... f..t.D.~ .? ....... .......... ... .. .. .. ..... ... . 
Time of Sieving -· -·- ·-·- ··· ... .... ... Min . .... .. .. .. ... ... ...... .. ... .. ... . . 

63 4 (1 25 2(l , .. 12.5 10 5000 1250 800 630 400 160 63 

ioo 
1 11 1 1 \I 1111 I I 11 I I I I I 111 I I 

90 

80 

70 

60 

50 

~-~= ~= ~ -~ -___ ---t--t ----1-~=---:~---t---i--t--t'·_ ---1----4 

-- - ----- -- ·~ ---- --·--·-

·---- --- --- ----K 
------ -------- --·-- ~-1 ----4-----~----

---- ----- --- - - -- --- - __.i"-._,__ __ _, __________ ----•--+-----'I·-

·- - - ----------·"-___,.,__---1----
~ ----- ---- - ----1- - -+------""l ... "'---------------+--.------ ----·---.----... --<1 

§ 40 
-__ -_--=~~~ -~- ----~- ---4--i-----t -~ 

. --- --- --- ---· - - -- ··- - - - - -- ---- ___ ....... --1~-~....--t---t---t ---·-· -- - - --- ___ _, __ _ 

G> 
n. 

30 

I f I I J I II I I 
100 10 

....................... 

I I rl I I I 
GrahSlze - mm 1.0 

I I 111 I I 
I 

0.1 



® J. R. Paine & Associates Ltd. COMPACTION TEST 
COlftlUlhllO Ao11G ftlh«I l~I .. 

("~TCW • °"-6'ro0l """""""" • .,....¥'1 "<ll"llf 

Project: Dawson City Dike Improvements Ghent · --
YTG/ Municipal Engineering 

Sample: #3 Depth: Made By: bk Job No.: 8002 
location: Lovet Gulch -· Ck'd By: Dale: 86.04.0:Z 

TRIAL NUMBER 
-

Mold No. 
-

z Wt. Sample Wet + Mold 
~Q 

_ .. 

0 t- Wt. Mold 
- < w z 
~ l Wt. Sample Wei 
t- a: -w 

Volume Mold z I-
:::> w 

0 
Wet Unit Weight kg/m' 

Ory Unit Weight kg/m' 6.3 7. 8 9.5 10.3 11. 4 
Conlainer No. 

I- WI. Sample Wet + Tare 2 
w 
I-

Wt . Sample Dry t Tare z 
0 
u 
w Wt. Wale1 
a: 
2 Tare Containe1 
ff) 

6 Wt. Dry Soil ~ 

Moisture Content 2005 2030 2035 2019 2004 

MAXIMUN UNIT 

WEIGHT kg/m 3 

= 2038 

( \. 

' OPTIMUM MOIST. ~ 

' CONTENT = 8 • 9 I\ % 

\ 

21 or \ 
l 

\ 
METHOD OF .. -

'E \ 
COMPACTION ....... I\ O> 

.:..: 
STANDAR~ ) 

I I i\. 
~ 
C> \ MODIFIED ( ) 

2~5( ~ 

I- \1 SAMPLE z -- ., 
:J v r... ·~ ' >- ,; ' 

DESCRIPTION 
a: / ........ \ 

0 ,;" 

___ , __ - . Sandy Gravel .. ,, 
't 

I"'.'.'.. - ,_ "~ ( 19. Ornm Max. J, 
' 200( ,J - .... Size} 

\ --
\ 

\ 
\ 

REMARKS: __ ,_ 

Rock Correction 
·-. 

+19.0min 1_9_5 c -- for 

---·- 7\ggregaEe 
-- - 3 2134 kg/rn ----- -~ 

- ·- ·--

! 

L 
t ~ ~ 1J l'L 

Moisture Conlenl % 



'® J. R. Paine & Associates 
CONSUL TIHG ANO TESTING fNOIHEE.RS 

Ltd. 
SCREEN ANALYSIS 

~ 
4 

Client: ..... ..... YT.G/.. .. Mµ.~J: .~JP.?.J. ... F..D .9. :i:D.~.~X .i..D.9 ...... . 
Sample: .. .... ... ... .. . .......... .... .. .. .. .. Depth: ... .... .... ... .. .... .. ... ... .... ..... .. Pro1ec_1: ........ Daw.son .. City .. . Dike ... lrnpr.oveme.nts 
Location: .. .. .... ..... Lovet .. Gulch ......................... .. .. ... ... ...... . Made by: .... .. ... . bk ... .. ... Job. No .. .... .. ... 8.0 .0.2 .............. .... ... ... ... .... .. .. . . 
....... .... .. ............ .. Bonanz.a ... Cr.eek ... ..... .................... .. .. .. Ck'd by: .. ... ..... ... ............ Date : ..... .... .... 8.b .•. 0.4. •.. 0.7 ............... .... ... . . 
-------- - ···------------~---- --~-----~·------

Size ol Opening 
MM 

Weigh I 
Retained gms 

Total WI. 
Finer Than gms 

Percent 
Finer Than 

Sieve 
No. -· - -----·----- -----------1------- ---------~--------+---

% Finer Than 

Ba sis Orig. Sample 

--- --· - .. --- .. __ 
40000 40.0 -----·-- ______ _____.. __ ---~ -----f---. - -·-
25000 25 .0 

---~------
20000 20.0 

----!-----~--------------

14000 14.0 
-------1-------f------f------- ----

12500 12.5 
------ - ------+-------i-------1------ - ·---··-

1250 1.250 

800 0.800 
--- ------ -------f-----·--

630 0.630 
-- ·-------'-----~-----· 

400 0.400 
-----i---
250 0.250 

160 0.160 
-------1----------1-----~i----· 

63 0 .063 ---'--------J'---
Description of Sample ....... ... ..... .. ... ......... ............ .. .... ..... . Melhod of Preparal1on ........... ... ..... Dry ..... ... ... ... .... ... Washed ... ..... X: .. ... ... ....... .... . 

Remarks .................................................................................... .. ...... .. ....... .... ..... ... . 

... . . J .0 .0 .... nli.D~ .. Ma...({ im.µrn ... . SJ.~.~ ....... .... .. .. ......... . ···· ·· ··· ····· · .......... ...... 4 .. , .. 5. ... . i ... NP. .t.u.x~.l .... MO.i.$.t.u.x.e. .. .. ......... .. .......... . 

.... . $.<:Jn.9y ___ (;:r. . a... v.~J ......... .... ...... .......... .. .... ............ . ....... ... ..... ................. Pe.t.r:o.g.r.ap.hic .. . An.a.l.ys.i.s. ... c.ompl .e..t.e.d 

..... N9.n.::-.Pl..q_$. .t. i~ .. .. f..in.e..s .. .... .. ....................... . 
Time ol Sieving ..... 1.5 ........... . Min . ..... .. .................. ....... . 

6'..l 40 <'5 20 u 12.5 10 5000 2000 12!>0 800 630 400 2!>0 160 63 

100 -,~,~,~,~,~~r--.-,~--~~~,1~1~1~· --,.-1~1r--~----Y-~,~,~~,~,,~~l~,~-r-.-~11~1~1~1 

~ 90 ~·--·--•---->~~~-~--~~_. 

--- -- - - - ----\- ---4-J--J---~-----4- ·-·--

80 ---- - ~-~ --= -- __ \~~>--+-"-'--1---·-==---~1·--_-_· ~-~---_-_---~-~~- ----f:·_~_-_-:_-_-f~·-_-_-_-_-+.~---_-_-~,-~---f---~-.---1 
70 --- .. -·-- - ---1!-+-'r--+-f 

--·--· --·---- ---f~-\ ......... \.~ .... ----~---~·--
--·- ------- - - -~1- -----~-----1----

·- --.. - ·---1---f-~ ·-----1-------4---- ----1---f----f--~----~----f--1 

!~.--~ -- ---- ---·-~--~----__.~---~--~~~~::~-------f-~------:~~~~-----~-~ 
~ 40 -......_ 

~ :: .~=---~-------·~· .-.~---.: ~-.-~-;~-·------ --1--=-~-:-=------1:·-.=-~ ~·~I:~--~g~==-i-. 1 -----1----f----------1 ·------

~ --- -~~=· - ---1---f·--I~-~ ·=~------- ~~ ··~---~ =------~~---_.--4 
..___ 10 

I I I I I I I I I I I I 11 I I I I . I I Ii-ti 
100 10 Grain Size - mm 1.0 0 .1 
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J. R. Paine & Associates Ltd. 
CONSULTING ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client : ....... . ~}. ~~~-- -~~q.n.<?.f.f ... ... ........... ..... ... ..... ... ... .... ................ .. .. .. ..... . 
Sample: .. ... ....... ... ...... ..... ...... .. ..... .... Depth: ... .. ... .... .... ......................... ... Project: .... P.~.~~.<?.r:' ... ~Y..~.~--· · ····· · ··· ·············· ............................................. . 
Location: ... ... ~.~.Y~ .~ .~-- -~~.J. ~~ ... w.~.J.~~ - -·~-~-~.~~.~.1 ..................................... Made by: ..... ~~- ····· · ·· · ·· · · ·· Job. No ........ ~.9.?~ ........... .. ........... .................... . 

....... .... ...... .... ..... ......... .. ....... ............. ... ..... .. ... .... .. ... ... .. ... ..... ....... .. ..... Ck'd by: .. V-:'.~ .. r: ~ .. .. ... .. Date: ... ... ... J~.~?:.9.~.~ - ~~- ·-· ········· ·· ········· ···· ·· · 

Sieve Size of Opening Weight 

No. MM Retained gms 
- ------- -·- ·- ·---------- ----------------

Total Wt. 
Finer Than gms 

Percent 
.-:iner Than 

% Finer Than 

Basis Orig .Sample 
-------------- ·---t------

100. 0 
--·· - --- --···· -·-·- -----4-------l-------.+.----.---------------i-------+------

40000 40.0 81. 0 
25000 25.0 72.4 

--- -- ------ - -------f---·-----+------
20000 20.0 67. 6 

- - --- ----- -·--- -----+----------l·- ------+---------
14000 14.0 60. 7 

----------·--~------4--------- -----·--- ------·-;--------+-------
____ 1_2500 _____ ___ ___!_2._5 _ __ --------~------+--------+------~---=-5..::..9..:_. o~--

10000 10.0 54. 5 
5.0 43.1 

--·- ·- ·- -·- --·----- - --·-------~-----~--------i------~-------.J--_.:_~:__ __ 
5000 

2000 2.0 32. 3 

__ 1_2_so _ _ _ _, _ __ 1.2so __ -+-------ii-------+---------+------~--=2~6~.6=----
__ s_o._o _____ ~ ____ o.soo 22. s 

630 0.630 20. 2 --·-·-----·-----------------~-------! ---------Jl-------f---_.:c_ __ 

400 0.400 16.4 - ---- ·-- ----- -- -- -------~------

250 0.250 12.7 
____ 1_6_0_. ______ -°-·_ 1_6_0 __ ~-----~------ --------t--------+------"9......;.'_o.6 __ _ 

------~~------~---o ~_{?~ __ .._ _______ ~-----·--------~------~-_s_._o __ _ 
Descripl1on of Sample .. ... . ~.~~~!'. .. ~.~?~~-~ - - - ~~ .. ~ ... Run Method of Preparation .. ....... .. .. .... .. Dry ... ................. Washed ........ ~ .... .... ..... ... ..... . 

Remarks ... C.91T!R .i _(\.~~ ... ~.i;l.IJ1P J. ~.$ .. . v ... ~.~. 9. .. n ..... ............ .... .... ............................ . 

Time of Sieving ...... Vi .... Min ............. ... ... .... .. .. ....... . 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 

I I I 1' I I II I I I l 11 I I I I I 111 I I 
90 \ 

\ 
\ 

80 --- '· 

~ 
70 ""' ~ "' ' ---- · 

"" 60 

"" - · -

50 "-.. 

"" 40 "--........... 
~ 

30 " ............ 

'-... . 
........... 

20 
-............. .............. 

--........... ........... 

10 
--......... -----

-------I I I I I I I II I I I 11 I I I I I 111 I I 
100 10 Grain Size - mm 1.0 0.1 



J. R. Paine & Associates Ltd. 
CONSULTING ANO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client : ...... .. . ~.1 .C?. ~!1 .. .L.~.Q!1Q.f.f .......... ... ... .. ....... ........ ..... .... .... ............ ........ . 

Sample : .. .. ... . H .. .... .......... ...... ..... .. . Depth : ...... .. ... ........... .... ..... .. .... .. .. ... Project: ...... P.~.~~QrJ . .0.Y~~-- -··· · · ·· ·· · ···· · ···· · · ·· ····· ·· ·· ···· · ··· · ······ · ··· · · · ·· ····· ··· ···· 

L:•·::~~e ·1~iUt~~:::~~:.~~ : : : ... : :::·: ::··::: :::· ::::::: · . : :::~~·: :: ::3::eb~:~~~:, ;.~~:: : :~.'.::"~ : 10:0i: : o,o :~,~~,:~~~~ ::::: 
No. MM Retained gms Finer Than gms ~ iner Than Basis Orig.Sample 

86.6 
40000 40.0 80. 9 

------ ------ ------·-·--·-------·----·----------- --
25000 25.0 77. 1 

- - ---------- ---------!---------···--- ----------·--l-------~-----

20000 20.0 71. 4 -·----------·- - -- --1- ------
14000 14.0 63. 7 

12500 12.5 61. 9 
10000 10.0 57.4 
5000 5.0 53. 5 
2000 2 .0 35. 4 
1250 1.250 29. 4 

- - ------ -------------~-------l-------i-------+------t-------

800 0.800 24. 8 
630 0.630 22.5 

--··----
400 0.400 18. 3 - ------ -- -------·· 
250 0 .250 14.l 

---------·----- - --- · - - --------+------lt-------t--- -----t-------
160 0.160 10. 5 
63 0.063 5.3 

--------~--------- -------~------·------~-----~-----~ 

Description of Sample ... ... ~ .~.~-~.Y .. ~.~-~-~-~~--~ . ..T.'..?.~~ ... ()!. Method of Preparation .. .... .. ... .. ...... Dry .... ..... ... ........ Washed ... .. .... ~ .... ........ ..... .. . 

Remarks .... ..... ~() ·~-~- ~~~~- - -~-()~ -~ -~-n- ~ .. ~: .. ?.~ ..... .. .. ..... .. ...... .. .. ....... .......... ... ............ . Silt ... ........... ......... ... .. .. .... .. .. .. ........... ..... ...... ....... ... .. .... .... .. 

. .. ... .. ..... ...... ... .. }_9q_x ... ~~ .s.~.1.~.~ ... t.h_~ .. ?.3. :.o.~ .. -~-~. r.~~ .~- - -···· .. .... .. ...... .... ..... ...... ... . 
Lovett Gulch Moisture Content 4.4% 

.................. ..... .. ?~ ~~..Y. .. ~ -~~Y.~. ~- .. -~-~~~~ .. -~·~ - ~ - ~ .... .. ... ... ...... ... .... .......... ...... ... ... ... ... . 
Time of Sieving ... Min .. .. .1.? .... ......... ... ... .... . 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 

I I I ~ I I I I I I I I 11 I I I I I 111 I I 
90 \ 

\ 
80 

'\ 
...........__, 

'\ 
70 

" ....---- ·-

~ 60 
..c. 
f--

":--.... 
-

........ r--- ---
(D 
c 50 u:: 
c 
~ 40 
<ll 

0... 

--- ' 
"" "" ~ 

30 ~ 
~ 

20 
-...... 

1--...... 
............ 

!--.. 

10 ~-----

-----I I I I I I I I I I I I 11 I I I I I 111 I I 
100 10 Grain Size - mm 1.0 0.1 



® J. R. Paine & Associates Ltd. COMPACTION TEST 
CC*5Ul TING AHO Tl5TIHQ tNGtHllRI 

EOM..)r4 1Gri - UtWiOI: PHAl~lf · w tttlfHQHSl. 

Project: Dawson Di'.ke Client: Klohn Leonoff 

Sample: #1 
Deeh: Made By: 

,...... _KI Job No.: 8051 

Location : White Channel Q~t.i;F 6u4A Ck'd By: f iU--- Date: 1986. 10. 06 
IJ'll -

TRIAL NUMBER 1 2 3 
v 4 5 

Mold No. 

Wt. Sample Wet + Mold 
t-
I Wt. Mold ('.) 

w 
~ Wt. Sample Wet 
t-
z Volume Mold :::J 

Wet Unit Weight kg/m1 

Dry Unit Weight kg/m1 2124 2128 2143 2143 2121 
Container No. 

t- Wt. Sample Wei+ Tare z 
UJ 
t; Wt. Sample Dry + Tare 6 
0 
UJ Wt. Water 
a: 
:J Tare Container t-
(f) 

6 Wt. Dry Soil ~ 

Moisture Content 1. 1 3.0 4.6 6.7 8.1 

MAXIMUN UNIT 

WEIGHT kg/m3 

= 2153 

OPTIMUM MOIST. 

CONTENT= 5.9 O/o 

·--~ .... 
215( -""" ~ 

-~· n11 .... METHOD OF 
...-" ~ 

'E !,..--~ "I'-. COMPACTION ....... _ _..... 

" Ol 
..:,,: " _ 1..-- !"'ti STANDARD ( ) 
~ -- .... ,... 

(9 ......-'"'"" I'-
MODIFIED ( X ) 

w v I"'-

~OL 
.... "" 

I'-. 
t: SAMPLE z 
::::> 
r DESCRIPTION 
a: Gravel, Trace 0 Sandy 

Silt I 
205u I 

REMARKS: 

Sam~le Rock Corrected 

200L for -50mm and +20mm 
Free Water 

Sample #5 

195( 
0 2 4 . 6 

Moisture Content % 
8 



~ J. R. Paine & Associates Ltd. COMPACTION TEST 
COK»Ut.f»*G ~Tl.Sf~ ENOthlEflS 

f: [J-.Jt,; IUN · G'1AJ'ff>i t'h.Ao~ll • WHIH.~5{ 

Project Dawson Dl'.ke Client: Klahn Leonoff 

Sample: #2 
oar:;~ Made By: ~ Job No.: 8051 

Location : White Channel ·-gu1<A, Ck'd By: k"\JJ\._ Dale: 1986. 10. 07 
r 

TRIAL NUMBER 1 2 3 '--14 5 6 

Mold No. 

z Wt. Sample Wet + Mold 
.... 0 
I - Wt. Mold ~ .... 
- <{ 
w z 
~ ~ Wt. Sample Wet 
r- er 

~~ Volume Mold 
0 

Wet Unit Weight kg/ml 

Dry Unit Weight kg/m 3 2051 2052 2067 2080 2098 2099 
Container No. 

r- Wt. Sample Wet + Tare z 
uJ .... 

Wt. Sample Dry -t Tare z 
0 
u 
UJ Wt. Water 
a: 
::::> Tare Container .... 
(/) 

6 Wt. Dry Soil ;::!; 

Moisture Content 1. 1 3.0 4.9 7.0 8.5 9.9 

MAXIMUN UNIT 

WEIGHT kg/m 3 

= 2104 

OPTIMUM MOIST. 

CONTENT= 9.4 O/o 

2150 
METHOD OF 

~ COMPACTION 
Ol 
x STANDARD(x) 
~ 
(9 MODIFIED ( } 
w 

2£Qo 
L;~ ....... . .... ... 

~ - - ~ ''\. 
z .-- '\. 

SAMPLE 
::J L.-- I\. 
>- ~ 

DESCRIPTION 
er 

_ ... 
'\ 

0 
....< - '\ Sandy Gravel 1 Trace 

_......:....- Silt ---........ 

2050 ·-
~-----

REMARKS: 

Rock Corrected for 

2000 Aggregate between 

-50mm and +2011l11 

1950 

1 3 
5 7 9 
Moisture Content % 



J. R. Paine & Associates Ltd. 
CONSUlllNG AND TESTING ENGINEERS 

SCREEN ANALYSIS 

Clienl: ... . K.l.ohn.:-J.~.9n.9U ... ..... ......... .... ... .... .. .. .. .. .. ... .......................... . 
Sample: .1 .. ?.f .. 1 ....... .. . Depth: .... .. ... .... ..... ... .. .. ...... .. .. . ..... Pro1ect: .. . D.~~.S()f"! . ..CHY .. .DY~~ ........................ .. .. .. 

Locntion: JP #2 \.Jhite Channel ........ ..... .. .. Made by: l.K. ... .... ..... . Job. No .... .. a0.51 .. .. . .:r.~.C. :~:~.c?.h .. : .~~ : ~.~.r::~:~i·~.q:0 : ::.P.'~.t.:::: : : .......... .. .. .. ... ck·d by: .. / -.. ' .. : .. <;~ ...... oaie: ... .. .. 1987. 02. 02 

Sieve Size o1 Opening Weight Total Wt. Percent ~·o Finer Tt1an 

No. __ ___ __ M~- - _______ ______________ --~etaine~~~~--- ___:~'.~~~ -~~~~ -~~1: __ ---~~~~~---- Basis Orig .Sample 

100.0 
.. - -- - - --- -----·- - -- ·- --- - ---- ---- ·---·-----·--- - - ---- --- - - ------ ------- -- ------------ ----------

40000 40.0 95. 2 
--- - - ------------- --- ------- -- ---------- ------- ------------ -------- ---- ----- ---- ----

25000 25.0 89. 7 
--- -· ----- - -·-- --- ---- - ---------- - - ------- - ---------.--------- - ----

20000 20.0 81. 5 ---------- -- - ---- ____ __ .,..._ _________ -------!---- ------- ------- ----- ______ ___, ______ _ 
14000 14 .0 75. 7 

------ ----------+-·------!------ -- ------ ------------ ----- - ------------- ---------- --------
12500 12.5 73. 7 

----- - - ---- - -- L--- - - ---- --- - ---- - ·- - ----·--·-------- ---------· ·----------1--------
10000 10.0 68. 6 - - -- ------ - - -- - - ·-·-------- ________ ___, ______ ___ -----------------j -------
5000 5.0 54.9 ---- - ----- ------ - .._ __________ ----------+--- ----l--------
2000 2.0 39.6 - ------- --------- ----- ---- - ------------------~---------'--------

1250 1.250 32. 0 
----- ---- - - - - - --~------~-------l--------t--------l-------

800 0.800 26. 2 
----- -- --- ---- - - --- - -------------1-------t--------

630 0.630 23. 2 
- --- - --- - --- ------------ - -----------1-------->--- --- -----4--------'------

400 0.400 17.5 
- - --- ------ -------- ------- --··- --- - -- - -··---·-----·-------·-------4--------jl------

250 0.250 11.8 
- - ·- - -- ------- ---·- ·· - -- --- ------- - -- - ·------- -------- -- ----------- ----------------

0.160 7.4 -- -·--- - ----------- _______ , _____________ , _ _______ _,_ ______ _ 160 
-~---------- -- ··----

0 .063 2. 9 
- - - ------ ------ - - - - --- -- --- ---- -------~-----·- ------- ---- -·------~----'~---

63 

Description of Sample .. ... ~ .r_a_y~ll.Y.. S_a __ ~q Method of Prepara!ion ................... Dry .. .. .. .. Washed .. .... ...... ~ ..... ... ........ . 
Remarks ... M.9,j_~~.l!_r.~ .. -~C!.r:iJ~D.t. .. ?.-. 7.~ ... ... ...... ... .... ... .. .... .. ..... .. .......................... .. 

·· ··· · • · ··· · · · · · · · ··· ·· ··· · ··· · · •· •···· · :.c:· ·•····•• ••• • · ···· · ·········· 

Time of Sieving __ Min. J? ...... .... .. .. .... .... ... . 

63 40 25 20 14 12.5 10 5000 2000 1250 800 630 400 250 160 63 
100 

I II I I r"" I I II I I I 11 I I I I I 11 I I I 
90 

""" 
- --

\ 
\ 

80 
~ 

" 70 '-~ 

c 
60 co 

..c 
t-

-- --- - -- - ------- - - --- ,_ ~ 

- - ---5.---- - --- - -- -- --- - · ~ 
~ 

© 
c 50 u: 
c 
(].) 

t'. 40 
(!) 

a.. 

------ - - - - - - -
i', 
~ 
~ 
~ 

30 

--

""" !'-.... 
~~ 

20 ' ~ 
.............. 

,........... 

10 
~ ...__ 

-----t--

I I I I I l I I I I I I II I I I I I I lltl 
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J. R. Paine & Associates Ltd. 
CONSUlllNG ANO HSllNG ENG 1N f. U<S 

SCREEN ANALYSIS 

Kl ohn-Le onoff . - - . ·- ·· · 

Sample : 1' 2 ' 3 - ... Depth : . ....... .. .... ... ... . ___ Project: _D.~1·~_s _on. __ ~ _1 _ ty_ __ Oy_k_~ .. ---- · .. .. .. .... . .. 

Lou1 11on _lP _# l___ __ . Made by: _ LK Jo t) _ No. 8_0_51___ _ _ . --· .. .. .. ... ... . 

S1evp 

No 

'10000 

25000 

20000 

14000 

12500 

J' cicks._o n __ ll __ LLJ .. B.oxro w Pit 

Size o l Ope111ng 
MM 

40 0 

2b 0 

20 0 

14.0 

. Ckt1t)y : -. '· Date 1987. 02.02 

WeiglH 
Heta11 10d qrns 

Total Wt . 
F11 1e1 Than grns 

Pei cent 
1-·iner Than 

"'·o Finer Than 

Basis Ong.Si1mple 

100.0 
82.3 
7 2. 7 

-------------------· -· ·-· - -- - -- --------- - --- ·- ----- -- - - ---
68 . 8 
64.4 

·- -----·---·--··- -·-·- ~-- - ---- --- - --- ·- ---- - --- ------·------ ----
12. 5 62.2 

. - · -·--- --- - --··· . --- - --------·-- ---· - - - - ------------ -------- -- - ---------- -- -·----- -------·--- ---------- -·-- ------ -----------
10000 100 57.7 

-- - --- -- --- -- - . ·-- - -- -·-- ·-------- -·-· ·- - - --··-· -- -·- - --- ---- ---·------ ------ -- --- -- - - -··-- ----·------- ---- -~--- ---·----- - - -- ··-- - --
5000 5 .0 45.3 

·-- - ·· ------·--------- - -- -·-------·---- ---------- ---- ------------------ --·-- - -------··- ----- - ---
2000 2 .0 32. 0 

--- ----- ·- -·- ·---- ---- --------··- -·- -----------·- - ------------ -- ----- ----- ------· ·· - ---·--- - - - --- --------- -~----------

1250 1250 25. 2 
- · - ------·-- -- - - -- · --- - --- - - -------- -- --- --· --- - ----------- -------- ----·--·---- -·-- .. ---------

800 0 .800 20 - 1 

ti30 

·WO 

0 .630 

0.400 
-- -- -- - - ---- - ---- -- ------ ------

?50 0 250 

1()0 0.160 

17. 7 
·-· - ------ --- - -- ----- ----- - ----- -----------

13. 5 
-- · ----------- ·- ------

9.5 

6.3 
---·--· -- ---- ·--·-·· -· ------ - - ·-- ----·-· -- ---- - - ---·- ---------·- -- - ----·--- - ---- ---

G3 0 .063 2.6 

Descript1on of Sample . . ?ilnd_J' _ ~ -ra _vel __ ... .. .. .... ... ... .... . x 
Method of Preparation .... ... .. Dry . . ... ... .... .. Was~1ed .. . .. ... ..... ..... .... .. 

Remarks .. TP .. n --- ~~ITIPl ~? J1.? ,}_ __ Combined __ . . ...... .. .... .. .... .. .... .. ..... . 
M() _i_ ~ ~~ r.~ -- ~ _o_n __ t~ _n _t __ _ ?illTJPl ~ __#_ l __ ... ? ._ 0_3._ .. __ .... .. . _ . .... ... . .... .. ... .... .......... .... ... .. .. . 
~()i_ ~ _t_u_r.~ .. ~o_n_ ~~n-~--- ~a1npl ~ # 2 2 . 7.%. ... ....... . 
t~() i __ ~ _t_~ r.E: ___ Co_n_~~ -n t __ - ~~1np) _ ~ # 3 2. 5% ... .. .. .... . .. 

Time of Sieving ... .... .. . .. .... . .... Min . )5 

ti3 40 25 20 14 12 5 10 5000 2000 1250 &00 630 400 250 160 63 

100 
I I I ~' I I I I I I I I II ·I I I I I 111 I I 

90 
\ 
\ 

\ 

80 
I'-. 

~ --- -

70 ""'""' ---

""' - -· . - -- - ·----·-- -

60 

50 

I :-....._" ___ _ _J ____ 
- -· I ~ t--------·+-- ~ ---- --- --- -- - -- ~ 

' I 
J- --+-

"" 40 ~ 
~ - ·- ·-

"-, 
30 

........._ 

~ ......-- - - - --

20 ---- - ----- ~ 

""" ............_ 

10 
-............ ....____ 

-------~ I I I I I I I I I T l l 11 I I I I I I ri-t-1 
100 10 Grain Size - mm 1.0 0.1 



J. R. Paine & Associates Ltd. COMPACTION TEST 

f)rojoct : ~~-~-~-- Ci ~y Dy ke Clrent -~-~~~~~~~!:_ _________________ _____ __ _ 
Sample: _TP # l .. ~-~~_J_~ -~~- Oeplh: ------ ---------·-·Made By: _~--~---- --- -·- _ Job No.: ____ 8_9~-- _______ _ 
Location : _ _J{_~_j_:!:_Q_~l'.9~<D___J_g_c_k_son_Hil.l. ··-- Ck'd By : .-1:.:: .. _~~~-~-~--: ______ 0ate: ___ J2~J_J!?_:_0_ 3 ___ _ 

Wet Unit Weigh t kg/m 3 

Ory Unit Weight kg/m 3 1995 2052 2086 2123 2125 2089 
Container No. 

Wt. Sample Wet +Tare 
f--------------1------~------+------l------ , _______ .,_ ____ ___.. ____ ___, 

Wt. Sample Dry -t Tare 
----------------l------~------11------1------+------+------I------~ 

Wt. Water 
------4------+-----~-----l----· --j-----t-------+-------i 

Tci1c Container 
------~-----------1------1-----· -----+------1-----1------+-------1 

Wt. Dry Soi l 

Mois ture Content 

I 

i 
I 

-r-
! I 

I 

2150 
-r 

'E 
Di 
::L 

I r-
~ 
w 

;soo 
t: 
z 
::::> 
>-a: 
0 

i / 

2050 ,/ 

I I t --+-~+-4·~-+-l-- ~-+~-4--l-.._. -~_./.;i· .. -l-
1 ) 

v 
/ 

v 
/ 

,/ 

/ 
/ 

/ 

19502 
4 

3.9 5 . 5 7.3 8. 1 

•• 
I/ 

/ ' / 
\, 

, 
7 

/ 
/ 

6 8 10 
Moisture Content % 

9.4 

' 

,-, - .. 

10.8 

MAXIMUN UNIT 

WEIGHT kg/m 3 

= 2132 

OPTIMUM MOIST. 

CONTENT = 8. 9 ~·~ 

METHOD OF 

COMPACTION 

STANDARD(/.. ) 

MODIFIED ( ) 

SAMPLE 

DESCRIPTION 

Sandy Gra~~l·-·----- .. 

REMARKS: 

Rock Corrected for 
+20mm material 
Free Water in Samples 

5 and 6 



J. R. Paine & Associates Ltd. 
CONSUL TING A.NO TESTING ENGINEERS 

SCREEN ANALYSIS 

Client : ..... .. K.l .~~ -n ... ~-~~~-o. f.f. ...... ... .... .. ... ..... ..... .. ..... ................ ................ . 
Sample : .......... . A. .... ... .... ..... .... ... ... .... Oepth: .. ... .. ... ... .... ..... .. .. .. .. .... .. ....... . Project : .. . O.~'N.~. ()f"l .. PY. ~~ .s .. ... ... ... .. ...... ... .................................. ............... . 
Location: .. ....... Klondi ke .. Ri.ver .. B.Q_rs .... .......... ............ ... ... .... ...... ..... Made by : .... . ~. ~ ...... ..... .... Job. No .... . ~.9.~~ .......... .................................... . 
...... .. ........ . ...... .. .... ..... .... .. ... .. .... . ..... .... .. ... ....... ... .. ...... .. ... .. .... ..... Ck'd by : ... .... LJ. .. :. .. ...... Date : .... .... 1 .~-~7.:. 9 .1 . : .? .l ..... ... .... .......... .... .. .. ... . 

. . 
I ~ 

Sieve Size of Opening Weight Total Wt. Percent °'o Finer Than 

No. MM Retained gms Finer Than gms t-=iner Than Basis Ong.Samole 
----· 

82.7 - -------- - - ----·--
40000 40 .0 72.0 

·· -
25000 25 .0 58.5 
20000 20 .0 49.9 
14000 14 .0 36.9 
12500 i2 .5 33.6 
10000 10.0 28.9 
5000 5.0 19.8 
2000 2.0 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 

Descnpt1on of Sample -- -~~~.rs.~. - ~~ .~.dY .. ~t~Y.~J... ..... .. . Method of Preparation ................... Ory ..... ..... ........ .. Washed ..... ..... ~ .... .. .......... . .. 
Remarks ....... . ) .99.% ... ~~.5 .~. 1 . ~L~.?.n:rry_ .. .... .... .. ..... ................... ............... .. ......... .. 

Time of S1ev1ng .... .... ... .. ... ... ... Min . .. .. J~ .......... .. 

63 25 20 14 12 .5 10 5000 2000 1250 800 630 400 250 160 63 
100 

I I\ I I I II I I I I II I I I I I II I I I 
\ 

90 " \ 
80 

\ 
\ 

\ 
70 

"' c 
60 r:: "" '\ \ 

s ::iO . \ 
> OM- •• ••·-- · - --- · -· -- -

u... 
c 
c:> 
~ 40 
CJ 

a.. 

\ 
\ 

\ 

' 30 ' ''-......_ 

20 ~ 

------10 

:--......, r---

---- ...__ 
I I I I I I I I I L I I 11 I I I 

_, I I I I I I 
I 

100 10 Grain Size · mm 1.0 0 .1 



J. R. Paine & Associates Ltd. 
CONSUl TING ANO TESTING E.HGINfERS 

SCREEN ANALYSIS 

Client: .. ... ~. ~ .?.~~-·-~-~Y~.~-~'.. ..... ..... .............. .......... ........ ... ... ... .. ................ . 
Sample: ... .... B .. ..... .. ......................... . Depth: ......................... .. ........... .... .. Pro1ect: ... 09:~.~.9.G .. PY.~.~ ....... .... ................ .. ....... .... ................ .. .. ............. . 

L~~ti-°-n·: .. :::··~ :1·.o:n·d· j:~~::.::: :~:~~:: .::~:~~-:::::·:::::::::: . ::::::: . ::::::: : :::::: : :: : :::::::: ~:~eb~::.::cl:: ~::·: ·:· :. ~o3~~~~ : :::::·:: ·i~~;:::9:i· :.:~:i: : ::· ::: :::: : :: : ::::::::::::: 
Weight 

~ 

Total Wt. Percent ".·o Finer Than Sieve Size of Opening 
No. MM Retained gms Finer Than gms r"iner 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 11. 1 
400 0.400 7.4 
250 0.250 5.0 
160 0.160 3.5 
63 0.063 1. 8 

Descrip11on ot Sample -·· ?~.n_d.Y. .. ~-~-~ -~-eJ .................. .. . . x 
Method of Preparation ...... ... .......... Ory ....... ... ... ...... . Washed ... .............. .. ........... . 

A emarks . _ ..... . 1.0. ~ ~ .. . P.~.: -~ -~ .~. 9 .. !. .~.f!l~ ..... .. ....... ... .. .. ....... .. ....... ..... .......................... . 

Time of S1ev1ng ....... ...... .... .. .. Min_ .. .. . ).? .... .... .... ... .. . 

63 40 25 20 14 12 .5 lO 5000 1250 BOO 630 2SO 160 63 
100 

11~ I I I I I I I I I 11 I I I I I 11 I I I 
90 

""' \ ---

80 \ 
\ 

--

70 

c 
60 ~ 

=I \ 
.............__ 

-.............." 

"" \. § 
50 ..... ""' 

· · · ~ -· ·-·-- ·· 

" ~ 
c; 
(.) 

40 (j) 
:l. 

""-
~ 

"--30 
~ 

20 
~- --..... -.....__ 

10 

-..__ 
-......... ----. '"---.. 

I I I I I I I I I I I I 11 I I I I r- I I I I I 
I I I T I 

100 tO Grain Size - mm 1.0 0.1 



---------------·--- --------- ---

J. R. Paine & Associates Ltd. 
CONSULTING ANO TESTING ENGINEERS 

Client: .... . K1.?hr~ - - -~-~-~~~.f.f. ... .................................................................. . 
Sample: ..... c .... .. .. .. ..... .... ...... .. ....... Deplh : ........ ... ... ... ... ... ..... .. ... .. ...... ... Pioject: .. ~.~-~~~-~-- -~}~-~ ... ..... ...... .. ........... .... ..... ...................................... . 

Location : ... _ Kl . ()~~-; .k.e .. . ~~. ~~ -~ - ~.a.~.s ..... ....... ......... .... .. ... ...... ........... .. ..... Made by: ... ... . ~.~-- · · ··· ·· ·· ··· Job. No ..... ... ~P~ ~ .. .. ... ....... ..... .. ...................... . 
... .... ..... . ... .. ........ . .. ........ ..... ....... .......... .... .. ...... .... .... ... .. .......... .. .. ... Ck'd by : .... ~U .... .. .... Date : .. ..... .... 1 .9.~?. ... .0L.n ... ......... .......... ....... . 

·---
Sieve Srze ol Opening Weight Total Wt. Percent % Finer Than 

No. MM Retained gms Finer Than gms ~iner Than Basis Ong.Sample 
-------. ----- ------- --- --~··--

88.0 
----------- ·------·-- ------·· 

40000 40 0 79.4 
-----

25000 25 .0 60.8 
------

20000 20 .0 52. 1 
14000 14 .0 45.2 
12500 12.5 42.5 

-- ---
10000 10.0 38.7 

.. 

5000 5 .0 28.3 
2000 2 .0 20. 1 
1250 1.250 16.6 
800 0800 13.5 
630 0 .630 11. 7 
400 0.400 9.0 

. . 

250 0.250 7.3 
------ -- - --------

160 0.160 6. 1 
-- --

63 0.063 4.4 

Descnpt1on of Sample ... .. .. . ~Cl.n_~_y __ ~~-av.~~--- ·-· ···· ·- -- ·-- · · 
x 

Method of Preparation ... ... ... ... ....... Dry ... .. .. ... .. ... .... .. Washed .... ....... ... ................ . 

Remarks ....... . J9.Q~.-~-~-~~.~.n.g J~.~1!1 ......... ... ........ ............... .. .... ............. ..... ....... . 

Time ot S1ev1ng ..... ..... .. .. _. . Min ... . .J~ ....... .. . . 

63 40 25 20 14 12.5 10 5000 2000 1250 600 030 400 250 160 
100 

I 11' I I I I I I I I I II I .I I I I 11 I I I 
90 " \. 
80 \ 

\ 

70 \ 
\ 

1 60 

----
i \ 
I \ I 

~ so ..... 
I \ 

' --i 

"" 
---- ·- ·-· · ----

Q 
u 40 0 

Cl. "'"" ....... ........... 
30 

~ 
..................... 

20 ~ 
~~ 

10 ---..........__ 
---

I I l I I II l J r T 11 I I I I · 1 111 rl 
100 10 Grain Size - mm 1.0 0.1 



\(: ~ ..... ... -- ~ GEOTECHNICAL \ . HIGHWAYS & 

- -~- ... -~n SERVICES TRANSPORTATION 

CONT.RACT NO . _tAOJECRLOCATION or:R/ NO. I SAMPLED FROM DATE 
( ) .J~ / \\Jerl tr, W&. · -re:::; rL'" 1 \ ·':; l-/ ,. / c-.1-· 

CONTRACTOR 

,_ h ff,[/_6 
I AGGREGATE TYPE lTIME LAB NO. 
/ OCPlo Gravel Surface Base Course 

i f f 4(4(: ~)q;:.l. 82-5% WT. WET AGGREGATE + TARE I \:..r;T-

SIEVE WT . AET AINEO 1t tte· 1 j ~-j i;s. % PASSING WT. DRY AGGRtGATE + TARE 
- . 80.0 mm 7.. •J .~ { Jf/4q I b CJ. tJcpo TARE WT. 

-
-

-

-

·./ 

50.0 mm WT. DRY AGGREGATE -----
25 .0 mm WT. MOISTURE 
20.0 mm '9 -~ f y 1//0{,, 4/.9 7v % MOISTURE I =i 
12.5 mm :2 ~ ')_/ FJPF!9 33 ~ 
10.0 rnm WT. FRACTURED PARTICLES 
5.0 mm -~~ I 7. ~- '!)704- ;2, /. ~ V\fT . RETAINED ON 5000 
2.5 mm I?· 1 5 4 .1 l\9 lh·~- % FRACTURED FACES L J 
1.25 mm '//IC 34. I q 123__ LIQUID LIMIT 

.630 mm 3.::$=1 PLASTIC LIMIT 

.315 mm /? / .':: /r;o+ .~·7 PLASTICITY INDEX ! I 

.160mm 

.oao mm Cf '1 ( ,'J:l B ;1.. 0 REMARKS 
c.· . ,. ) -~ /'-, f-l l L l-=: F t·c 1-l l../riL--/1 T 

fAr. .. ::.-·J..f.-' 
__1E.s_r [rt,, c (' /-1 fi' ,c. !(:I Ur/~ 

Q 12.AVt::L 

SIEVE SIZE - mm 

~ ~ 
\{') 

ra 5S ~ 0 0 0 0 .- \{') 
~ ct) ~ in ~ 0 N ~ I.{) g g 

00 0 0 0 .-- N I.{) ~ ..- N 
100 

.J ·- ,/ v 
7 -, 

I ' -
J I 10 I I 90 

I I 
I 7 

/ I 

20 I I 80 
7 1 

7 -, 
T 7 

1 I 
30 . I II --- · 7 I / /U 

/ I / 

-/- / 

' [/ 
-

40 ~ I / 60 I / 
v / 

/ I / 

/ 
a 50 / w 

/ 2: 

< / 

~ / 
I/ a: 

60 .,,; . 
()'!. ./ 

/ 
./ 

v 
70 / 

/ 
./ 

/ 
./ ~ 

80 ./ / 
../ -·~ ./ ---_,..v 

/ ----./ ~,.. 

90 / 

---------I/ - -~ .. 
~----L--""---

~· 

1()()_. ------------~---
YG j2605) NC4 

./ 
/ 

[/ 

.... -~-

- · 

1 
I , 

I 
[/ 

.,,; 

/ 
/ 

/ 

. _,/ 
_ _. It 

--~-

1st COPY 
l?nd COPY 

I / 
I / 50 j II (! 

z 
J / 

~ / .... < 
CL 

/ 40 / ~ 
7 

I 
-~ 

/ 
/ 

30 
/ 

/ 

20 

- 1.... 

10 
"" 

0 
WHl fEHORSE OFFICE 3rd COPY LAB 
Ai.::SlflFNT '4th COPY C".O;HRAClOR 

I 

I 
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I (_ GEOTECHNICAL / 
HiGHWAYS & \(gm---- '· 

~Uta ti SERVICES TRANSPORTATION 

CONT.flACT NO . I PROJECT LOCATION OR PIT NO . I SAMPLED FROM a;,~~/ y / fil R. \Ver<, 6-RlW8-. /c--.tT#2 
CONTRACTOR 

SIEVE WT. RETAINED 

80 .0 mm i2/4 
~· 

50.0 mm /3 3 _£.-_· -
25 .0 mm 

20 .0 mm :J).'3( 
12.5 mm / (• q <j 
10.0 mm 

5.0 mm / .-:; '.:2 3 
2.5 mm f -·,1...~ · ~· 

'-' ( 1 ( : 

1 .25 mm 4:1 
; I C 

.630 mm 

.315 mm / c 4 '/ 
.160 mm ~-6"' =i'".}· 

.080 mm . (ci;? ~--+ t) · 

,::Z<-/ c 

§ g 
..-

0 ci 0 

10 

20 

30 

40 

0 50 UJ 
z 
< 
t:i 
a: 

60 
~ 

70 

80 
./ , _, 

./ 

90 / 
./ 

----
100 -------YG !2605] NG4 

I AGGREGATE TYPE I TIME LAB NO. 

. Gravel Surface Base Course 

IO~BS2 _ /0().() WT. WET AGGREGATE + TARE 
~ :8E~l l!~EO % PASSING WT. DAY AGGREGATE + TARE ,J 

'f.538 BT '1 3 TARE WT. 

__iU_oo 7_c;.b :2 1' WT. DRY AGGREGATE ,, 
WT. MOISTURE I 

" s J_ bl 4R·b :;:I % MOISTURE I J 
4 :z.:z 0 :38.9 A'' 

'.:)_ I • J\ 0 
{ .. q I (- ~~/f. WT. FRACTURED PARTICLES 

// 

:2797 ,7_,5',fj (,,;Z 'Jf' WT. RETAINED ON 5000 ----
:22 09 :') Q. 4-

/f }! I I tX I ~ _1 C % FRACTURED FACES 

l':/'11 J(;;,S- LIQUID LIMIT 

PLASTIC LIMIT 

? 42- ~.R PLASTICITY INDEX I I 

.2.Ao 1·'2 REMARKS _,S ~ t~/ I) L. L~ F ~C,t,. ; k Ht;.a_T 

ff;;_~-; (r · CL_{_Olil(_\ ~ 1;· 1~c1Z 

L;;;.l?AVE L 

SIEVE SIZE - mm 

ll') 

~ ~ ..- 0 ll') 0 ~ 0 0 
M ~ 

II') ~ 0 ~ I;() g N 2 0 0 ...... N U1 ...... ...-- N 
100 

J 
/ , 

v ' ) I 90 / I 
/ I 

/ I 7 , I / , I I 80 
/ I 7 

/ I I 
1 I ,h 

/ I 7 
j I / 70 / I I 

/ I / 
/ I 

/ ' I 
/ I / 60 / / I 

ii 'J' I/ 

7 / J 
/ I I 

/ , I 50 c:> / / ~ 
/ / / 

z 
v; 

/ I / (/') 

[/ / / c( 

~ , I 
0.. 

/ I .,.. ~ 40 ~ 
/ / v 

./ ~ . / 
./ / / 

/ , / 30 / ./ / 
-

/ , 
/ [/ ~· ... 

/ _, ./ 

./ p, 
20 ,,/ __.-,, 

-' ~ ./ 
./"' / 

~ ./ 
~ __ _,,.,.-

10 ~ ~ 

__.....~ __... ---__....-

1st COPY 
2nd COPY 

0 
WHITEHORSE OFFICE 3rd COPY LAB 
R'ESJ DENT 4th COPY CONTRACT QA 



' ( 
CONT.RACT NO. 

ONTRACTOR 

L 

SIEVE WT. RETAINED 

80.0 mm 

50.0 mm 

25.0 mm 

20.0 mm 

12.5 mm 11;) 
10.0mm 

5.0 mm /0/)0 
2.5 mm /t907 
1.25 mm 1.~1s·· 

.630 mm 

.315 mm ;.:SC/o 

.160mm 

.080 mm l/fi;:} 

§ 
0 ci 

10 

20 

30 

40 

0 
UJ 50 
z 
~ 
tu 
IC 

60 
~ 

70 

GEOTECHNICAL 
SERVICES 

PROJECT LOCATION OR PIT NO. 

HIGHWAYS & 
TRANSPORTATION 

DATE 

;:?!(Jc/::: /; ?r1(J Ls o + 7:5 o 
SAMPLED FROM 

;(~ (Jt;:12 ~AK.. - !'-} 

% RETAINED 

L//. 3 

;;,,.,;;. . I 
7C'>.( 

/b-3 

c;;;;.. 3 

1f5.;). 

/ 
/ 

. ./' 

"' / 
/ 

AGGREGATE TYPE TIME .LAB NO. 

Pit Run Base Course /(0-0 

% PASSING 

::-8. 7 

37 . 9 
.:i.q. q 
;2 3. 7 

7-7 

/. 8 

; 
7 

,,. 
/ 

/ .,,, 
/ 

. / 

,/ 

/ 
./ 

. . 

WT. WET AGGREGATE +TARE 

WT. DRY AGGREGATE + TARE 
TARE Wf. 

WT. DRY AGGREGATE 
WT. MOISTURE 
% MOISTURE 

WT. FRACTURED PARTICLES 

WT. RETAINED ON 5000 

% FRACTURED FACES 

LIQUID LIMIT 

PLASTIC LIMIT 

PLASTICITY IN DEX 

SIEVE SIZE • mm 

/ 
./ 

/ , 
/ 

/ 
7 

i./ 
7 . 

j 

0 l() 

ON 

/ 
,J_ 

/ ,, 
/ 

/ 

,. 
. 

I/ . 
/ 

/ 
/ 

/ 
J 

, 
! / 

. / . ... 
f , / . 

/ _/ 
.__L_ ... 

_,, . . , .. 
,,. ~ / , 

/ -· ; / ,,,. 
/ 
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/ 
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0 

g 

/'2 ;:( 3 
$0 

0 

g 100 
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I 

80 
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I 70 I 
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50 

40 
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~ 

/ ./ ~ / 
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.. , / 7 20 
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90 / ~ 
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100; 1 .. -
~ .-- 7~ ~ . 0 

YG(2606JNC4 1st COP'I WHITl#QR~ E OF\ICE 3rd COPY LAB 
·2M COPY R5t1olrt·~'t it1ti OOPY QQNTMQTOA 

I 
I 
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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. A 

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 protect ion. 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 Kl ohn 

Leonoff Ltd. to carry out consulting services required in connection 

with the Dawson City Dyke Improvement Project. Klohn Leonoff has 

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, Un i versity 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 Ji.ppendix 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 REMEDIAL MEASURES 

In order to improve the protection of the City to the general level pro

vided by the dyke along most of its length before 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 
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remedial works. The design work 

report was submitted on March 7, 

drawings and brief specifications. 

Apri 1 17, 1986 

was carried out in February, and a 

1986, together with the construction 

The temporary work was to consist of additional fill placed to the re

quired elevation and grade (EL 320.0 at Station 1+750; 0.04% gradient) 

either over the present roadway between Station 1+920 and Station 2+350, 

or on the riverside road shoulder, parking area or behind the buildings 

as appropriate between Station 1 +520 and Station 1 +920. Subsequently, 

it was decided to extend the roadway fill beyond Station 1+920 to 

approximately the York Street intersection at Station 1 +81 0. Between 

York Street and the Bank of Commerce (Station 1+810 to Station 1+520) 

the temporary dyke wi 11 be located at the riverside shoulder of the 

road and will consist of a berm constructed with a 1 m wide crest to 

permit adequate 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 diffi

cult to control, it is assumed that all of it will be removed before 

the placing of the permanent dyke 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 DC'l'S were also 

utilized as explained under Section 2.2(a). 

KLOHN LEONOFF 



2. 

2 .1 

2.2 

PB 3601 0101 - 3 - April 17, 1986 

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: 

hydro logic, 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 were 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 F.drnonton 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, 
City, complete 

m contours 
with spot 

intersections. 

KLOHN LEONOFF 
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Unfortunately, problems were encountered with the results of Northwest 

Survey's photograrnmetry work and a considerable amount of ground survey

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

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 
previous studies. A O. 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. 

b) Hydrology 

A review of all hydrological reports made available to t."rie Consul

tant by the YTG was carried out as required during the study. 

Based on t."'1.is review, design criteria and p:irameters were accepted 

or formulated as described in Section 2. 3. 

{c) 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 

KLOHN LEONOFF 
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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 pc.l.rt of the work. 

Generally, Dawson City occupies a floodplain of the Yukon River and 

is underlain at depth by coarse gravel similar to that pre sen tl y 

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 are in ~rmafrost. 

The existing data does not extend to the riverside of the dyke, 

but it is believed that the softer silt and ~at 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 V-ini te 

Channel gravels. However, drill holes by others ( l) near t.11e s. s. 

Keno indicate that fill could consist of a wide variety of mate

rials including a mixture of silt, wood chips, peat, and gravels, 

usually in a loose condition. 

The present dyke has a pc.l.ved 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 

KLDHN LEDNOFF 
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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 soi ls have at best just begun 

to thaw at the surface. 

Borrow sources for earthworks at Dawson City have been investigated 

by others, usually for speci fie purposes 

building foundation support. For this 

such as 

project, 

pipe bedding or 

the two borrow 

sources that would provide sufficient quantities of suitable mate

rial are the Moosehide Slide and the White 01annel 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 

believed to be composed mostly of Serpentinite, which has been re

[X)rted ( 2) to be a friable rock. Grain size analyses by others (3) 

on Moosehide Slide material samples indicate that the soil 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 Valley. 

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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of the accessible sand and gravel deposits have 

least once by dredges or other means for placer 

characteristics of the material could vary from 

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 11 air dry" moisture 

content. However, at the time of sampling, on April 4, 1986, t.l-ie 

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 J?=rformed, and the 

results indicate somewhat different mineral composition in the two 

areas. The Callison material is predominantly quartz (60%) with 

quartz 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. Ho~ver, 

the quantities borrowed at any one time were probably small, and 

may have been obtained from a stock pi le of oversizes that was 

developed over the years. For this project, use of the Moose hide 
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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 wi. th varying amounts of schist. Develop

ment of a quarry for riprap would be governed more by ease of 

access than by rock type • One J?Otential quarry area is on the 

Dome Road at the 11 Cemetery Pi t 11 where previous borrowing removed 

the overburden and ex~sed bedrock. It is understood that the 

Yukon Department of Highways plans to upgrade the Dome Road in the 

near future, and t..'1a t rock excavations may be required. If excess 

rock could be stockpiled, this could be another source for some of 

the riprap. 

(d) Existing Facilities 

A review of all drawings 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 nun diameter 

wood stave pipes to 600 mm dia-meter corrugated steel pipes. In 

discussions with t.'1-ie Y'I'G and City officials a total of 14 of these 

drains were identified as being required for the existing drainage 

system. The locations of these 1 4 drains are shown on Drawing 

No. X-1001, together with elevations of their outlets (where 

known). 

(e) 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 m, 320. 0 m (the level of protection which would be 

provided by a temporarily rehabi li ta ted dyke) and 319. O m (the 
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protection currently provided by the existing dyke). Damage 

ix>tential 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 ro. For each structure the type of cons true tion, 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. 

DESIGN CRITERIA AND PARAMETERS 

(A) Flood Elevations 

at 

Based on previous investigations, flooding at Dav..'Son City has been 

dominated at higher stages by ice related events. Ice-jams occur 

upstream and dovmstream 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 

Di rec tor ate in conj unction with Dr. Gerard from the University of 

Alberta and are as follows: 

Preliminary Return Period (years) 
Flood Elevation ( m) Ice-Jam Open Water 

King Street (Station 1+750) Related Flood Flood 

322.5 200 » 1000 

321 • 7 100 >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(S). Preliminary infor

mation on the results of Dr. Gerard 1 s 1 986 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 tJ1i s study that no design modi fie a tions 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 high 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 uni form flow conditions. This 

approach is 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 O. 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 is 

available, accumulation of ice upstream of an ice-jam can reach 
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an equilibrium profile, which is parallel to the uniform flow 

gradient. If an upstream ice-jam breaks up, the ~aks of the 

resulting dynamic surges passing the City can, depending on the 

degree of attenuation, reach the same uniform flow gradient 

elevations. 

( C} Freeboard 

Considering the conservative assumptions v.hich had to be made for 

the water levels and river gradients related to ice-jam f loads, no 

additional freeboard appeared j us ti fied 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 a long 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 t.'1e 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. 

(D) Dyke Geotechnical Design 

Design parameters considered for this project were strength 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 wi 11 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 wi 11 be in the order of 2 x 1 o-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 rn waves will also be adequate for the estimated currents. 

For portions of the dyke constructed on the riverside of the exist

ing fill, 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-

re sen ts 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. Neither 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. 

the current dimensions of Front Street. 

This is consistent with 

CONCEPTUAL DESIGN OPTIONS 

Providing flood protection for an ice-jam related flood with a . :?:"eturn 

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. Keno. However, at the southern end of 

the project, along the Klondike River, raising the road l e vel 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 dyk e was developed 

as follows: 

up to Station 0+100: 

at Station 0+150: 

Taper existing highway up to new dyke level. 

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 potential d yking method other than 

earthfill that appeared feasible was an earth filled crib wall with suit-

able facing. The relatively high cost of cribwalls became apparent and 

several sub-al terna ti ves were studied: limiting the crib wall 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 cribwa.11 would cost 

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

The options investigated were presented durinq 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 earthfi 11 base for 
approximately 1300 m of the dyke; remainder of dyke 
to be constructed by raising roadway. 

(c) Full height treated timber cribwa.11 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 crib wall. 

Appendix II contains illustrations of the concepts presented above, and 

con ta ins a corn para ti ve es ti mate of cos ts. 
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PHASE II - PRELIMINARY DESIGN OF RECOMMENDED SCHEME 

REX:OMMENDED SCHEME 

The results of the conceptual design J_:hase clearly indicated that an 

earthfill dyke for the entire project length was the most economical 

al terna ti ve. The cribwall al terna ti ves have no cost advantage, and 

probably have greater negative visual impact than the earthfill. In 

addition, the high cribwa 11 al terna ti ves behind the s. S. Keno do not 

appear to significantly reduce encroachment onto the ri vershore, and 

actually hinder waterfront access and appearance. Therefore, as dis-

cussed with the Steering Committee on February 1 4, 1986, the recommend-

ed scheme is an earthfill structure. The earthfill would include a 

roadway on its crest at the north and south extrerni ties, and would be 

placed on the riverside of the existing fill elsewhere. 

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 fallowing 

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 

Dyke 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 

- 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. In addition, a growth 

of shrub has developed over much of the site. The ref ore, 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 is 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. 

KLOHN LEONOFF 



3.2.3 

PB 3601 0101 - 17 - April 17, 1986 

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 I;XJrtion of the dyke would be constructed of pit run materials, 

consisting of well graded, strong, durable particles. Of 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 quantities 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 bas-e course 
and paving aggregate. 

The Moosehide Slide material by comparison is unproven in its consis-

tency. If the present excavation bench is extended to obtain the 

required quantities 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 finer-grained 

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. 
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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 h"hi te 

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 

need for slope protection on the landside of the 

main dyke fill, the 

dyke is more for 

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 topsoi 1 

or other organic material cover. A source for these materials has not 

been identified. 

The sections of the dyke which include a full roadway section on the 

crest would also be constructed of pit run material for the main zone. 

A 300 nun 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 Hhi te Channel gravel. 

Existing Drains and River Access 

P~ 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. Kenoi 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. 

Seepage 

The ice-jam related river levels are known to reach their peak and 

recede to their normal level in a re la ti vely short ti me. Records and 

o!:>servations 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 f load levels are coincident with or lower than the 

existing dyke crest level for the same probabilities of recurrence. 

Therefore, no additional seepage wi11 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 

KLOHN LEONDFF 



3.3 

PB 3601 0101 - 20 - A pr i 1 1 7 , 1 9 8 6 

foundation materials. In that area, foundation seepage could be in the 

order of 1500 l/min, and which would probably emerge in a reasonably 

broad zone on the land side of the dyke. This magnitude of seepage does 

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 es ti mated that the 

construction period for the SO-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 r6quires all in-stream construc

tion work to be carried out before mid-June, with an additional period 

available on the Klondike River after the river level has dropped in 

September and/or Octobere 

Assuming that the construction starts in late March, it would appear 

that the dyke can be built to El. 3 21 • O with out conflicting with the 

Fisheries and Oceans' requirements. Depending on the weather and tJ1e 

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 i terns of work may be 

delayed until after the tourist season (September or October). 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 es ti mated to be re qui red 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 cos ts of 

dyke construction are summarized on Table 1. The earth fill 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 required. No 

allowance has been made for royalties. 

A contingency of 15% has been added to cover any unusual conditions, or 

slight design modi fie a tions • The main areas v*lere modi fie a tions could 

be required are at the ferry haulout, and street intersections. 
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B. 

TABLE 1 

COST SUMMARY 

-- -
Item . 50-year(1) 

Capital Costs 

Mobilization 380 I 000 
Foundation Preparation 30,000 
Pit Run Fill 972 I 000 
Riprap 264,000 
Land side Slope Protection 60,000 
Base Course 50,000 
Paving 58,000 
Extend Existing Pipes 70,000 
Winter Ferry Hau lout 10,000 
Highway Guard Rails 13,000 

Sub Totals 1 I 907 I 000 
Contingency ( 15 % ) 287,000 
Design and Supervision 246,000 

Totals I 2 I 440 I 000 

. .. . 

Operation and Maintenance Costs 

Year 1 - Dyke Construction 0 
Year 2 34,000 
Year 3 34,000 
Year 4 Onwards 26 '000 

April 17, 1986 

Incremental Costs 

100-year 200-year 

110,000 140,000 
- -

76,000 61 ,000 
36,000 33,000 
30,000 25 / 000 
55,000 83,000 
76,000 110,000 

- -
15,000 15,000 
18,000 20,000 

418,000 487,000 
62,000 73,000 
60,000 60,000 

540,000 620,000 

0 0 
5,000 4,000 
5,000 4,000 
1,000 1, 000 

NOTES: ( 1) Costs include extra width to permit future extension to 
100-year protection. 
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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 Ap]J2ndix 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 comple.te, v.'ith one notable exception. The historic 

buildings in Dawson City are repositories for important arti facts and 

archival material. Neither the value of such objects, nor t.'1e extent 

to which they would be damaged by floods could be satisfactorily estab-

lished within the scope of t h e present study. 

omission with respect to these resources in 

direct damages. 

There is, therefore, an 

the estimate of primary 

Primary indirect dama g es represent permanent income losses to 

located in the floodplain, as a result of flooding. These are 

mated for business income losses in the tourist sector of the 

City economy. 

firms 

esti

Dawson 

Intangible damages are flood effects which cannot be measured in mone

tary terms. They include possible loss of life, 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 little warning, as is the case at Dawson City, the threat to 

human life - which remains as an intangible - may rneri t particular 

emphasis. 

DAMAGE ESTIMATES 

Flood damages have been estimated in terms of the damages that would 

occur as a result of floods at speci fie 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 comp:i.red 

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 321.0 m .. 

SO-year return period; elevation 321. 7 m, 100-year return :period; 

elevation 322.5 m, 2QQ;...year return period. 

The results are summarized in Table 2. 

TABLE 2 

PRIMARY DAMAGE ESTIMATES FOR SPECIFIC FLOOD ELEVATIONS 

Primary Damages 'Ibtal 
Elevation Di.rect Indi.rect Primary Damages 

·-
319.0 m $ 542,000 $ 0 $ 542,000 

320.0 m _4 t 165 f 000 240,000 4,405,000 

321.0 m 9 f 055 I 000 640,000 9,695,000 

321 • 7 m 12,479,000 920,000 13,399I000 

322.5 m 21,005,000 1,995,000 23,000,000 

--
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Average Annual Damages 

Estimating damages for the speci fie :Hoods prov ides a basis for comput

ing the average annual value of damages, as set out in Section 4 of 

Appendix III. 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 I 
Flood Elevations (Primary, Direct and Indirect) 

319.0 m to 320.0 m $ 124, 000 
320.0 m to 321 .o m 21 1 I 500 
321 • 0 m to 321 • 7 m 11 5, 500 
321 • 7 m to 322.5 m 91 , 000 

Present Value Equivalents 

Three factors are provided for in converting the estimated annual values 

to present value equivalents 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 cal cu la tions. 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 value of Damages 

319.0 m to 320.0 m $ 1 I 545 t 000 

320.0 m to 321 .o m 2,635,000 

3 21 • 0 m to 321.7 m 1 I 4 39 / 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% 1 2% 

319.0 m to 320.0 m 2,700 1I990 1, 550 1 I 250 

320.0 m to 321 .O m 4,600 3,390 2,640 2 I 140 

321.0 m to 321 • 7 m 2,520 1, 850 1 I 440 1 I 170 

321 • 7 m to 322.5 m 1 ,980 1I460 1 , 130 920 

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

damages, and the project life, can be determined from Tables II I-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 the 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 a re felt to be acceptable for the present study, this 

sensitivity should not be overlooked in assessing overall project 

feasibility. 

BENEFIT/COST ANALYSIS 

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

Table 6: 

'l'ABLE 6 

COMP ARI SON OF PRELIMIN.L.RY 
BENEFITS AND COSTS 

Elevation of Dyke Crest (m) 320.0 321 .o 

Estimated degree of protection 
against ice-related flooding 
(preliminary) 20-year SO-year 

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

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

Benefit/Cost Ratios 
(preliminary) 7.7 1 .os 

32 1 • 7 322 .s 

100-year 200-year 

560 640 

1 '440 1 '130 

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. 

KLOHN LEONOFF 



6. 

PB 3601 0101 - 28 - Apri 1 17, 1986 

As would be expected, the benefit/cost ratios generally reduce with 

increased protection. The variation at El. 321 .O 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 

cost ratios for the 50-year ice-related 

(El. 321.0), 100-year protection (El. 321.7), 

study, the benefit/ 

flood protection 

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 t~e 

existing dyke/Front Street, except at the south and north extrem

ities where it should be 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 rillnps 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) 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. 

f) 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. 

g) 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. 

h) 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. 

i) Two vehicular and two pedestrian access ramps to the river were 

identified and should be incorporated in final design. A govern

ment ferry winter hau l out should be incorporated during final 

design in either of the two veh i cular ramps. 
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