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1.0 EXECUTIVE SUMMARY 

Suitability maps at a scale of 1:20,000 for terrain in the 
immediate vicinities of Haine~ Junction, Destructiou Bay, Burwash 
Landing and Champagne for road construction, building construction 
and installation of underground utilities, sewage lagoons and 
sanitary landfills, septic systems, and construction materials 
including granular materials are presented herein. In addition, 
unique Quaternary geologic features, potential for lake-side 
recreational development, and the ground water potential includ­
ing quality, quantity, recharge and direction of ground water 
flow are briefly evaluated. 

Five classifications are established to evaluate the suita­
bility of terrain for a variety of purposes. These classifica­
tions are a comment upon the relative amount of terrain modifica­
tion required to adapt terrain to a specific use or facility, upon 
the relative amount of effort required to maintain a use or 
facility, upon the amount of effort required to prevent physical 
disturbance and deterioration of the immediate environs from a 
specific use or facility, and ~pon the amount of preliminary 
investigations that might be required before a facility or use 
should be considered or completed. Terrain factors were established 
that allow any undisturbed terrain type's suitability to be classi­
fied in a northern environment frequently characterized by perma­
frost and periglacial processes. These factors included slope; 
drainage; flood hazard; permafrost and ice contents; hazards due 
to mass wastage, fault activity, glacier advance, etc.; bedrock 
depth; material composition and stoniness. 

The suitability maps are to be used only as a guide to 
planning and development in that they outline the major problems 
and degrees of problems for specific utilization within an area. 
Site assessment may determine that a site may be more or less 
suitable for a specific purpose than is defined on the suitability 
maps for a complete area because of variability of the properties 
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of terrain types, and limitations of accuracy of the terrain typ­
ing. terrain type characterization and suitability evaluation. 
Accuracy of the suitability maps is limited by the accuracy of 
the base data or terrain typing and the accuracy .of characterizing 
terrain factors within terrain types. 

The suitability for the purposes listed above and the ground 
water potential is controlled by the terrain types and surficial 
materials present at each community. Haines Junction lies in an 
area of discontinuous permafrost,and compact dense till overlain 
by a blanket of lacustrine silt and clay of variable thickness; 
areas of gravelly and sandy outwash are present to the north and 
alluvium. is present along the Dezadeash River to the south. 

Destruction Bay and Burwash Landing are in areas where 
streams originating in the Kluane Ranges have deposited alluvium 
in the form of alluvial-fans. The alluvium, which is primarily 
gravel ·at Burwash Landing and wh·~·h is a mixture of clayey silt, 
sand, and gravel at Destruction Bay. overlies and abuts against 
till and out:wash. Permafrost is present at both communities with 
taliks under water bodies and within certain alluv~al landforms. 

Champagne lies in a large glacial lake basin filled with 
varved clays and silts and bedded silty sands. This sequence is 
interupted by a ridge o~ gravel and sand and the Dezadeash River 
alluvium and pond deposits at Champagne. Sand dunes are also a 
common phenomena at Champagne. 
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2.0 OBJECTIVES 

The objectives of this study are to prepare suitability maps 
at a scale of 1:20,000 of terrain in the i.Imnediate vicinities of 
Haines Junction, Destruction Bay, Burwash Landing and Champagne 
for road construction, building construction and installation of 
underground utilities, sewage lagoons and sanitary landfills, 
septic systems, and construction materials including granular 
materials; to indicate areas of unique Quaternary geologic features; 
and to indicate the ground water potential including quality, 
quantity, recharge and discharge areas, and direction of ground 
water flow within the communities. 

The suitability maps are to be based on evaluations and inter­
pretations of investigations of the surficial geology and land­
forms; discussions of ground water potential are to be based on an 
assessment of available and collected data. 

The suitability maps and the hydrogeologic assessment are to 
be such that they can be used for urban and rural planning and 
development. This includes planning for provision of infra­
structures for services and recreational facilities. 

3.0 METHODOLOGY 

3.1 Field Investigations 

During the sUI!Uller of 1979, field investigations were 
undertaken in the vicinities of the settlements to upgrade the 
knowledge of the surficial geology in their vicinity. The various 
properties of the terrain types present, i.e. slope, topography, 
bedrock depths, material grain-size distribution, compaction and 
permeability, per.cafrost and ground ice distribution, active layer 
thicknesses, water tables and drainage, peat thicknesses, presence 
of hazards, processes and features such as flooding, recent fault 
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scarps, and liquefaction were noted where possible. Special 
emphasis was placed on identifying potential sources of granular 
materials. including an estimate of the quantity and quality of 
the sand and gravel in these sources. Samples of a number of 
typical materials and potential aggregates were collected for 
grain size analysis in order to assess their potential for a number 
of purposes. 

At each community. interviews were carried out with a 
number of residents to help determine the number, depth. yield and 
water quality of abandoned and existing water wells. Eighteen 
ground water samples and six surface water samples were collected 
for chemical analysis (bicarbonate, sulphate and chloride anions; 
calcium, magnesium, sodium and potassium cations; nutrient and 
trace element concentrations). 

3.2 Office Studies 

Office studies involved the preparation of maps of the 
surficial geology of communities, and the preparation of suita­
bility maps for road construction, building construction. sewage 
lagoons and sanitary landfills, and septic systems. This involved 
establishing five classifications for terrain suitability, defin­
ing the different states of seven critical terrain factors that 
affect the suitability of terrain for a specific purpose. and 
evaluating the suitability of terrain types for a purpose based 
on the defined guidelines. 

All available data concerning the hydrology and granular 
materials for each community were collected and collated from 
government files, and together with data collected during this 
investigation were analyzed. Maps and a section of this report 
were then prepared to define and discuss the hydrology and ground 
water potential. and quantity and quality of granular materials 
for each community. Unique Quaternary features were identified 
and located at each community. 
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3.3 Suitability Maps 

3.3.1 Classification 

s 

TR1\NS?ORTAT!Ol\1 
Er,1G,11.J··---.-,,· '/"' S,:, ~ d\ t.b di':,,:,, -,:.., 

Five classifications have been established to 
evaluate the suitability of terrain types or areas for a variety 
of purposes. The classifications are GOOD. FAIRLY GOOD. FAIR 
(MARGINAL), POOR and UNSUITABLE (VERY POOR). These classifica­
tions are a comment upon the relative amount of terrain modifica­
tion required to adapt terrain to a specific use or facility, 
upon the relative amount of effort required to maintain a use or 
facility, upon the amount of effort required to prevent physical 
disturbance and deterioration of the immediate environs from a 
specific use or facility, and upon the amount of preliminary 
investigations that might be required before a facility or use 
should be considered or completed. In essence, the costs required 
to successfully adapt an area to a specific purpose are relatively 
low for an area classified as GOOD. and progressively increases 
to a maximum cost for an area classified as UNSUITABLE (VERY POOR). 

It should be noted that terrain factors such as 
material composition and characteristics, slopes, drainage, perma­
frost and ground ice .distribution have some degree of variability 
in any terrain type. A suitability classification for a terrain 
type has to take into consideration and integrate the variability 
of the terrain factors. For example, an area classified as FAIR 
(MARGINAL) may have a terrain factor that makes the terrain type 
universally marginal for a specific purpose. or it may be that 
some of the terrain type could be classified as relatively GOOD 
for that purpose, but significant parts could only be classified 
as FAIR (MARGINAL) or POOR for that purpose. 

A classification of GOOD indicates relative ease 
in adapting an area or terrain type to a specific use or in con­
struction and maintenance of a specific facility. For example, 
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road construction and maintenance on a gently-sloping well­
drained unfrozen gravel outwash surface would require minimal 
costs and efforts relative to road construction on other terrain 
tvpes. 

A classification of FAIRLY GOOD indicates a ninor 
problem or limitation that will slightly increase the effort 
and cost in adapting an area or terrain type to a specific use 
or facility. For example road construction and maintenance on 
a gently-sloping well-drained unfrozen bouldery gravel would 
require slightly more effort and cost, however minor, than on a 
gravel ~ithout boulders because of the necessity of removing the 
boulders . 

A classification of FAIR (MARGINAL) indicates limitations 
are present within an area or terrain type that will require 
sienificant effort and cost in adapting the area or terrain type 
to a specific use or facility. For example, some prelim~~ary 
investigations and special design, and extra efforts and costs will 
be required for road construction in an area of till underlain by 
permafrost with possible scattered areas having up to 0.5 m of 
high ice content. 

A classification of POOR indicates limitations are 
present within an area or terrain type that will require much 
effort and cost in adapting the area or terrain type to the specific 
use or facility. For example, road construction in an area of 
flat till overlain by a blanket of peat will probably involve the 
expense -of removing the peat from below the roadbed or some other 
mitigative measures. 

A classification of UNSUITABLE (VERY POOR) indicates 
very severe limitations are present within an area or terrain 
type that are insurmountable or will require extraordinary effort 
and expense to adapt the area or terrain type to a specific use 
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or facility. For examplet road construction in an area where a 
thin veneer of peat overlies more than 5 m of clay having very 
high ice contents would require special design and expensive 
construction techniques to prevent deterioration of the permafrost 
from beneath the road bed and associated ditches. Continuous 
monitoring and maintenance would be required to prevent deteriora­
tion of the road and its surrounding environment. 

In general. areas having a suitability classifica­
tion of POOR or UNSUITABLE (VERY POOR) for a specific purpose should 
be avoided for that purpose where possible. Only where absolutely 
necessaryt should the expensive required mitigative measures to 
allow adaption of the area probably be considered. However, 
neither classification excludes use of the terrain. Even the 
classification of UNSUITABLE or VERY POOR is only meant to imply 
that a particular purpose is impractical in a certain area or 
extraordinary effort and cost is required if the area is to be 
used for such a purpose. 

3.3.2 Suitability Limitations - Terrain Factors 

Terrain factors were established that allow any 
undisturbed terrain type's suitability to be classified in a 
northern environment frequently characterized by permafrost and 
periglacial processes. These factors included slope; drainage; 
flood hazard; permafrost and ice contents; hazards due to mass 
wastage, fault activity. glacier advance, etc.; bedrock depth; 
material composition and stoniness. 

Guidelines were established to give the particular 
state of any individual terrain factor that would define a certain 
degree of suitability for a specific purpose. For example, in 
Table 4.3.3 slopes of less than 1.5 degrees are required for some 
areas within a terrain type for the slopes to be considered as 
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GOOD for sewage lagoons and sanitary landfills, and slopes of 
greater than 15 degrees throughout a terrain type indicate slopes 
that are UNSUITABLE (VERY POOR) for sewage lagoons and sanitary 
landfills. Interm~dia~e distributions of slopes define inter­
mediate suitabilities. 

For evaluating the state of slope that dictates 
degree of suitability, degrees of slope were defined. However, 
the frequency and pattern of these slopes were also considered in 
terrain type classifications. For example, a flat area with a 
small discontinuous scarp within it would still be classified as 
GOOD on the basis of slope if flatness was required for a certain 
purpose. 

Drainage was evaluated partly on the position of 
the water table throughout the year in unfrozen terrain, but mainly 
on the state of drainage of the ground surface and near-surface, 
(i.e. an evaluation o~ the amount of terrain where free water was 
present on the ground surface or in the near-surface; and/or of 
the amount of time during the year that free water was present on 
the ground surface or in the near-surface). This is particularly 
important in areas of permafrost as the water table, in the usual 
sense of the term, often lies below the base of the permafrost 
and is unrelated to the ground surface drainage. 

Flood hazard was evaluated on the basis of estimated 
frequency of flooding of a terrain type. Some consideration was 
given to the severity of a flood -within an area, e.g. water depths, 
scour, etc. in the final evaluation. 

Permafrost was evaluated on its areal distribution 
within a terrain type. However some consideration was given to 
its depth and the thickness of the active layer that characterized 
a terrain type. Ice contents within the upper 2 to 4 m were 
considered as most critical in defining degree of suitability; 
however some consideration was given to ground ice distribution 
at greater depths. 
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ln evaluating hazards, the following things were 
considered: 

the presence, occurrence or likely occurrence of such 
catastrophic mass wastage features as landslides, slope 
failures and rock falls; the occurrence or likely occurrence 
of geologic phenomena such as surface ruptures and earth­
quakes resulting from faulting, glacier advances and over­
riding, liquefaction of sediments caused by seismic activity, 
wind deflation and movement of silty and sandy sediment; 
periglacial phenomena such as frost creep, solifluction and 
nivation. 

Flooding and phenomena directly related to permafrost and ground 
ice such as thermokarst and thaw-induced slope failures were not 
considered as they were evaluated in the flooding and permafrost 
ground ice factors. 

Bedrock depth was evaluated on the actual depth to 
bedrock. Some consideration was given to the variability of the 
depth to bedrock or the ruggedness of its surface. 

Material composition and stoniness was evaluated as 
a terrain factor on the basis that grain size distribution, compac­
tion, organic content, and boulder and cobble content defined such 
parameters as permeability, workability, bearing capacity and 
susceptibility to frost penetration and heave; all characteristics 
considered important in the utilization ·of a terrain type for most 
purposes considered in this report. 

3.3.3 Terrain Tvpe Suitabilities 

In constructing the suitability maps, the suita­

bility of terrain types on the map of the surficial geology of 
the communities were evaluated (c.f. Appendix A). 



! 
t 
I 

l. 
{~ 
l_ 

L. 
l. 
L 

10 

In defining the terrain type suitability. all 
terrain factors are considered. The suitability of the terrain 
type is then defined by the terrain factor or factors having the 
relatively lowest degree of suitability. For example, if all 
terrain factors within a terrain type were GOOD or FAIRLY GOOD, 
except for drainage and flood hazard, which were POOR, the terrain 
type would have a suitability of POOR with drainage and flood 
hazard being the limiting factors. 

3.3.4 Suitability ~aps ·- Usage and Accuracy 

The suitability maps, which show the suitability 
classification as defined in Section 3.3.1 and the limiting 
factors as defined in Section 3.3.2, have been derived by trans­
posing the suitability and limiting factors of terrain types to 
areas mapped as those terrain types. 

The suitability maps are to be used only as a guide 
to planning and development in that they outline the major problems 
and degrees of problems for specific utilization within an area. 
Site assessment may determine that a site may be more or less suit­
able for a specific purpose than is defined on the suitability 
maps for a complete area because of variability of the properties 
of terrain types, and limitations of accuracy of the terrain typ­
ing, terrain type characterization and suitability evaluation. 
However, the limiting factors do define problems that might be 
avoided by careful site selection or that could be relieved by 
mitigative measures that would allow development within reasonable 
effort and cost (the latter being defined by the necessity and 
~eturn provided by the utility or use). For example, a main high­
way across an area classified as P - pf, mt (poor suitability due 
to permafrost and material composition) or U - pf, mt (unsuitable 
due to permafrost and material composition) would probably be under­
taken after investigations determined where the most favourable 
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geotechnical conditions were present in spite of costs, whereas a 
road to a cottage in a similar area would probably be considered 
impractical and too costly. The suitability maps do not negate the 
requirement for individual site investigations prior to utilization 
for many purposes. For example, investigations of materials, 
drainage, etc. would still be required for the installation of a 
sewage lagoon, even in an area classified as GOOD for that purpose. 

The accuracy of the suitability maps is limited 
by the accuracy of the terrain typing, the accuracy of the chacter­
ization of the terrain types and the degree to which the character­
ization applies to unique areas and sites within terrain types. 
The terrain typing was completed by air ground checking combined 
with air photo analysis and errors are inherent. However, even 
if the terrain typing is in error, the fact that the air photo 
patterns were similar enough to cause incorrect terrain typing 
indicates that some similarity in properties may be present and 
the suitability classification may be partly applicable. 

The evaluations of suitability are subjective. 
Some errors in the degree of limitation imposed by a terrain 
factor on the suitability of a terrain type for a specific purpose 
is probable; but it is also probable that the error will only be 
relative. For example, imperfect drainage may define an area as 
being POOR for road building on maps in this report, whereas 
authorities in road construction may consider terrain marked by 
imperfect drainage as being FAIR (MARGINAL) or UNSUITABLE (VERY 
POOR) for road construction, but not probably GOOD or VERY GOOD. 
It is also probable that similar suitability classifications with 
different terrain limiting factors do not have equal enviromnental 
or economic implications. For example, terrain classified as 
FAIR because of permafrost and ground ice may be as difficult for 
road construction as terrain classified as FAIR because of shallow 
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bedrock . The maps can still be used with the realization that 
the limiting factors are real, but the suitability is in error 
to a degree that can be redefined. However, it is beyond the 
scope of this report to make a cost analysis of all limiting 
factors for all specific uses. 
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4. 0 HAINES JUNCTION 

4.1 Geologic Setting 

Haines Junction is located at the juncture of two large 
valleys; the Shakwak Trench, which runs parallel to the Alaska 
Highway northwest of Haines Junction and parallel to the Haines 
Road southeast of Haines Junction; and the Takhini Valley, which 
runs east toward Whitehorse. The geology and physiography of the 
sharp-crested Kluane Ranges southwest of the Shakwak Trench 
differ significantly fro~ the dissected rolling upland surface 
of the Ruby and Dezadeash Ranges north and east of the Shakwak 
Trench. The valley bottom at Haines Junction is gently rolling with 
elevations between 590 m and 700 m. The valley bottom rises 
rapidly to over 750 m to the northwest and south. The Takhini 
Valley east of Haines Junction is gently rolling to flat and the 
axis is well below 700 m, even though the Dezadeash River, which 
drains this section,£lows fr~m the east and drains southwest through 
a gap in the Kluane Ranges. 

At Haines Junction thick unconsolidated deposits are 
the result of deposition during several Pleistocene glacial and 
interglacial periods, and include till, outwash, glaciolacustrine 
silt and clay, and alluvial silt, sand and gravel. Most of the 
surface materials shown on Map 4.1 were deposited during the 
Kluane (Macauley) glaciation. During this glaciation large 
valley glaciers flowing northeast along the Shakwak Trench coal­
esced with a glacier flowing through the gap in the Klua.ne Ranges 
occupied by the Dezadeash River; this glacier then flowed north­
west along the Shakwak Trench. East of Haines Junction this large 
glacier encountered another flowing west along the Takhini River; 
it is difficult to determine in which direction the net flow was, 
but some glacier flow was diverted north into the headwaters of 
Marshall Creek. As deglaciation proceeded from the northwest to 
southeast, drainage from the Kluane Ranges directly west of Haines 
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Junction was diverted along the northwest flank of the waning 
glacier and resulted in out:wash being deposited north of Bear 
Creek and near Pine Lake. After further deglaciation a larg~ 
lake, Glacial Lake Champagne, which formed because of the con­
tinued blockage of the Dezadeash River by glaciers to the south 
and blockage of other present-day drainage patterns to the east 
covered much of the Haines Junction area; its maximum elevation 
was between 748 m (2450 ft) and 762 m (2500 ft) as evidenced 
by beaches within this range of elevations. Following deglacia­
tion of areas to the south, the Dezadeash River established its 
present drainage course and the present drainage system was 
established. 

During Neoglacial time, the Alsek River into which the 
Dezadeash River flows has been periodically damed by a surg-
ing glacier to the south. Early advances between 3000 and 1000 
years ago caused at least two, if not more lakes, to form in 
the area; the largest lake reached elevations of around 667 m 
(2200 ft). Between 350 and 500 years, a couple of lakes were 
formed whose maximum elevations were near 640 m (2100 ft). 
Around 250 years ago a lake was formed with a maximum elevation 
of 623 m (2040 ft) and between 75 and 150 years ago a lake with 
a maxim.um elevation of 595 m (1955 ft). The maximum elevations 
of these lakes are marked by beaches, wave-cut benches, and in 
the case of younger ones, strandlines composed of driftwood. In 
intervals during which these lakes were not present, the Dezadeash 
River continued to flow near its present level. 

Periodically, since the Macauley glaciation parts of 
the Haines Junction area have been bare of vegetation because of 
deglaciation and submergence. During these intervals, the strong 
south winds blowing out of the Dezadeash River gap in the Kluane 
Ranges has deposited loess north of Bear Creek. Wind scour has 
also occurred on scarps having a southern aspect and has resulted 
in cliff-top dunes being formed. Marl in the Pine Lake basin 
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Table '4. l 

Terrain Type 

Rp, Rn 

Ra 

aDv 
Rn 

Db 
Rn 

tHp; ttfm 

itLv xLv 
tRp Ufiii 

- - - - - - - -
Descriptlve Legend of Terrain Types at Uainea Junction 

Ce~morphology, Slopes 
Drainage 

~laclally sco1ued bed­
rock; slopes vary 
from less than 5 
degreee (Rp) to 
between 5 and 20 
degrees wlth iso­
lated steep scarpa 
(Rn); well drained. 

Steep bedrock slopes 
and bedrock cliffs: 
alopea to greater 
than 60 degrees; well 
drained. 

Drift-veneered 
glacially scoured 
bedrock, slopes 
generally between 5 
and 20 degrees; well 
drained. 

Drift-blanketed 
glacially ecoured bed­
rock; slopes 
generally less than 
8 degrees; well 
drained. 

Horalnlc plain and 
undulating 1n0raine; 
flat to gently elop­
ing vith few elopes 
to 10 degrees; well 
drained; few depres­
sions Imperfectly 
drained. 

Lacuatrine-veneered 
1n0rainlc plain and 
undulating 1n0raine; 
flat to gently 
sloping vith few 
slopes to 10 degrees; 
well drained; few 
depressions imper­
fectly drained. 

Nature of Haterials 
and Thickness 

Pocket111 of thln 
drift and frost­
heaved bedrock 
rubble present on 
bedrock. 

Isolated pockets of 
rubbly and bloc~y 
colluvium on bed­
rock. 

Between 0.5 to 2.0 
m of undifferentiated 
coarse-textured out­
wash and ti 11: 
boulders common 
component. 

Between 1.5 and l m 
of till and outwash; 
former probably 
dominant. 

Between 3 and 10 m 
of till overlying 
lnterbedded clay. silt 
sand. gravel and till 
(the latter three 
dominant). 

Between O and l m 
of undifferentiated 
clay. silt. sand, and 
gravel (rarely to 2.5 
m) over 2 to 5 m of 
till over ir.terbedded 
clay. silt, aand. 
gravel and rill (sand 
dominant). 

Permafrost, Ground Ice, 
Active Layer 

Scattered pockets of 
permafrost may be present; 
ground ice contents low 
in drift; active layer 
0.5-1.2 m. 

Generally unfrozen with 
negligible ground ice 
content. 

Scattered pockets of 
permafrost with low 
ground ice contents; 
active layer 0.5-1.2 m. 

Permafrost unlikely. 

Generally unfrozen; nil 
to low ground ice con­
tents. 

Permafrost unlikely. 

-

Stability and Miscellaneous rotcntial 
Engineering Charac tcrh tics Ua2:ard 

Rock forms stable founda­
tion; thawed drift generally 
i;ood foundation material. 

Thawed sediment may be 
unstable foundation 
material if medium 
ground lee contents 
present. 

Stable foundation 
material; till susceptible 
to frost heave. 

Stable foundation mater­
ial; till susceptible 
to frost heave. 

Stable foundation mater­
ial; fine textured sedi­
ments, especially silty 
clay.susceptible to 
frost heave; isolated 
small volumes of aggre­
gate present. 

Rock falls. 
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Table 4.1 Descrlr,tive Legend of Tet"raln Tyres at lldnes Junction (Cont'd) 

ff.:Lb 
a/fLb 
mil"' 

xLb 
urn 

aLv 
tHb 

aCm 

fEv 
~ 

s.Lv 
iiCp 

atv 
ir.'6 

Lacuetrtne-blanketed 
undulating moraine 
lncludlng beaches 
and atrandlinea: 
flat to gently slop-
1.ng wlth few dopes 
to 10 degrees. well 
dralned1 few depres• 
atona (~perfectly 
drained. 

Lacuatrlne-blanketed 
moralnlc plain; 
gently to moderately 
eloping wlth elopes 
to 12 degrees: 
moderately well to 
well drained. 

Lacuatrlne-veneered 
moraine blanket; 
gentle to 1110derate 
tlopee to 1S degree•; 
1110derately well to 
well dralned; few low 
Rt'eea imperfectly 
drained. 

Undulating outwa.ah; 
gentle to aioderate 
slopes to 12 degrees; 
vell drained; few 
low areas moderately 
~ell to !~perfectly 
drained. 

Outwash rlatn capped 
by wiod-blovn sand 
and sllt, flat to 
gently sloping. few 
1Jopes to 10 degrees; 
"·ell drained. 

Lacustrlne-veneered 
outwaeh plain; flat 
to very gently elop­
ing, well drained. 

Lacuatrine-veneered 
outwaah blan'ket; 
flat to very gently 
sloping; well 
drained, 

Between O and 1 ~ of 
gravel and sand over 
Oto 1 m of silty 
aand (a/f lb) over 
till; or between 0 
and 1 m of ailt and 
atlty aand over 0.5 
to 2.0 m of clayey 
silt (f/m lb) over 
till. 

Between 0.5 and 2.0 
m of undifferentiated 
clay, ailt. aand and 
gravel (clay and tilt 
probably moat do~lnant) 
over 2 to 5 ffl of till. 

Between O and 2 m 
of sand and gravel 
over l to 4 m of 
till over bedrock. 

Hore than J m of 
gravel and aand over 
lnterbedded clay, 
ailt. sand and gravel. 

Permafrost generally 
absent except po11-
ibly in a fev imper• 
fectly drained areas; 
ground lee contents 
medium to high where 
permafrost present. 

Permafrost present, 
but distribution and 
th1ckneaa not knovn. 
Cround tee contents 
generally low, but 
medium to high in 
clsyey ailt if frozen; 
active layer, O.S-1.2 
m. 

Permafrost li'kely 
present on north-facing 
alorea and in lo~-lying 
imperfectly drained 
areas. 

Generally unfrozen; 
negligible ground ice 
contenta. 

Between O and 0.5 m No permafrost. 
of silty eand over 
5 m plu1 of gravel 
and ,and; along cliff­
tops fine sand and 
ellt thicken to 4 m 
plua. 

Between O and O.S m 
of silt, sand and 
fine gravel over 3 m 
plus of gravel and 
sand. 

No permafrost. 

Between 0.5 and 2 m Ho pennafrost. 
of sand and gravel 
over 3 ~ plus of till; 
sand and gravel may 
be dlscontlnuous. 

Stable foundation mater­
ial• except clayey 
lacu1trine sediment• only 
fair; cla{ey ailt highly 
au,ceptib e to frost 
heave; isolated e11M1ll 
volumee of aggregate 
preaent in coareer facles 
(a/fLb), 

Stable foundation mater­
iala except clayey lacua­
trlne 111ater1ala only fair. 
poor upon thawing; clayey 
ailt highly susceptible to 
frost heave. 

Generally atable foundation 
~aterial; till susceptible 
to froat heave. 

Stable foundation mater­
ial: source of aggregate. 

Stable foundation Gater­
ial; outwaah 1& source 
of aggregate. 

Stable foundation mater­
ial; outwaah and 
lacustr1ne veneer are 
source of aggregate. 

Stable foundation mater­
ial; till auaceptlble to 
frost heave; possible 
aource of aggregate. 

-

Eolian 
deposits 
aubject to 
deflation If 
dlaturbeJ. 
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Table 4.1 

aLb 
iCp 

f/111Lp. 
f/mLn. 
f/cLp. 
f/cLp 

f .oLp 

g.Af. 
x},f 

fAf 

fLv. aLv 
~ i1iT 

- -
Descriptive Legend of Terrain Types at tratnea Junction (cont'd) 

Lacuetrtne beaches 
eroded in scarp com• 
poeed of outvaah 
(lacuatrine blanket 
on outwaeh); variable 
alore• from Oto 30 
degr~ea; well drained. 

tacuatrine plain; 
flat to very gently 
aloptng (f/cLp, f/mLp) 
to moderately 1loplng 
(f/mLn); occaeionally 

1110dlfled br thenno­
lcant (f/c p ) , 
flatter areaa Imper· 
fectly to moderately 
vell dralned; slop· 
Ing areaa moderately 
well drained. 

Lacustr1ne plain; 
flat; Imperfectly 
to moderately well 
drained. 

Organic-veneered 
lacuetrlne blanket; 
flat to very gently 
eloping; imperfectly 
to puorly drained. 

Atluvlal•fan; gently 
sloping; 111oderately 
well to vell drained. 

Alluvial fan; 
gently eloph1g 
tmperfectly drained. 

Lacustrine-veneered 
alluvial hn: 
gently .toping; 
imperfectly to 
moderately well 
drained. 

Hore than 10 111 of 
aand and gravel 
preeent. 

Between 2 and$~ of 
clay (c) and clayey 
allt (m) over inter• 
bedded till and 
gravel; upper part 
of tllty clay con• 
talnt lnterbeds of 
allt and silty eand 
(f). 

BeUr•en 2 snd 5 m 
of clay ailt and 
fine aand (f) and 
~arl (o) over inter• 
bedded till and 
gravel. 

Between O and l m 
of peat and organic 
silt over 0.5 to 2 ffl 

of allt, clay and 
flne aand over till. 

f~re than 5 m of 

travel (11AO or 
nterbedaed silt, 

sand and gravel (~f); 
occasionally havin& 
up to 0.5 ffl of silt 
and fine sand on 
surface. 

Hore than 3 m of 
fnterbedded 
otfanlc aUt. 
al t and sllty 
eand over sand and 
gravel. 

Between O and 1 m 
of sand or silty aand 

(sLv)· or sand, sllt 
ilT . 

and clay(fLv) over 
rrnv.,J rl"f 

No permsfroat. 

Permafrost coD1110n in 
unit to depths of 10 m 
plus; fround lee con­
tents requently medlum 
to high ln upper 5 m; 
actlve layer 0.3 to 1.2 
m. 

Permafrost contl.nuous 
to 10 ~ plus except near 
Plne Lake: ground ice 
contents generally 
medium to hlfh ln upper 
5 ~. active ayer 0.3 
to 1.2 .~. 

Irregular dlstrlbutlon 
of permafro1t: ffledl\lffl 
to high grouud lee con­
tents possible in upper 
2 1ft. 

Permafrost unlikely. 

Thin patch~• of 
permafrost possibly 
p1·eaent; raediWD to 
hl&h ground ice con· 
tent& poealbJe. 

rermafrost unlikely. 

- -

Stable foundation mater­
tal; aource of aggregate. 

Upon thawing silty clay 
poor foundation material; 
allty clay and tlll sua­
ceptlble to froat heav­
ing. 

Poor foundation mater· 
ial upon thawing; 
thawed aedlment aua­
ceptible to fro•t heav· 
Lnt. 

Poor foundation ~atet­
lal; suaceptlble to 
frost heaving. 

Good foundatlon 
ciaterial. 

Poor foundation ll\8ter· 
ial; susceptible to 
frost heavini;. 

Good foundation mater­
ial; source of 
aggregate. 

Subject to 
thennokarat 
subsidence 
tf thero1ally 
111odifled. 

Subject to 
thermolt.arst 
•ubsldence 
lf thermally 
111<>d1fhd. 

Hiner 
thernokarst 
subsidence. 

Some risk 
o{ floodi111, 
and stream 
avulaion. 

Risk of 
floodini;. 

Some rhl- · 
of floodini;. 
and 11treao, 
avuhton. 

-
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Table 4 . l Descriptive Legend of Terrain Types at rlalnea Junction (con'd) 

(/a.At 

cLv, 111Lv 
iAp aAp 

c:Lb 
arr 

xAp 

f/ 11.Ap-A 
f/gAp-A 
gAp - A 

11Ca 

Stream terrace; flat; 
ln,perfectly to Moder­
ately vell drained 
vlth fey area,, 
poorly drained. 

Lacuatrlne-Yeneered 
alluvial plain; 
flat(cLv) to gently 

aAp 

imperfectly to poorly 
drained; sloping 
areaa 1110derately vell 
to vell drained . 

Lacuatrine-blanteted 
alluvial plaln; flat 
to gently aloplng; 
fev area• moderately 
aloplng; flat areae 
!Mperfect\y to moder­
atel1. veil drained; 
aloplna areas moder­
arely veil to well 
drdned . 

Alluvial plain; 
flat vlth few 
channel111 moderately 
well drained ; 
channeh poorly 
dralned . 

Peat-veneered 
elluvlal plain; 
flat I poorly to 
ln,perfect ly drained. 

rloodphln; flat 
to gently 1loplng 
vlth fev mlnor acarps: 
imperfectly to 1110der­
ately vell drained 
(f/aA'I', f/gAp) to 
vell drained (gftp). 

Talus apron: moderate 
to steep alopes; v~ll 
drained. 

Between 0.5 and 1.5 m 
of ailt and aandy 
ailt over 3 m plu, of 
1and and gravel. 

Betveen 0.5 and 1.0 • 
of clay (c} and silt 
and aandy allt (m) 
over 3 m plua of aand 
gravel; few thin bede 
of peat in clay 1ilt 
and 1ilty ,and; few 
grevelly bed• . 

between 0 . 5 and 2.0 m 
of clay and ,llty 
clay over 3 • plus of 
aand and gravel: few 
thln bed, of peat ln 
clay 1nd •ilty clay,, 
rare thln gravelly 
bed, . 

Between 1 and 2 m 
plua of silty eand, 
land and aandy 1r11vel; 
boulder, lag pre,ent 
under thin veneer of 
,llt and clay in 
channel,. 

Between O and 1 . 0 m 
of peat over 0,5 to 
3 m of clay, 1llt 
and aand. 

Permafro1t generally 
ebaent, but few patches 
of thin pe1:111&froat 
preaent with low to 
medium ground ice 
content,. 

Permafrost generally 
ab1ent , but fev patches 
of thin pennafro1t 
po11tble with low to 
medium ground lee 
contenta . 

Permafroat generally 
ab,ent, but few patches 
of thin pennafroat 
poa,lble with l ow to 
-edl1.1111 ground ice 
o.:ontent. 

Pennafroet unlikely. 

Permafroat generally 
abaent, but isolated 
patche• of thin pera• · 
frost rossible. 

Between O and 1 . 5 m No permafroat. 
of 1ilt and 1ilty ,and 
over l m plua of sand 
and gravel . 

8et~een 0 . 5 and 5 ffl 

rlua of rubble and 
blocks over uncon· 
solldated aedlments 
and bedrock . 

Permafro&t ~lth low 
ground lee contents 
probable on north ­
faclng s lopes only. 

Fine grained aedimenta 
1ubject to frost heave; 
poaaible aource of 
aggregate . 

Fine ground sediment• 
subject to froat heave; 
.IJJtprobable source of 
aggregate. 

Fine- gralned aedifflent, 
poor foundation mater­
ial and eubject to 
froat heave. 

Felr to good founda tion 
material; finer-grained 
faclea aubject to frost 
heave. 

Flne- gr•lned aedifflent• 
poor foundation ••ter­
lal and aubject to frost 
heave. 

Posalble 1ource of 
aggregate . 

Unstable foundation due 
to loosene•• of ~aterlal 
and slopec; possible 
source of cru&hed 
assreg11te. 

-

R.are flood ­
ing 
pouible . 

Very rare 
floodln& 
possible. 

Very rare 
floodil'g 
in low areas 
pouible . 

Channels 
aubject to 
flooding . 

Very frequent 
flooding. 

Rock fal h. 

--

>-' 
()0 
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Table lt,l Descriptive Legend of Terrain Types at llainea Junction (con'd) 

Landslide: gentle to 
moderate slopes to 
12 degrees; moderately 
well drained . 

Five Metres plus of 
mlxed clay, silt, 
sand, gravel and 
till. 

Pennafroat, generally 
with low ground lee 
contenta; active layer 
0, 5 to l . 2 m. 

- - -

Thawed fine-graired sedi­
ments subject to frost 
heave, 

- -
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and peat in other poorly drained areas has also accumulated in 
the time interval since the Macauley glaciation . 

Haines Junction lies in the zone of discontinuous perma­
frost. At Haines Junction permafrost is discontinuous and generally 
very thin; the active layer is relatively thick except on poorly 
drained benches having thin veneers of peat along the Dezadeash 
River. Permafrost is widespread in the poorly drained lacustrine 
plain west of Pine Lake and on north-facing slopes south of the 
Dezadeash River. Organic materials and fine-grained lacustrine 
deposits, especially near Pine Lake, are characterized by medium 
to high ice contents. 

4.2 Terrain Ty2es and Their Characterization 

Map 4.1 shows the distribution of terrain types in the 
Haines Junction area. The geomorphology, slope distribution, 
drainage, nature and thickness of materials. permafrost distribu­
tion, ground ice contents. active layer thicknesses, ground sta­
bility, engineering characteristics and potential hazards for each 
mapped terrain are given in Table 4.2. Details of grain size 
analysis are given in Appendix B. 

4.3 Suitability Maps 

Suitability maps for road construction, building con­
struction and underground utility installation, sewage lagoons and 
sanitary landfills, septic systems, and construction materials 
including granular materials are presented (Maps 4.3.1 and 4.3.5). 
These suitability maps were derived following the techniques out­
lined in Section 3.3 of this report. 

4.3.1 Suita-2,.ility for Roa~ Construction 

The suitability map for road construction (Map 4.3.1) 
assumes that roads for year-round use are to be constructed and 
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Table 4.J.l Tarrain Property Cu1deline1 for A•ae11lng Suitablllty far ttichway• and ltoada 

01ff•rent 1tate1 of indivtOUAl terrain factors are established that allow the 1u~cabtlicy of the 11,11diStl.ll'b•a 
tai::Ta1n type co be cvaliuted for con1tnaccion and ffl.lintenance of all-weather hi.hway ana roads (w1thouc 
a1phalt surface). 

Ter·utn Faccor 
(11~,ot,o l) 

Dra1,iaga (vt) 1 

flood lulurd 
(fl) 

Peniafr111c a11d1 
tea concenca 
(pf) 

liazai-da dua t113 
,u1a va1tage, 
!aulc ac:1vi.cT. 
~lacier advance, 
etc . ( h:) 

lled!'OCk depth 
(br) 

Mac.rt.al 
ca,,,poattion and 
s::on1n••• 4,5 
(Ult) 

i.ood • C 

I.CH than 5 
dagrHI 

Rapid co vdl : 
gl:'aat•r thui 
l "' to water 
t.abla 

:to floodizig 

llo permafret1t 

No hasarli.l 

ralrLy r.ood • Fr. 

Le11 than a d•1reaa 

Uell co 1DOderacely 
vall; graater than 
0 . 7) 11 co vacar 
cable 

Ver, rare: ,ubj•ct 
to one•~ 100 y•ar1 
or hu 

Scaccer1d pe'S9&fro1t 
but ganarally 'QO 

grDIIZld 1c• 

rreac,r than Zs Craacar than l . O m. 

r.ravel and aand, 
a&Tld1' till; 
accnes leae than 
5 p.-rcent 

ClaTey t111, silty 
Jand, Jilc, g,:avel: 
atones lea, than 10 
pare lfflt 

Moderately well to 
imperfect; vatar 
cable sime:rally O.SO 
to O. 75 m. 

Occaaional; au!ljecc 
co onca in 10 to LOO 
7'••ra 

Pa'l"lll&iroac sanerally 
pra,ea.c, but only 
ru:a u:aa• · havtng 
ahaLl.ov (<0.S => 
1ediment with medium 
co lligh I.ca CODCltftCI 

Slav neu •urface 
aol.l creep : iaolaced 
rock !all; evl.4anca 
of faulting vi.thin 
laac 10.000 year, 

z,cveom o. s "' 
and l..O m 

Clayey ,ilt , sandy 
silt, stone• l••• 
than ZS percent 

rnor • P 

Slopes b,c,.ean 
12 and l 6 degree• 

Imperfect co poor; 
\lllter c:.a.bl• l1u 
than O.S ao 

Pel"lll&f:roac "i.cb 
up col m of near• 
1urfaca 1edillanc 
havin; med1wa co 
h~gh ic1 ccncenca; 
isolated 1adiJll•nt 
IC d•pCh vi.ch h1cb 
ice contents 

SUgl\t chance of 
,1acier readvance 
or sa~£Aenc lique• 
faction : poaaibil• 
I.CY of hulC• 
l.ni.ucecl .si.r!ace 
rvii cure .. 1. cbin · 
next l DO r•ar.s ; 
~OC& fall& COIIIIOn 

t.eu tllan O. S 11 

Clay, or;anic 
Jilt . ;iuc up to 
2 n c~ick , scones 
2) :o 50 perccic 

For drain•;• charac~1:at1ot1 ,ee C..nad.t. Soil Information Sysc .. cc.anao. Sotl Survay Coa:aitcaa, 1,11}. 

Ic• cone.nu 1i1"ai l.n pa.- cant vol- uc&H ic• : lov (•l.T.. , eiedila 10•.ZO:; hi;I\ > 2D't. 

Un1ui.tabh • l.i 
(very poor) 

C:i-aacer ch~ lt. 
dei;-:ea, 

Poor , vacer tabla 
C0Dt1n\llOI.UI ly Oa&r • 
1urfw:e 

Flooding mora tbaa 
once a year 

Cont.i.l:l"°w pe'S9&.froa c 
vi.th s•cU&•nts hav• 
inr, lu.g.h a;:ro"'1d ~ta 
contancs to o.apcn. 
1reacar Chall l m. 

Poe,i~ilicy of l.anu• 
1lUa, Hdimant 
l i qui!ication vicbiD 
neat 100 ,.eara; 
rapid toiiflucc1on, 
nivactoa or aurface 
UHP 

Ccnerillly near 
surface 

Thie~ ;ieat ; ttoncs 
r,rucu tllan 5c, 
p•rc,mc 

l. 

2. 

J. llas.uda such u floo41ng &fld faUIIZ'H dua to -n·l:n~ed tn.vini of peniafro1t an canal.dared ui Flood Ku.&rd (fl) and 
Perma!raac and Lea cone.at, (p!) . 

4. Dile to (ro•t heavtng, terT11n 1111it1 havin1 1ig11ific.&flt conteec~ of tilt and cl ay in area• of ~•rtecc and ~oar d 1 
tl\CNld be altared :o one l••• degr•• of suitab1lity 1l =at•r1.&l 11th• 11&1t1ng filccor, vhare cha higbllay ta to b!a1:!:l!cau 
by ••~halt t~e tuit&biliC"J 1~e1&ld b• 90&'• •••as-•11 altered . t 5. St011e1 are dafined •• cl&ats havt.Dc • di .. acar ~••car tha:a 6 ca, i.e., cobble• . co•raa rubble, boulda.rt, blocks . 

L 
L 
1 

L 
l 
L 
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maintained on undisturbed terrain. For the purposes of drainage 
it is assumed the roads are graded, and ditches are present where 
required. The subgrade is to consist of materials underlying the 
roadway and the base material is to be locally obtained where 
p9ssible. No provision is made on the suitability map for the 
source of s~rfacing material, which is assumed to be 
stabilized crushed gravel, till or rock. 

The terrain factors were evaluated on the basis 
of how they affect the initial construction and how they affect 
load capacities and maintenance. Slope, drainage, permafrost, 
bedrock depth, and material primarily affect initial construction, 
whereas flood hazard, ice contents, and miscellaneous hazards 
primarily affect maintenance. The terrain property guidelines for 
assessing suitability for highway and road construction and main­
tenance are defined in Table 4.3.1. 

4.3.2 Suitabilit) for Building Construction and 
Utility Installation 

The suitability map for building construction 
and utility installation (Map4.3.2) assume that buildings are to 
have basements and utilities are buried in the ground. It is 
assumed that standard construction procedures are used except that 
special insulative procedures are used in areas of permafrost. 
It is also assumed that ground conditions are such that some 
mobility is viable in the vicinity of the buildings, and that 
utility and ground surface maintenance is minimal. 

The terrain factors were evaluated on how they 
affect initial construction, mainly excavation and how they affect 
the continued stability and maintenance of the building, building 
site and utility. Slope, permafrost, bedrock depth, material com­
position and stoniness primarily affect construction and excavation, 
whereas drainage, flood hazard, ice contents, and hazards due to 
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Tabla 4.3.2. Terrairi. Property Guicl.ali.De• £or ••••••inc Suitability for Building Ccnstruction and Utility Insc~llation 

Different atate, of 1ndivid1o1&l terra1n factors are e,tabli•h•d that allow che 
to ba .. •l11&ted for con,~cticm or !.AatalJ.ation aDd -·'-ta~•ftce 01 ~ .. ,,~•ng, •uit•bilicy of c~e 1111di•curbed cen:&iri. type ~.,.. •-w ~-••,.. &4iQ UDOargrDlltlCI. Ut~l.~tiea. 

terrain racccn: 
(aymool) 

lmu.caage (vt) l.l 

nood Ruud 
(fl) 

2.J 
Parm&f'C'Ost Cd 
ica contftlt• 
(pf) 

!laurd1 d1ie co 4 

11111•• vaatage, 
fa.ult activity, 
(glacial: advance, 
•tc:.)(ht) 

Beclroclr. daptb 
(br} 

Mar:erial 
compoeU:iJlra uul 
IC:'"'111 .. & 
(mt) 

Coed• C 

t.a, tl\aQ 3 
d._reH 

Jtap1d cq veU.; 

r.eac:er Chaa 
5 mecre• to 

vacer tabl.e 

Nona 

li'o ptarMfnat 

Alve71 grHtU 
Chall 2.5 GI 

t.rtrYel 11:ld tad: 
Hl:ldy Cill; 
atOIIH leae 
Chall S':. 

O.gr•• of Terrain Suitability 

rauly Coed • re 

tau th&a s d•rr•H 

Vall U> aiodaracely 
"41111 dra1nea: rr•actt 
thal l. l NffH to 
vacer cult 

Ncmw 

Scace.red pal:ll&lroat 
but ,~rally no 
sr-d. ice 

l1a11,111l7 Jl'HC:U 
t!Mm 2 a 

C:1.tyey till; ~.,.., 
silt au ,u.c,, 
HDd leH thall l. m 
th!c::it; tCOQlt l••• 
cham. m 

~darately well co 
lJDi,er£•ct drairi.age: 
0.5 • l.O 111ecr•• co 
vacei- cable 

Ve'l:'7' rare: au.bject to 
once io. 100 years 
or Leas 

Pet111&.fro,c geii.rally 
preeenc, but only rare 
araaa h&vtag ahallov 
(<l.O llletrea) HCU.-
111enc Vi.th med1U111 to 
hLgb 1ce concanc• 

Slow near-ev.rfaca 
1011 cre.-p; vitb1a 
1 la of poet glacial 
acc1ve f•ult. 

Thick dlty ,ed, 
•ilt, •11ty c1.t.z. 
ltODal l.S CO 2) .. 

Poor· P 

SlopH becvecm 
12 .ud 20 dcgreH 

I=parfectly or 
poorly drauied; 
(. S = to veter 
tab.Le 

Occ:aaaional; 
t~jecc to once 
1n lO co lOO 
years 

Penu.fro,c vich 
1,1p to 1 ucre of 
ne&l:'•surf&ce sed1· 
Cllttlt hav:L:ng MdiLIIII 
to high ice cois• 
tent,: uolac:ul 
••d1111.nt et depth 
vith htgh ice 
coaccmtt 

Slight chance of 
a.1.icier advance 
or ,ediaenc lioue• 
ftctLon; roe~ tall 
pra1eac; evidence 
of f&\l.lt1n; vithua 
l&ac 10.000 years 

WH CbaD l. .. era 

Thiclr. cl.a:,; 
w;llllica to 2 111 
in cl.apth, atoaea 
2:i to )en. 

l.. Ftrr drau:M11• <:haracter~t1oo ••• C&rMlcl.a Soil tiuarmat1oa S:,1cma cc.anac1.a Soil S11Z"9'ey Coau.ttea. l.978). 

Un11.1it&ble • U 
(vuy poor) 

Craacer tbaD 20 
d•rr• .. 
Poor a:ra&.n.gt; · 
vacer tablt cot1.c11N• 
ou,ly De&&' aurface 

Al:lDIMll floocUn; 

Conciiwoua p•~froac 
wLch sedimnc• ll&v• 
in; high gro,,and ~. 
~ntenca co d.apcha 
greater than l. metre 

Poni~ilU:y of l.al:ld• · 
•l.i.du, £ault• 
i.o.cli=ad nai.ace 
:Npture, aediJllent 
l.iqueiaciaon or 
gl.iciar edvance 
Witb.i.D DU.t 100 
years; raptcli aoli• 
fluccio~. Qivation 
or .ail c:raap 

Ccmerall:, at in.irtace 

Organic:, gr..,.car 
than }01; ,-conae 
guacu c:.AAD SO'l 

2. tn ~••• of building• vitholat b•• .. aic, &ftd vher• th• limitiJlg fac-cora are clr&Ulotge. p~at aod lea Cl7Qtcnt1 or becb:l>cll. 
4ei,th. tbe cl.agree of SUS.C..bilic;y •hou.ld be &lte1'11cl c:o • more !avorabl• ratuag b~• of l••• lfttaract10tl. between uie 
1mdisC11rbN cam.in t:nt• ao<I the tN.UcUA&• io. ttwl mode of c:onan"Det:iri.D. 

3. 
4, 

s. 

tee ~c•c• g1vn iri. perc1rc11: -11ae ~eH 1cet low <•Len.; ~ 10-2cn., ntgh )Zen.. 

l!Aurd• 1\1.Ch •• floocting au fas.lul'H du. co lld•&.ndl.M:ed c:u'll1.Dg of penialniac are caui.dai-ad iri. ?loocl 11.&z&rd (fl) and 
Penaaf~o,c .aa4 tc, Coftteota (pf). 

$ton•• ar• oaliJ\n II claauha9~g a dialNcu p..,.cer tban 6aa, 1. ,. , cobbl11. c:ousa nioble, lMN.l.cla'a. blciclul. 
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mass wastage, glacier advances, faulting, liquefaction primarily 
affect stability and maintenance. The terrain property guidelines 
for assessing suitability for building construction and utility 
installation are defined in Table 4.3.2. 

4.3.3 Suitability and Optimum Locations for Sewage 
Lagoons and Sanitary Landfills 

The suitability map for sewage lagoons and 
sanitary landfills assumes that the sewage lagoons and sanitary 
landfills are to be constructed through shallow excavations or 
through the construction of berms on the undisturbed ground 
surface. The prevention of pollution through the movement of 
surface or ground water to terrain surrounding the facilities was 
considered to be of prime importance in their location. Minimal 
maintenance of berms and other confinements to the movement of 
pollutants was also considered paramount. 

The guidelines for sanitary landfills are gener­
ally less severe than for sewage lagoons as no fluid pollutants 
are initially introduced, Thus the suitability maps give a more 
conservative evaluation of terrain for use of sanitary landfills 
than sewage lagoons; in many cases the suitability classification 
for sanitary landfills can be adjusted to the next higher suita­
bility classification to that which is shown on the suitability 
maps for sewage lagoons and sanitary landfills. 

The terrain factors were evaluated on how they 
affect · initial construction, mainly excavation and berm emplace­
ment and how they affect continued berm stability and prevention 
of pollution. Slope, flood hazard, permafrost, hazards due to 
mass wastage, glacier advance, faulting, liquefaction, bedrock 
depth and material composition were considered primarily for their 
influence on pollutant confinement. 
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Locations where grain size analysis have been 
completed are plotted on Map 4.3.3 and show the basis on which the 
material compositions and permeabilities have been related. 
Grain size distributions for typical materials collected during 
the field investigations and located on map 4.3.3 are shown in 
Appendix B. 

In addition to drainage and material stoniness, 
many of the above terrain factors would also affect lagoon and 
landfill construction and maintenance. The terrain property 
guidelines for assessing suitability for sewage lagoons and sani­
tary landfills are defined in Table 4.3.3 . 

Areas containing possible optimum locations for 
sewage lagoons are indicated on map 4.3.3 by patterns. The area 
analyzed for optimum locations is restricted to a 15 sq. km area 
where maps with contour intervals of 1.5 m (5 ft) are available. 
These optimum locations are restricted by a terrain suitability 
classification of G or FG and slopes of less than 1.5 degrees. 
It is our opinion that the Neoglacial lacustrine terrace immediately 
southwest of BM1956.0 at Haines Junction is the most suitable and 
practical location for a sewage lagoon because of the impermeable 
layer of clay on this bench, its relatively good drainage, the 
absence of permafrost, its elevation above the probable maximum 
flood level of the Dezadeash River and its location below the exist­
ing sewage lagoon. It lies outside the boundaries of Kluane National 
Park and could be easily screened by tree cover from Haines Junction 
and the Alaska Highway. 

Ideal sanitary landfill sites abound in the 
Haines Junction area, but are probably best located in areas 
classified as FG and well away from stream and drainage courses 
such as most of the area adjacent to Haines Junction in a north­
easterly direction. 
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Table 4.3.3 Terrain Property cu,dal~•• £or Aaaea,,ns SuLta'btlity £or Sewage l.&goon, .r.nd Sanitary l.&ndfLll, 

D1f!tr1l1'lt state• of individual terrain £accor1 are e1cabli1hed that allow the auitabilitT of the undiacurbed 
ttrraill tTP• to l.m;lololftd vacer, ,...,.ge, &nd leachate to be cvaluatad. 

Terrain Factor 
(l)'tlbol) 

Slope (al)l 

l>r&inaga (vc;) 2 

Tlood 11.azud 
(fl) 

F~rHC ._l 
f.ce conc.-ou 
(pl) 

Hazards du.e ca
4 

maaa ¥.&fC&gt, 
fau.l.t acUvtty 
gl..lcier advance. 
etc. (~) 

5edrock depth 
{'br) 

Material 
COll'(IHf.tiOII &fld 
StOIIUICH.) 
(Ille) 

Degree of Tarra&.n Suitab111tY 

Cood • ~ 'f'aitly Cood ·~ 
t..H tban 1.S Lcaa tb&a 3 d•Jr••• 
deg,:eu 

1!.a4tid to wall 
dr &1lHd; fttft' 

Koduacely -n 
4ra1Aad: vacar table 

table l., II geKally l..O 11 
plu plWI 

No tloocli.ft& verr rare; ,uoject 
t.o cmca £;A 100 ,-..,:1 
Ot lat 

Ho p~roac Sc.w.tt.r.a penaalro1c: 
vtc:I\ lqv ue contllDU 

No huar-41 No l\ai.ar~ 

Creacer than l.5 Creacer c.han 1.0 
mac:ra, (blan~et) metre• (blanket) 

Silty cla~: 1••• 
than l percent 
atone• 

CllH'." silt aul 
silt; cJ.a,.y till 
and COll!PaCt till; 
3 to 10 percun: 
SC:ODIH 

Fair (Margirt..111) • F 

Leae than 8 degree• 

lolparfecc:ly dra~ed; 
vacar table generally 
O.l to 1.0 11 

'Rare: av.bject to oDce 
iD 50 years to 100 
y ..... 

Pe:rmafroec: generally 
pr,1411\t, but only 
rue areas having 
•~llov (<0.5 m) 
1ed1laanta vith •edi'lllll 
to high ice C011t1:1Jta 

Slav near ew.rfac:e 
,oil crHp 

Dec:veen O.S and l.O 
111ecrea (vet1eer) 

Silt vith sllllle orcanic 
content; sandy or 
c:avelly if.le or clay; 
100,e till; 10•2S per 
cent 1c:one1 

Poor • P 

LAU cb&n 15 
degr••• 

Poorly drairled; 
veter table 
;eaually leH 
than O • .S ai 

Occaaioaal. 
auoject to once 
ia S to SO yeara 

Permafro•t vit.h 
up to l m of o•ar-
1w:f.ac:a •e1U.11111mt 
h.lving med1.\llll to 
high ice coatentl 

S1L,:hc: chanca of 
glacier .adv1.11ce: 
evidence of f.ault• 
i:ng vithi;A laet 
10,000 yeen; 
,oaie f'OC:k fall 

LAu than 0.5 
i:nec:rea (veneer) 

S1.1tv s.and .and 
silty ;nvel; 
lest 2 :> • 50 pei 
c:'"'t ,cone 

Un11.1it•ble - U 
(very poor) 

Creacer t.baa U 
dagreu 

P1U,'lll,ILn1SAtl.y -c:; 
vac:ar cable coo• 
tin1.10W1ly near 
swi:f.ace 

Frequanc; ,uoject 
to at laa.t once• 
year 

Contin1.101.1a per=a­
froat vi.ell aedi• 
meata havf.ng high 
grouiid ice c:o11tect1 
co depth• greac:ei­
than l m. 

P..apid aoil c~••P 
or sol.ifluctioo pre­
vail; pos,ibilitY of 
l•nc. lide. fa\ll.C: 
l.novced ,w:-f.ac:e 
rup1:1.1re, aedianmc 
liq1U.fication, or 
gl.aciar .advance with• 
1a n4UF.t 100 year, 

Generally e.c 
11.\l'f.aca 

S.and .and ;ravel; 
1,:'HCU than )0 
percent stoCIH 
put 

1. Sloi,ee &rt a IIIOl'e 1111111:1.ng fac:'CDr co th• e,onau,ac:1:ioD of. '11.abh ,_.,. lagoot1• tb&t:1. santc:ary 1.aQdlU.l,. ThWI carraia 
unit nu.u.bilii:y for sanitary ~ct.fill, thol&U b• altared ~ OH leH ,..,_.. ugt:•• of S1A1c.abil1c:, i.f llopa h the U.11it~ 
turaia faccor. 

2, For dratnas• dM&ractari~Ciat\ ••• CClad& So1.l Inf01:'lllac10'A Sya'CJIII (C.Oacla Soil Survey Collm:l.ttae. l97S). 

3. Ica C01ltnu civn ui per cau: '11'Ctlume u:caaa 1ca: lov <·10%. mKLum l0-2.at; b1',h > un .. 
4. llaaucla ncb ., n~di.ft& md faU\l&'aa 01&a c:o Clal•Uldw:ad thawing of 1u11,111lro,c: ue cot111du•d 1A Flood ;;.:w.i,t (ll.) &nd 

P~ro•t &ad ic• ccratanta (pl). 

S. · St.craea u• d&fimtcl u cwatt tun>£;A1 a .U....cai• p-ucar C1Mm 6c=, 1.a •• c:obblea, cou .. rv.bbla, 'bNcler,, l>l.ocJr.a. 
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4.3.4 Suitability for Septic Systems 

The suitability map for septic systems (Map 4.3.4) 
assumes that the effluent from a septic tank is to be distributed 
in the natural surficial material by means of a sub-surface or 
raised tile bed. It was assumed that it would b~ required that water 
bodies and water supplies within 60 metres and surface water are not 
to be polluted by the septic system. It is also assumed that the 
systems are to be emplaced by standard procedures and that ground 
surface maintenance following emplacement is to be minimal. 

The permeability of surficial materials within a 
terrain type was considered extremely important in evaluating 
terrain types for septic field suitability because the absorption 
of effluent without the pollution of water supplies or water 
bodies greater than 60 metresfrom the septic field is of prime 
importance. Grain size distributions for typical materials 
collected during the field in.,~stigations and located on map 4.3.4 
are shown in Appendix B. 

The terrain factors were evaluated on how they 
affect initial sewage system emplacement and maintenance and how 
they affect absorbtion of effluent and pollution prevention. The 
material composition, mainly its permeability. was considered of 
prime importance in evaluating terrain types for septic field suita­
bility. Other terrain factors such as slope. drainage, permafrost, 
flood hazards. hazards due to mass wastage. glacier advances, 
liquefaction and faulting, and bedrock depth primarily affect the 
continued prevention of pollution of adjacent surface water, water 
bodies and water supplies; and to a lesser degree the emplacement 
and maintenance of the septic systems. The terrain property guide­
lines for assessing suitability for septic systems are defined in 
Table 4.3.4. 



r 

r 

f 

.r 

{ 

'{ 
I 

[ 

{ 

{ 

l 

l 

28 
Tatlh 4.l.4 Terrain Pr09erty Cuidaline, for A•••••ing Suitability for Sepc1c Sy1cem, 

D1ffarenc ,cace, cf individual teCTein fac.cort are estebLi1hed thee all<l'I the suitability of the undisturbed 
ce~ain t~e co be e-,al11Aced for constTUccion and ,...intenenc.e of aepcic. 1yst.sn• . 

Ternin Fecccir 
(t!'DbOl) 

Slope (al) 

Flood Hau.rd 
(fl) 

Peni.fra,c: and2 
ice contuta 
(pf) 

l\a:ard• due co3 

""''' vaat•t•• 
fauh act1v1.cy, 
i:lac1ei- advance, 
acc.. (he) 

h,drou d~th 
(br) 

Katarial 
COll!tOlitif" Hd 
sconin••• 
(111c) 

Cood - C 

t.aH than J 
degree• 

Well drained; 
V&tff tablH 
daepar cha 
L.5 II 

Kcn,a 

• 

Ilona 

t.r .. ccr than 
~ • .5 m 

Fine co coar-u 
1a11d ; looae 
l&l'ldV till: 
leaa Cti.l S 
p.-rcanc ailt, 
clay and 
•con•• 

Degree of TaCTein Suitability 

Fairly Good - re 

Le,a than S d-areca 

l'lodaHtdy vall 
drained; ,..cer cable• 
occaaionally ri•• co 
1.,..i., above l . .5 11 

Vary rara1 1u.bjecc 
co once ill 100 
yaara or la" 

R..are peniafTll1t; 
generally no ground 
ice 

1 co 1. S • • 

S&11d Mid lOOH 111ndy 
till; .5 co 20 per• 
C..,C C~OlltmC of 
1ilc. cl,y .,..d atone• 

ratr (Herg1rua1) • F 

Hodaratelr vall co 
u,,perfecc y cire.ined: 
vacer cabl•• u•w.lly 
a . S II ll•law nrbca 

occaaioaal; eubjacc 
co once ia lQ y,.r, 
or leH 

Dieccin~uo,aa parma• 
fra,c 

Hl.nc,r eoll creep 

0. S CO l II 

S&11d, ;ravally 
1and, ,andy till; 
20 co SO P"'Rltnt 
talll)Ollaftt of eilt, 
cl•r &11d 1co11ea 

Poor· P 

lac,,e,m a l"Cld 
15 dagl:'HI 

11:1;,arhccly to 
poorly drdo..d; 
seaaonal surface 
ponding of 
vacar 

Occaai.onal; 
sl>b j ecc to once 
i n 5 yaar1 or 
len 

Pe-niafroac preaanc 
vich rare are•• 
naving 11\all-
( O. S 11) aadimanc 
vi.ch aiadiua to 
high 1.ce contanca 

s-. rock fall; 
sli.ghc chance of 
ghci.ar ilGVUICI: 
evidence of fault• 
ing vtcllLtl Luc 
1.0 , 000 YHl:'I 

Le .. C~D .5 m. 
uneven thitkoea, 
(v111ear) 

Cc-aval. dlt and 
clay content 
i:reeter ct:i.n 70 
parent of I.IAi c; 
clayey c:I.U 

l. ror drunq, c:haract9rU&t1cm ••• C-c:IA So1.l ta.lOfflad.O'G Syu:- (c..n.da Soil Survey C.-itc.H, l971). 

2. lee cimcmca liY4111 LIi par enc 'l'Dlae UCH• iCa, lov (•lO'Z.; med!• 10-ZQ"a;; high ) 20:.. 

un,uii:able • u 
(very pooir) 

Creatar c~a 15 
da.reH 

Poorly drauiaci ; 
ai.rtac• ponc:11.QI 
C.CIIIIIIOn 

Continuou.1 pan:i&• 
fron vith 1111,U\y 
areaa having 1hallCN 
aediJDanc vi.th madi.1.1111 
co hi.;h grouna ice 
content& 

aapici 101.l c:eap, 
so lifl>'CCi.On &NI 
n.tv1cioa; ecciva 
1.andalide acc1v1cy 
ac site or OD 
1dj1caat al.ope: 
pou1billcy oi 
glacier &dvanca or 
liqui.faccioa vicl\J.A 
nu.c: UiO year• 

Ccnerally l••• than 
0.5 • 

Craval, clay, silt, 
acone contant 
grHU1' Cbu )0 
percecc; peac 

3. l!aa:an.a auh aa n-df..ag end tauur .. cm• co ean-.uidoacad th-J.1::11 of pecaainiac are ccn1,id•nd 1JI Flood Kaurd (fl) ano 
Pumatroet acd ica coaunu (pf) • 

4 . Si:o:a" an dafillecl •• claau 11a¥U11 • 4UIIMICn' cr•ecar tND 6 CII, 1.e., cobbles, CO.UH ni.obla, bll"llldan, bJ.oca,. 
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4.3.5 Suitability and Availability of Construction 
Materials 
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The suitability ma1; (Map 4.3.5) assumes that the 
construction materials are to be used as aggregate or fill. The 
suitability of the different terrain types are evaluated accord­
ing to the quality and quantity of the surficial materials within 
it. and the workability and ease of extraction of those materials. 
Materials that are required t~ be impermeable such as dikes are 
excluded from consideration; the suitability for sewage lagoons 
and sanitary landfills give a partial assessment of suitability 
for impermeable materials. The suitability of bedrock as a con­
struction material has not been evaluated. Terrain types contain­
ing gravel and sand with potential as aggregate are given the 
highest suitability classification as they can easily be adapted 
to most construction purposes. Other terrain types are evaluated 
on the basis of the compressibility, compactibility. susceptibility 
to frost action and surface traff~cability of the surficial 
materials within them. 

The terrain factors were evaluated on the basis of 
how they affect the usefulness and versatility of the contained mat­
erials as a construction material, the ease or difficulty of extrac­
tion, and the volumes that could be extracted from a unit area. 
Material composition and stoniness primarily affects usefulness as 
a construction material, whereas slope, drainage, permafrost, flood 
hazard, miscellaneous hazards, and bedrock depth affect the extract­
able volumes per unit area and the ease or difficulty of extraction. 
The terrain property guidelines are defined in Table 4.3.5. 

A number of sources of aggregate have been out­
lined on map 4.3.5. The gravel:sand:fines ratios (based on grain 
size distribution obtained during this and earlier investigations) 
and the cu. metres per hectare of deposits (based on our estimate 
of minimal extraction thicknesses) are indicated for each viable 
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Tabla • .3 • .5 Tet'Tal.n Ptopert~ C""1.dalina1 for A1te11uig Suitability for Conatl'\lction tt.aceri1l1 tncludi.ng Work4ibility 
and Useiuln••• •• Ccnaral Flll .and Source, of Gravel and Sand 

~iffarant 1tatft1 of 1ndividv.al tet"'l'ain factor• are established that allov the svit&billty of the ~di1turbed 
terTAiD type to be evaluated aa a potential 101.1rce oi conscn.iction materials, includins sand and ;ravel. 

Slope (al) 

nood Hasud 
(fl) 

P'l'l'IIWlir,,at ud3 
ice COGtaot• 
(pf) 

Hazard• dlMt co"' 
111aa1 vaacage, 
faulc acUVity, 
g l..ac:ier advan.e,, 
etc. {h:z:) 

Bedrock depth 
Cbr) 

Matc:rial 
coepoat t:ion -,id 
SCOftinc::J 
(mt) 

O.gree of Tcrrat.n S!A1tab1licy 

LHI tluu:I 
5 deg'C'HI 

11.&pl.d to veU; 
vacer table 
>2.. 

Mo hasards 

Fa.izly Good• FG 

Betveen S and l2. 
deireH 

Wall co 11c:1darataly 
vell. veter cal>le 
l.Oco111 

Very ran: Nllj<KC 
O'llC« ta. 100 yura 
or lHa 

Scaccerltd permalr,iac 
Vi th Low groW'ld 
tea coetcntl 

rlov 11ear•s11rfec• 
toU CC'le'P 

Craecer than 2 11 &.WNn l • .S and 2 11 

Cuvel ~d. aalld: 
&COD.el l1a1 
tha11. l percent 

Silt'!' a.and, 111:y 
gravel. sandy till; 
thin cover (v~••r} 
~er sa~d or gravel; 
ICO'llaa leH tl\aG 

. 10 perc:ant 

F'a.iz (Marginal) • F 

l!ecveeo. 1Z and 20 
degreu 

lllrperfect to C110derataly 
vell; vac&r table O.S 
to LO 111 

Occaaional co rare; 
,ubject co O'DCa iD S 
to 100 1ur1 

P~fro1c geCMtrally 
preseo.c, but only rare 
.aru.1 havU\g 1h&llov 
(< 0. S m) sediment 
vich medium to hi;b 
ice CODU:nt:a 

R.apid 10Ll creep or 
1olifl11ction: evldenca 
of faulting vithin 
lase l0,000 years: 
chanc• of glacier 
1clv&1'Ca 

Gra&ctr chin 1.0 m 
(blanlr.ac) 

Till, atltr fine 
,and; aeon•• 1111 
Chan 2:5 percent 

Poor - P 

hC:WHD 20 <Ind 
30 degrees 

lmpcr!ecc co 
poor; ~cu 
t&ble l«H Chu 
o.s 11 

• Fraqu.vt: •ubject 
co &m:No&l flood 

Permafro1t vt.c:h 
"'P to 1 11 of 
n1ar-1urtac1 sedl.• 
Qenc havlnJ 11Mtd1\III 
co tugb tu 
content• 

S'ouibl.11.cy of 
landslide, t\lJ:'f&ca 
nipc:ura or 1edl.• 
menc Uq11i.tl.ca• 
tion vithl.n next 
l.00 y1&t1 

ae c:wee o . s 10.d 
l.O 1:1 (venHr) 

Sllt. clar, 
el&yey s1 c; 
chi.cit cover 
(blaM<tc:) over 
,and and gravel; 
2 S CO 50 pet:Cfflt 
SCOD«I 

l. for uawi.a1• c.haracceruac:1on ••• c:.ui.u Soil tuonatton Syat• CC&aada sou Sw:ve1 c:-J.ttee. 1978) . 

1, Ice Cefttnca giva 1'11 percait vol-. a.ea•• ice, lov(•lO:t, llffi.1'11 l0•2D'l, hl.gb >20'1, 

UMuiCabh • U 
(vU"1 poor) 

Craacu tb.ul. lO 
degrees 

Pc~nently vet ; 
vater e&llle 11eu 
Sll'C':tilCI 

Vary frcq,1111t, 
flooded more 'Clum. 
once per :,ear 

Contuwowi p1r=&fro1c 
vith sediments bev• 
1!ll high gro~d ice 
cont1rt1t1 to depthl 
,~eater i:bao. l :11 

lallinao.c pos1ibill.ty 
of l..lnd1ll.d1 t.n4 
,adi.:aent ll.q11ifl.c&• 
ti.On 

I.HI th&ZI. 0.} ID 

Peat, organic sl.ltt; 
greeter than !10 
;>arcm.c &CODII 

l. 11acu tabl.M era coneidared only wt\e're pemafrott f.a abaac· as a pac:hltd •cu tal>le l..t g4UMU:ally praHAt vhar• pal'IMfro•c 
h pr111tnu:. H-er. only a U.zd.tacl au.I euily CO'lln"Ollad -c of vacu _.,..1.4 be uu:romacad .fr11111 IIOIC uc.wv&tiona 
£ r11m c~, perdtacl. vat a: tal> Le • 

4, Huard, IUCl\ u fioodlAg .ad failvH oua co 111m•uacmcad ~g of p..,..froac an cmiaidarad 1'l Flood lla&&rd (!1) &Dd 
hn1afR1t &Gd I.Cl CODCUCI (pC) • 

5. sc.o-o .. ..r1 clafi'A*4 •• cl&acs b.aviug a dS..U..car sr••t•r tluu:I 6 CIII, 1.a., cobble,, coar,e ~ble, bo11lo.ers, bLoclr.a. 
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source. Further test pitting is required to determine quantities 
more accurately .. No attempt has been made to assess the sources 
as potential ~oncrete aggregate. 

Adequate supplies of gravel and sand appear to 
be present in the Haines Junction area for future development. 
However, since transportation costs are critical, the community 
might consider estimating the volumes required for future develop­
ment and reserving a portion of the closest deposits for this 
purpose. 

4.3.6 ~ecreation and Cottage Areas - Pine Lake 

Pine Lake is the focus of some recreational and 
cottage activity for the residentR of Haines Junction. Such 
recreational activity usuallv involves some lake access and 
increased foot and vehicle travel. Cottages involve buildings, 
generally without basements and with some sewage disp~qal, pre­
ferably a septic system. 

Map 4.3.2, which gives the suitability for build­
ing construction and utility installation, and map 4.3.4, which 
gives the suitability for septic systems, are a guide to areas 
most suitable for recreational and cottage development. Individual 
assessment of potential sites is still required. Basically, the 
southwestern shoreline of Pine Lake seems most suitable (FG - mt, wt, 
map 4.3.2; F - mt, map 4.3.4) because of limitations imposed by 
permafrost, materials and bedrock along other shorelines. 
Individual sites may not be suitable for development because of 
improper lake access due to steep slopes or a narrow fringe of 
swampy ground. Isolated areas may be present along the northern 
shoreline (F • sl, br, wt and P - br. mt, map 4.3.2; F - sl. pf. 
P - br, mt, sl, U - br, mt, sl. map 4.3.4) that are suitable for 
campgrounds or individual cottages; each site would require a 
separate assessment. Also raised tile beds may be acceptable in 
some areas of relatively shallow bedrock. 

I 



{ 

r . 

f 
{ 

.{ 

{ 

f 
{ 

{ . 

l 
t 
{ 

l 
i 
( 

l 
l 

32 

The present campground and boat launching facility 
would appear to be undesirable in that continued maintenance , fill 
and aggregate will be required to counteract thermokarst caused by 
permafrost degradation and ground ice melting where the ground's 
thermal regime has been altered by tree and brush clearing or 
road construction. 

4.4 Unique Features 

Particularily unique and interesting Quaternary features 
are shown on map 4.1. 

Most features relate to the Neoglacial lakes that once 
submerged much of the Haines Junction area. At(!) the highest 
levels achieved by Neoglacial Lake Alsek are recorded by wave-cut 
benches and a spit that dams a ravine eroded during the post­
glacial. At localities noted by CE)) pits have been dug that 
expose multiple buried soil sequenc~~ in Neoglacial silt and sand. 
Particularily good beaches and driftwood strand lines are present 
at localities marked (I}i trim lines in the trees are present at 
localities noted at @ . At @ , a good example of floodplain 
alluvium buried under multiple layers of Neoglacial lake clay and 
soils is present. 

At locality~. beaches are present that record high 
levels of Glacial Lake Champagne. Similarily, strandlines at (2) 
cut in a talus apron were formed by this lake. 

During postglacial time marl has been deposited in the 
Pine Lake basin. It can be seen in the shallow waters of Pine 
Lake and may still be forming @ . At @ marl is exposed in 
banks being undermined by thermokarst. 

Excellent axamples of thermokarst are present at @ 
where thawing is being accelerated by an adjacent water body and 
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recent road construction activity and at @ where thawing has 
been promoted by the presence of an old road bed . 
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At ~ gravel and sand are exposed that predate late 
Wisconsin till and glaciolacustrine deposits; and at ~ land­
slide is present. Cliff-top dunes, in part still active, are 
present at locality (3). At{!), glacially scoured steep slopes 
are present. 

Most features relating to Neoglacial Lake Alsek can be 
found at other localities within and beyond the limits of map 4.1. 
However, the beaches at locality {1) are a type locality and should 
be preserved. The present pit should be only expanded to the east 
of its present locality and should be regraded to a more aesthet­
ically acceptable form: The marl at Pine Lake is unique for areas 
this far west of Whitehorse, but are not confined to one locality 
at Pine Lake. Other features, although of particular interest, are 
well distributed :,~yond the limits of map 4 .1 in the Yukon. 
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4.5 Hydrogeology 

The hydrogeology of Haines Junction is summarized under 
the headings of well survey, water chemistry, test drilling results. 
groundwater flow regillle, and water supply potential. 

4.5.l Well Survey 

A well survey of Haines Junction revealed 42 wells 
(located on Fig4.5.l) in the community; at least 8 were dug wells 
and the remainder were drilled (Table4.5.1). Some of this 
presentation is based on discussions with a local retired well 
driller who estimated that a total of 50 to 60 wells had been 
constructed in the village (the wells not identified by this study 
are primarily dug wells which are apparently not in use at the 
present ti:me). 

Seven wells in Haines Junction were sampled to 
provide water quality information about aquifers in the community. 
In addition, a grab sample of Dezdeash River water was analyzed. 
Water che.mistry data are summarized as Table 4. 5. 2 of this _report. 

4.5.2 Water Chemistry 

Two wells are used to furnish the Haines Junction 
communal water supply, a shallow well (14 m deep) and a deep well 
(134 m deep). Samples of both wells were taken at the well head. 
A second sample of the shallow communal wellwater which was 
supplying the village during the summer of 1979 was taken at the 
Gateway Motel. The shallow well samples showed almost identical 
chemical compositions. 

Water from the shallow town well is moderately 
soft (69.1 mg/1 hardness) and is not highly mineralized (total 
dissolved solids about 140 mg/1). The water is an alkali earth 
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Table 4.5.1 

Description 

Brewsters Hotel 

R.C.M.P. shallow 
well 

Stardust Motel 

Watsons Garage 

Parks Canada 
deep well 

Public Health 
Clinic 

Pine Lake 
Campsite 

Community wells : 
No. 1 

Community well : 
No. 2 

T\..ro wells near 
Stardust Hotel 

Two wells at 
Blue Mountain 
garage 

Two wells at 
school 

Domestic 
residence across 
from church on 
Alaska Highway 

Dalton and 
Cairnes St. 
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Haines Junction Well Survey 

Static Log and 
Depth Level Use Yield Remarks 

156 m Hotel 

<30 m 9.3 m garden 
lawn 

+ 

60 m Motel 

27 m commercial none 

158 m Park log repro-
headquarters duced in 

text 

7 m 2 . 4 m not in use 

campground 

13.7 m log repro-
duced in 
text 

see text 

23 m domestic 
no data 
on one 
well 

no abandoned 
data 

no abandoned 
data 

24 m high completed 
yield into gravel 
7100 1/ 
min 

30 m not in use 
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{ Table 4. 5 .1 (cont'd) 

r Klondike Inn drilled hotel 27 m aqui-
10 wells (dug wells fer very 
and drilled) 27 m to hard. 

r. 137 m deeper 
aquifers 
much softer 

C Ogilvie Road 
(one drilled 

14 m not in use 

well + four 

( 
dug wells) 

Domestic dug not in use 
residence on well 

r Black St. 

Residence 13 m 

f behind Gateway 
Hotel 

r Residence 1 drilled not in use high 
south of 24 m yield 
Ogilvie St. 7100 1/ 

min 

l Residence 2 18 m not in use 7100 1/ 
south of sec 

t Ogilvie St. 

Residence 3 not in use 130 1/ silt in 
south of sec water if 

1 Ogilvie St. pumped 
harder 

L Community 14 not . use m in 
Center 

l 
House behind 9 m not in use 
Community 
Center 

{ House north dug not in use 
side of 

! 
Cotrmrunity 

l.~ Center 

Yukon drilled not in use 

l 
Electric well 

Yukon drilled not in use 
Government well 

L Yard 

L 
\. 
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Table 4.5.1 (cont'd) 

Refinery well 

Airport over 
150 m 

abandoned 

domestic 

37 

low, no data 
less 
than 
50 1/ 
min 
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T3ble 4.5.2 W'ATF:R CIIF.HISTRY DATA 
(ln mg/ l 

uH'lloi1 
ca++ Hg++ + K+ Fe- 2 S.trnrle IICo) Cond. Na 

Town Hell 2 86 215 5.6 2.J J2.5 l. 7 .05 
(at 'lo1c 11 head) 

Town water 89 200 20 . l 4.6 2.6 .75 
11urr l y we 11 fl 
(Gateway llotel) 

Town well 171 87 200 20.l ii . 5 2.5 ',., . l 
(at pump station) 

Parks Canada 156 360 .5. 5 2.6 62.5 1.0 .05 
Headquarters 

Brewetere 100 250 4.9 1.4 )2.5 O.J7 .11 
Motel 

R.C.tf.P. well 79 215 20.0 ,, . 7 2.75 0.15 .02 
Ctn r,usge) 

Storduet Hotel 114 40.5 10.J 8.7 50.0 1.87 

Kuuwa l,ake 14 66 2.5 .6 . 5 .25 o.os 

Dezdeaah River 48 128 9.7 2.7 1. 75 .t,1 .05 
(Champagne) 

Dezdeaah River 70 170 16.J , •. 6 2.25 . 5 . lJ 
(Hoines Junction) 

- ____ ,-....., -

(Champnr,ne - Ila ines Junctlon) 

unless indicated) 

mcf! Surface Water 
-2 or 

Hn No3 Cl so4 Po11 Aquifer 

13 214 Deep aquifer 

.53 8 .6 Shallow 
aquifer 

.22 ).5 18 Shallow 
oquifer 

1.86 7.0 19 459 Deep aquifer 

. 22 19 61 Deep aquifec-

.35 3 . 5 12 Dug well 

5.) 72 )0 Deep aquifer 

LQke sample 

3.7 River sample 

9 . 8 Jl River a.ample 

--, 

Approx 
TDS llardneae 

150 23.4 

140 (,9 .1 

11,0 69.0 

252 24. '• 

175 17.9 

150 69.J 

283 61.4 

46 8.7 

89 J!>. 3 

119 59.6 

(1'1'11 
CoCo3) 

very 
soft 

mod. 
soft 

mod. 
soft 

very 
!!Oft 

very 
soft 

mocJ. 
soft 

mod . 
soft 

vec-y 
sofl 

eoft 

soft 

w 
00 
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(calcium with minor magnesium) bicarbonate sulphate water type. 
The deep well water is very soft (23.4 mg/ 1 hardness) but is 
slightly more highly mineralized than the shallow cotmnunal well. 
This water is also an alkali earth bicarbonate sulphate water but 
sodium is the predominant cation and minor element concentrations 
are dissimilar to the shallower aquifer. 

The Parks Canada headquarters' well, (158m deep) , 
the Stardust Motel well (60 m deep) and the Brewsters Hotel well 
(156 m deep) all have alkali earth (sodium rich) bicarbonate 
sulphate waters. Significant variation is evident in the chemical 
data between these wells however which indicates that they are 
not interconnected or associated. The aquifer elevations (435 m, 
534 and 446 metres respectively) and the large distances between 
these three wells supports this conclusion . 

All of these deep aquifers have moderately to very 
soft water and are only moderately mineralized (total dicsolved 
solids range from 175-283 mg/1). 

One shallow drilled well located at the R.C .M.P. 
residence was also sampled. The water of this well is almost 
identical to communal well No. 1 and Dezdeash River water . 
(Moderately soft calcium, minor magnesium-bicarbonate, minor sulphate 
water.) 

In general, water from all the wells sampled is 
chemically potable and is considered to be of good quality for 
human consumption. 

4.5.3 Test Drilling Results 

Detailed well log and hydraulic data are available 
for three wells in Haines Junction; the Parks Canada headquarters' 
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well drilled in 1973 and completed in 1977, community well No. 1 
drilled in 1974 and community well No. 2 drilled in 1978. A 
swmnary follows: 

Parks Canada Well 

The drillers stratigraphic log is included as Table 4.S.3a. 
In 1973 the well was drilled 143 m into boulders and the casing 
was dynamited to act as a well screen. A 2.2 1/minute yield was 
obtained. In 1977 the well was deepened to 174 m, screened and 
developed. An artesian well which flows at a rate of 68 litres/ 
minute was developed. 

Testing during July 1977 revealed that the well water con­
tained large concentrations of suspended sediment even though 
Park personnel permitted the well·to flow freely for a 6 month 
period after drilling. Pumping at rates in excess of the 68 litres/ 
minute artesian flow htill cause high silt concentration problems 
at the present time. 

CommunitI Well No. 1 

The stratigraphic log of this well is included as Table4.S.3b 
of this report. The well is located within 10 metres of the 
Dezdeash River. It penetrates a sequence of lacustrine and 
alluvial sediments and is completed with slotted casing into a 
thin glaciofluvial gravel stratum at a depth of 13.7 metres. 
This aquifer which is only .9 m thick was pumped at 227 1/minute 
for 6 hours without drawdown. Direct recharge from the river is 
evidently occuring as indicated by the chemical similarity of each 
water type and the fact that a slight northward gradient has been 
established in this aquifer by piezometric level surveying 
(Hydrogeological Consultants Ltd. 1974). 

A transmissivity of 9.4 x 104 ig/day foot and a storativity 
of 2.8 x 10-2 has been calculated for this aquifer. 
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Table: 4.5.3a 

Depth 
(metres) 

0-10.9 
10.9 - 13.4 
13.4 - 17.6 
17.6 - 21.3 
21. 3 - 23. 2 
23.2 - 32.6 
32.6 - 39.6 
39.6 - 45.7 
45.7 - 57.9 
57.9 - 59.4 
59.4 67.9 
67.9 - 81.7 
81./ - 90.8 
90.8 - 96.3 
96.3 - 97.2 
97.2 - 99.6 
99.6 - 100.5 
100.5 - 101.5 
101.5 - 106.4 
106.4 - 106.9 
106.9 - 138.3 
138.3 - 138.9 
138.9 140.2 
140. 2 - 141. 7 
141.7 - 143.6 
143.6 - 174 m 

Stratigraphic Log 
of Parks Canada Well 

Haines Junction 

Drillers Probable 
Lithological Description Terrain Unit 

hardpan+ boulders 
silty sand 
hardpan with boulders M+G 
hardpan with clay 
sandy gravel 
sand, silt, some gravel 
clay 
fine sand+ silt 
hardpan 
silty clay 
black silt 
fine sand/silt 
clay 
hardpan 
sand+ fine gravel 
fine sand 
hardpan 
fine sand+ gravel 
hardpan 
silt, sand 
hardpan 
silt, sand 
hardpan 
boulders 
bedrock 
no log kept when well deepened 

Lor A 

M 

Lor A 

G + M 
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Table: 4. 5 .3 b(cont 'd) 

Stratigraphy 
Community Well No. 1 

Haines Junction 

Depth (m) Drillers Log 

0 to 1. 3 
1.3 to 5.2 
5.2 to 5.5 
5.5 to 7.0 
7.0 to 7.6 
7.6 to 13.7 

sandy silt 
sandy gravel to silt 
fine black sand 
grey till 
gravel 
till 

Terrain Unit 

Lor A 
A 

M 

G 

M 
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Table: 4.5.3c(cont'd) 

Depth (m) 

0 - . 3 
.3 - 3.4 
3.4 - 4.3 
4.3 - 8.5 
8. 5 - 21. 0 
21.0 - 39.3 
39.3 - 64.0 
64.0 - 109.4 
109.4 - 113.9 
113.9 - 118.3 
118.3 - 121.6 
121. 6 - 133 . 2 
133.2 - 134.4 

Stratigraphy of 
Community Well No. 2 

Haines Junction 

Driller's Log 

gravel 
clay 
gravel 
gravel + clay 
till with gravel 
clay till with some gravel 
clay silt with gravel 
clay till with gravel 
silt with gravel 
till, gravel 
sandy silt 
gravelly till 
gravel 
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Terrain Unit 

A 

L 

M 

M + G 



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

FIGURE 4. !'14 

GROUNDWATER FLOW 

HAINES JUNCTION 

LEGEND 

... PII08A8Lf; LOCAL GIIOUNOWAT ER 
FLOW OIIIECT IONS 

-

~ PROBABLE REGIONAL OAOU NOWATER 

~ FLOW OIIIECTIONS 

D AREAS WITH HIGH IU C!iAROE POTENTIAL 

L\J AREAS WITH LOW AECHAROE POTENTIAL 

0 2 4 km 

----. 



l 
l 
l 
' 
I 

I 
{ 

t 

l 

l 
t 

46 

Community Well No. 2 

This well was drilled in 1977 in an attempt to alleviate 
cold water freezing problems encountered during utilization of 
the shallow river connected aquifer described above. The total 
depth of the well is 134 metres with three aquifers identified 
during drilling, a shallow gravel (3.3 to 4.2 m depth), a deep 
till (76.5 - 78.3 m) and a deep gravel (133 - 135 m) (Table 4.5.3c 
and Fig. 4.5.3). This well was completed into the middle aquifer 
and is capable of producing a sustained yield of 900 litres/minute 
(200 ipgm). A high suspended sediment (silt) problem has existed 
in this well since it was completed, although the water is soft, 
only slightly mineralized and is usually 6° Celcius during winter 
months. 

4.5.4 Groundwater Flow 

Existing published reports on the hydrogeology 
of the Haines Junction area do not address the subject of ground­
water flow due to the lack of piezometric elevation data in the 
village. The following information about flow regimes is based 
on the topographic and geological information presented in this 
report. 

The till and glaciolacustrine clay/silt terrain 
units in the study area are impermeable (Table 4.5.4: K=l0- 5 cm/sec 
or less) and do not permit any groundwater recharge (Figure 4.5.4). 
No relationship between topography and recharge or groundwater 
flow directions are likely throughout the village. Permeable units 
are restricted to the alluvial fan, colluvium/rock and openwork 
glaciofluvial gravel units on the mountain slopes south and north 
(Canyon Mountain) of the village. The fact that the three deep 
wells mentioned in the previous section of this report are flowing 
wells indicates that a hydraulic connection is present between 
these recharge areas and deeper aquifers under the village. As 
mentioned, aquifers at the Park office,. Brewsters Hotel and 
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Haines Junction 
Table: 4.5.4 Grain Size and Hydraulic Conductivity Measurements 

Sample No. Location Description 
Hydraulic 
Conductivic.y 
(cm/sec) 

SY 6 Haines Junction Lacustrine (Lb) less than 9 X 10-6 
silt 

SY 8 Haines Junction Till (Mm) less than 9 X 10-6 

SY 2 Pine Lake Marl 1.23 X 10-5 

89 PY Haines Junction Gravel 3.73 X 10- 2 

SP l Haines Junction Gravel 2.5 X 10-l 

123 PY Marshall Creek Gravel 2.07 X 10-2 
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Community Well No. 2 are not well interconnected as evidenced by 
elevation and water chemistry variations between them . These 
aquifers probably are thin glaciofluvial gravel units interstrati­
fied with thick silty till sequences (c.f. F'igure4.5.3). As such, 
they are apparently only several metres in maximum thickness and 
are likely to have a channel, not blanket morphology. Yields from 
these zones are restricted by the size of the aquifer (i.e. boundary 
conditions exist) and high silt/turbidity problems when pumped at 
high volumes. Interference between deep wells in these units is 
a distinct possibility. A northerly regional flow direction 
(figure4.5.4)is estimated through these glaciofluvial aquifers. 

Communal well l recharges from the Dezdeash River 
and a northerly local flow is indicated from piezometric measure­
ments in this area. (Hydrogeological Consultants Ltd . 1974). 
It is possible that the river is influent along its bed both up 
and downstream from the village with older alluvial sand/gravel 
strata feeding some neighbouring shallow or. even moderately deep 
wells in the village. 

Local southerly flow and recharge to Pine Lake 
from permeable units on Canyon Mountain is possible. However, the 
extent of movement from this recharge area towards Haines Junction 
cannot be evaluated on existing data . 

4 . 5 . 5 Water Supply Potential 

Two sources of future groundwater supplies for 
Haines Junction are evident 

l) An additional shallow well tapping near surface alluvial 
material near the DezadeashRiver floodplain . The surficial 
materials act as a filter gallery to reduce the high turbidity of 
the DezadeashRiver to acceptable levels. This type of supply will 
provide high yields but the necessity to heat cold water (o0 c in 
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winter) is a major economic constraint to this type of supply 
development. 

2) An additional deep we:l into one of glaciofluvial lenses which 
underlie the village. Uncertain and low yields, high silt/turbidity 
concentrations and high drilling and construction costs are major 
constraints to utilization of deep aquifers. However. water tempera­
tures of up to 4°c can be expected in winter from these aquifers 
and heating costs will be reduced significantly as a consequence. 

Stanley and Associates Ltd. (1979) estimate that 
an additional 2.6 1/s (35 igpm) is needed to augment existing 
groundwater yields at present. However, at present neither the 
Parks well or the Community well No. 2 provide this yield without 
becoming unfit for drinking due to high silt concentrations. In 
addition a recently constructed (summer 1979) well at the airport 
was drilled to a depth of over 150 metres and obtained a water 
supply which was barely a=equate for a single domestic residence 
(TNTA Ltd., Personal Communication). It is felt that new deep 
wells are a questionable potential source of high water-volumes 
as a consequence. The decision to drill a new deep well or 
shallow well in the village should be based on a careful evalua­
tion of existing hydrogeological data as well as a recent cost/ 
benefit analysis. The water quality from all sources is chemically 
potable for human consumption however. 
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5.0 DESTRUCTION BAY 

5 . 1 Setting 

Destruction Bay is located on the southwest shore of 
Kluane Lake in the Shakwak Trench, which is the physiographic 
expression of a large fault system that transects both Alaska 
and Yukon Territory , and that has been active during the late 
Tertiary and Pleistocene . At Destruction Bay, the ground sur­
face rises gradually from about 780 metres at Kluane Lake to 
about 1120 metres at the edge of the Shakwak Trench, where a 800 
metre escarpment forms the sharp boundary between the Shakwak 
Trench and Kluane Ranges. At Destruction Bay, itself, the 
terrain is gently sloping or undulating except for some small 
scarps of 10-15 metres formed by stream dissection and wave 
erosion near Kluane Lake. 

At Destruction Bay, thick unconsolidated deposits are 
the results of deposition during several Pleistocene glacial and 
interglacial periods, and include till, out:wash, glaciolacustrine 
silt and clay, and alluvial silt, sand and gravel. Most of the 
surface materials shown on map 5.l, and figures 5.5.la, b were 
deposited during or after the Macauley glaciation. During this 
glaciation a large trunk valley glacier flowed northwest along 
the Shakwak Trench. At Destruction Bay undulating moraine (tMm), 

out:wash (aGp, f/aGp, aGv), and during its later phases, loess 
(mEv) were deposited during this glaciation (Table 5.l). 

During the waning stages of the Macauley glaciation, 
Kluane Lake drained to the northwest. However, during the 
hypsithermal, the Kaskawulsh Glacier at the head of the Slims 
River retreated far up its valley and allowed Kluane Lake to drain 
to the Alsek River and to be lowered by over 40 metres. Although 
rapid formation and aggradation of the alluvial-fans flanking the 
Kluane Ranges occurred following deglaciation of the Shakwak 
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Trench some stream incision probably occurred near the present 
edge of Kluane Lake as the streams graded to the lower level of 
Kluane Lake. 

During Neoglacial time, the Kaskawulsh Glacier re­
advanced. blocked the drainage of Kluane Lake to the Alsek River, 
and caused Kluane Lake to rise to an elevation 10 to 12 metres 
above its present elevation. A new outlet (the present Kluane 
River) was re-established to the northwest and Kluane Lake 
quickly returned to near its present level. This new level of 
Kluane probably caused further aggradation and a deterioration 
of drainage on the alluvial-fans. The alluvium deposited by 
streams crossing the alluvial-fans ranges from clayey silt and 
silty sand (fAb, fAf) to sand and gravel (aAf) to interbedded 
mixtures of both types (xA.f). Peat (pOv) has begun to accumulate 
on parts of the inactive fans whose surface is underlain by fine­
grained sediments. 

The Neoglacial rise in the level of Kluane Lake has 
resulted in some areas below elevations of about 792 metres 
having a capping of wave-washed material (aLb). Fine-grained 
lacustrine sediments (cLv, xLp) have been deposited in sheltered 
bays. Modern wave action continues to modify beach ridges and 
beaches (aLr) at lake level. Shoreline erosion appears to be 
moderate at Destruction Bay. 

Destruction Bay lies in an area where permafrost is 
near continuous. Only those units, eg. alluvial-fans, that are 
frequented by surface streams (parts of XAf, fAf, f/aAf) and 
floodplains or low terraces lacking a significant capping of fine­
grained sediment and peat (gAp, gAf) are free of permafrost. Even 
those portions of alluvial-fans having permafrost at their surface 
often have taliks throughout the~r total thickness because of 
ground water percolating through them to Kluane Lake. Kluane Lake 
itself may also cause the thickness of permafrost to be relatively 
thin near it. The total thickness of permafrost at Destruction 
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Table 5.1 

Turaln Type 

mEv 
mm 

aGv 
mm 

f/aGp 

gAp 

gAf 

f/aAf 

-l -· ·- - - - - - -

Descriptive Legend of Surflclal Haterial1 at Destruction Bay 

Ceomorpholofy; 
Slopea; Dra nage 

Loeaa Veneer over 
undulating 1110raine; 
alope vary betveen 
0 and 10 degrees; 
moderately well to 
well drained. 

Loe•• veneer over 
undulatlng drift; 
slopea vary between 
0 and 10 degreea; 
moderately veil 
drained, 

Outwaah veneer over 
undulating drift; 
elopes vary between 
0 and 10 degreea; 
moderately vell 
drained. 

Outwaah plain; flat 
to gently sloping; 
variable drainage -
good to (~perfect. 

Floodplain includ­
ing braided channel'; 
well drained. 

Alluvial fan: very 
gently sloping vlth 
few small acerps; 
well drained. 

Alluvial fan; very 
gently eloping with 
few ahallov channels; 
drainage variable 
frOG1 imperfect to 
moderately well. 

Nature of Haterlale 
and ThlclmeH 

Between O and l m of 
sandy ailt over 1 to 
10 m of compact silty 
sandy till over inter­
bedded clay, sand, 
grave.I and till. 

Between O and 1 m of 
eandy allt over ailty 
sand till or glacio­
fluvial gravel and 
aand. 

Between O and 2 m of 
gravel or pebbly aand 
over l to 10 m of 
compact silty aandy 
till. 

Between O and 1 m of 
silt and silty sand 
over 2 m plus of sand 
and gravel. 

Thick gravel and 
sand. 

Thick gravel and 
sand. 

Between O.S and 
2 m of silt and fine 
11and, frequently 
organic, over gravel 
and aand. 

Permafrost; Cround Ice; 
Active Layer Thlckneee 

Continuous permafrost 
vlth active layer of 
O.S to 1.0 metrea: 
ground ice content nil 
to low except medium to 
high occaalonally in 
loeaa. 

Contlnuou1 peruiafroat 
with active layer of 
0.5 to 1.0 metres; 
ground ice content nil 
to lov except medium 
to high occasionally 
in loeaa. 

Continuous permafrost 
vlth active layer of 
0.5 to 1.0 metres: 
ground ice content nil 
to low. 

Continuous permafrost 
vith active layer of 
0.3 to l,O metres; 
ground ice content 
generally lov to medium. 

Generally unfrozen. 

Probably contain• 
iaolated patchea of 
peT~afrost with negli­
gible ground lee contents; 
active layer of 0.7 to 
l. 5 metre•. 

Permafrost vlth many 
tallks due to surface 
and groundwater flow; 
ground ice contenta 
frequently medium to 
high in fines; lov to 
nil in fravel and aand; 
active ayer 0.5 to 1.5 m 
plu11. 

Hlacellaneous Engineering 
Characteristic• 

Stable foundation material; 
auaceptlble to frost heave 
if unfrozen. 

Stable foundation material; 
till euaceptlble to froat 
heave if unfrozen. 

Stable foundation material; 
till susceptible to frost 
heave if unfrozen. 

Stable foundation material 
except where high ground 
lee contenta present. 

Stable foundation 
material. 

Stable foundation 
material. 

Thawed fines poor 
foundation material. 

-

Potential 
Uazari.la 

Riek of 
flooding. 

High risk 
of stream 
avulaion 

I 

Rhk of flood· 
ing and stream 
avulsion. 
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Table 5.l Deacrlptlve Legend of Surflclal Haterlala at Deatructfon Bay (cont'd) 

All11Vlal fan: very 

f
ently aloping vith 
ev ahallov channel•: 

drainage generally 
•oderately veil to 
imperfect, but 
channel. poorly 
dralned . 

Alluvial fan; very 
gently aloplng vtth 
fev ahallov channel, ; 
drainage generally 
moderately well to 
Imperfect: channel• 
roorly drained. 

Alluvlal fan capped 
vlth peat veneer; 
very fently aloplng 
vlth ev ahallo~ 
channels; drainage 
Imperfect. 

Alluvlal blanket , 
over oulvaah; flat 
to 9ently aloplngl' 
draln•t• moderate y 
11ell; - area11 
Imperfectly drained. 

Alluvial fan capped 
with hcu1trlne 
clayl flat to very 

tent y eloping ; 
•perfect to moder ­

ately veil drained . 

Alluvial fan 
blanketed by 
lacuatrlne aand 
and 9ravel gPntly 
1loplng, but fev 
a111a ll rldgu: 
1110Jerately veil to 
veil drained. 

Undulating moraine 
blanketed by 
lacu,trlne aand anJ 
gravel; alopes vary 
ur to 5 degrees; 
vell drained . 

Between 5 to 10 m 
plus of interbedded 
1llt, sand, gravel 
vith peaty layer,. 

Betveen 5 and 10 m 
plua of clayey allt, 
silt, allty aand 
vlth fev gravel and 
peat layers . 

Between 0.5 and 1,5 m 
of peat over clayey 
silt, allt, 1llty 1and 
vlth fev gravel and 
peat layera. 

Betv•en O.S and 2.5 m 
of clayey 1llt. tilt, 
1llty sand over gr1vel 
and aand. 

Betveen D.J and 1.0 m 
of clay and allty clay 
vlth peat layer, over 
lnterbedded gravel 
sand and 1Ut. 

Between O.S and 2.0 m 
of gravel and aand 
over interbedded 
gravel, aand and silt. 

Betveen 0.5 anJ 2.0ai 
of gravel and aand 
over COIIIJIBCt silty 
sandy till. 

Permafroat vith many 
talika due to 1urf1ce 
and groundwater flov; 
ground lee content• 
frequently medium to 
hlfh in fines; low to 
nl in fravel and sand; 
active ayer 0.5 to 1.5 m 
plus . 

Pe111tafroet v1th many 
tallka Jue to aurface 
and groundwater flov; 

'

round lee content• 
requently medlu~ to 

hiah: active layer O. l 
tO 1. 0 IA . 

Contlnuoua pennafroat 
vith aome aubaurface 
tallk1 due to ground­
water flow; ground lee 
contents frequently 
11\edlum to hi9h; active 
layer• 0.2 to 0,7 metres. 

Contlnuou1 pennafroat; 
ground lee content 

frequently medium to 
high in flne1; lov ln 
aravel and aend, active 
layer, O.l to 1. 0 m. 

Per1111froat generally 
contlnuou1, but vlth 
t1llk1 and •hallow; 
ground lee content, 
generally lov to medita 
active layer O.S to 1.0 • 
plu1. 

Permafroat with many 
tallk• · ground lee 

fener3ily low to nil 
n 1and and gravel : 

frequently medium to 
high in fines; active 
layer 0.5 to 1 .5 ~ 
plus. 

Permafrost contlnuouel 
but probably relative y 
thin; fround ice con · 
tents ow to nil; 
active layer 0 .5 to l .~ m 
rlus. 

Thawed finel poor 
foundation aaterial. 

Thawed fines poor 
foundation aaterial. 

Tha~ed peat and flnea 
poor foundation material. 

Thawed fine• poor 
foundation material. 

Stable foundation 
materiel, eacept where 
eace,alve thicknea, of 
fine• preaent. 

Stable foundation 
11W1terial except where 
eaceaaive thickneas of 
frozen finea pre,ent. 

Stable foundation material. 

Risk of stream 
avulaion. 

kiek of stream 
avulaion . 

Some risk of 
stream 
avuhion. 

Some rlak of 
•tream 
avulaion. 

-

U'I 
w 
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Table 5 . 1 Descriptive Legend of SurviJlal Materials at Destruction Bay (cont'd) 

xLp 

aLr 

Lacustrlne plain; 
flat to very gently 
sloping; imperfect 
to poor drainage. 

Beach rldgesi well 
drained, 

Interbedded clay, Unfrozen. 
11llt, eand and 
gravel; probably 
exceeding 1 m ln 
th! cknue. 

One metre plus of Cenerally unfrozen. 
gravel and sand 
(individual beach 
ridgea indicated u 
•ymbola may only be 
0.5 a thick and are 
underlain by a 
variety of materiala) . 

- -

Fines poor foundation 
material. 

Cood foundation ~ateriala 
generally present . 

Liquefaction 
and flooJin&. 

Ridr,cs at 
lake level 
subject to 
flooding aml 
wave erosion. 
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Bay is unknown, but Foothills Pipe Lines (South Yukon) Ltd. has 
drilled many holes to depths between 10 and 15 metres that have 
failed to reach the base of permafrost in the vicinity of 
Destruction Bay. 

Destruction Bay is within 10 km of a line of features 
indicating recent fault activity about 10,000 years ago and tends 
to be affected by earthquakes due to its proximity to this fault 
and a zone of high seismic activity in the St. Elias Mountains 
to the south. A slight risk of a large block detaching itself 
from the glacially oversteepened face of the Kluane Ranges and 
moving across the valley to cover Destruction Bay is also present. 
However, this hazard is probably negligible as the last landslide 
in this area appears to be of great antiquity, and no signs of 
imminent slope instability is present along the mountain front. 

5.2 Terrain Types and Their Characteristics 

Map 5.1 and figuresS.S.la,b shows the distributicn of 
terrain types at Destruction Bay. The geomorphology, slope 
distribution, drainage, nature and thickness of materials, perma­
frost distribution, ground ice contents, active layer thicknesses, 
ground stability, engineering characteristics and potential 
hazards for each mapped terrain type are given in Table 5.2 . 
Detailed grain size analysis for typical surficial materials are 
given in Appendix B. 

5.3 Suitability Maps 

Suitability maps for road construction, building con­
struction and underground utility installation, sewage lagoons ~nd 
sanitary landfills, septic systems and construction materials 
including granular materials are presented (Maps 5.3.1 - 5.3.S). 
These suitability maps are derived following the techniques out­
lined in Section 3.3 of this report. 
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5.3 . 1 Suitabilitv for Road Construction 

The suitability map for road construction (Map 5.3.1) 
assumes that roads for year-round use are to be constructed and 
maintained on undisturbed terrain. For the purposes of drainage 
it is assumed the roads are graded. and ditches are present where 
required. The subgrade is to consist of materials underlying the 
roadway and the base material is to be locally obtained where 
possible . No provision is made o.n the suitability map for the 
source of surfacing material~ which is assumed to be 

stabilized crushed gravel, till or rock. 

The terrain factors were evaluated on the basis 
of how they affect the initial construction and how they affect 
load capacities and maintenance. Slope, drainage , permafrost, 
bedrock depth, and material primarily affect initial construction, 
whereas flood hazard, ice contents. and miscellaneous hazards 
primarily affect maintenance. The terrain property guic~lines for 
assessing suitability for highway and road construction and main­
tenance are defined in Table 5.3.l. 

5.3 . 2 Suitability for Building Construction and 
Utility Installation 

The suitability map for building construction 
and utility installation (Map 5.3.2)assume that buildings are 
to have basements and utilities are buried in the ground. It is 
assumed that standard construction procedures are used except 
that special insulative procedures are used in areas of perma­
frost. It is also assumed that ground conditions are such that 
some mobility is viable in the vicinity of the buildings, and 
that utility and ground surface maintenance is minimal. 

The terrain factors were evaluated on how they 
affect initial construction, mainly excavation and how they affect 
the continued stability and maintenance of the building , building 
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r T.able !>.3.1 Ternin Property CuidelinH for Msuaint, Suitability for 111ghvays .and Ro.ads 
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D1fferent st.aces of individl.Mll cerrain factors are est.ablished that .allow the suit.ability of the undisturbed 
terrain type to be cv.alu.ated for constl:'l.lction end maintenance 0£ 4ll•ve.ather hibhw.ay .an~ road, (without 
aarhalt surface). 

Terr-:in rac!'or 
(symbol) 

Slore (sl) 

Drainage (vc) 1 

nood Hazard 
(fl) 

Perma!rott, and2 
ice cont.-nc1 
(pf) 

Kaurd.s due tol 
mu, wa1t.at,e. 
fault activity, 
glacier .adv.ance. 
etc. (hr) 

teo:-oclr. c.tt:t-th 
(br) 

!1.aterial 
COlft!IOSition and 
sconinan 4 , ~ 
(lllt) 

Cood • C 

t.us th•n 5 
degree1 

Rapid co -u. 
sreaeer ch•n 
l ffl co water 
;able 

:to flood1ng 

No perma.froat 

llo huards 

rreater than 2 ~ 

C:r.avel .and sand, 
sandy till; 
stones leaa than 
5 percent 

Degree of Tarratn Suitability 

Fairly Cood • re 

t.ess th.an 8 degrees 

~ell to 1110derately 
well; graater th.an 
0. 7S m t.o wac:er 
cable 

Yary rare: eubjact 
to OftCe 1n 100 yeara 
or lu1 

Scattered pel:'lll&fro.at 
but generally no 
grOl.lnd ice 

No hnarda 

Creater than l.O ffl 

Chye•, till, silty 
sand, silcv gravel, 
stones less than 10 
rercenc 

Fair (Hargin.al) • F 

l.••• than 12 degrees 

~oderately vall to 
iarperfect; vacar 
table generally O.SO 
co O.H m 

Occaaional; 1ubjecc 
to once in 10 to 100 
year, 

Permafrost genar.ally 
present, buc only 
rare areas havtng 
shallow (<0.5 m) 
sediment vith ~edium 
to high ic1 concenta 

Slov near surface 
1oil creep; i1olaced 
rock f.all; evidence 
of faulting within 
last l0,000 yeara 

lletvean O.!> ~ 
.an~ l.O m 

Clayey silt. sandy 
silt ; scones leas 
than 25 percent 

Poor • P 

Slopes betva.n 
12 and lS degree• 

l111perfecc to poor; 
water table lesa 
than O.S 111 

Mnw1l flooding 

Pt.'l"IUfrost vi.th 
ui, to l c of near• 
,urf.ace ,edl.ment 
havins medi'UD to 
hi&h ice content,; 
isolated sediment 
at depth vi.ch high 
ice contents 

Sllght chance of 
glacier readvance 
or sau.i.lllenc lique• 
faction. poasi~il· 
icy oi f.aulc­
ino.ucao. surface 
rupture -within 
next 100 ;,ears; 
rock fall• COIIDOn 

t.u• than 0.5 m 

Cl.ty. or;;.anic 
$il'C, j)H.t llj' co 
2 ~ thiclr., scones 
25 ;o 50 percent 

l. ~or drainage charactcriiation ,ee Canad.a Soll tnfor,u.cion Syst~ (C&nada Soil S11.1'Vay COl:llllittae, 1970). 

2. Ice contents given in per cent voll.lffle excess ice: lov (•lOh; mediwn lo-20:. hi&h>20!. 

\/nautt.ible • U 
(very poor) 

Cre.ater than li. 
de;rees 

Poor, water table 
continuo\&aly naar• 
surface 

floodiag more th&ll 
once• year 

Continuous per11111fro1t 
vith aedimencs hav• 
ins high sround ice 
contents ~o acpths 
greeter th.an l 111 

Poasibilicy of l.and• 
s Lide, ,edi.:ment 
liquificacion within 
nt!at 100 years; 
rapid solifluction, 
nivation or turf.ace 
creep 

CaneraUy near 
surf.ace 

Thie~ ;,eac; ston~s 
;;reater than SC, 
;,ercenc 

3. llaiards such a, flooding and failures due co 11111n•induced th.awia& of pe'IC'IIIA!rost are con,ideraa in flood Har.ard (fl) and 
Peraiafrosc and ice contents (pf). 

4. DI.le to fro,c heaving, terrain units having significant conc:ents of silt and clay in areas of imperfect and poor draioa,e 
should be altered to one las, degree of suitability if c:i.acerial 11 the lilllitin& factor; vhera the hi5hvay is t.o be surfaced 
by aaph.alt the suitability .should be mora •e¥erely altered. 

!>. Stones are defined as cla,ca having a di&111atar greater than 6 CIII, i.e., cobble,. coar,c 'C'\.lbbla, boulder,. block&, 
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t.abh S.J.2 ?e1CT&in Property Cuidelin•• for A•••••ing Suitab1lity for luilding Con1cruction and Utility Ln1callation 

Different 1tate1 of i ndividwal terrain factors are a,c.abl iehad th.at allov the ,uitabilicy of cha 1111diaturbed terrain type 
to \e evalaaatad f.3r con,tr,,ction or inat.all•tion and mai ntenance ot building• ano W101rgr0\ino ucil~tie,. 

?arrain Factor 
(1,-boL) 

Slo;,a ( al) 

Drainage Cort) 1 •1 

nood Haaard 
(fl) 

Perwafro,c and 
ice contan,:a 
(pf) 

2.l 

'll•~•rd1 due co4 
111a1, vaataga, 
faulc activity , 
(glacier .advance, 
ecc.)(h1) 

Bedrock depth 
(br) 

Material 
cgmpo1it:l.on U'ld 
,coaineu 
(lllt) 

Good - C 

Len than 3 
degree• 

~llid to wall; 
gre.1cer thau 
2.5 aetrH to 
~car tabla 

Rona 

No peraaf'l:'OIC 

No hasard1 

Alv•1• greater 
than 2.5 111 

Gravel aa.d 1U'ld ; 
aandy till ; 
ltOIIH hu 
th.a'II 51. 

F.airly Good• re 

Lael CNIII S delJTaea 

Vall co modarataly 
veLl drained.; great~ 
tNIII l.S 111&tre1 to 
vatu tabla 

Nona 

Scace.rad perwsafro,c 
but gener•lly no 
&rCN11d ice 

'No ha&arda 

ll1ually gnatU' 
ch.an 2 111 

Clayey till ; clayey 
ailt •nd ailty 
,and l••• ch•n l 111 
chick: atones l••• 
Chui 151. 

fair (Hargin.l) • F 

L••• than 12 dagraea 

Hodaracely vall to 
imperfect drainage ; 
0. 1 - 1. 0 111atre1 to 
vacer cable 

Very rare: subject co 
once in lOO yeara 
or lea, 

Permafroat general ly 
preaent, but onlr rare 
a:-aa, h&ving aha l ow 
(< l . O metna) Hdi• 
menc vith medium to 
high 1ca content, 

SlCN neat·•urface 
soil creep: vithio 
l 11:111 of poac glecial 
acuv, fault 

l • 2 11acr .. 

t'bick ailty aand , 
tilt , ailty cla7, 
1 tonea 1.5 to 2S1. 

Poor - P 

Slope• becwaaa 
12 .and 20 dagra .. 

larparfectly or 
poorly drdned; 
<. S m to water 
tabla 

Occaasion,ll; 
1ubj ecc co ouce 
in l O to 100 
years 

Perwafro,c with 
up col metre of 
near-surf.ace sedi• 
ment having medium 
to hii;h ice con­
cent1; holatad 
1ediment at depcb 
with high 1.ce 
content, 

Slight chance of 
i;l.•ciar edv.ance 
or 1adilaauc lique• 
faction ; roek. fell. 
pra1ent; evidence 
of faulting within 
l aat l0,000 year, 

Laa, than l macr1 

Thick cby: 
oraani.ca to 2 111 
in dapth, aco-• 
2.5 co 501. 

Un,uitable • U 
(vary poor) 

Crucar chac 20 
da,r••• 

Poor dra 1na11; 
vater table continu• 
oualy oe.ar surf.ace 

Cantinuoua penu.froa~ 
wi.th sed1.lllent1 h.av• 
ing high grou.nd ice 
concanc, to depths 
1raater than l metre 

Po11ibilicy of land· 
slidea , fault• 
ind1.1eed aurface 
rupture, sedi.lllent 
Uquafac:ti.on or 
glacier .1dvance 
vi.chin nut 100 
years; rapi.d aoli­
!luction, nivacioo 
or soil cr .. p 

Gan.rally at surface 

Oraanica great&% 
than )O'Z. ; atones 
graata.r than sot 

1 l. for drainage characcarizaticm see Caft&d.a Soil In.foraiatiOll Sy1te11 (Canad.a Soil Survey Colllllittaa, 1978). 

{ 

L 
L 

2. In ca1e1 of building, vithouc baaamenta 11114 wbara cbe l.iaicing factor, .are drainage, parma.frost .1nd ice ccntenc, or betlrock 
deptb, the degree of 1uicabilicy ah~ld be .altered to a .ire favarable racing bacauae of le11 l.:ataraction becvaeo tAa 
1.111di1curbed ten-&iA t:n,a and th• INildinga io thia moda of con,crucciou, 

l. Ice cont911U 1iv1n 1.n parc1111c -.oluma ucua ice , low <•l0'%.; 11edi'IIIII 10-20'1; ~b > 201 . 

4, H.aa.1rd1 such a, flooding and f1llur11 d~• co aaa•J.nthlcad thaving of p.1111&fro1c aze con1iaar1d in Flood H~rd (fl) and 
Per11afroac and lea c:oncanta (pf). 

S. Ston11 ara dafinacl a, el•stlhaTin& • dialleter 1r1atar cb.an 6am, L.a., cobble,, coar1e ~bla, boulder,, blo~lu. 
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site and utility. Slope, permafrost, bedrock depth, material com­
position and stoniness primarily affect construction and excava­
tion whereas drainage, flood hazard, ice contents, and hazards due 
to mass wastage, glacier advances, faulting, liquefaction primarily 
affect stability and maintenance. The terrain property guidelines 
for assessing suitability for building construction and utility 
installation are defined in Table 5 .3.2 . 

5 .3 . 3 Suitability and Optim\lJJl Locations for Sewage 
Lagoons and Sanitary Landfills 

The suitability map for sewage lagoons and 
sanitary landfills assumes that the sewage lagoons and sanitary 
landfills are to be constructed through shallow excavations or 
through the construction of berms on the undisturbed ground 
surface . The prevention of pollution through the movement of 
surface or ground water to terrain surrounding the facilities 
was considered to be of prime importance in their location. 
Minimal maintenance of berms and other confinements to the ~~ve­
ment of pollutants was also considered paramount. 

The guidelines for sanitary landfills are gener­
ally less severe than for sewage lagoons as no fluid pollutants are 
initially introduced. Thus the suitability maps give a more con­
servative evaluation of terrain for use of sanitary landfills than 
sewage lagoons; in many cases the suitability classification for 
sanitary landfills can be adjusted to the next higher suitability 
classification to that which is shown on the suitability maps for 
sewage lagoons and sanitary landfills . . 

The terrain factors were evaluated on how they 
affect initial construction, mainly excavation and berm emplace­
ment and how they affect continued berm stability and prevention 
of pollution. Slope, flood hazard, permafrost, hazards due to 
mass wastage, glacier advance, faulting, liquefaction , bedrock 
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depth and material composition were considered primarily for their 
influence on pollutant confinement. 

Locations where grain size analysis have been 
completed are plotted on MapS.3.3 and show the basis on which the 
material compositions and permeabilities have been related . Grain 
size distributions for typical materials collected during the 
field investigations and located on Map5.3.3 are shown in Appendix B. 

In addition to drainage and material stoniness, 
many of the above terrain factors would also affect lagoon and 
landfill construction and maintenance. The terrain property 
guidelines for assessing suitability for sewage lagoons and sani­
tary landfills are defined in Table 5.3 .3. 

Areas containing possible optimum locations for 
sewage lagoons and sanitary landfills are contained within those 
areas classified as FAIR on the suitability map. 
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Table 5.J.J Tal"1:'ain Property Cuidelillet for A11e111ng Suit~ility for Scvag• lagoons and Sanitary Landfill• 

Differl"l'lt 1tata1 a£ iadivicl.val tarraia facto~•••• e1tabli1hed that allov the 111Ltability of the und11t11rbed 
terrain C'TIIC to Lllpol.ll!.d vater, aavage, .Lll.d l eachate to~. evaluated. 

Terrain F'ac:tcn: 
(symbol) 

Dniu.ge (vt)
2 

rloocl. Ka&acd 
(fl) 

Pe:rmaf1r01c andJ 
ice cot1tnt.s 
(pf) 

Ila i:arcl.a due to 4 

mau vau:a1a, 
fault &Ct1Vi C'9 
glacier adv111>ca, 
eci::. (hz) 

Bedrock datith 
(br) 

:!atcrial 
c:'Olll'pOlition and 
1co111llen ~ 
{mt) 

Degree of T«rTain Suitability 

Coad - G 

LHI tbui l.S 
das-r••• 
ll&picl co vel.l 
11:auiad; -tU' 
table l,!i II 
pl1,1.1 

Ma floa41ng 

Ito p ft'lll&fn • c 

!lo lluarcl1 

fairly Ciood - re 

"oderately -11 
drainetl; 1111car table 
generally l, 0 11 
plua 

Vary rare: rubject 
to cmca 111 100 year, 
or leH 

Sc.at:e.red ,e~1t 
vi.Cb lav ice concean 

Graatl!I' tban l.S Craacar than l.O 
metres {bLa11kac) nccrca (blanket) 

S1lty clay: leu 
than 3 percl'nt 
1tone1 

c;l•••" 11lc and 
silt; cla'9ey till 
and co..,acc till; 
J to 10 parcllftt 
,cone, 

Fair ("arginal) - F 

Leia than 8 degree, 

Imperfacc1y draillad; 
vacar table gnierally 
0.S CO 1,0 II 

R.are: subject to once 
111 50 year, co 100 
years 

P1raiafroat generally 
pr•sent, buc only 
rai-e area• hAving 
ahallov (<O.S 111) 
sedilllent1 vtth medilllll 
to high lee contenc1 

Slov near 1urface 
•o1l creep 

teC\ieen O.S an~ l.O 
metres (veneer) 

S1lt vich same organic 
content ; aann~ or 
cravelly 1ilt or cl.ay; 
loo1e till , 10-25 per 
cent ICOll&I 

Paar - P 

Less than 15 
cl.agrees 

Poorly drilined, 
water ubh 
ga11ually leu 
than 0.5 111 

Oceaaional., 
subject to Ot\CI 
in 5 to SO year, 

l'e~a.fni,c vich 
up to l III of n•ar­
aurfaca ••d1oent 
having medi11111 co 
h~h ice concanc, 

Slight chanca o! 
gl.acier advance ; 
evidence of fault• 
ing vi th iii lu t 
10,000 yea.r,; 
SOiie rock fdl 

Leu than 0. S 
111etrl's (veneer) 

SUcy sand and 
silty gravel, 
lus 25-SO par 
c:ent stone 

Un1uicabh • U 
(vary poor) 

Creai::ar t!l.&n lS 
.Jegreal 

Pen:ia.netly vat ; 
vatai· table CDII• 
tinu0\&1ly near 
1=£ace 

Fr eiillent, aubJ itC'I: 
to ac laaac once a 
year 

ConcLouou.a pe~­
froa c with sed1• 
manta hav~ng high 
ground 1cs conce11t1 
co depths graacar 
than L Cl 

ilap id soil t:-eep 
or aolifluccion ?r•• 
veil. ~oaaibility of 
l;a.ndslida, faulc 
lndui.cd 11.1rfac1t 
rupture, 1adialant 
liq\li.fic:ation, or 
glacier advance vitb• 
lJ\ naxt 100 yaara 

Generally at 
surf.ace 

Sa!MI and ;ravel; 
i;reatu c:i.an !>0 
percent atonas 
peat 

l. SlapH er, • -r• Lilli ti.Zig fAecor to the conacnicticm of viabla •-••• lagoons tban aaaitary landfill• . Th1H t•n:"ai.n 
unit ,ucab111CT far unitary LanoUlu sf!Ollld be eltd'K to oua leH a..,ere degrH of sw.ubilJ..cy 1.£ alope 11 'C.be l.l.m.it~ 
t enaui faccor. 

z. Tor drainage ~accer~cicm ••• Canacl.a Sail Infal"ll&cton Sy,c .. (c:.nada Soil Survey COIIIIIIJ.ctee, 197&). 

:). lea conunta given 1n p,r cent vol- .aeH• 1c,1 ll>V (•101; mecii11m l0-201, h.i.;h > 20'L. 

"· Kua:rda 1\&Cb •• !lood1ng ud !&Uuras clue co maa-11141acecl t!l.&villc o! pel"lll&lroac are cona:l.clerad 1n Flood li.llz.a:rd (fl) and 
Pel"lll&lro,c .Ql4 ice concents (pf). 

). StODH are cle.l!uiali u clasct ll.avillC a 41.aaeter graacn- than 6cm, 1.,e., eobblea, coaraa ni.bbla, bouldara, blocks. 
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5.3.4 Suitabi~ity for Septic Systems 

The suitability map for septic systems (Map 5.3.4) 
assumes that the effluent from a septic tank is to be distributed 
in the natural surficial material by means of a sub-surface or 
raised tile. It was assumed that it would be required that water 
bodies and water supplies within 60 metresand surface water are 
not to be polluted by the septic system . It is also assumed that 
the systems are to be emplaced by standard procedures and that 
ground surface maintenance following emplacement is to be minimal. 

The permeability of surficial materials with a 
terrain type was considered extremely important in evaluating 
terrain types for septic field suitability because the absorption 
of effluent without the pollution of water supplies or water 
bodies greater than 60 metresfrom the septic field is of prime 
importance. Grain size distributions for typical materials 
collectc ~ during the field investigations and located on Map 5.3.4 
are shown in Appendix B. 

The terrain factors were evaluated on how they 
affect initial sewage systems emplacement and maintenance and how 
they affect absorbtion of effluent and pollution prevention . The 
material composition, mainly its permeability, was considered of 
prime importance in evaluating terrain types for septic field 
suitability. Other terrain factors such as slope, drainage, perma­
frost, flood hazards, hazards due to mass wastage, glacier advances, 
liquefaction and faulting, and bedrock depth primarily affect the 
continued prevention of pollution of adjacent surface water, water 
bodies and water supplies; and to a lesser degree the emplacement 
and maintenance of th.e septic systems. The terrain property 
guidelines for assessing suitability for septic systems are defined 
in Table 5.3.4. 
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Tanein Property Cuidalin11 for Aa,,,,iag SYiC&bili~ for S1ptic Sy,tema 

D1lhrl!l'.lc IC&CH of Uldivid11.11l i::1ndn factora are ucabli1h1d that allow tha 11.1icabi Ucy of ch1 u11diu:1.1rbed 
terrain t:YP• co be evaluated for co111t'l"\lction imd aaintenanc1 of septic •ystaas. 

T1rrain Factor 
(a,ruol) 

Slope (11) 

Dra1nqt (vc) 1 

nood a-i 
(fl) 

P1rm&t\"01c aad2 
ice c=oocnica 
(pf) 

~Urda due tDl 
ma,1 v11t1g1, 
f&qlt ac:Civi.ty, 
glaciar ad,,.~•. 
ecc. (h&) 

a.drock oepcb 
(br) 

Nace-ru.l 
~odcir' and 
fCOftiflHI 
(111C) 

Cood - C 

LeH 'CJU111 3 
desr••• 
Vall Uaiaed; 
v.acn cablea 
detipar ctw:,. 
1. • .5. 

Mooe 

Ncm.1 

{:reacar th.all 
l. 5 m 

Fine co c:out1 
1111d; l.OOH 
satid• cill; 
llsa chaa 5 
parcanc 1ilt, 
clay and 
icon .. 

Fat.rly Good • re 

l.a11 Cb.all S d1,re11 

Hoderacaly vall 
drained: vacar tablet 
o~a1aaally riae CD 
ln'I.U &b09e 1,,,5 a 

Very rare; subject 
to o-. io LOO 
71ar1 or 1111 

au-, p-frDat; 
g.nerally IIO gTound 
ice 

llo!ll 

l co l.S 111 

Sand and l,4oaa •andr 
till; S to 20 per· 
cent: ccmpoo.nc of 
silt. c.uy uid 1cone1 

Laa, than 8 d11ree1 

Moderately v1ll to 
1.miterfeccly draiAed: 
vacer tabla• uaually 
O.S • below •~rf&c1 

<>ecaaional; 1ubj1cc 
to once in 10 yeara 
or l1aa 

Di1cont1.n\>OQ1 parma· 
fi-o,c 

Hino-r aoU crHp 

o.S to l m 

Sand, i;ravdly 
J&nd, sandy till ; 
lO co 50 parc•nt 
c~Dllfflt of ,ilc , 
cl.ay and 1c:one1 

l"oor • P 

le!!Veen 8 •nd 
LS degree• 

Impet'fac:tly co 
poorly clrained: 
1eaaooal surface 
pondiag of 
vatar 

Oecuional; 
1ubjeec co once 
in 5 yeara or 
lu1 

Perm.afroac pra1ent 
vich rare ar1a1 
having shallow 
{ 0.5 m) 1edimanc 
vi.th caedium co 
high ice c:oncanca 

Soa,.a roek fall ; 
•light chance of 
glacier •civanca ; 
evidence of fault· 
illg v:l.chin la, c 
10.000 year, 

l.Hs chaa . 5 m, 
uneven thic:lui111 
(Vffllei:') 

Cravel, 1iJ.c 1nd 
clay concant 
;i"aacer than 70 
percanc of wiit; 
cl..1.717 till. 

l, For U&il)ag1 ch&ractmr1.aat10'0 11e C£nada Soil Inl0"'9ation Sy1ca111 (e.si.d.a Soil Sui:Y1y Coall.itte1, 1978). 

2. tee tOQC:Utl ,1v.n in pw cant "Vl1aa ucua ice: lov (•lot: aa41ua 10•201.: h1ib )21r... 

Un,uic.abla - U 
(very poor) 

Cr1acar thu 15 
degr111 

Poorly draine4: 
1urf.a.ee poming 
c:immon 

Continw,1.11 p~· 
:ro, c vith maiiy 
1r1a1 havi.llg sb&llow 
.sediment with m1cliia 
to high ground 1c• 
contents 

~pid soil craep, 
soJ.i..fluction and 
lliv•cioa; .acciva 
i&ndalicia ,cc:l.vicy 
.ac s i.u or 011 
adjac:enc J1.l.op1; 
poaaibills:,, of 
glaciar adv;u1ce or 
liquifact:l.oo vithi.n 
nut LOO yeara 

Cenerally leaa ;ban 
0.5 m 

Craval, clay, silt, 
J COile C:OIICIUl.t 
;re•cer c:nan 50 
p,rcaac; peat 

l. 11.aurd.a 1\ICh u flooding and failure, ch-. co lll&D•lnciu~ ~, of pe~roac a-ra conaiderad Lil Flaod ll&urci (fl} and 
Pa~ro,c aed ica couc.ac, (pf). 

4. scon111 are lie.filled aa cwa bavtag a ~tsr p-.. car Cll&n 6 ca, J..1., o.obblea, coarse n&bbla , bcnal.d<trs, bl.oeb. 
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The suitability map (Map5.3.5)assumes that the 
construction materials are to be used as aggregate or fill. T~e 
suitability of the different terrain types are evaluated accord­
ing to the quality and quantity of the surficial materials within 
it, and the workability and ease of extraction of those materials. 
Materials that are required to be impermeable such as dikes are 
excluded from consideration; the suitability for sewage lagoons 
and sanitary landfills give a partial assessment of suitability 
for impermeable materials. The suitability of bedrock as a con­
struction material has not been evaluated. Terrain types contain­
ing gravel and sand with potential as aggregate are given the 
highest suitability classification as they can easily be adapted 
to most construction purposes. Other terrain types are evaluated 
on the basis of the compressibility. compactibility, susceptibility 
to frost action and surface trafficability of the surficial 
materials within them. 

The terrain factors were evaluated on the basis 
how they affect the usefulness and versatility of the contained 
materials as a construction material, the ease or difficulty of 
extraction, and the volumes that could be extracted from a unit 
area. Material composition and stoniness primarily affects use­
fulness as a construction material, whereas slope, drainage, perma­
frost, flood hazard, miscellaneous hazards, and bedrock depth 
affect the extractable volumes per unit area and the ease or 
difficulty of extraction. The terrain property guidelines are 
defined in Table 5.3.5. 

A number of sources of aggregate have been out­
lined on map 5. 3. 5. The gravel: sand: fines ratios (bas·ed on grain 
size distribution obtained during this and earlier investigations), 
and the cu. metres per hectare of deposits (based on our estimate 
of minimal ex.traction thicknesses) are indicated for each source. 
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Table 5 .J • S Tan-ain Propert~ C"idelinH for A1111t1ng Suitabi lit)' for Con1truction M&i:eriah Includin& llorkability 
and U1efuln••• •• General Fill and Sources of Gravel and Send 

Differnit stat•• 0£ individi.al terrain factor• are establi1hed that all ow the suitability cf the undisturbad 
c1n-ain type to be r.'ali.aced •• a potential aourc:e of con1c:n.1c:tion materials. inc:ludin, •and and sravel. 

Terrain Factor 
(aymbol) 

Slope (al) 

Flood Haiard 
{fl) 

Penaafroat and3 
ice conceocs 
(pf) 

Hazarda dlle co4 

maaa vaacaga, 
fault activity, 
gllc:1ar advance, 
etc. (hz) 

lledroclt d1111ch 
(br) 

Hat.rial 
c:cn11po1ition and 
u:onineu~ 
(mt) 

Cood - C 

Lees Chao 
) degrHa 

llApid to "'ell; 
vaccr table 
) 2. II 

Noee 

No hazarde 

Creater than 2 m 

Cravel and Hnd; 
ltonea le11 
than 3 percent 

Degree of TerTain Suitability 

Fairly Cood - FC 

htveen S and 12 
degreH 

Well to 1111derately 
we ll; vec.r table 
l.Oto211 

Very rare ; subject 
once in 100 year, 
or leu 

Scattered peT11&froat 
vith lov gn11and 
ice contat1.t1 

Flow naar•1urface 
soil creep 

letween 1.5 and 2 11 

S1ltT a&nd, lilc, 
gravel. sandy till; 
thin cover (veneer) 
c,ver sand or gravel; 
scone, la•• than 
10 p•rcanc 

fair (Marginal) - F 

aeC'Veen 12. and 20 
degreH 

'. Imperfect to IIIOderately 
'vell: water tabLe 0.5 
to 1.0 111 

Occ,aicnal to rare; 
1ubJ ec t co once 111 .S 
co loo yur• 

Permafro•t generally 
present, but only rare 
areae having ahallav 
(<0.5 111) sediment 
vich 111edium to high 
ice content, 

R.pid 1011 creep or 
toliflllction : r.,tdence 
of faulting with i n 
laat 10,000 year,; 
chance of glacier 
advance 

Creacer than l.O • 
(blanket) 

Till, t1lty fi•• 
sand; ,con•• les, 
than 2.S perc:,nt 

Poor - P 

Sat\leen 20 &Dd 
JO degreH 

Imperhct to 
poor; v,car 
table le&1 than 
o • .s Ill 

Frequent; •"b~ect 
to aniw .. 11 flood 

Permafroat wittl 
up co l m of 
naar-eurface sedi­
ment having merlium 
tD h1gtl ic:e 
content, 

Pouibility of 
landslide, ,urface 
rupcv.re or 1edi· 
m.ent liquifica• 
tion vitlu.n next 
100 ye.an 

8etvcen O. 5 and 
1.0 111 (veneer) 

Silt, claI, 
cl,.yey Ii c, 
chick cover 
(bl•nkec) over 
sano and gravel; 
2.S co .SO percent 
atones 

1, For drainage c.t\arac:.erizatiOII , .. Caaa.da Soil I1lformacio11 Sysce• (Cao.ad& Soil Survey Cocaitcee , 1978). 

2. Ice concenu 11v- ui parc:u11: -1..-e cxceea 1cc: lov(•lln.; 11ecliia 10-201; higtl )201.. 

Un1uicable • U 
(vary poor) 

Greater tbara 30 
degreea 

Peraanentl, vat ; 
vacer table near 
aurface 

Very frequent: 
flooded 110re th&n 
once per ,ear 

Continuoua permafro•t 
vi.th tedi.lllenca hav­
ing high ground ic:e 
contents to depths 
greater ttlan l 111 

Iasineric po11ibility 
of l•ndaLida and 
sediment liqui!ica­
tion 

Leu than O • .S 111 

Peat, organic ailca ; 
greater cha11 SO 
percent aeon•• 

). Wacar e&ble1 are co11,1dered Oflly ..+,ere p11'111afroat ia abaftlC aa a perched water cable ia generally praaenc vbere pe!:llla!ro•t 
ia pruent. Hovevff , only a limited and ua1l1 c:cmerolled -,znt ot vatu "'oul..d be intrl)cwced frDIII aaet e&e&v•ciou1 
frc,a th1a perched vacer table. 

4, Haurd• such aa floods.ng and failv•• due co 111111•1.lldueed th.wing of pu.afroat are C:OIQt1dered ui Flood Hazard (fl) and 
Periaafro•e and ice cantactt (pf). 

5. Sean•• are da!tnad •• c~eta haV'ing a dtamacer rr••ter than 6 cm, 1.a., cobbl••• c:oar•• rub~le, bo~ldara, block•. 
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The area in which 73PY is located on map 5.3.5 
probably contains the largest source of near-surface gravel and 
sand closest to Destruction Bay; although much of this area may 
be limited by medium depths of overburden, imperfect Jraiaage and 
flood hazard, further investigations would certainly establish 
easily extractable reserves of gravel and sand that total beyond 
the foreseeable requirements of Destruction Bay. 

Patches of gravel and sand are present on the 
surface of most units east of Destruction Bay along the Alaska 
Highway, and gravel and sand are generally present under the till 
forming the surface. However, these sources involve either dis­
turbing large areas or costly stripping of overburden. Gravel 
and sand is also common along the scarps along the edge of Kluane 
Lake northwest of Destruction Bay, but again are covered by thick 
overburden. Large volumes of gravel are present in alluvial-fans 
east of the Destruction Bay study area. However. this would 
involve large haul distances and extra cost. 

Till . for fill and road binding purposes is avail­
able iIIDD.ediately east of Destruction Bay in all areas marked as 
F - pf, mt on map 5.3.5. 

5.3.6 Recreatiou.,_and Cottage Areas 

Some areas of excellent potential for recreation 
and cottage development are present within the Destruction Bay 
study area. These areas allow for increased access, foot and 
vehicle travel and cottages with some type of sewage disposal, 
preferably a septic system. 

Map 5.3.2, which gives the suitability for 
building construction and utility installation, and map 5.3.4, which 
gives the suitability for septic systems, are a guide to areas most 
suitable for recreational and cottage development. The areas 
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southeast of Destruction Bay and north of the Alaska Highway that 
are mapped as FG - pf, mt and F - pf on map 5.3.2 and as F - pf 
and P - pf, mt on map 5.3.4 appear to be best suited for recrea­
tion and cottage development. That area mapped as· FG - pf, mt on 
map 5.3.2 having a gradual slope to lake levels appears to be 
extremely favourable. 

5.4 Unique Features 

Few particular and unique features are present at 
Destruction Bay. At (1), (2), and (3) on map 5.5.1 features are 
present that relate to the high Neoglacial lake level of Kluane 
Lake. At (1) some indistinct sands and gravel raised beach ridges 
are present; at (2) submerged tree stumps are visible in the lake; 
and at (3) fine-grained Neoglacial lake sediments bury a soil 
layer overlying alluvium. With the exception of unique feature 
(3) all are better illustrated at other sites around Kluane Lake. 

5.5 Hydrogeolgy 

The hydrogeology of Destruction Bay is described under 
the headings of well survey, water quality, groundwater flow regime 
and water supply potential. 

5.5.l Well Survey 

A well survey of the community of Destruction 
Bay identified 6 wells that are presently in use and include a 
communal well which services the village core; and an additional 
8 wells which are not operative at present. These wells are 
located on Map 5.5.1 and the available hydrogeological informa­
tion about them is sUl'DI!larized on Table 5.5.1 of this report. Well 
depths vary significantly from 15-20 m deep to 161 m. All 
wells are drilled and no dug wells or surface water sources are 
used for water supply in the community. 



. - ---- - --- -- -;------~---- -·-· ----i-~---. .--.-, . . 

Table S.5.1 Hydrogeological Data, Destruction Bay 

Well No. 

DB8 (1963) 

DBl (1973) 

DB2 (1955) 

DB3 

DB14 

DBS 

DB6 

DB9 

Description 

Talbot Arms Hotel 

Talbot Arms Hotel 

Destruction Bay 
Lodge Ltd. 

Yukon Territorial 
Government yard 

Boat rental 
building 

Dept. of Public 
Works 

Yukon Electric 
(Eikland 
household) 

Canadian National 
Telecomnunications 

Depth 

20.7 m 

87 m 

Static 
Level 

flowing 

(5 m 

28 m flowing 

shallow near 
esti- surface 
mated 15 
to 20 m 

56 m flowing 

unknown 2.3 m 

75 m < Sm 

30 m close to 
surface 

Use 

hotel 
-not in use 

hotel 

abandoned 

yard uses 

not in use 

not in use 

domestic 

not in use 

Yield 

sufficient 
for large 
lodge 

sufficient 
for large 
hotel and 
restaurant 

used for 
small lodge 

low volume 

unknown 

unknown 

very low 
yield, 
1200 1 
storage 
tank used 

unknown 

no log, water 
highly corro­
sive 

no log, soft 
water 

no log 

no log 

continually 
froze shut at 
30 m depth 

no log 

no log, well 
runs out of 
water on 
occasion 

no log 



·r---- -----· - --.-.-...-·- -· ,,.._._. __ r--r __ .. __ ----, ~ .. -· ~ ---,...___ - ---
Table 5.5.l (cont'd) 

Static 
Well No. Description Depth Level Use Yield Log 

DBl0,11 Test wells in new no data not domestic no data completed by 
subdivision east flowing use available Midnight Sun 
of Destruction intended Drilling Ltd. 
Bay 

Cooununity Wells 

DB12 (1940's) ff l 30 m unknown village 45 1/min silt problem 
water supply 

DB13 (1940's) 112 24 m unknown as above not known silt problem 

DBS 1/3 161 m near village see text 
surface water 

supply 

DB4 Parks Canada 88 m 2.7 m domestic 180 1/min 
Residence residence 
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Three of the sampled wells (30m, 24m and 161 metres 
deep), which are adjacent to the lake, presently furnish the communal 
groundwater supply for the village. The deep well is the only one 
in the village with a stratigraphic log (iiydrogeological Consultants 
Ltd. 1978). Other data was obtained from local residents and Parks 
Canada and Department of Transport files. 

5.5.2 Water Quality 

The water chemistry of the 6 wells sampled in 
Destruction Bay is outlined as Table 5.5.2a. An analysis of raw 
Kluane Lake water was included to examine the possibility of 
recharge of wells from the lake. 

Bicarbonate is the major anion in the wells at 
Destruction Bay lodge, at the Yukon Territorial Government yard 
and at the Parks Canada residence. These wells all have very 
hard water although the first two arc a ~,icarbonate (minor sulphate) -
magnesium (minor calcium) type and the last is a bicarbonate 
(minor sulphate) - calcium (minor magnesium) type. These wells 
have a low chloride content, a characteristic which is typical of 
the region. The concentrations of 373.1, 321.8 and 244.5 ppm total 
dissolved solids and variations in minor and trace element 
chemistry show that different aquifers are being utilized in each 
case. 

The Talbot Arms Hotel, Town Water Supply and 
Yukon Electric wells are all sulphate (minor bicarbonate) -
alkali earth cation waters. Sodium predominates in the first, 
magnesium in the second and equal amounts of each cation are found 
in the third. 

There is no geochemical evidence to suggest that 
any well is recharging from Kluane Lake waters which is a slightly 
mineralized sulphate (minor bicarbonate) - calcium (minor magnesium) 
type. 



----, . -

Table 5. S. 2 a 
\.IATER CIIEHISTRY UATA (Destruction Bay) 

(in mg/1 unless indicated) 
mg/! Surface Water 

uMllos 
Ca++ llg ++ Na+ K+ F +2 Hn+2 or Approx (mg/1 

Sa1nple IICoJ Cond. e No) Cl- So4 Pot, Aquifer TDS Hardness CaCo3) 
. 

Talbot Arms 109 560 25 J6.2 37 .5 l. 75 3.0 N.D 184 Jl 392 210.9 very 
llotcl hard 

nestruction 374 820 43. 7 91 15 3.1 .2 . 12 3.5 115 Jl 574 373.l very 
Ilay Lodr,e hard 

Yukon T. 2Jl 660 41.8 53 22.5 2.37 . 1 .11 .44 142 2142 462 321. 8 very 
Government hard 
Yard 

Parl:s Canada 238 520 65 20 4.25 . 6 .05 1.5 41 364 2114. 5 very 
Residence harJ 

l'own Water 150 600 22.5 50 22.5 2.5 .1 1. 72 3.5 162 420 261.3 very 
Supply hard 

Yukon Electric 87 580 21.3 37.5 37.5 1. 5 .1 1.86 207 406 207.0 very 
(Elkland llome) hard 

Kluane take 86 )80 27.5 16 . 3 4.25 .25 .05 91 Lake Sample 266 135 .6 hard 
(wa tcr front) 

Lewis Creek 75 260 20.0 7.5 l. 75 1.12 .05 .13 37 31 Surface water 182 80. 7 moderately 
soft 

Congden Creek 281 660 62.5 35.0 5.5 1.0 .8 .32 68 Surface water 462 299.8 very 
hard 
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All samples are considered to be chemically 
potable except the Yukon Territorial Government well which is 
very high in phosphate (2142 mg/ml). This well may be contamin­
ated from the truck and equipment washing facilities which are 
in close proximity to the well. It is understood that the well 
only furnishes water for this purpose in any case and is not 
used for human consumption. 

5.5.3 Groundwater Flow Regime 

Existing test drilling results and groundwater 
flow information are summarized in the following sections of 
this report. Two cross sections have been included to show the 
stratigraphy of the Destruction Bay area based on available water­
well and bore hole logs (Figures 5.5.la, b). The stratigraphy at 
depth beneath the village is shown on Table 5.5.2b(after Hydro­
geological Consultants Ltd. 1978) from data obtained during drill­
ing of the community well in the village. 

A) Test Drilling Results 

A test well was drilled in 1978 to a 161 metre depth beside 
the existing communal wells at the village water front. It 
penetrated an 11.5 m (38 foot) thick alluvial fan complex. This 
unit overlies a 9.4 m (31 foot) glaciolacustrine silt/clay 
stratum, a thick 92.9 sequence of cobbley, sandy and dense hard 
glacial till, another lacustrine unit 19.2 m thick and a 24.9 m 
cobbley till stratum. This entire geological section is under­
lain by.a brown silty unit of unknown origin and total thickness. 
Bedrock was not reached in this well. 

Potential water bearing zones were identified at the 74.0 
to 75.3 m, 44.8 to 46.3 m and 33.2 to 34.4 m depths in the well. 
No major water bearing zones were found in any of the glacio­
lacustrine, alluvial or morainal terrain units described above. 
The 32.2 m to 34.4 m zone which might be interpreted as thin 
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Table: 5.5.2b 

I. 
I 

(After 

Stratigraphy of Destruction Bay 
Community Well 

Hvdrogeological Consultants Ltd . 1978) 

[ Depth 
{ m) Litholosi Terrain Unit 

r 0 Gravel with some silt xA£ 

Clay L 

r 30.5 Till; soft 
Till; with sand layers 

f 61 Till; hard M 

r Till; with one layer of coarse gravel 

f 91.5 Till; cobbled 

I Silt; black 
{ Clay; grey 

f Silt; dark grey 
I 122 . 

l Clay; hard grey silty L 

l Clay; silty 

I 

152.5 Till; cobbled M I 

l,.: 
brown Unknown 

i 
Silt; 

167 To bottom of hole 

l 
I 

( 

l 
l 
{ 
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glaciofluvial sand/gravel unit found within the major till 
sequence proved to be water bearing. A 94.5 litre/minute flow 
was blown from the well during development after installation of 
a well screen in this zone. The effective transmissivity of the 
aquifer is 6 x 102 ipd/ft. 

B) Groundwater Flow Directions 

Table 5.5.1 indicates the depths of aquifers which are being 
utilized in each well in Destruction Bay. A wide variation 
(627 to 779 m A.S.L.) is evident even between wells which are 
in very close proximity which suggests that aquifers are thin 
and discontinuous laterally. 

All wells have been drilled to a depth of at least 15 metres 
below the ground surface and are considered to be utilizing 
confined aquifers in the till and gravel units, which underlie 
much of the Destruction Bay area. No dug or drilled wells in 
the Alluvial Fan sequences have been constructed in this settlement. 
'n1e potential of this terrain unit to provide adequate quantities 
of good quality water should be reasonable, but freezing problems 
are a major constraint of wells in shallow unconfined aquifers 
however. 

Surficial terrain units and probable groundwater flow direc­
tions are summarized on Figure 5.5.3. Both the predominant regional 
and local groundwater flow directions are to the northeast towards 
Kluane Lake. Unconfined permeable alluvial fan and glaciofluvial 
materials which are exposed at the surface, cover a large area 
of the region. These units generally overlie a thick low­
permeability till sequence and recharge from surface precipita­
tion. The fact that three flowing wells are present in the village 
suggest that deeper aquifers are recharging from higher elevation 
rock, colluvium and sloping alluvial fan units southwest of the 
study area, especially in the area where the Shakwak Trench 
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(the broad valley in which Kluane Lake lies) adjoins the Kluane 
Range. Probably some hydraulic connections are also present 
throughout glaciofluvial deposits and till sequence. The possi­
bility exists that vertical movement of water from the surface is 
o~curing through the surficial complex to generate these artesian 
pressures. This recharge source cannot be verified with existing 
data however, and is considered unlikely if till units are con­
tinuous because of the till observed where morainal units are 
exposed at the surface generally has low permeability. Permafwost 
in parts of the alluvial-fan complex would also inhibit local 
recharge where permafrost was present. 

5.5.4 Water Supply Potential 

The following conclusions can be made about the 
water supply potential of the Destruction Bay area. 

A) Most geological materials buried at depth beneath Destruction 
Bay are of glaciolacustrine and morainal origin and are not 
waterbearing. The potential for the development of major aquifers 
as water supplies is very limited in these strata. For example, 
the aquifer developed during the drilling of communal well no. 3 
is a thin stratum of permeable sand and gravel, perhaps of glacio­
fluvial origin. The safe yield and transmissivity of this aquifer 
is low and the potential exists to service only 3 or 4 domestic 
residences from this one source. High turbidity problems are 
often associated with this type of aquifer. 

B) High yields of potable water may be present in unconfined 
near-surface alluvial-fan and glaciofluvial sand/gravel deposits. 
However, freezing problems are likely to preclude use of these 
aquifers for future development. Due to the high permeability of 
this type of terrain the contamination risk of shallow wells from 
any pollutant source (sewage, hydrocarbon spills, etc.) is high. 
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C) Future development in Destruction Bay will likely require 
the construction of well fields consisting of several 20 - 100 m 
deep properly screened low volume wells supplying a communal 

r distribution system. 
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6.0 BURWASH LANDING 

6.1 ·settin~ 

Burwash Landing is located near the western end of 
Kluane Lake in the Shakwak Trench, which is the physiographic 
expression of a large fault system that transects both Alaska 
and Yukon Territory, and that has been active during the late 
Tertiary and Pleistocene . At Burwash Landing, the ground sur­
face rises gradually from about 780 metres at Kluane Lake to 
about 1120 metres at the edge of the Shakwak Trench. Near 
Kluane Lake, the terrain is gently sloping or undulating except 
for some small scarps of 10-15 metres formed by wave erosion 
near Kluane Lake. 

At Burwash Landing, thick unconsolidated deposits are 
the result of deposition during several Pleistocene glacial and 
interglacial periods, and include till, outwash, glaci .. lacustrine 
silt and clay, and alluvial silt, sand and gravel. Most of the 
surface materials shown on map 6.1, and figure 6.1 were deposited 
during o~ after the Macauley glaciation. During this glaciation 
a large trunk valley glacier flowed northwest along the Shakwak 
Trench. At Burwash Landing undulating and flat moraine (tMm, tMp), 
outwash (aGp), and during its later phases, loess (m.Ev) were 
deposited during this glaciation. Peat (Ob) has begun to accumu­
late in swales in morainic areas. 

During the waning stages of the Macauley glaciation, 
Kluane Lake drained to the northwest. However, during the 
hypsithermal, the Kaskawulsh Glacier at the head of the Slims 
River retreated far up its valley and allowed Kluane Lake to drain 
to the Alsek River and to be lowered by over 40 metre~. Rapid 
formation and aggradation of the alluvial-fans flanking the 
Kluane Ranges that occurred following deglaciation of the Shakwak 
probably continued near Burwash Landing, as material was not being 
removed from the base of the alluvial-fans by the Kluane River. 
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During Neoglacial time, the Kaskawulsh Glacier re­
advanced , blocked the drainage of Kluane Lake to the Alsek River, 
and caused Kluane Lake to rise to an elevation 10 to 12 metres 
above its present elevation. A new outlet (the present Kluane 
River) was re-established . to the northwest and Kluane Lake 
quickly returned to near its present level. This new level of 
Kluane Lake probably caused some erosion on the Duke River alluvial­
fan. Alluvium deposited by the Duke River is mainly gravel near 
Burwash Landing (gAf). 

The Neoglacial rise in the level of Kluane Lake has 
resulted in some areas below elevations of about 792 metres 
having a capping of wave-washed material (aLv, sLb). Modern 
wave action continues to modify beach ridges and beaches at 
lake level. Shoreline erosion appears to be moderate at Burwash 
Landing . 

Burwash Landing lies in an area where permafrost is 
near continuous. Only those units, eg. alluvial-fans, that are 
frequented by surface streams or that lack a significant capping 
of fine-grained sediment and peat (gAf) are free of permafrost. 
Even those portions of alluvial-fans having permafrost at their 
surface often have taliks throughout their total thickness because 
of groundwater percolating through them to Kluane Lake. Kluane 
Lake itself may also cause the thickness of permafrost to be 
relatively thin near it. The total thickness of permafrost at 
Burwash Landing is unknown, but Foothills Pipe Lines (South 
Yukon) Ltd. has drilled many holes to depths between 10 and 15 
metres that have failed to reach the base of permafrost in the 
vicinity of Burwash Landing. 

Burwash Landing is within 10 km of a line of features 
indicating recent fault activity about 10,000 years ago and tends 
to be affected by earthquakes due to its proximity to this fault 
and a zone of high seismic activity in the St. Elias Mountains to 
the south. 
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6.2 Terrain Types and Their Characteristics 

Map 6.1 and figure 6.1 show the distribution of terrain 
types at Burwash Le.ndi~g. The geomorphology, slope distribution, 
drainage, nature and thickness of materials, permafrost distribu­
tion, ground ice contents, active layer thicknesses, ground 
stability, engineering characteristics and potential hazards for 
each mapped terrain type are given in Table 6.1. Detailed grain 
size analysis for typical surficial materials are given in 
Appendix B. 

6.3 Suitability MaES 

Suitability maps for road construction, building con­
struction and underground utility installation, sewage lagoons and 
sanitary landfills, septic systems and construction materials 
including granular materials are presented (Maps 6.3.1 - 6.3.5). 
These suitability map~ are derived following the techniques out­
lined in Section 3.3 of this report. 

6.3.1 Suitability for Road Construction 

The suitability map for road construction (Map 
6.3.1) assumes that roads for year-round use are to be constructed 
and maintained on undisturbed terrain. For the purposes of 
drainage it is assumed the roads are graded, and ditches are 
present where required. The subgrade is to consist of materials 
underlying the roadway and the base material is to be locally 
obtained where possible. No provision is made in the suitability 
map for the source of surfacing material, which is assumed to be 
stabilized crushed gravel, till or rock. 

The terrain factors were evaluated on the basis 
of how they affect the initial construction and how they affect 
load capacities and maintenance. Slope, drainage, permafrost, 



Teblc: 6. 1 

Terrain Type 

- -· -. - - - ---, . -- - ---. . 

Descriptive Legend of Surficial Materials at Burwash Landing 

Geomorphology, Slopes, 
Drainage 

Loess veneer over undu­
lating moraine; slopes 
vary between O and 10 
degrees; moderately 
well to well drained; 
low areas imperfectly 
drained. 

Loess veneer over 
morainic plain; slopes 
flat to very gentle, 
moderately well to 
well drained. 

Loess veneer over out­
wash and till plain; 
slopes flat to very 
gentle; well to moder­
ately well drained. 

Organic blanket over 
·:ndifferentiated undu ­
lating to flat till and 
outwaeh; all slopes 
nearly flat; imperfect 
to poor drainage. 

Nature of Materials 
and Thickness 

Between O and 1 m of 
sandy silt over 1 to 
10 m of compact silty 
sandy till over inter­
bedded clay, sand, 
gravel and till. 

Between O and 1 m of 
sandy silt over 1 to 
10 m of compact ailty 
sandy till over inter­
bedded clay, sand, 
gravel and till. 

Between O and l m of 
sandy silt over 10 
metres plus of inter­
bedded sand, gravel 
and till. 

Setween 0.5 and 2.5 m 
of peat and organl.r 
silt over 0.5 ·to l.J m 
of interbedded clay, 
silt, sand over till, 
sand and gravel. 

Permafrost, Cround ice, 
Active Layer 

Continuous permafrost with 
active layer of 0.3 to 
1.0 metres; ground ice 
content nil to low except 
occasionally mediwn to 
high in loess. 

Permafrost continuous, but 
may be relatively thin near 
Kluane Lake; ground ice 
content nil to low except 
occasionally medium to 
high in loess; active 
layer of 0,5 to 1.0 
metres. 

Permafrost continuous, but 
may be relatively thin 
near Kluane Lake with 
active layer of 0 . 5 to 1.0 
metres; ground ice content 
nil to low except occa­
sionally meJium to high in 
loess. 

Generally continuous perma­
frost, although some taliks 
possibly due to water 
movement; mediU111 to high 
ice contents in peat and 
fine-grained sediments; low 
ice contents in till anJ 
outwash; active layer 0,3 
to 0.7 metres. 

Miscellaneous Engineering 
Characteristics 

Stable foundation material; 
susceptible to frost heave 
if unfrozen. 

Stable foundation material; 
susceptible to frost heave 
if unfrozen. 

Stable foundation material; 
loess and till susceptible 
to frost heave if unfrozen. 

Thawed peat and fines are 
poor foundation material. 
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Table: 6. l (cont'd) 

Alluvial fan; gently 
sloping; ~ell drained. 

Wave washed alluvial 
fan; gently sloping; 
well drained. 

Lacustrine blanket over 
alluvial fan; flat to 
gently sloping; 
ifflperfectly drained. 

Hetween O and 0.5 m of 
send and silt over 5 m 
plus of gravel. 

Between O and 1.0 m 
of loose sand and 
gravel over 5 m plus 
of gravel. 

Between 0.5 and 1.5 m 
of silty aand over Sm 
plus of gravel; patches 
of thin peat ((0,3 m) 
over sand. 

- ---, 

Di5continuous permafrost; 
active layer 0.6 t o 1.2 
metres plus; negligible 
ice contents. 

Permafrost unlikely. 

Thin patches of permafrost 
with mediwn ice contents 
in the sand. 

Stable foundation material, 

Stable foundation material. 

Thawed sand may be poor 
foundation materials. 

a, 
\,n 
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T.able 6.3.l Terr•in PTopercy Cuid1lin1s for Ass1s1ing Suit.ability for llighw•y, and Ro1d1 

01ffer,nc states of individ11&l terTain factors 1r, tst.ablished that allov the suitability of the undistu.rbeu 
tenain tn,e to be evaluated for construction and Maintenance of all•vcathcr hi;hv1y and ioad, (vtthouc 
aa~halt surf1ce). 

Ten.ain Factor 
(syml)ol) 

Sloi,a (,l) 

~&inaga (ut)1 

nood K.aurd 
(fl) 

Perm.afrosc and% 
ice C011CIIIICS 
{pf) 

K.a:arda due co3 
••• vaatar,e, 
!&ult ICtiviC:,,, 
,1.aciar advance, 
CCC, (hz:) 

!ledrock dlr!' Ch 
(br) 

~ateri&l 
cainpos 1c1on and 
1tonineas 4,> 
<111c) 

Cood • C 

Leu than S 
degrHs 

b.l)id to u-ell; 

freatff chu 
111 co vacer 

u.ble 

No .flood.1111 

:lo hazard.a 

r.ravel arid ••nd. 
sand'!' c:ill; 
scones less th.11n 
} percfllt 

r.trly Cood • re 

Yell co 1110deracelr 
vell: greeter than 
o. 75 m. co vaur 
table 

Very rare; a,,ibjact 
to once 1A 100 Y•*"• 
or 1, .. 

Scaccared pe'l."lllatro,c 
b11c g.-iera.lly no 
grc:,\llld I.Cl 

Mo haurda 

Cl.ayc7 till. silty 
sand. siltv gravel: 
stone, las• than lO 
percent: 

Fair (Narg1nal) • r 

Less th.11D L2 deg:ees 

~oderacely well to 
imperfect; vacer 
table gitnerally O.SO 
co 0,7S m. 

Occasional; subject 
co once 1A lO to lOO 
year• 

Pcr11&troat ;enerally 
11re1ftlt, buc only 
r.are iraa, having 
thallov C<O.S m) 
sediment "'1th medi\1111 
to high 1ce concents 

Slov near surface 
soil cre•p; isolated 
rock !all; evidence 
of £aulcin~ vithi.n 
laac 10,000 years 

£eC'lleffl O • .5 m 
and 1.0 111 

Clayey silt, sanuy 
silt; stO\'las las, 
than 2.5 percent 

Poor• P 

Slope, bei::ween 
l2 and lo de;reas 

Imperfect co poor; 
water tabla less 
than 0.5 o. 

Mnwt.l. floocU.ng 

Par11111fro,c vith 
up col m of near• 
surface sedill:lant 
havin& ~•oium co 
hi&h ice contents; 
isol.aced sedilllanc 
at uapth with high 
ice contai.ts 

Slight charice of 
;lacier rcadvance 
or ,e~iment l1que­
faccion: ?O•sibil• 
ity of fault• 
inuuced. surface 
rupture vi.chin 
next 100 yaara; 
rock falls c0111110n 

Leu ch.ao O. S m 

<:lay, or,anic 
,ilt. reec up co 
2 o thick, scones 
2S co SO percent 

l. For draiN1L;e c:haracceri:i:&t1on see Canad.a Soil Infor'lll&tion Sy•cem (Ciulad.a Soil S1.11"1cy Coaiu.cc••· 191&). 

2. tee concenu c1v111 in pu cent ~1111111 axc:H1 ice: lov (·10':.: udilml 10-207.; hi;h > 20:. 

Unsuitab1.a • Ii 
{very poor) 

Cu.atar CNIO lt. 
degrees 

Poor, vater c:.able 
contin110u.aly near• 
surface 

Flocdi'A& 1110re th.&D 
011:u::a a year 

Co1:1c:l.nuo1.11 i,erm.afroa t 
with sadl.Aancs h&V• 
~n& high ,rouno ice 
contents to oepths 
greater than 1 m 

Possibility of land• 
s li.da. sadim.an.t 
liqui£1caclon withi.n 
na:i.c 100 Y••n; 
rap1d soiifluccion, 
nivacion or suriace 
c::eei, 

Cenarally near 
surfaca 

!hick peat; $Cones 
i;rt1acer ch,1n >Ci 
percanc 

l. l!Jkaards such H flooding atid f.ail1'Z'H due c:o aiari•i11CNCed cNIVi.n; of l)ui:Mln'Ht &re considered i.n Flooo Ku.ud (fl) and 
Perm1tro1c and ica concaGcs (pf). 

'· Du.a to !roec heav1..ng, tarTaiA 1'ait• havtn& ,1,ntficanc contaic1 of ailc and cl•y in areaa oi uiq>erfecc and ~oor d.r&J.nage 
shO'Uld be altered co ane l••• degree of auitabil1cy if ~cerial t.. c:he lj.aic1nc !accor: where th• hi&bVay i1 ~o be s1.1riacag 
ti, aapha'l.t the 1\licaoiU.cy ,11o1.11« b• more ,...,erely &lured. 

S. Stonaa are dafilled •• cl.&ec, havillg a diameter greater th.&D 6 c:m, 1.c., c.obblas. co1rse rubble, bouldar1, blocks. 
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bedrock depth, and material primarily affect initial construction, 
whereas flood hazard, ice contents, and miscellaneous hazards 
primarily affect maintenance. The terrain property guidelines for 
assessing suitability f~r highway and road construction and main­
tenance are defined in Table 6.3.1. 

6.3.2 Suitability for Building Construction and 
Utility Installa~ion 

The suitability map for building construction 
and utility installation (Map 6.3.2) assume that buildings are 
to have basements and utilities are buried in the ground. It is 
assumed that standard construction procedures are used except 
that special insulative procedures are used in areas of perma­
frost. It is also assumed that ground conditions are such that 
some mobility is viable in the vicinity of the buildings, and 
that utility and ground surface maintenance is minimal. 

The ttrrain factors were evaluated on how they 
affect initial construction, mainly excavation and how they affect 
the continued stability and maintenance of the building> building 
site and utility. Slope, permafrost> bedrock depth, material com­
position and stoniness primarily affect construction and excava­
tion whereas drainage, flood hazard, ice contents> and hazards due 
to mass wastage, glacier advances, faulting, liquefaction primarily 
affect stability and maintenance. The terrain property guidelines 
for assessing suitability for building construction and utility 
installation are defined in Table 6.3.2. 

6.3.3 Suitability and Optimum Locations for Sewage 
Lago9ns and Sanitary Landfills 

The suitability map for sewage lagoons and 
sanitary landfills assumes that the sewage lagoons and sanitary 
landfills are to be constructed through shallow excavations or 
through the construction of berms on the undisturbed ground 
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Tabla 6,3,2 Terrain Property Guidelinaa fol' Auudng S1&i.ub1.lity for luilding Conai:t'\ICtion and Utility lnatallation 

Different ,tate• of 1ndivid11&l terrain factor, are •1tabli1hed tLat all~ the l co b cv l d · i • n -- suiubi. i.ty of the ',Jnd:i,acurbad terra.in typ • a uata tor con1~cc on or inatallacion ana ,~inter:nce ot builo1ng1 ano 1.11\0ergrouna ut~l~tiaa. • 

Terrain F.r.ccor 
(symbol) 

Slo-pe (d} 

Flood Ba&a'l'd 
(fl) 

Pemafl'oat and 
ice contents 
(pf} 

2.3 

lu.urda due to 
4 

111,11 v;ucaga, 
fault accivicy, 
(;lacier advance, 
ecc.)(hz) 

lledrock dwpth 
(br) 

Kaurial 
cc,mpoli tion and 
ICOtlilCIHS 
(mt) 

Cood • G 

Leu thlln 3 
degre.1 

!I.Jlpid to vall; 
greater tha11 
l.~ metret to 
vac:er table 

Mane 

lfo pe'l"lll&!-rott 

Ho hu:1rd1 

Alvey, greater 
than 2. S ID 

C:ravel and amd: 
Hnd7 till; 
atone, lea, 
than 5't 

Desrea of Terrain Suitability 

Fairly Cood • FG 

La,, than 5 degraa, 

Vall co madaracely 
w.ll drained; ll'•atar 
than l.5 metre, to 
-tar tabla 

Hofte 

Scattered pe'l"lll&fro1c 
but generally no 
grouad ica 

No hacard1 

Uau.Lly 1raacar 
thlll 2 ID 

Claysy till; clayey 
ail: and ail~ 
1&11d lea, than l m 
thick ; lt.OIIII laal 
than lS't 

Fair (KArsinal) • r 

Leal tha.n 12 degrees 

l1oderateLy vall co 
i111perfect drainage; 
0.5 • l.O 'la9tr•• co 
var:e.r t •bh 

Ve'r'f rara; ,ubjecr to 
once in 100 y•ar, 
or l,ua 

Perm.froat gener•lly 
pre,anc, but only rare 
areaa having tb.allov 
(<l.O 111etraa) Hdi· 
ment wich medium to 
high ice contancs 

Slooa naar•1urface 
aoil creep ; vithio 
l Ian of poac ,iacial 
a;;tive fault 

l • 2 111acrea 

Thick 1ilcy ,and, 
1ilt, silty clay, 
ICOftlU l.5 t.O l5't 

Poor• P 

Slopee becvean 
l2 and 20 degre .. 

I1119arfec cl y or 
poorly dra1nad; 
(.5 11 co water 
cable 

Occa1aional; 
subject co once 
in 10 co 100 
ye&'l'I 

Per111afrost v1ch 
up to l mer-re of 
ne&r•s-urfaca aadi· 
ment having madiWD 
to high ice con• 
tents; isolated 
1edialent at depth 
with high 1cc 
concenc, 

Slight chance of 
i;hciar advance 
or 1edia>ant lique• 
faction; rock Cell 
pre1ent: avid.nee 
of faulring v1thin 
last 10.000 years 

Le,1 ell.an l metre 

Thick cl.a7: 
organics co 2 11 
in depth, aeon•• 
25 co 5D't 

l. For drainage chal'acteri1tacion aee Canada Soil tn.formacion. Syat.11111 (C.aoad.l Sail Survey COIIIIJ.ttaa, 1978). 

Unauicabla • u 
(very poor) 

CrHtar tbaa 20 
degree, 

Poor drain.w.i;e: 
vat.er tabla concinu• 
oualy uaar ,ui-fac.e 

Annu.l floodini; 

Continuoia par'lll&frott 
vith sedialeot1 hav• 
ing high g-round ica 
concant, to depcha 
greater than l mat.re 

Po1, ibilicy of land• 
llidH , fault• 
induced ,1.1.rhcc 
rupture, 1edi.i::c~t 
liquefaction or 
glacier acivance 
vithiu neJtt lDO 
yaars; rapio 1011· 
fluction, nivac1an 
or soil creep 

Can.rally at aurfaca 

Organic, greater 
tban 50'%.; ,cone, 
graacer t.han so: 

2. In ca••• of building• vithO\lt baamnent.1 and vhere the limiting faccora are drainage, pe,:mafroat and ice contanta or bad.rock 
dapth, the deti" .. of ,ui~b1licy ahallld ba altirrad to a 1111:Jre favorabla rat.ill& becauae of leaa incaract1cm becv••n tha 
\ID411c;,arbed t~aift rype uid the ll'llildinJ• in thl1 mocie of cotu1tZ"IICtion, 

3. 

'". 
5. 

lea contaat1 gi ve11 in pereent 'l'Ol.wae ucaH he: lc,v < • l0'1; medi11111 lO•JOt; ~igh > 201.. 

a.urda 1ucb aa tloodiq aftd !&1l1aaa due to men•iMuced Charing of peni&fro,c are c:t:maiderad 1.11 Tlood Maa&rd (fl) .sid 
Pln"ll&froac aftd lea Cont.ant• (pf') . 

Stone, are defined•• cla1c1h.evia; a di.alaacer 1raatar than 6ca, i.a .• cobbla,. coarse rubble, bouldara, bloca,. 
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Table 6.3.3 Tarrat.n Propercy Cuidel.f.nes for A•••••Lng Suitability for S~•&• t..,.goO"ns and Sanicary l..andfllls 

1)1.fferant ttatH of Uldivldu.tl cerratn factors .are asc:ablhhed that ;,.llov r.he tuir.ab1Uty of the undistl&l'bed 
terrau, cy,e to .unpound wat1r, ,_...g•, and leachate to ba eval"""ted. 

Tcn:a1:n Factor 
(syoibol.) 

Slope (al)1 

Oi'aiDage (,n:) 2 

flooct hurd 
(fl) 

.Pe1:111afron and3 
ic• coni:enu 
(pt) 

Huard• due co 4 
••• w.a,cage, 
fault acc1v1tT 
gbciu &dvani:e, 
acc. (h:) 

hdrock dettth 
Cbr) 

Kacai-1al. 
coaii,o,icion and 
sconinus' 
(mt) 

1)cgreG of Terrain Su1tab111ty 

Cood • C Fairly Cood • FC 

t.ua CNLU l • .S ie11 CNLn l deg1:'e11 
de,greH 

Ra!) 1d to -11 Koderacely -11 
C'&1.Ded; ""CH dr•:i.ned; vaur table 
t.a.l>le l .S ai generally l.O a 
pl!MI plu• 

!lo noocting Vef"f rare; e~ject 
to cmce l.n 1.00 years 
or lue 

No pnmalroat Sc.-ct,noact permatroet 
vi.th low ica contaats 

tlo NL&arde No haardt 

Creatar than l.S Creater than l.O 
11ecrea (blanket) ~acre, (blanket) 

Silcy cla'!': lcu 
ct:c 3 perc.nt 
stcmas 

Clave• sllt and 
silc:·c1,,.y till 
aad. COl!lp&Ct till: 
3 co 10 percanc 
ICONII 

Fair (~ergtnal) • F 

I.mperfectly drat.ned; 
vacer table generally 
0.5 to l.O 11 

Rare: -~ject to once 
in ;o year, to 100 
yur:11 

Permafroat generally 
pre,enc. buc only 
rare •reaa havtng 
,hallov (<0.5 m) 
aed1menta vith mad11.1111 
co high 1ce content• 

SlOlt' near 1u.rface 
soil creep 

Cetwcen O.S and l.O 
metre• (veneer) 

Silt vith some or;ao.lc 
c::oneent; sandy or 
cravelly silt or cla'!'; 
looae till. 10·25 per 
cant 1cme1 

Poor• P 

I.au cha&t l.S 
dagree1 

Poorly drdned; 
v•c•r u.ble 
gmeral.ly 1 .. , 
th&o. 0, S GI 

Occaaional; 
subject ,o once 
in S co SO years 

P e1:111&f roac wi ch 
up to l m of nc&r• 
aurfac, ,edl..menc 
having 111edi11111 to 
hi;h ice contenca 

Slight chance of 
glacier advance; 
evidence of fault• 
ing wichin luc 
10,000 years; 
so1111 rock fall 

Los than O.S 
metre, ( veneer) 

Silty sao.d and 
sUty cuvel; 
leu 2S•S0 per 
c.ui.t scone 

Unsuitable - Ii 
(very poor) 

Greater tun 1S 
degree, 

?1r111ao.ently vet; 
v.acar cable coo.­
timaously near 
sui:face 

Frequeo.c; •~ject 
to ac lease once a 
yMr 

Conti.l:Nou1 pa1:1111.• 
froac vi.ch u:di• 
1111ftts having higb 
grouad ice coo.reo.c1 
to depths greecar 
;han l Ill 

Rapid soil c:eep 
or soli!luction pre• 
vail.: po11ibilicy of 
J..ndaliAe, fault 
induced surface 
rupcura,. ,edimenc 
liqutli~tioo., or 
glacier advance with• 
in nest 100 year• 

Coner.Ur at 
surface 

S•nd .ind i;raval. 
srucer th.an :io 
j)ercenc .c:;onea 
put 

l. Sl.opu are a G1Dre liait1:ng faccOT co the c:cmeaw:Uan of v1.abll aevage lagooo..a than s&n1.t&ry la1:1d!ilh. 'nTu.a tarTal.n 
1mic suitabilif"f fa,: 1csit&Z"J' land.fill, sh!INJ.d be altered to one l••• sev.ra degree of t\&1tab1l1cy Lf ,lope~ tbe ltliu.c1rlg 
cerrua faii:cvr. 

2. For drauiage c.ll&ractel':1J:acion •••~Soll In£01:11W1tioo. Syac..- (tanada SOil Sllt'Yey Co11o1ctee, 1978). 

l. Ice ccmteAtll give f.n par cenc vol\111111 u:caa, ica: lov <•10'%.; 1Mdt1.D lO•ZO'J., bi.gh. > 201. 

"· llaurda Nc:h u flclodillg md fail'lll:'u d!MI to ND•iDd!M:•ll tNLrizlg of pfflllAf::oac are consideud l.n Flood K.u..trd {fl) .ind 
P1raiafro1c and. tea cmcence (pf). 

S. SconH are dafiDacl. u claau NLV1Dg a d1alllecer p-ut:ff than 6=, i.e., tobblea, couee rubble, bwldar,, block.a. 

,. 
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surface. The prevention of pollution through the movement of 
surface or ground water to terrain surrounding the facilities 
was considered to be of prime importance in their location. 
Minimal maintenance of berms and other confinements to the move­
ment of pollutants was also considered paramount. 

The guidelines for sanitary landfills are gener­
ally less severe than for sewage lagoons as no fluid pollutants 
are initially introduced. Thus the suitability maps give a more 
conservative evaluation of terrain for use of sanitary landfills 
than sewage lagoons; in many cases the suitability classification 
for sanitary landfills can be adjusted to the next higher suita­
bility classification to that which is shown on the suitability 
maps for sewage lagoons and sanitary landfills. 

The terrain factors were evaluated on how they 
affect initial construction. mainly excavation and berm emplace­
ment and how they affect continued berm stabili.~y and prevention 
of pollution. Slope, flood hazard, permafrost. hazards due to 
mass wastage. glacier advance, faulting, liquefaction, bedrock 
depth and material composition were considered primarily for their 
influence on pollutant confinement. 

Locations where grain size analysis have been 
completed are plotted on Map 6.3.3 and show the basis on which the 
material compositions and permeabilities have been related. 
Grain size distributions for typical materials collected during 
the field investigations and located on Map 6.3.3 are shown in 
Appendix B. 

In addition to drainage and material stoniness. 
many of the above terrain factors would also affect lagoon and 
landfill construction and maintenance. The terrain property 
guidelines for assessing suitability for sewage lagoons and sani­
tary landfills are defined in Table 6.3.3. 



r 

C 
r 
f 

t 
r 
l 
f 
l 

l 
1 
[ 
I 

f 
L, 

L 
L 
~ 
t 
L 
l 
l 

91 

Areas containing possible optimum locations for 
sewage lagoons and sanitary landfills are contained within those 
areas classified as FAIRLY GOOD on the suitability map. Other 
possible locations are present in are~s classified as FAIR and 
east of Bu't"'w'ash Landing in the area classified as POOR. In the 
latter area sites would be required where compact till with low 
ice contents was present near the surface. 

6.3.4 Suitability for SeEtic Systems 

The suitability map for septic systems (Map 6.3.4) 
assumes that the effluent from a septic tank is to be distributed 
in the natural surficial material by means of a sub-surface or 
raised tile beds. It was assumed that it would be required that 
water bodies and water supplies within 60 metres and surface water 
are not to be polluted by the septic system. It is also assumed 
that the systems are to be emplaced by standard procedures and that 
ground surface maintenance following emplacement is to be minimal. 

The permeability of surficial materials with a 
terrain type was considered extremely important in evaluating 
terrain types for septic field suitability because of the absorp­
tion of effluent without the pollution of water supplies or 
water bodies greater than 60 metres from the septic field is of 
prime importance. Grain size distributions for typical materials 
collected during field investigations and located on Map 6.3.4 
are shown in Appendix B. 

The terrain factors were evaluated on how they 
affect initial sewage systems emplacement and maintenance and how 
they affect absorption of effluent and pollution prevention. The 
material composition, mainly its permeability. was considered of 
prime importance in evaluating terrain types for septic field 
suitability. Other terrain factors such as slope. drainage, perma­
frost, flood hazards, hazards due to mass wastage, glacier advances, 
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Teri-ain P~opercr Cuidalinea £or As1e11ing S~icabilicy for Septic Systems 

Different 1cate1 ot individWt.l terrain factars are established chat allov th• suicabilicy of :he 1U1diat1.1rbed 
terrain tl'l)e to be evaluated for construction and 1211,intenance oi septic $Ylt&01. 

Terra1JI Factot' 
(sy,zibol) 

Slope Cd) 

Drainage (vt) 1 

Flood Hazard 
(fl) 

P.e~roet &nd2 
ice c:ontenc1 
(pf) 

H.t.zards due co3 
111&18 WIHC&ge, 
£au le ac:uv11:r, 
glacier advance, 
acc. (hi) 

8adrock depcb 
(br) 

tSateri£1 
cc,a,posicion and 
stonl.nesa'" 
(111t) 

Cood • C 

t..n than 3 
dqrea• 

Vell drai.Zled; 
vacar cabhs 
dHpff the 
1.5 • 

!Cone 

{:reaU'l' than 
l.5 111 

Fine to coarse 
11111d: looH 
.sanely till: 
leu Chao S 
pncanc 1ilt, 
c:l.ly and 
1cone1 

Degree of Terrain Suitability 

Fairly Cood • FC 

Moduacaly vell 
draused: v.c;er t&.bln 
occ.a1ionally ri•• co 
level, above l • .5 m 

Ver,o rare: e\lbject 
co cmc• in 100 
:,ears or leH 

ll&re pelC!ll&froec; 
ganerally no ,rvuno 
ice 

none 

1 co 1..5 111 

Sand and loose sandy 
t!.ll; S co ZD pe,:o• 
cent coaip011enc of 
t!.lt, clay and ,con•• 

Hoderacely vell co 
l.mperfeccly drained; 
vacer c.alll•• ueu.ally 
O.S III balov .urface 

Occ:aaional; e\lbject 
co once in lO year• 
or l••• 
Di,conti:IIIUPIIJI p.u:,ria. 
fro•t 

Kt.nor 1011 c:Teep 

e.~tolm 

S<1nd, sravellr 
J4ftd, ,andy till, 
20 to 50 perc:•nt 
c:aa,pon«lt of sl.lt, 
clay and stO'IIH 

Poor • P 

8•tvean 8 U1d 
15 degrau 

lalparfeccly to 
poorly drained; 
s•asonal s'Q&'f.ace 
pono1ng oi 
vacer 

Occuional.; 
a'l.lbjec::: to once 
1.n S yura or 
leu 

Permafroec oreaanc 
1o1i.ch rare •reaa 
havi11; shaUov 
C 0.5 111) aedimenc 
vith medi.11111 co 
high 1ce cooceot• 

SC'llle rock fllll; 
slight chance of 
glaci.ar advance; 
evidence of fault• 
ing wLthin luc 
10,000 YH~S 

l..es.s tban .5 111, 
~neven ch!.clulesa 
{veneer) 

Cravel, ailt <1nd 
cl.ii y con enc 
gnacer chaa 70 
percent of unit; 
cl•Y•Y till 

;or dt:'laioaga charac:ter1:Atiqn ••• <:.tnada Soil Itlfcn:m&tion Sratai (l:&nad& Soil $yryey CollRJ.tt•e, l978). 

Ice CO'Gtll'lltl givftl l.n pa ceec 'll'QllolN c-ac:ua tu: lov <·10:Z.; mtldi.1111 10•20'%., higb >20':.. 

Uns'l.licabl• • Ii 
(v•rr poor) 

Creaur tha11. lS 
des:raea 

Poot'ly drat.nae; 
aiu- liaca pondi11g 
C:OIIIIIIO'l'I 

Concinuoua perm.a• 
frost with ai..my 
areas having sh.allov 
seoi.olent With maGilllll 
to hi;h growio ice 
conr:encs 

1'.apio soil creep, 
toliilu.ccl.on ano 
ni.v&ti.on; •c::i.ve 
l•ncLtl!.de actl.vl.cy 
olC site or on 
adj •cane dope: 
poaaibUicy of 
glac1.er •dvance or 
liqul.fac:tiO'O. wicbi.D. 
11u:1: 100 years 

Cenerally lea, the.a,. 
0 • .5 II 

Cravel, clay. ,1.lc, 
s r:O'lle c:ooc:act 
6raatar c.h&n )0 
parcant; ;> .. c. 

l. 

2. 

3. llalt&l'da s'UCh a, !loodi.Zlg aid f.ail1A'•• due to IIIIID•induce~ chavillg ot peraa.fro•t •re "'naidared ill Flood ~a.a~d (fl} &nci 
Permafro•~ IUld ice coe.cents (pf). 

4. Stoa•• are da.fined aa cl&au ha'ri.ng • 4iallacu gl:'eata than 6 <:111, 1.•,, cobble&. coarse r\lbbla. boulden, bl.ocka. 
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liquefaction and faulting, and bedrock depth primarily affect the 
continued prevention of pollution of adjacent surface water, water 
bodies and water supplies; and to a lesser degree the emplacement 
and maintenance of the septic systems. The terrain prope:ty 
guidelines for assessing suitability for septic systems are defined 
in Table 6.3.4. 

6.3.5 Suitability and Availability of Construction 
Materials 

The suitability map (Map 6.3.5) assumes that the 
construction materials are to be used as aggregate or fill. The 
suitability of the different terrain types are evaluated accord­
ing to the quality and quantity of the surficial materials within 
it, and the workability and ease of extraction of those materials. 
Materials that are required to be impermeable such as dikes are 
excluded from consideration; the suitability for sewage lagoons 
and sanitary landfills give a partial assessment of suitability 
for impermeable materials. The suitability of bedrock as a CQn­
struction material has not been evaluated. Terrain types contain­
ing gravel and sand with potential as aggregate are given the 
highest suitability classification as they can easily be adapted 
to most construction purposes. Other terrain types are evaluated 
on the basis of the compressibility, compactibility, susceptibility 
to frost action and surface trafficability of the surficial 
materials within them. 

The terrain factors were evaluated on the basis 
of how they affect usefulness and versatility of the contained 
materials as a construction material, the ease or difficulty of 
extraction. and the volumes that could be extracted from a unit 
area. Material composition and stoniness primarily affects use­
fulness as a construction material, whereas slope, drainage, 
permafrost, flood hazard, miscellaneous hazards, and bedrock 
depth affect the extractable volumes per unit area and the ease 
or difficulty of extraction. The terrain property guidelines are 
defined in Tabfe 6. 3. 5. 
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Table 6.3.5 Tairraill Pr011ertr Cuideline• tor A•seasillg Suit1bilitr for Con1trucci,;m Nateriala !ncluding ~or~bility 
and U•efulnes• •• Cenaral F'ill and Sourca• of Gravel and Sand 

Oif!crent stat•• of individu.al terrain feceor1 are established thac allov th• suitability of tbe undistu.rbad 
terrain type co be -"•l1W1C1d •• a poeantial sow:-ca of constn.iccion macerials , includi.a& ,and and ;ravel. 

. Tan,111 F'actc,r 
(•yaibol) 

Slape (,1) 

Oratnage (vc) 1• 2 

Flood Ruud 
(fl) 

Puaa!roac an.s3 
ice ccmcimc:a 
(pf} 

lla:uda due co" 
111&1• vaatag,, 
f.aulc accivtcy, 
glacier ac:lvat\c::e, 
acc. Ch:) 

Bedroclr. dep ell 
Cbr} 

Material 
CCllllpOS i c.1011 
,coni.a•se., 
(111c) 

&'Gd 

Cood • C 

t.aH Chall 
5 da~eea 

RA11id c, vellc 
... ter tabla 
)2. 

Mane 

Na11e 

Ho huarda 

Cravel aod Had; 
sccme• hH 
than 3 parc&'lllt 

D•rr•• of tatTain SuLeabilicy 

Fail:' 1, Cood - re 

llaeween .5 au 12 
dagreaa 

Yell to moderately 
vell: vacar table 
1.0 to 2 • 

Vr,ry rare: 1v.bject 
once UI 100 1eara 
01' i ... 

Scattln'ed p1-rmafro1c 
vie!! lov graunc 
~. cvneniu 

Tlov n .. r-aurfac, 
soil creep 

Silty s&11d, dlty 
rra·.·~1. •&lldr clll; 
thin cover (veneer) 
over aand or rr ave l: 
stonaa l••• tha'll 
10 p1rc:1mc 

Fair (Marginal) • F 

lletvam ll and 20 
degr••• 

~erfect to moderately 
vell; vater table O.S 
to 1.0 11 

Occasional to rare; 
a\U:lject to once in 5 
to 100 :,ea,ra 

Penaa.froac generally 
preaenc, but onlr rare 
ere.a.a havt'llg 1ha l"" 
(< 0. 5 111) 1edi.manc 
vlth aed111111 co hi1b 
l c:a concaoca 

llapid •oil creep or 
aoli!luction : evidence 
ot !aulcing vichi.a 
l..aac 10,000 yeara; 
Chene• of gl..aciu 
adva'Gce 

Cc&&rer than l.O 111 
(bl&nkec> 

Tlll, tile, fine 
tand; aeon•• l••• 
th.an 25 parcant 

Poor - P 

lletvaen 20 and 
lO dasreH 

Iaq,erfact to 
poor ; 11.acar 
table lasa t~n 
0 .s 111. 

Frequent; aubject 
to a1UN&l flood 

Pe,:,u.froat vith 
up 1:0 L • ot 
naar-aurface 1edi· 
mant having medi1111 
to high ic a 
cont&'llta 

Pouibilicy of 
laodalide, IN%face 
rupture or 1ed~-
111aftt liquifite • 
t1on vie.bin next 
100 ya.an 

llecvaen 0.5 and 
l. 0 111 (va'Gee.r) 

sue. clay, 
chyay ailc, 
cbic:lr. cover 
(blanll.ac) over 
aand and gravel; 
25 to 50 perce.nc 
ICODII 

l. 

2, 

For dra1~1e characu.rUad.on ... Canada Soil IDfon,1u::l.on Sy,ccm (t.nau Soil Survey c-itue, 1978). 

Ice ccmtanra g1vl!II UI parent 'l'Ol1111e -cq• ~•• 1ow <-un. udJ.1,a l.0•207.; high >20~. 

Unauitabh - u 
(vary poor) 

Ctucer tbe 30 
degree• 

Permanefttly war.; 
var.er table neac 
aur.face 

Very frequent; 
flooded 1111:1ra than 
once par year 

Conr.inu.oua per.afroac 
vic.h aedtmaic1 hav­
ing high gTO\IJld ice 
contanc1 1:0 da~cha 
greatu tb&n l • 

laa.101t11t poaaib1l1cy 
of undaU.de and 
••di.aa'llt liqui.fica• 
cion 

Lau c.luin 0,5 11 

Peat, organic: silt•: 
greater th.an SO 
percent aco11aa 

3. ll•tu tahlH ara con,1'!eioad or1ly vtiera parll&fraac LI 1bHat aa 1 ;iarched vac.,a table 1, geerally prHftlC vne:r, jlH'IH.fnat 
1• pruent. Hov .. sr, only a Uaicad and e&dly c:oac:ralled -u.ac ot vacu would be '-cu:.:,iduced fro. soa c ac.ava ttona 
!l:'m tllh ;iarched vacff tabl.a. 

s. 

Ra&ard1 .r1.ldl. •• £1.QodUII and tail.arH due ta u11•1adacad tha,r1.ng of pGaafro•t are coa.11dared i.a Flood HAa.ard (fl) Ul.d 
Pcrme.l~•c 111d. le• CClll~CIICI (pt). 

Sc:o11e1 ue duinN •• cl&•c. h•Yiil& • dieaecsr rraacc thaz:i 6 ca. i, •. , cob bl••, cou1e nallb la, bould•~•, bl.ocu, 



r 

f 

r: 
f 
r 
f 
l 
f 

(. 

{_ 

1~ 

L 
l 

95 

A large source of aggregate have been outlined 
on map 6.3.5. The gravel:sand:fines ratios (based on grain size 
distribution obtained during this and earlier investigations). 
and the cu. metres per hectare of deposits (based on our estimate 
of minimal extraction thicknesses) are indicated for it. Other 
potential sources are available and have been utilized in areas 
classified as F - pf and F - pf, mt. Gravel and sand is plenti­
ful in the area classified as F - pf as indicated in scarps along 
Kluane Lake, but requires delineation. In the area classified 
F - pf, mt, till generally overlies gravel, but the till often 
is utilized as fill or road binder in pit development. 

Plentiful supplies of gravel and sand are avail­
able within the confines of map 6.3.5 and immediately west and 
east of it. 

6.4 Unique Features 

No particularily unique geologic features are present at 
Burwash Landing, although both the alluvial-fan surface (map 6.1) 
and beach ridges on its surface and east of Burwash Landing relate 
to drainage and elevation changes of Kluane Lake. Submerged 
stumps are also visible in shallow water. However, better examples 
of these phenomena are present at many other localities around 
Kluane Lake. 

6.5 Hydrogeology 

The hydrogeology of Burwash Landing is described under 
the headings of Well Survey, Water Quality, Groundwater Flow 
Regime and Water Supply Potential. 

6.5.1 W~ll Survey 

Four water wells are presently in use in the 
community of Burwash Landing. These wells are located on Map 6.5.1 
and available hydrogeological data are summarized in Table 6.5.1. 
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table: 6.5.1 HYDROGEOLOGICAL DATA AT BURWASH LANDING 

Well 
No. Description Depth Static Level Use Yield Log 

Bl. Burwash 8 . 2 m 6 .4 m drinking and 2700 1/hr alluvial-fan 
Airport toilet gravels 

~2. Burwash Lodge 5 m near surface hotel enough for no data 
Well No. 1 large lodge 

and rest-
aurant 

1i2a. Well No. 2 48 m flowing abandoned 100 1/min gravel aquifer 

83. Priest's 56 m 3 m domestic not known no data 
Home 

B4. Indian 72 m near surface drinking potable no data 
Village Wash water water for 
House 40 people 
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Well Bl at the Burwash airport is a shallow 
well completed into well washed alluvial-fan gravels. The 
static level (i.e. watertable) in this unconfined aquifer is 
6.4 m from the ground surface and penetration oi l.8 m section 
of the gravels with 15 cm casing furnishes a 2700 1/hr water 
yield. 

Stratigraphic logs were not kept dur·ing the 
drilling of wells at Burwash Lodge, the priest's residence or 
the Indian village wash house. Brandon (1965) reported a 
100 1/minute flowing well had been constructed into a gravel 
aquifer at the Burwash Lodge prior to 1965. Apparently this 
well was abandoned due to freezing and/or silt problems and a 
shallow well is presently being used. The type of aquifers which 
are being utilized in the Indian village and at the priest's resi­
dence are not known, and high water yields have not been demanded 
from these wells. Depth elevations show that water is being 
drawn from different stratigraphic horizons in ~ach well, and 
suggests that aquifers are both thin and discontinuous laterally. 

6.5.2 Water Quality 

Previous cotmnents about the physical separation 
of water· bearing horizons are confirmed by the water chemistry 
of the groundwater in each well (see table 6.5.2). 

Airport well: Calcium (minor magnesium)-Bicarbonate 
(minor sulphate) type 

Burwash Lodge well: Calcium (minor ma.gnesium)-Bicarbonate 
(minor chloride) type 

Priest's Residence well: Calcium (minor sodium)-Bicarbonate 
(minor sulphate) type 

Indian Village well: Sodium-Bicarbonate type 

None of the water analyses corresponds closely 
with the chemistry of Kluane Lake. which is an alkali earth (i.e. 
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TADLE: 6.5.2 WATER CHEMISTRY OF &URWASII LAUDING WELLS 

(in mg/1 unless indicated) 

mg/1 Surface Water 
uMHoe 

ca++ Hg++ Na+ K+ Fe+2 Mn+2 - or Approx. (mr,/ l 
Sample IICoj Cond. No3 Cl so4 Po4 Aquifer TDS Hardness CaCo3) 

81: 
Airport 228 710 82.5 32.5 5.0 3.0 .15 14.6 38 89 Alluvial-fan 497 339.5 very 

surficia.l hard 
aquifer 

82: 
Burwash Inn 153 36.P 33.l 12.5 3.5 0.75 .44 .35 35 8.6 Shallow 2.52 134 hard 

aquifer 

B3: 
rriest's 120 350 31. 7 13. 7 31.2 1. 5 .22 N.D 43 n Deep confined 245 135.4 hard 

house aquifer 

B4: 
Indian 

well 
Village 172 430 17 .5 20.6 40 2.12 .05 41 153 Deep confined 

aquifer 
301 128.2 hard 

Y.luane Lake 86 380 27.5 16.3 , •. 25 .25 .05 91 Lake sample 266 135.6 hard 
(at Destruction 
Bay for com-
parison) 
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calcium with lesser magnesium) sulphate (minor bicarbonate) water 
type. It is possible however, that the Burwash Lodge well is 
recharging from the lake as the depth to water is approximately 
at lake level and the well is in close proximity to the lake. 
Water exchange reactions between lake water and clay minerals in 
the surficial materials are ·one explanation for the observed 
variations in chemistry. 

In general, all samples revealed that groundwater 
is hard or very hard in the Burwash Landing area. Values of 128 -
135 mg/1 were found in deep wells in the village while the airport 
well has very hard water. Surprisingly. this alluvial-fan aquifer 
is also the most highly mineralized water in the area with a 
conductivity of 710 umhos/cm and total dissolved solids content 
of about 497 mg/1. 

All water samples are considered to be chemically 
potable except the airport well. A nitrate value of 14.6 mg/1 
found in this analysis exceeds the 10 mg/1 Canadian Public Health 
standard and may be indica~ive of septic tank effluent contamina­
tion of this water supply. The Burwash Lodge Scl;Ulple slightly 
exceeded the .30 mg/1 iron standard but is a negligible health 
risk and water from this aquifer would not require treatment. 

The lack of detailed stratigraphic data at 
depths below 20 m from the ground surface in the Burwash area 
restricts flow interpretation severely. However, existing flow 
information is depicted on Figure 6.5.3 based on the geological 
information shown in cross section as Figure 6.1-. Hydraulic 
conductivity data are summarized for various terrain units in 
Table 6.5.3. A summary of known aquifer characteristics follows. 

West of the village a large alluvial-fan complex 
overlies till or interbedded till and silty outwash material. 
Recharge to this unit is occuring from the direct infiltration of 
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HYDRAULIC CONDUCTIVITY OF GEOLOGIC MATERIALS 
AT BURWASH LANDING 

Location Terrain Unit Description 

Shoreline cut E (loess) clayey sandy silt 

Highway cut M (till matrix) clayey silty sand 

Gravel pit G sandy gravel 

Gravel pit G gravelly sand 

.--, 

Hydraulic Conductivity 
(cm/ second) 

2.5 X 10 -5 

2.25 X 10-4 

5.04 X 10-1 

4.41 X 10-2 

I­
C 
C 
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TERRAIN UNITS WITH HIGH 
RECHARGE POTENTIAL. 

TERRAIN UNITS WITH HIGH 
GROUNDWATER POTENIAL. 

FIGURE 6.5.3 . 

GROUNDWATER FLOW 
BURWASH LANDING 

101 
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POSSIBLE GROUNDWATER FL.OW OIRECTIONS; 

OEEP REGIONAL FLOW 

L.OCAL. FL.OW 
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precipitation throug~ the openwork permeable gravel of which it 
is composed and by lateral water flow through the fan complex 
from the Duke River system. Horizontal movement with minimal 
vertical hydraulic gradients are expected. Little downward move­
ment of water into the less permeable strata which underlie the 
fan is likely to be occuring. This unconfined aquifer has an 
excellent potential to yield high quantities of groundwater and 
large diameter wells could be constructed in this material with 
yields of greater than 250 litres/second expected. Peripheral 
and distal areas of the fan typically have finer grained strata 
with abundant organic horizons and may have poor yields and water 
quality than more central areas. Two constraints are evident if 
this aquifer is to be used as a water source. First, it has a 
high potential to become contaminated if wells are situated near 
sewage disposal. hydrocarbon storage or other potential pollution 
sources. Secondly, ·freezing problems would severely hamper well 
use during winter months. 

In places. as is apparently the case in the 
shallow well (B2) at Burwash Lodge. a discontinuous layer of 
outwash sand (aG) and gravel underlies a thin loess veneer ('tlEv) 
and overlies a till unit (tMp) of unknow't'l thickness. This unit 
may be water bearing and may possibly be recharging from Kluane 
Lake in places very near the lake. Farther away from the lake a 
northerly flow of water in the gravels above the till sheet is 
likely with very local recharge from surface precipitation. Wells 
in this aquifer are subject to the two constraints mentioned 
in the previous paragraph. 

Deep wells B2 and B3 have been drilled into an 
in~erbedded till and silty outwash deposit which is at least 72 m 
thick under Burwash Landing. Aquifers in this strata probably 
consist of outwash gravel lenses which are probably moderately 
permeable, 
thickness. 
cates that 

of limited lateral and vertical extent, and of variable 
The geochemical evidence previously mentioned indi­

wells B2. B3 and B4 bottom in different. probably 
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unconnected aquifers . The yields of these outwash channel 
aquifers are unknown but are likely to be low . A 100 1/minute 
flow reported from a 48 m deep abandoned well at the Burwash 
Lodge is the only yield figure available. This well flowed 
after construction indicating a recharge elevation above 797 m 
(2615 ft) asl. The source of this water is unknown as hydraulic 
connections may exist with either the alluvial-fan complexes 
east or west of the village or with mountains south of Burwash 
Landing . Neither well Bl or B2 flows however , indicating local 
recharge conditions in these aquifers . 

The terrain immediately south of Burwash Landing 
is a zone of continuous permafrost over 20 min depth (till and 
outwash units), typified by occasional ice lenses. Taliks may 
exist wi thin the till and silty gravel unit which could a l ter 
flow directions and characterist ics signi ficantly. No dri lling 
and hydraulic observations have been made however, and the 
effects of permafrost on the flow regime is unknown. 

6.5.4 Water Supply Potential 

Deep drilled wells into glaciofluvial deposits 
which underlie Burwash Landing will provide the best water 
supply for future development in this area . These wells should 
provide water with a temperature above freezing in winter, will 
be of acceptable water quality for human consumption and will 
remain free of contamination if properly constructed. This 
conclusion is based on the premise that high yields (i . e. greater 
than 100 1/ minute) will not be required for most future develop­
ment in this village. It is likely that single drilled wells 
could be used to supply a cluster of 2-5 residential homes if 
required, thereby reducing costs significantly. 
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7.0 CHAMPAGNE 

7.1 Geologic Setting 

Champagne is located in the middle of the broad Takhini 
Valley on the Dezadeash River. Here the Dezadeash River bends 
sharply from northeastward course out of a narrow valley in the 
Dezadeash Ranges to a westward course along the Takhini Valley. 
Except for local relief due to the ridge of glaciofluvial mater­
ial east of Champagne> sand dunes and stream incission,the 
valley floor at Champagne is flat; elevations range between 700 
and 710 metres. 

At Champagne thick unconsolidated deposits are the 
result of deposition during Pleistocene glacial and interglacial 
periods. The upper sequence of sediment however is mainly due 
to deposition of clayey silt and sandy silt in a large glacial 
lake> Glacial Lake Champagne. 

During the last glaciation of this area ice flowed 
down the Dezadeash River valley to coalesce in the Takhini Valley 
with ice from other north-south oriented valleys. This ice then 
flowed north through gaps in the north side of the Takhini Valley 
such as the Mendenhall River valley. During the initial stages 
of deglaciation an esker appears to have developed in an inter­
lobate subglacial environment at Champagne. Following further 
deglaciation, but before development of present drainage, 
Glacial Lake Champagne formed and covered the Takhini Valley -
silt deposited near the calving ice margin was generally sandier 
than that at some distance. 

Immediately following drainage of Glacial Lake Champagne, 
wind deflation of sandy lacustrine materials began and dune fields 
became established; some of these dune fields migrated north up 
valley walls into alpine passes. The Dezadeash River also began 
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Table: 7.1 

Terrain Type 

s E,.. 

Ceomorphology, 
Slopes, Drainage 

Sand dunes; slopes 
up to 12 degrees; 
well drained. 

Eolian veneer on 
lacustrine plain; 
flat; Moderately 
well drained. 

Eolian veneer on 
esker-like ridge; 
slopes up to 20 
degrees on flanks; 
well drained. 

Eolian blanket on 
lacustrine plain; 
flat to gently 
sloping; well 
drained. 

Eolian veneer on 
lacustrine plain; 
flat to vecy gently 
sloping; moderately 
well to "7ell 
drained. 

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

Descriptive Legend of Surficial Materials of Champagne 

Nature of Materials 
and Thickneu 

Bet"7een 2 and 10 m 
of sand over clay, 
sand and gravel. 

Between O and 1.0 m 
of fine silty sand 
and silt over 20 m 
plus of clay. 

Between O and 1.0 m 
of sand over 0-0.5 m 
of clay over 20 m 
plus of gravel and 
sand. 

Bet"7een 1 and 3 m of 
sand over 20 m plus 
of clay. 

Bet"7een O and 1.0 m of 
sand over 3 m plus of 
interbedded marl, clay 
silt and sand. 

Permafrost, Ground l ee, 
Active Layer 

Unfrozen. 

Generally unfrozen ; few 
patches of permafrost 
possible with low to 
medium ground ice 
content. 

Unfrozen. 

Generally unfrozen. 

Generally unfrozen; few 
patches of permafrost 
possible with low to 
medium ground ice 
content. 

Stability and 
Miscellaneous Engineering 
Characteristics 

Loose sand only fair 
foundation material. 

Fair to poor foundation 
material. 

Loose sand only fair 
foundation material; 
spoil source of aggre­
ga t e and fill, 

Materials only fair to 
poor foundation material. 

Fair to poor foundation 
material. 

-

Potential 
Hazard 

--

Sand subject 
to deflation 
and blow-outs. 

Slight possi­
bility of 
liquefaction . 

Sand subject 
to deflation 
and blow-outs. 

Some beds 
possibly 
susceptible to 
liquefaction. 

t--' 
0 
V, 
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Table: 7.1 (cont'd) 

Eolian blanket on 
lacustrine plain; 
flat to gently 
sloping; well 
drained. 

Eolian blanket over 
flat-lying sand; 
flat to gently slop­
ing; moderately well 
to uell drained. 

Lacustrine veneer 
over flat - lying sand; 
moderately well 
drained. 

Lacuatrine plain; 
flat, poorly drained. 

Floodplain; flat, 
but with few small 
scarps; drainage 
variable from poor 
through tn0derately 
uell. 

- -· ,--. ----- - . 

Between land 3 m of Unfrozen. 
sand over 3 m plus of 
interbedded marl, clay, 
silt and sand. 

Between land 3 m of Unfrozen. 
sand over 3 m plus of 
pebbly sand . 

Hore than 3 metres of 
sand with pebbly 
layers toward base. 

Interbedded clay, silt 
and fine sand of 
unknown depth. 

Between land J m 
plus of interbedded 
silt, clay and fine 
sand. 

Unfrozen. 

Few patches of thin 
permafrost; ground ice 
content expected to be 
low to medium where 
frozen; active layer 
0.3 -1.0 Dl plus . 

Generally unfrozen , 

- - -

Fair to poor foundation 
material. 

Loose sand only fair 
foundation material. 

Poor foundation material. 

Poor foundation material. 

-

Some beds 
possibly 
susceptible to 
liquefaction. 

Sand subject 
to deflation. 

Slight possi­
bility of 
liquefaction. 

Subject to 
frequent 
flooding. 

t-' 
0 

"' 
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to erode to its present level at this time. Broad terraces 
probably formed because its downward erosion may have been 
inhibited by clogging of its course with wind-blown sand and 
slow down-cutting of its course west of Champagne. In fact, 
during the hypsithermal its lower course may have been blocked 
causing a shallow lake in which marly sediments were deposited 
to form. in the vicinity of Champagne. 

• Presently, the meandering Dezadeash River is under­
cutting some banks and expanding its meander plain (cf. map 7.1). 
Small active blow-outs are also present in the sand dunes. 

7.2 Terrain Types and Their Characteristics 

Map 7.1 and figure 7.1 show the distribution of terrain 
types at Champagne. The geomorphology, slope distribution, 
drainage, nature and thickness of materials, permafrost distribu­
tion, ground ice contents, active layer thicknesses. ground 

. . 

~tability, engineering characteristics and potential hazards for 
each mapped terrain type are given in Table 7.1. Detailed grain 
size analysis for typical surficial materials are given in 
Appendix B. 

7.3 Suit~bility Maps 

Suitability maps for road construction, building con­
struction and underground utility installation, sewage lagoons and 
sanitary landfills, septic systems and construction materials 
including granular materials are presented (Maps 7.3.1 - 7.3.5). 
These suitability maps are derived following the techniques out­
lined in Section 3.3 of this report. 

7.3.1 Suitabilitv for Road Construction 

The suitability map for road construction 
(Map 7.3.1) assumes that roads for year-round use are to be 
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Cit!erenc ,c.ace, of l.nd1vidua1 carrai.n factors ar, e1tabl1,hed th&c allov ~he suitability of the unoiec....rbed 
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aarhalc: surface). 

Ten:ain Factor 
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s&11d, ailcv ~veL; 
,cones le11 th61'1. lQ 
l'ffCmt 

rair (Nargi!l.ll) • r 
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SloM near suriaca 
sotl c~ee,,: 1solace4 
rock fall; eYidence 
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Clay.,. s11t, HDU'.f 
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Cllan ZS percent 
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n.tpcure vt.c.llin 
next 100 years; 
rock falla coimion 
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Sile, ,•ac ll~ CO 
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1.. 
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$1i,Je. Hcil.maAC 
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~api.d soli.lluc~c. 
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Canal:'ally near 
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constructed and maintained on undisturbed terrain. For the 
purposes of drainage it is assumed the roads are graded, and 
ditches are present where required. The subgrade is to consist 
of materials underlying the roadway and the base material is to 
be locally obtained where possible. No provision is made in 
the suitability map for the source of surfacing material, which 
is assumed to be stabilized crushed gravel, till or rock. 

The terrain factors were evaluated on the basis 
of how they affect the initial construction and how they affect 
load capacities and maintenance. Slope, drainage, permafrost, 
bedrock depth, and material primarily affect initial construction, 
whereas flood hazard, ice contents, and miscellaneous hazards 
primarily affect maintenance. The terrain property guidelines 
for assessing suitability for highway and road construction and 
maintenance are defined in Table 7.3.1. 

7 ,.2 Suitability for Building Construction and 
Utilitv Installation 

The suitability map for building construction 
and utility installation (Map 7.3.2) assume that buildings are 
to have basements and utilities are buried in the ground. It 
is assumed that standard construction procedures are used except 
that special insulative procedures are used in areas of perma­
frost. It is also assumed that ground conditions are such that 
some mobility is viable in the vicinity of the buildings, and 
that utility and ground surface maintenance is minimal. 

The terrain factors were evaluated on how they 
affect initial construction, mainly excavation and ho~ they affect 
the continued stability and maintenance of the building, building 
site and utility. Slope, permafrost, bedrock depth, material com­
position and stoniness primarily affect construction and excava­
tion whereas drainage, flood hazard, ice contents, and hazards due 
to mass wastage, glacier advances, faulting, liquefaction primarily 
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Table 7.3.2 Terrain Property vuidel1ne, for A1aes11ng Suitability £or Building Con1truction and Utility lnscallation 

Differcnc 1tatee of individwil terrain factor, are a1tabli1hed that allow chc ,uitabilicy of the undiaturbcd c•rrain cyp• 
cob• evaluated for cona~cion OT in1tallacion and maintenance o, building, ana Urtocr,rouna utilities. 

Ten:ain Factor 
(1ymbol) 

Slope {tl) 

flood Kaui-d 
(fl) 

Permafroat and 
ice contftltl 
(pf) 

2.3 

lia&ards due to4 

Cbass va1tage, 
faulc activity, 
<,lacier adv.1U1c•, 
etc.)(hz.) 

Bedrock depth 
(br) 

M.t.ceri&l 
composicicm and 
,conizleu 
(mt) 

Coed - C 

l.eH th,IU!. 3 
degrees 

bpid to vell; 
greater than 
2.S metres co 
-t•r cable 

!lone 

No permafrost 

!lo h1z.ards 

Alvays greater 
than Z.) 111 

Cravl'l and aand: 
Hndy till; 
etonea lcaa 
than S'1 

Degree of Tarrain Suitability 

Fairly Coed - re 

Laaa th&!l S degreea 

Vall co mod*Z'ately 
vell drained; greacar 
than l.S 111acra1 co 
Y&tU U.ble 

None 

Scattered pel:'lll&froat 
but generally no 
ground ice 

No haz.ard, 

Uewill.y greater 
than 2 111. 

Clayey till: clayey 
ailt and silty 
sand l••• than 1111. 
thick; atcmee lees 
than ISl. 

Fair (Marginal)• r 

Less than l2 degree• 

Moderately vell to 
i:arperfect drain1ge; 
O.S • l.C metre, to 
vater table 

Very rare: subject to 
once in l.00 year• 
or le•• 

Permr.froat generally 
preaent. but only rate 
areas having shallov 
(<l.O metre.) Hdi• 
meo.t Vith medium co 
high ice content• 

Slov n1ar-1urface 
aoil creep; vithin 
l l!:111 of post glacial 
active fault 

l • 2 metrca 

Thick 1ilty 1and, 
silt, 1ilty clay, 
etonee 15 co 251 

Poor· P 

Slopes bet:veen 
12 .1nd 20 degrees 

tmpcrhccly or 
poorly c:!:aincd; 
<.5 m to veter 
tabl• 

Occ.:u uonel.; 
.aubject tr:> once 
in 10 to 1.00 
year, 

Permafroat vith 
up to l m.etre of 
near-surface sedi• 
ment having medium 
co high ite eon• 
tents: bob.cad 
1edi.lllenc at dapth 
vith high ice 
content• 

Slight chance of 
sl.acier advance 
or sediment lique• 
faction; rock fell 
present: evidence 
of faulting within 
la,c 10,000 yaar1 

Laaa than l metre 

Thick clay; 
organics to 2 111 
in dcptb, atone, 
2.S to SO'Z. 

l. ror drai.nage ch.&ractcri:ation ••e C&J:iada Soil Information Syat,11111 (C..nada Soil Survey CO'i:lc1ctce, 1918). 

Unsuitable• U 
(very poor) 

Crcater than 20 
degreu 

Poor drainage; 
vacer table continu• 
oualy naar 1urfac1 

• 
Annual flooding; 

Continuoue pei:aafrost 
with ••d.i.menta hav­
ing high groU110 ice 
contaata co depths 
greater than l metre 

Possibility of land• 
slides. f.au.lt• 
inciuced suriace 
rupcuze. •edimenc 
liquefaction or 
glacier advance 
vithi:1 next 100 
years; =•pid soli• 
fluccion. nivacion 
or soil creep 

~ent!t:'ally .at 1uzfacc 

Organic• g1:eacer 
than 502.; r.conea 
greater tban S01 

2. ln caae, of building, without besa1ent1 urd where the limiting factor, are drainage, permafro1t and 1cc concenc, or bedrock. 
depth, the degree of suitability ahould be altered to & 1110r1 favorabl• rating b1cau1e of leaa interaction betvaen the 
Urtd11.:urbed tan:ain type and the bllildi!lgs in th1a mode of con1tr1aet1on. 

l. 

4. 

s. 

tee conr.enu given 111. percmt YOlume cx.ceae ice: low (-111'%,; -di\1111 10·20'1; bigh )202.. 

Hazard• 1\aeh 11 flooding and failure, due co aan•i:ndueed thawing of pefl!Wlfro,c are considered in Flood Hazard {fl) and 
Per111afroac and lee COntaats (pf). 

Sconea art defined•• clastalulving a di.lmcter greater than 6cm, i.a., cobble,, coarae rubbla, bouloer1, blocks. 
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affect stability and maintenance. The terrain property guidelines 
for assessing suitability for building construction and utility 
installation are defined in Table 7.3.2. 

7.3.3 Suitability and Optimum Locations for Sewage 
Lagoons and Sanitary Landfills 

The suitability map for sewage lagoons and 
sanitary landfills assumes that the sewage lagoons and sanitary 
landfills are to be constructed through shallow excavations or 
through the construction of berms on the undisturbed ground 
surface. The prevention of pollution through the movement of 
surface or ground water to terrain surrounding the facilities 
was considered to be of prime importance in their location. 
Minimal maintenance of berms and other confinements to the move­
ment of pollutants was also considered paramount. 

The guidelines for sanitary landfills are gener­
ally less severe than for sewage lagoons as no fluid pollutants 
are initially introduced. Thus the suitability maps give a more 
conservative evaluation of terrain for use of sanitary landfills 
than sewage lagoons; in many _cases the suitability classification 
for sanitary landfills can be adjusted to the next higher suita­
bility classification to that which is shown on the suitability 
maps for sewage lagoons and sanitary landfills. 

The terrain factors were evaluated on how they 
affect initial construction. mainly excavation and berm emplace­
ment and how they affect continued berm stability and prevention 
of pollution. Slope, , flood hazard, permafrost, hazards due to 
mass wastage, glacier advance, faulting, liquefaction, bedrock 
depth and material composition were considered primarily for 
their influence on pollutant confinement. 
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Table 7.l.3 TelC"l:a1n PrOl)erty Cu1dal1.n•• for ~•••••tnG Suitability for s ... a;e ur.goon5 and Sanitary ur.ndfilla 

D1ff•reac 1t&ta1 of 1nd1v1d~l tarrain factors ar, e1tabliahad that allow the 1uitabilicy ot the undisturbed 
tatta1.n tY!I• to 1.1,,pouncl water , a.vage, and leac.hac, to be aval1.1,1ted . 

Terrain rac:cor 
(•ymbol) 

Slopa (al.) l 

flood Razard 
(H) 

l'tniatniat and3 
1ca conc1r11t1 
(pt) 

llazard1 dsl.e .to" 
111&.1 , va1 tag• , 
fa11lt &C:t1V1t'I' 
gl&ciar advanoa, 
ate. (hz ) 

ledrock d8'1'th 
(b,:) 

~car1al 
c:0111)01 ic ion ,nd 
scot11.nesa-> 
(me) 

Cood - C 

L .. a Chall 1 • .5 
dqt'&H 

~id co vall. 
dra:l.nad: -tar 
1:&bla l . .5 II 
pl11a 

No flooding 

No har.arda 

'"zly Cood - re 

Modaracaly vall 
clraina4: vec.r tabla 
guenlly l.D 11 
plu 

Vary rare: subject 
to oaca 1D 100 yau, 
or l.u1 

Sc:attlll'ad panaalroac 
With lov 1•• concmcs 

Ho har.arcla 

Creacar than l.5 Creacar t!Mln l. D 
macrea (bl&nkac) .... crea (blanket) 

S1l.cy cl&y1 lau 
cllan 3 pu:canc 
tlCOnH 

Cla••• silt .nd 
silc:·c~,•Y cill 
and c~ac:c till; 
3 to lO percent 
scone, 

l119arfaccly drained , 
vacar table genarally 
0.$ to 1..0 ID 

.R&re; •ullject co one.a 
11!1 SO yaan co 100 
years 

Peft:latroac 1.cerally 
praaanc, but only r•r• area, having 
•ballov (<0.5 11) 
HdUifl!ta With at•dilla 
co high 1ca content• 

Slow naar 1urtac:e 
1011 c:reap 

r.:-.aeen 0.5 •nd l .O 
111ecres (ven••r) 

Sile v1ch .soma or,anic 
conc,nc ; 1andy or 
cravelly 11lt or c:~y. 
loo•• till ; 10·2$ per 
1:111c 1cona1 

Poor • P 

1.u1 chan 1.l 
de1r1H 

Poorly clrai11ad ; 
vatar t&bla 
g&Derally Leu 
Chan 0.5 m 

Oc:caaional; 
,ubj ace co once 
ln 3 to SO years 

Pa~frost With 
up col m of naar· 
sur:ac, Hdi.manc 
having m•d111111 to 
high ice concants 

Slighc chance of 
glacier advanca ; 
evtd.ance ot fault· 
lng vithin lan 
10,000 yean, 
IOIH rock fall 

Lan than O. S 
aecru (veneer) 

Silty sand and 
d lcy 1;:ravel; 
lesa 25-50 par 
cent scone 

Una\litabla - \; 
(vary poor) 

Craater than lS 
de(lrces 

Pai1M11-tly vet; 
vacar table c:on­
cimiCN&ly oaar 
surtac:a 

Fraqueat ; 1ulljac:t 
to ac l•••C one• a 
year 

Conc!SNOUa palC"lll&­
fro1c vith Hd:i.• 
maoc1 b.aving tu.1h 
gro-ynd ica concentl 
to dapch1 areacer 
than l 11 

Aapi.d. 101..l critep 
oc solitluction pre­
vail: pa11ibility of 
lanr:t1Uda. f,n,lc 
induced 1urfac1 
r11p cure, sedi.GM!nc 
li11u.i.f1c:a c1on. or 
glacier advance v1th• 
J.1:1 nu.c 100 yeul 

Generally ac 
1ur!acc 

San&J and sraval, 
i;r.uer than !10 
;,ercac ,cone, 
paac 

l. Slopea .u-e • -I'• U.1ttng factor co the cOIUltnet1on of vi&ble 11111•1• ucoon1 than 1m1CU"Y landl1lll. Thus cerraui 
wiic 1111cabiUt'I' for sanitarr lodt1Lls 1nou..!.d b• alc:uacl co oae LaH s11¥n-e degrH ot &\11C&bil1i:y i.f 11Jipa 1.41 cha 1Ja1t1q 
tCTa:l.n t~cor. 

?. ror ctra111&1e ~ac:clr'il:acion 1ae c:..nada Soil. %.zltDSll9t10D Syac .. ( C..U..da Soil S1ir¥ey Coimiittea, 1978). 

3 . lea mmtaacs g:I.YR ill. per cane ~1.IIM uca .. ,ca, lov (•10'1, macU.1111 l.0•20'%. ; b:l.gh > 20'%.. 

"· Kar.arda such H tloocUric •rul failuraa d11e to man•ill~ad tuvt.ns of p.:aaafron an con•idued 1D rlJiod J:iuard ( fl) and 
P~:,:,et ~ ice concaot• (pt). 

). StoftH ara d-.fi.n•d aacwscshavt111 a cluaaccr sr .. cal' than 6c:m, i.e .• cabblaa , coar•• rubble., bol&ldara, blocb. 
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Locations where grain size analysis have been 
completed are plotted on Map 7.3.3 and show the basis on which 
the material compositions and permeabilities have been related. 
Grain size distributions f~r typical materials collected during 
the field investigations and located on Map 7.3.3 are shown in 
Appendilt B. 
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In addition to drainage and material stoniness, 
many of the above terrain factors would also affect lagoon and 
landfill construction and maintenance. The terrain property 
guidelines for assessing suitability for sewage lagoons and sani­
tary landfills are defined in Table 7.3.3. 

Areas containing optimum locations for sewage 
lagoons and sanitary landfills are contained in the areas classi­
fied as FAIRLY on the suitability map near 210PY. Some optimum 
locations may be present in the area classified as F - mt at 
Champagne, but site assessment of materials will be required. 

7.3.4 Suitability for Septic Svstems 

The suitability map for septic systems (Map 7.3.4) 
assumes that the effluent from a septic tank is to be distributed 
in the natural surficial material by means of a sub-surface or 
raised tile beds. It was assumed that it would be required that 
water bodies and water supplies within 60 metres and surface 
water are not to be polluted by the septic system. It is also 
assumed that the systems are to be em.placed by standard procedures 
and that ground surface maintenance following emplacement is to be 
minimal. 

The permeability of surficial materials with a 
terrain type was considered extremely important in evaluating 
terrain types for septic field suitability because the absorption 
of effluent without the pollution of water supplies or water 
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Table 7,J,4 Terrain Property Cuidelinea for A1ae11ing Suitability for Septic Sy1tema 

Different sc1te1 of individual terrain factor, are established chac allov the suitability of the undi1curbed 
tarrain t'."l'e to be eval"LUted for conat't'\lction and 111.aintanance of septic syscei:ia . 

Terrain Fae.tor 
(symbol) 

Slope (al.) 

Drainage (wt) 1 

Flood Huard 
(fl) 

Pel'tllafroat and2 

ice COQCCCI 
(pf) 

Ha2:1rd1 due ca3 

111& •• vaa cage, 
fault activity, 
g lacter advance, 
etc. (h.l) 

Bedrock. depth 
(br) 

~cerid 
ca111podtifn and 
sconinHa 
(111c) 

Coad• C 

LHI tlla11 3 
degreea 

Wall dr.S.nad: 
veter table& 
deeper than 
1 • .5 111 

Rane 

Kone 

None 

vreater c~.an 
LSm 

Fine co coarae 
1and; loo•• 
undy till, 
baa than .5 
percent ,Uc, 
clay and 
ltOnH 

Degree of Terrain Suitability 

Fairly Cood • FC 

Lea, than .5 degree• 

Koderattl'.'I' vell 
drained; water cable• 
occaaionally ri,e co 
level• above l.5 G 

Very rare1 subject 
to 011 ca in 100 
years or lea& 

Rare pnmafroat; 
cenerally no grou~d 
ica 

llone 

l to l • .5 n, 

$and and 10011 aancty 
till; S co 20 per· 
cent ccnnponomt of 
silt, cl..y and ,cone, 

Fair {Marginal) • r 

Lea, than 8 degTeea 

Hoderacely well to 
illll)erfectly drained; 
water table• u•~lly 
0.5 111 bela11 ,urface 

Occaaion.al; allbject 
to once in 10 year, 
or lH• 

Di•continuou• p~­
fro•t 

Hinor ,oil creep 

0 .5 co l 111 

Sand, ;raveUy 
sand, s&J1dy t1ll; 
20 to 50 percent 
tOllll)onenc of silt, 
clay and ,canea 

Poor• P 

aecveen a and 
15 de;reu 

Imperfectly to 
poorly drained; 
aeaaonal aurf•c• 
pondin1 of 
vacer 

Occaaional; 
1ubj ect to once 
in S year, or 
leu 

Pe1111afro1c present 
with r11re 11re11 
having 1hallov 
{ O.S m) sediment 
vith mediue co 
hi1h ice content•. 

Soa,e rock fall; 
1light chance of 
,1achr advance; 
evidence of fault· 
ing within la• C 
10. 000 year, 

Len than .5 111, 
un,ven thlckne•• 
(veneer) 

Cravel, •ilc and 
clay conc,mc 
sreater than 70 
percent of unit; 
cl.ayey till 

l. Tor drainage characterUation IH c:.nadA Soil IDlona,,cion Syatem (CAnada Soil Survey ea-1ecee, l978). 

2 . lee coacmit• given in per cent voluac .xc••• ica: lov (-lo~. aediuia l0•1ot; high )20~. 

Unsuitable· U 
(very poor) 

Creacer than U 
de;rea, 

Poorly drained; 
eurfact pondi?li 
CODIIIOt\ 

Annual floodl.i:I; 

Continuou11 per!ILll• 
fx-oec vich m.any 
areiu; having sh.&llow 
sedil111nt \tl.th medi~ 
co high groi.mc ice 
content• 

~pid soil creep, 
solifluction and 
nivacion; active 
l&nd1lide activity 
It Ii.ti or OD 
adjacent al.ope; 
pouibi.l1ty of 
glacier advance or 
liqui!accioa vi.chic 
next 100 Y~• 

Cenerally lass than 
0.5 ID 

Gravel, clay, silt, 
1cone content 
greater than 50 
percent; put 

3. lle:c&rda 1uch •• floodinl and fail11rea due ta .. n•Ulducad thavil\g of paraafroac are con,iderad in flood llA&&rd (fl) a!IC 
Per111atro1t and ice c11ncuita (pf), 

4, StCli:laa are de.fined aa cla1t1 baving a diaaatar gr .. car than 6 c:a, i.e., cobblea, coarae rubble, bO\lldara, blocka. 
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bodies greater than 60 metres from the septic field is of prime 
importance. Grain size distributions for typical materials 
collected during the field investigations and located on Map 7.3.4 
are shown in Appendix B. 

The terrain factors were evaluated on how they 
affect initial sewage systems emplacement and maintenance and how 
they affect absorption of effluent and pollution prevention. The 
material composition, mainly its permeability, was considered of 
prime importance in evaluating terrain types for septic field 
suitability. Other terrain factors such as slope, drainage, perma­
frost, flood hazards, hazards due to mass wastage, glacier advances, 
liquefaction and faulting, and bedrock depth primarily affect the 
continued prevention of pollution of adjacent surface water, water 
bodies and water supplies; and to a lesser degree the emplacement 
and maintenance of the septic systems. The terrain property 
guidelines for assessing suitability for septic systems are defined 
in Table 7.3.4. 

7.3.5 Suitability and Availability of Construction 
Materials 

The suitability map (Map 7.3.5) assumes that 
the construction materials are to be used as aggregate or fill. 
The suitability of the different terrain types are evaluated 
according to the quality and quantity of the surficial materials 
within it, and the workability and ease of extraction of those 
materials. Materials that are required to be impermeable such as 
dikes are excluded from consideration; the suitability for sewage 
lagoons and sanitary landfills give a partial assessment of suita­
bility for impermeable materials. The suitability of bedrock as 
a construction material has not been evaluated. Terrain types 
containing gravel and sand with potential as aggregate are given 
the highest suitability classification as they can easily be 
adapted to most construction purposes. Other terrain types are 
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Table 7. 3. 5 Tan-ain Pl'operty Cl&J.4•11nas f01: ,\•uui11g SuitaoilJ.ty for Conatruction ~uri.t.ll Including Work.bilJ.ty 
and Uaefllln••• •• C~ral rill an4 Sovrc•• of Cravel and Sand 

Different state• of indivld1.1,1,l terTain factors are establiahad that allov the suitability of the lffldistu.rbeo 
terrain tl"'P• to ba ... alu.aced •• a potential 1o~rca of construction matel'ials, inclvdin, s&lld .an4 ;rav•l. 

Terrain F•ctOT c,,..bou 
S1opa (tl) 

r1 ood lta111&ri 
{fl) 

Pn·"1Ufro1t aa43 

ice conc;eac:1 
(;,£) 

Kaza.rd, d1,1a to4 

... WHt&I•, 
fault .actiVicy , 
glaciar .advance, 
etc . (b.z ) 

Bedrock depc.b 
Cbr) 

~eterial 
c-i,odtiOI\ and 
stoninee•l 
(1111:) 

COod - C 

l.eH than 
5 dep-eH 

llapid co velL; 
-ur utile 
>2 11 

No he.sud& 

Cravel and aand: 
1conea less 
than l percent 

Deer•• af Tarra.in Suitability 

Fatriy C:00.S - FG 

lacvaat\ S and 1.2 
dapeea 

Vall co aoderecaly 
vell ; near t&llla 
1.0 co 2 • 

v~ rare: aubj ect 
once l.n 100 year, 
01' 1.eH 

Scaccarad permalroat 
111th low grouncl 
lea COIIC:t!IICI 

Flc,w naar•aurface 
toil C:l'•"I' 

Batvean l.5 and 2 11 

Silty ,and, ailt:y 
gravel, san4y till; 
thin eovCT (v911eer) 
ov~r 1and or gravel: 
sciniaa Laa• th.an 
lO parcanc 

Fair (Marginal) - F 

8etvea11 l2 and 20 
degreaa 

Illl!'erfect to aoderac:ely 
Yell : vater table 0.5 
to 1.0 m 

Occ:&atooal co rare; 
subject to Oflce lo 5 
to loo yean 

Per=.alro,t gaaerally 
present, buc onlr rare 
areae having ,ha lav 
(< 0. S m) udimirnc 
v1th medium t a hl;h 
1..c• contmtta 

llaptd ,oil creep or 
ao liflucctoo. ; evidence 
of faulting vithln 
l aac 10,000 years : 
chanc• of gl..lciar 
adYance 

Creater ch.an l.O m 
{bl.anket) 

Till, silty fine 
,and: atone& lest 
than 25 p,rcanc 

Pool:'· P 

JetvHD 20 Uld 
30 degl'ees 

tmpei-f ect to 
poor; vacar 
u.ble leaa than 
0.5 m 

Frequent ; 1ubjecc 
to annu.al flood 

Permafro1t vttb 
up to l m af 
near-surface sedi· 
ment having medium 
co high ice 
contenc1 

Pouibility of 
lancla11de, ,urface 
rupture or H4i • 
ment lJ.quJ.fica­
tioTI with.inn.at 
100 years 

ilecween 0.5 .and 
l.O m (venaar) 

Silt, clay, 
cla7ey silt, 
thick cov•r 
(bl.anket) over 
saNl a.nd gravel.; 
25 to 50 pe:rc1111c 
,coma 

l. For dr&ill&I• dlaractar1zat1on ••• Canada So1l t~formacion s,,c .. (C..aacla Soll Si&r1ay Comliccae , l~7S). 

l. Ice =ucanu 1ivci in perCIIISt vol.- acaaa 1.ca: uiv "°107., madiua l0•20't1 bi&h >ZC't. 

un,uitabh • U 
(vn., poor) 

cr .. car tb&.11 30 
d•gteea 

P erm&aeacly wet : 
w•car c.able n.ear 
surface 

Vel:"f freouanc;; 
f looded more Ch&D 
once per year 

C.oaciaUOIU perll&froac 
with 1a41Zllenc1 hav­
ing high ground ice 
concl!.fttl to depth• 
greacar th.Ila l m 

I1:1111ian1t posa~blli:7 
of landalici• aDd 
,adil:>ant J.J.qui!J.ca­
tinn 

Len tban 0.$ m 

Peat, argantc· s1lt5 : 
gl'cater tl\an SCi 
percent 1tone1 

3. Wacar t&lllet are CD'lllidare4 onl, \ltlare paraalroac u. aball'llt aa a p.rcb.ed v1c.r table La ;enerally pre,eat wttare pei:aa.frv•t 
ii pra111nc:. ~ff. only • Uia:£.1:ad uid •••Uy c:oaci'alled &mOl.lllt of vac:el' vo11l d be i.ntro~ad. from maac a.caYlt!.Oaa 
fl'ia Chi• parched ... t,r table. 

4, Ra&ar4• NCh H floodtng ud fail.=H cllla co -'ll·UIIDl4ad tl\aving ol panra.froat are c:oaa:£.dared 1D Flood 11.a.aud (fl) .aQd 
P~ac aad ic• concant1 (pl). 

f 5. Stone• ~e dialillad •• claaca h&YUig a di.aaatar graacer th&D 6 aa, 1.e., c:obblaa, coerae ni.bble , bo11ldar1, blocka. 
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evaluated on the basis of the compressibility, compactibility, 
susceptibility to frost action and surface trafficability of the 
surficial materials within them. 

The terrain factors were evaluated on the basis 
of how they affect usefulness and versatility of the contained 
materials as a construction material, the ease or difficulty of 
ex.traction, and the volumes that could be extracted from a unit 
area. Material composition and stoniness primarily affects 
usefulness as a construction material, whereas slope, drainage, 
permafrost, flood hazard, miscellaneous hazards, and bedrock 
depth affect the extractable volumes per unit area and the ease 
or difficulty of extraction. The terrain property guidelines 
are defined in Table 7.3.5. 

A major source of aggregate has been outlined 
on Map 7.3.5. The gravel:sand:fines ratios (based on grain size 
distribution obtained during this and earlier investigations), · .. 
and the cu. metres per hectare of deposits (based on our estimate 
of minimal extraction thicknesses) are indicated for this source. 
This large source has more than adequate volumes for future needs 
in the Champagne area. 

7.4 Unique Features 

Although good examples of sand dunes and blow-outs are 
present in the vicinity, no unique features are present. Strati­
graphy exposed along the banks of the Dezadeash River west of 
Champagne is particularily interesting in that the sediments 
appear to have been deposited in a number of environments (fluvial, 
lacustrine, eolian) and under variable climatic conditions. 
Paleo-environmental studies of this sequence might be particularily 
interesting. 
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7.5 Hydro~olo&I 

The hydrogeology of Chan1pagne is described under the 
headings of Well Survey. Water Quality. Groundwater Flow Regime 
and Water Supply Potential. 

7.5.1 Well Survey 

A survey of existing residences in the community 
of Champagne revealed that no wells are presently being utilized 
for domestic water supplies. Several dug wells have been con­
structed in the village to a depth of 10 to 12 metres but are 
unreliable water sources. Champagne residents are hauling water 
from the Dezadeash River in winter and pump water to several 
storage tanks in summer. 

7.5.2 Water Quality 

The Dezadeash River was sampled (Table 7.5.2) 
and analyzed. Results indicate ·that water is dilute with total 
dissolved of 89 mg/1 and is soft with a 35.3 mg/1 total hardness. 
The river contains alkali earth (calcium with minor magnesium) 
water with a bicarbonate (minor sulphate) anionic composition 
which is typical of Yukon surface waters. The Dezadeash River 
tends to be excessively turbid due to erosion of glaciolacustrine 
silts, which forms its banks and channel in this area. A con­
siderable length of settling time would be required to remedy 
this problem due to the fine grain size of suspended sedimentary 
material. High turbidity is a nuisance, not a health hazard, 
and the raw river water apparently is chemically potable. 

7.5.3 Groundwater Flow Regime 

It is reported that one water well was drilled 
to a 24 m depth in Champagne but went dry. 11probably because of 
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TABLE: 7 . 5.2 

uMHoe 
Sample 11Co3 Cond. Ca++ 

Dezadessh River 48 128 9.7 
{Champagne) 

---·- --~- - - -

Mg++ Ha+ K+ 

2 . 7 1. 75 .47 

WATER CHEMISTRY AT CHAHPAGNE 

(in mg/1 unless indicated) 

Surface Water 
or 

Fe- 2 Hn -2 No3 Cl- so4 Po4 Aquifer 

.05 3.7 River sample 

Depth 

Approximate Hard­
Total ness 
Dissolved (PPm 
Solids CaCoy 

Surface 89 
grab 

35.3 soft 

.... 
t..) 
0 
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poor construction and corrosion" (intera environmental consultants 
1975). Without drill hole data, groundwater observations must be 
based only on surficial geological mapping. Much of the terrain 
surrounding Champagne is relatively flat with t~ick lacustrine 
silt deposits overlain by a fine grained veneer of aeolian sedi­
ment. These units have a very low permeability (estimated to be 
less than 1 x 10-6 cm/sec) and infiltration of water into these 
materials is negligible. Precipitation moves to the river by 
overland flow. 

East of Champagne a broad ridge of glaciofluvial 
sand and gravel runs north-south and roughly parallel to the river 
channel. Although covered by a veneer of aeolian sand and 
lacustrine silts, some minimal amount of precipitation may infil­
trate this more permeable landform and allow groundwater movement 
to the west.towards the Dezadeash River (Figure 7.5.3). This flow 
regime would be weak at best considering the aridity of the climate 
and is unverified at present. Sand and gravel is ~Aposed in basal 
sections of the Dezadeash River banks as shown in cross section 
(Figure 7.5.l). It is possible that wells into more permeable 
and coarser grained strata of this terrain unit could draw water 
from the river either by direct recharge (i.e. the hydraulic 
gradient slopes eastward) or by reversing weak westerly gradients. 

7.5.4 Water Supply Potenti!! 

Lacustrine units are thick and barren of water, 
and drilled and properly screened wells in t~e more permeable and 
coarser sand and gravel deposits that underlie the silts are the 
only potential water supply source in the Champagne area. It is 
possible that locations nearer the river could have a higher 
chance of yielding adequate water supplies than more distant sites. 
No information is available on potential well yields. 
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500 1000 .. 

OEZAOEASH RIVER FLOOD~LAIN 

POSSIBILITY OF SOME GROUNDWATER 
MOVEMENT TOWARDS RIVER 



[ 

r~ 
f~ 
r 
l 
~ 

( 

f 

f 
r 
1 

l 
1 
l_ 

~ 

l 
t 
l 
l 

123 

8.0 BIBLIOGRAPHY 

Archer, Cathro and Associates Ltd. 
1977: Inventory of Existing Gravel Pits along Major Hwys. 

and Communities in the Yukon Territory. A.C. 1 of 16 
Beaver Creek; Vol. 1. A.C. 13 of 16 Kluaje; Vol . 2 
A.C. 14 of 16 Kluane-Haines + Aishihiki Rds. Reports 
prepared for Government of Canada, Department of 
Indian and Northern Affairs. 

Associated Services Ltd . 
1976: Sewerage Treatment System, Haines Junction. 

prepared for Government of Yukon Territory. 

Bostock, H.S. 

Report 
pp . 22. 

1948: Physiography of the Canadian Cordillera, with special 
reference to the area north of the fifty-fifth parallel; 
Geel. Surv. Can., Mem. 247. 

1969: Kluane Lake, Yukon Territory, its drainage and allied 
problems (115 G and 115 F-E\); Geol. Surv. Can., 
Paper 69-28. 

1970: Physiographic regions of Canada; Geol. Surv. Can. 
Map 1254A. 

Brown, R.J.E. 
1967: Geological Survey of Canada, Map 1246A. 

1967: Permafrost Investigations in British Columbia and 
Yukon Territory . National Research Council of Canada, 
Division of Building Research, Technical Paper No. 253. 

Day, J.H. 
1962: Reconnaissance soil survey of the Takhini and Dezadeash 

Valleys in the Yukon Territory; Can. Dept. Agric. Res. 
Br., Ottawa. 

Deparanent of Public Works, Pacific Region 
1971 (?): Inventory - Gravel and Binder Deposits; Mile 922 to 

Mile 1104, Alaska Highway, Y.T .; Section 2, Technical 
Data; Volume III and IV. 

Department of Public Works, Canada and U.S. Department of 
Transportation Federal Highway Administration. 
1977: Shakwak Highway Improvement, Environmental Assessment 

Division, Environmental Impact Statement, British 
Columbia and Yukon, Canada Volume 1 of 2, vo:ume 2 of 2. 

EBA Engineering Consultant Ltd. and F.F. Slavey and Company 
(Alberta) Ltd. 
1978: Granular Materials Inventory, Haines Road and Haines 

Kluane sections of the Alaska Highway, Yukon Territory. 
Prepared for Government of Canada, Department of Indian 
and Northern Affairs. Volv 1 and 2. 



I 
[~ 

r 
l 
r 
r 
(' 

{ 

1 

r~ 
1 

l~ 
l. 
r· 
~ 
~ 

l~ 
L 
i 
L 

124 

Fisheries and Environmental Canada. 
1978: Hydrological Atlas of Canada (34 maps). 

Foothills Pipeline (Yukon) Limited. 
1976: Alignment Sheets. 

Foothills Pipeline (South Yukon) Ltd. 
1979: Environmental Impact Statement for the Alaska Highway 

Gas Pipeline Project. 

Hughes, 
1969: 

Hughes, 
1972: 

O.L., Campbell, R.B., Muller. J.E., and Wheeler, J.O. 
Glacial limits and flow patterns, Yukon Territory, south 
of 65 degrees north latitude; Geol. Surv. Canada, 
Paper 68~34. 

O.L., Rampton, V.N., and Rutter, N.W. 
Quaternary geology and geomorphology, southern and 
central Yukon; 24th Internl. Geol. Congress, Guidebook 
All. 

Hydrogeological Consultant Ltd. 
1974: A review of Groundwater Data, Haines Junction, Y.T. 

Report prepared for Government of Yukon. pp. 14. 

Hydrogeological Consultants Ltd. 
1974: Haines Junction, Y.T., Water Well Drilling. Report 

prepared for Government of Yukon. pp. 16. 

Hydrogeological Consultants Ltd. 
1978: Haines Junction, Yukon Territory, Water Well No. 2. 

Report prepared for Government of Yukon. pp.18. 

Intera Environmental Consultants 
1975: Groundwater Management Study of the Yukon Territory. 

Report prepared for Government of Yukon. 

Kenneth, M.L. 
1977: Alaska Highway Pipeline Inquiry, Ministry of Supply 

and Services Canada. 168 p. 

Kindle, E.D. 
1953: Dezadeash map-area, Yukon Territory; Geological . 

Survey Canada. Memoir 268. 

Kozak, L.M. and Rostad, H.P.W. 
1977: Soil Survey and Land Evaluation of the Destruction 

Bay Area, Yukon Territory. Saskatchewan Institute 
of Redology, Publication Ne. 5183; 28p. 

Land Resource Research Institute, Research Branch, Agriculture 
Canada. 
1978: The Canada Soil Informati.oz2..Sy~J:.&m.S (Can 5:5)-. Manual 

for describing soils in the field. 9lp. 



125 

Lake map-area, Yukon Territory. Geological 
· Canada, Memoir 340. 

DL~artment of Public Works. 
:cry-Gravel and Bindor Deposits: Mile 900-12-20, 
· r '.g!'lway, Y.T.: Section l, Line Diagram; Vol. II. 

Lada. Pacific Region 
.a] $ Inventory, Mile 935-1050 and Mine 1050-1150, 
L f r.ghway. Technical Data. 

tada, Pacific Region, Whitehorse, Y.T. 
Lkr Segment 7 and 8, Borrow pits. 

1l[ 1ical Survey Canada, 

:es Engineering Ltd. 
1 l Jnction Water Supply 
,v :nment of Yukon. 

Paper (Kluane National 

Study. Report prepared 

Sf :tion, Northern Affairs Program · 
sl ~eam Investigations in Yukon Territory. 
:ment of Indian and Northern Affairs. 

l 
L 
~ 

L 
L 
L 
l 



l 
f 

[ 

{ 

f 
L 
& 
l 
l 
L 
L 

126 

9.0 GLOSSARY OF GEOTECHNICAL TERMS 

Active layer: 

Aggregate: 

Beaded outwash: 

Bearing capacity: 

Berm: 

Braided drainage 
pattern: 

Colluviu:m: 

c,.,~actibility: 

Deglaciation: 

Effluent: 

Esker: 

Faulting: 

Fluted moraine: 

Frost creep_: 

Frost heave: 

the top layer of ground in areas underlain 
by permafrost that thaws each summer and 
refreezes each fall. 

hard. inert construction materials such as 
sand, gravel or crushed stone. 

outwash in the form of a number of small 
knolls that trend along a relatively straight 
line. 

the load per unit area which the ground can 
safely support without excessive yeild. 

narrow, man-made embankment. 

pattern having interlacing or tangled network 
of several, small branching and reuniting 
shallow channels separated by islands and bars. 

loose soil and rock fragments deposited chiefly 
by mass wasting on and at the base of slopes. 

property of material that allows it to decrease 
in volume or thickness under pressure. 

the uncovering of land from beneath a glacier 
by the withdrawal of ice due to shrinkage by 
melting. 

liquid waste which will render groundwater or 
surface water supplies unsuitable for human 
consumption. 

long, narrow, senuous ridge composed of sand 
and gravel that was deposited by water in a 
subglacial or englacial environment. 

fracturing and displacement of rock along a 
surface or zone. 

moraine characterized by parallel, smooth, 
broad furrows. 

soil slowly creeping downslope because of 
annual freezing and thawing. 

the uneven upward movement of surface soil, 
rock. vegetation or structures resulting from 
the subsurface freezing of water and growth of 
ice masses. 
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Frost shattering: 

Frost sorting: 

Frost-susceptible 
soil: 

Geology: 

Glacially over­
steepened: 

Glaciation: 

Glaciolacustrine: 

Ground ice: 

Hydrogeology: 

Ice-cored moraines: 

Interglacial: 

Lacustrine 
(deposit): 

Liquefaction: 

Loess: 

Marl: 
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mechanical disintegration of rock due to 
pressure exerted by freezing of water in cracks 
and pores. 

sorting of unconsolidated material through 
ice movement as caused by freezing and thawing. 

soil in which significant detrimental ice 
forms when the requisite moisture and freez­
ing conditions are present. 

the study of the planet Earth; its composing 
materials; its morphology; its history; and 
the forces that are acting upon it. 

a valley wall whose slopes have been steepened 
due to erosive force of a glacier. 

(a) the covering of land by glaciers; 
(b) a part of geologic time during which 

glaciers were more extensive than at 
present. 

pertaining to or deposited in glacial lakes. 

ice in pores and other openings in soil or 
rock. 

scientific study of the chemistry, supply 
potential and flow characteristics of water 
in surficial geological materials and near­
surface bedrock. 

moraines underlain by solid glacier ice cores. 

pertaining to or formed during the time 
interval between two glaciations. 

deposited in a lake. 

the sudden large decrease of the shearing 
resistance of a cohesionless soil caused by 
a shock or strain and associated with sudden. 
temporary increases in pore fluid pressure. 

windblown, homogeneous, commonly nonstratified, 
unconsolidated silt and fine sand. 

a mixture of soft. loose fine-grained soil 
and calcium carbonate deposited in water. 
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Mass wastage: 

Moraine: 

Neoglaciation 
(Neoglacial): 

Nivation: 

Nivation terraces: 

Nunatak: 

Organics: 

Outwash: 

Peat: 

Peatland: 

Periglacial 
processes: 

Permafrost: 

Permafrost 
discontinuous: 

Permeability: 

Physiography: 
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the process by which the dislodgement and 
down-slope transport of soil and rock occurs 
through gravitational stresses primarily. 

mound, ridge or distinct accumulation of 
unsorted unstratified material (tillj 
deposited directly by a glacier. 

the readvance of glacier ice and time period 
(approximately the last 3000 years) during 
which these readvances occurred. 

erosion of soil and rock beneath a snowbank 
and around its margin, caused mainly by frost 
action and meltwater transport. 

a bench or terrace formed by the process of 
nivation. 

an isolated hill or mountain that projects 
prominantly above the surface of a glacier 
(past or present). 

material composed of peat or finely decomposed 
plant and animal remains (muck). 

stratified sand and gravel deposited nea~ the 
front of a glacier by meltwater streams. 

unconsolidated, compressible soil consisting 
of partially decomposed semi-carbonized remains 
of plants, some animal residues and minor 
mineral soil. 

extensive areas underlain by peat. 

processes occuring in cold regions due to 
frost action. 

the thermal condition in soil or rock having 
temperatures below ooc persist over two or 
more years. 

permafrost occuring in some areas beneath 
the ground surface throughout a regional 
zone where other areas are free of permafrost. 

the ability of a porous or fractured medium 
to transmit water. 

description of the surface features of the 
Earth such as water and land bodies. 
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Pleistocene: 

Pollutants: 

Polygonal ground: 

Postglacial: 

Quaternary: 

Rock glacier: 

Seismic activity: 

Solifluction: 

Strandline: 

Stratigraphy: 

Subgrade: 

Terrain type: 

Trafficability: 

Thermokarst: 
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the part of the Quaternary when glaciers 
repetitively expanded much beyond their 
present limits (covering most of Canada) 
and retracted to near their present posi­
tions. 

any dissolved chemical or suspended con­
taminant which degrades the potability of 
a water supply. 

patterned ground marked by polygon-like 
arrangements of rock fragments, soil, 
vegetation or ice-wedge network. 

pertaining to the time interval since the 
last major glaciation of the Pleistocene 
(approximately the last 10,000 years). 

the period of time encompassing the last two 
or three million years. 

a mass of rock fragments and soil cemented 
by ice and/or underlain by ice that moves 
slowly downslope in a manner similar to 
glacier flow. 

the peneomena of Earth movements including 
earth quakes. 

slow, viscous downslope movement of water­
logged surficial material underlain by 
frozen ground. 

a former level at which a body of water meets 
the land. 

the arrangement of sedimentary units within 
the earth. 

the surface immediately below a structure 
that is levelled off to receive the founda­
tion of an engineering structure. 

a landscape or terrain unit characterized 
by a unique morphology and underlain by a 
defined surficial material. 

the quality or suitability of a soil or a 
terrain to permit and support moving vehicles. 

the process of differential thaw settlement 
because of the melting of ground ice in an 
area of permafrost. 



[' 

r~ 
f 

I 
f 

f 

{ 

f 
[ 

t' 
l 
l 

l 
b 
l 
L 
L 
t 

Thermokarst 
depressions: 

Thermokarst lakes: 

(I.ate) Wisconsinan: 

depressions in the land surface formed 
by thermokarst. 
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lakes within depressions in the land surface 
formed by thermokarst. 

the time interval during which the last great 
Pleistocene glaciation occurred. approximately 
between 30.000 and 10,000 years ago. 
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,Ai C· FG G-f'fi ••• C t; Cl f . .. , , .... , 
1Ar fi- fti .. , ,_, f ll• f FC C •·• , .. , .. ,, .... 

iLv /!JAi C•FG FG· P p.p Cl r. G F-P F fl ,•t 

• L./s 41 r,. Fr. FG· F ... , r. tl C 
,_, ,, .. , 

,/ .. A,. r. ,r.- , FG- F C (l C ,-,r. , ... ,, .t, /- A, C· FC F·P FG FG• F r, G P· M , ., , .. 
,.L., / .. A.r ,;., .. F · P PC FG C G .... Ill( • • , 

. 1~ / .. ti, C f(l- f FG PG G G f • II • •• 
~Al' G FO ,_, 

Fil G G-1G fG·F n .•. 
,.0.11 A, r. ,. C .... pc; .. a tqM:fac:c toa r. u u .. ..... 

.. c. , -u G G pr, , -u-racl fall G u II •l , lu:.•t 

.c ... .... f ll C P• FG a ' ,a., 
s l .•• 1/ ... A,-A ll- f c Fr. u R r. C: lj ,, .... 

•Ii A, -A c-rr. fr, u " G G • u f 1 ... t • • A 
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T•ble 4.4. l.S lwaluattoa. of T•rr•lfll T,,.. 5ultaltt Ut:1 for Conaiu·11:cuoo ll•t•r 1•1• In tt•b,•• kM.t1•• Atu . 

T«n'•1• racc:0.-11 G 
u 

.. tiaatl, f'C ... P•lrly Gootl, 
• Ull• .. lUble (wtrr -T), 

F • fai r ( .. r&l,.. l l.P • Poar. 
1 ,4 . • ldhl..,.ol , ........ c ,nferra•h. 

Terralrt llah noo.i ,.,..rr •• c J•4nc11. "., ....... , 1'era-al11 .,..., ....... , .. ~!Tr" llr•l11-•1• ••urid ••4 lea ....... d. Dtptll IC.t!IIIMH .... ,, 
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c-.llUono (o,l) (fl) (pf) (~a) <••> <••> locln1 F•ct•r• 

... C r. 0 C ,: • u " ... •• ... ,u C G C a .. , u u .,. •• ... V·P 0 Q G !' • l•ftd• l ld• 
ncUoO "·' V u ... ••• •I 

.. o./•,. m-r '"·' II ra II ,., • , ... ~. ,, ... rc-r C C G 0 , ••• , .. 
,l'I, C ... ,c C C G C , , ., . ~ .. c:. ,a c-rc C a C 0 , , •• 

,L,./1"" 
.. n.-c C G•f'G C G r , .. 

ol, /ti(~ C•K r,;.c C: a G C ' 
, .. 

4/,.L~ /,1'1,,. C ro-c C a C G ,., , •• 
.. / 1L~ /1M,., c-rc C: G C C: C re-• ro •• 

•L~ 1, .-.,. re:- , n: 0 r 0 C , .. f pt •• 

.,L.,/1 ,.,~ •••• ,c., C ,o C: a 1 ' •t , WC 

J. ... n:-r c:- rc C C 0 a re n: ... ti 

• ,.1,r., G a Q C a Q , c " •• 
.Lo. I .. C.r C C· JC C C G C fO-G re ., 
...... , .. '~ 0 0 C G C 0 rc-r re •• 
._L~ I, C., ,_, 

C C 0 G C c-rc F •I 

,/ .. L, C F·P C 0 C , • ,, .. '" 
1/.J.. .. c; re 0 p. p G C • r ... ,c 
,/.,Lp C P -F C r -u C G J ' pt at wt 

i/, L,-l C p G u G 0 • u pf., "' 

I • ,I,, C , Cl D-1' C 0 u II pC at 

,o,l.l~ C ' C n: 0 C u-, u •t. .,, .. 

sAt C FC: p. n; G C C O·Fli f II 

,Af C n: f·FG C C C rc-r r ll -~ 

1A1 0 ' r l'C · f r - U~uefocUoa C , r vi. •l n 

IL.ls .... C 
,_, r 0 C C n: -, ' "' fl 

.i...t.A1 C re-, , 0 0 C JO• ll r fl ... 

,I~"• a , r-ro 0 c; c; r-rc r vt (l •t. 
, t./ .. A, G 

,_, re ro 0 G r F • t "' 

~"·' .. "'' C l'C C c; C G , r •• 
,L~.( lltp C: re:-, a C C C ·-· , tu: 

,A,. 0 , 10 n:-c 0 0 ,., r at wt 

.,,0.1,~ 0 V re re C C ,-u u ..... 
._t .. , 0 re R" rc-re•U•ll C • , •1 a t 

.c. ... G n; C r -NI rc-ten,alt•• G r -J , pf., 

f/a..\·A C p ,-u e 0 C re , t1 wt 

1/, A,.-~ C p r -u G C C in; ' fl wt 

$At . A C: n; P·U C C C G•JG • fl 
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Table A. 5. 3. l Evaluation of Terrain Tvpc Suj 1:.ihi l tty for Romls tn l>cRtruct loo (;ay Arcn. 

Terrain Factors: G - GooJ, f(; . Fairly Good, F - Fair (111arr;inal) .P - Poor. 
u - Uosuitahlc (very poor), I.A. - Individual Assess111ent preferrable. 

Terrain Unit flood Permafrost Bedrock Haterials; Terrain 
Symbol and Special Slore Draiuage llazanl and lee llaz.:irds Oerth Stoniness Unit l.iud t inl, 
Conditions (s l (wt) (fl) (pf) (hz) (Lr) (mt) Rating !-'actors 

,,.1: ~ ... 1:1; Fli 1; 1: ,; 1: n: I' ... t l>'I,., 

• !"lt.:.11. r:1; Hi Ii r: (; f: l'I; F , ... o~. 
--~c .. J. Ff: FC~ 1: I'. I'(; 1; c; 1'1;. ,; I' I' f t .... , •• , 

fl,._ C.r c; I' I'(; F ,: (; re: I· i, I , I' f 

.,Ar. (i (; I' - II c: Ii (i I'(; II 11 

:,A.,. ti c; I' i:i; Fli (; 1; 1:1; ,: I· t'I 

(.'/q_ /.\ f 1; i: I' - Fli i:c. i: ti n: I' fl ,1<1 

x A-<- r; I' - I' 1:.1'(: I' (i (; 1:. I' I' 1•f ,WI ,1111 

1-A~ (j 1:. I' F-Hi I'· II Ii r ·' U·I' II t•f ,Id ,tul 
,·Ou. 

{.t\;- {i I'. F l'C: p. II r. Ii 11 · I' IJ 111·, Ill I , ,~ I 

fA1o :c:;- C: I' ,; l'-F i: (i I' I' ml , I' f 

_,.'= ,!.. 1; 
cAt 

1=-11 F · Fti F . I' c: ,; I' r h I ,Id ,ml 

.. L., ~A,-· C Fl: I'(;. I' 1:,1'1; 1: c: i:1:-1: 1: 11 1' ,1111 .fl 

.. t.. 
;;.;,: 1: 1; 1; F Fr: Ci c; 1:1; I' I' .. 

ALp 1; I' I' II «: I' - I i,p1<•fac I io11 1: II I' II 1111, I I ,h · 

'I I." n: 1: I' II c: - r•; 1: 1; 1:c; I' 1 l 
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1'able A.5. 3.2 Evaluation of Terrain Type ~ultabillty for Buildinns in OeHtruction Day Arca. 

Terrain Factors: G - Good, FG - Fairly Good, F - Fai r (marS?.inal) ,P - Poor. 
u - Unsuitable (very poor), I.A . - Indf.vidual Aasesa111ent preferrable. 

Terrain Unit flood Permafrost Bedrock liacerlals, Terrain 
Symbol and Special Slope Drainage Hazard and lee Hazards Depth Stontnes6 Unit L l111il in1, 
Conditions (sl) (wt) (fl) (pf) (hz) (br) (rot) Rating factors 

.::?.f.L H, Hi Ii l ' t.'1 .... 
(; (i I'(; I' I' .. 

'"' E. \,I FG -o:;; rr. (i I' ,: (; l'(j I ' I' f 

_c.. {;. '1.. 
Fli F(; ti Hi-I' t. H }""' I: Ii , ; ,a: l· t, Pr 

{~ Gp (, F <:- Fti I' C: (, i:1; I' h' r , I' f 

3Ar (j r. r -11 (; 1;. f ! (; 1; t: . i:c; II fl 

3Af r. r. l'fi • I' (;. I'(; i: - n: ,: (; -fr. I' fl 

f/,-... Af r. I' I' FC:. 1~ (;- I'(; Ii l'(i l· 111 1 , f I , I ' f 
>,Ai r. F. 1' i: F · I' (; C 1: . l' I' HII , II f ,1, I 

fA i (i f' - I' I' 1•- u (i ( j I' I' td , pf ,111 1 

t!J...!!... r. I'- I' i'(i J> . II frA t I i 1; l'-U II pf ,111£ ,WI 

.l~-~ (j l'C- I' C F-1' 1: t: ,. - I' I' I' f , Ill I ... c. ,. 

.!:h.!:!. (i I' i: . l'I i I'· I' 
tAt 

r: ,: F. J• ,. I ' f , 1111 

.. L., - ;~;-
(i l'li l'C . I' l' (i - I' c: Ii l'li - F l ' l i f I , I' f , 1t1 t 

• Lk._ (;. l'I~ (; 1: i:1 ; - i: Ii c: l'I: l'C pr ,IN( 
1:~, ... 
,i;Lp ,: I' I' lJ 1; I' - I i t(llC' Lid i Oil 1: ,. -u II fl ,mt ,wt . h :: 

"-L ._ I' c; r: I' · II (; I: c; (j 1; Fl; I' f I 
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Tab le A. 5. J. J Eva lua tlon of Terre Ln Type Suitablli ty for Sewnr,c 1.ocoons and Sanitary Latulfllls Ln l)estruction Bay Arcil. 

Terrain Factors : G - Good, Ff. - Fairly Good, F - Fair (01ar~ Lnal) , P - Poor. 
u - Unsuit.tble (very poor), I.A . - Individual Assessment preferrable. 

'l'errain Unit flood Per111afrost Bedrock Hate rla ls; Terrain 
Symbol and Special Slofe Drainage llazard and lee llazards Depth Stoniness Unit l.imi t i.111:, 
Condltlona (sl (wt) (fl) (pf) (hz) (1.,r) (mt) Rating Factors 

.:,.f: ...... _ n:- 1: (;. Ft: c; I' (; (; l'li F I' I ,,.,,.. 
-~~ r-c: - I' FC. f, 1: f, t: Ff.. 1: &= 1,r ,111 t o ... 

... 6 ... 
-;:,:;::;- Fr.- I' }'f. f, f r. C r -i:c, I' ,, r ,1,,t 

EJ.., Gr r.- f-(; FC- I' C I' c, r. i' - 1' I' w l , I' f, 111 L 

:1Ar, 1: (; II G " r. ,. - ll II f I ,1111 

.:iAf r. (; F. I' PC: (; 1; I' - ll u 1111 , f I 

f/ ... A~ (i 1:(; - I' I' I' - IJ r; c; I' I' I' 1d ,1111 

/(Af ,: 1:c;- I' F I' - II Ci (i I' - I' I' . 11 f ,IMI .f I 

+A-t c; H:-1: F I' - II Ii 1: ,,,: I' l'f , II 

...t..h ,: 1: ,:- l 'f i l'-U (; C F-1' I' 11f ,1111 ,td 
1A\ 

~ C: l'(i C f!-1' C Ii Hi-(; I' pf 
,.1;,. 
.. L.1 c: i:1:- F I'. I'(; F -:;A·.--

,: t; i:c: I ' I' pf • I I , 111 l 

aL11. 1:1: 1:- FC: i:1: Ft; F (; C I' I' 1111 

~Af 
.. L., 1;-rc ,; <: i:c; 
~ii~ 

C ,: I' · I' I' 1111 

11Lp Ii l'-1' l'-11 (; I'· I i ' l' IC' f nl· 1· i un C. l ' · I' II f I ,h:· ,111 1 

... L .. F(; - 1: c; I' ,: 1; c; I' ,. 11 ,1>11 
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'l'able A.5.3,4 Evaluacion of Terrain Type Sultabllity for Septic Syateme in Destruction Say Area 

Terrain Factors: C: - Good, FG - Fairly Good, F - Fair (01udnal) .P - l'oor, 
u - Unsuitabl e (very poor), I.A. - Individual Assessment preferrable. 

·rerrain Unit Flood Permafrost lledrock Hater t.o ls; Terrain 
Symbol and Special Slo~e Drainage Hazard and 1ce llazards Depth Stoniness Unit Lbni tinb 
Conditions (sl (wt) (fl) (pf) (hz) (br) (111t) Ratini; Factors 

a.C...IL 
t.11"' FG- F G-FG r. p f, r. P- P I' pf ,at 

... c" 
~ r:G -F f(; r. I' (i G F· P p pf , ,n 

~ ,H.,. r:G- F FG G P- 11 r. G Ff.-F p jl f 

f/...,Gr r.-1:r. FG-F Ci P- F G r. FG ·F p pf 

!JA r G {i P - U (j G " P-F r fl ,lilt 

~ A, G G F i:c. C, G P- f: p lilt. f l 

fl._ At G F F 1: - I' " (i F- P p p f,f l,111( 

~A• G F F· r,(; u G G P- 11 ll p f ,lit 

fAf G i: I• - Ffi u (i r. f - FC u p f 

.rllil r. 1:. (' f,- i:1; u G C. i: - j> u pf ,wt ,111c 
tAf 

~ ... ,, G rr. G I'- IJ ,; C, f - 1' p 11 f ,111t 

~~l G ,: Fl, I' - r: (i G p I' )l f, 111t 

~ FG Ci · FG {;-1:r. l' - P (i (~ r,.p F pf , Ul t ,. .... 
~ fi- H i r. r. F- 1' r. C H, - tl 1: Jl f .... 
ll. Lp c; I' I' - II 1; l' -Jiqu.: fac tion C. F· l' lJ fl ,wt ,h2 

~L.t, G- FG (j p Fli G c; P- i: p fl ,111t 
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'fat, k "-. 5. J. 5 l·:v.-.luatlon of l't'rraln 'l'Vpl' Sut tal,i lily for C:onsl'ructlon ~tatci:-ia ls 111 l>estruclicm llay l\n,a. 

Terrain Factors: r. - CooJ, rr. - Fairly Good, F - t'air (ruan:. ina l), r - Poor. 
u - llnsuj Lahlc (very poor), I.A. - Individual Assessment prefer-rable. 

'l'crrain Unit rlood Permafrost lleJrock Hater tab; Terrain 
Symbol and Special Slore Drainage llazard and Ice llazarcls Vepth Stoniness Unit Liniiti111, 
Condi tlons (s I (wt) (fl) (pf) (hz) (br) (mt) Ratini: Factors 

,.,.E..., r. r,r. G F r. G F ... 1•f llll 
~ 
"'~ G rr. G F C C f J" I' f r,,t 
~ 
~ (: FC.-C. r. F G C. f-Fli F ,,c ml .. ,.,I'\ 

•le.Gt> G F r. f' ,: G 1-'G-F 1: pf \•Jl 1111. 

'J A,. r. r. r C. (: (; 1-'G p fl 

'.I "t C: r. f f (: {: fG r () 

f ! t..Af G f' F f'(" r. (; FG-F t' fl WI. 1111 

,.A~ r. f'-F Fc.-1: r-1• (~ G li 1, llll I' f HI 

.-Af G P-f FC:-1' P-11 G G (.; I. llll pf wt 

L~" 

~ ' r. r (: u-1• r. G u u IUl ,.r \.:I 

~; G f-fC: C. r r. G P-lJ I' mt 1•f 

~t" c: r-1• fC.-f r, r. G F-P ... llll wt 1d 

,.,_L1. r. r. Ff.-f F-Fr. ,: (; F-FG I' lul I' r f I 
,'h 
.._Lt. r. r. r. FC.- r, C (: f-f(; ... ml pf 

•M"' 
1'- I i(]IU'f:ll'L Ion 1; I' 1: fl .... "'' ,._Lr (: I' I'- I' f: 

..,Lt... (' t: I' c: C 1: n;-t: I' I. J 
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Tab lei\,{,. 3 . l 
1:valu.ati o n of le rrain type' suit,1hility for lloa,ls i n ll11l'wa s h l.;111.li n~ l\rca 

Terrain factors : G - Good, r r. - Fairly Good , F - Fair (mD.rr,inal),P - Poor. 
u - Unsuitable (very poor). I.A. - Individual Assess11ent preferrable . 

Terrain Unit flood rerma frost Bedrock llatez-1.ih; Terrain 
Symhol and Special Slo~e Drainage Ila z.anl and Ice Hazards Depth Stoniness Unit I.J1ui.t inL 
Conditions (s l (wt) (fl) (pf) (hz) (Lr) (mt) Rat int; l'a.:tor s 

_'!! ~ .. . i:1;. c; 
-+ H.,.. 

n:- F i: F ,: c; I'(; r 1,f ,WI 

.!!!~ \I. 1; l'I i 1: 1: ~"" .. ,: 1; i:1 ; . I' I' f 

..,E ~ (; i:,: 1; I' i; r: 1: - 1:c F jl f c:,·e,.. 1-1-1),. 
91._ (i I' H: · I; 1' . I' I i ,; I' I' 1111 ,h'l ,p l 0 r 

;:, A.r- {j 1: (; FC. ,: Ii 1: l'I; I' f 
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:3 1\-f 
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_-!: '=--~ t: F 1: n: 
..:'I A+ 

I: " I'(; I' I' w I , 1111 
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'fable A. 6 . .l ,2 l:val1mtion of tl'rrain 1rpc ~uitnhility for ll11il,ling:; in lh1n,•a s h l.a11di111,: .l\r<'a 

Terrain Fc1ctors: G - Coot.I, FC - fairly Good, F - Fair (mardnal) ,P - Poor. 
u - Unsuitable (very poor), I.A. - Individual Assessment preferrable. 

Terr.a in Unit Flood Permafrost Bedrock ltaterials: l'erraiu 
Symbol and Special Slo~e Drainage Hazard and Ice llazards Depth Stoniness Unit L i1ui t i111, 
Conditions (sl (we) (fl) (pf) (hz) (l:.r) (mt) Rating factors 

~~ ~ r1;. c: i:1: - F ,; l' 1; 1; l'I: I' ll f, ,~ I -t 11,., 

,..£J ,: 
.., Mr 

l'li 1: I' 1; I: i:1: I· Pr 

E ~ .. _ ~. 
( ... G T -tM)p 

{; 1:1; 1: l' ,: '~ ,: · 1=ti i: I' .. 

0(, ,; [' F<: - I' ,. - I' ,: ,: I' I' .. 1 , 1111 ,1•f <.>p 

!1J.\+ 1; Ii C fl: (i ,: ti i:1; l' r 

~L.v._ c: (j (; Ii (j ,: c: I: 
~/\ f 

~ [_b_ r. [ · C rc: -" ,; 1; Ii l'I: WI 

~ A f. 
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l:val11atio11 of tt'1'l',li11 type suitahilitr for Sc1wl\t' l,aR01111s 1111d ~:i uitar·r 1.a11dfili :; io 1111.-.~ns h 1.11udin1: l\n•:t 

1'nh J e A. f,. 3, ) 

Terrain Factors : C. - Good, fG - Fairly Good, F - Fair (o,ar~inal),P - Poor. 
U - Unsuitable (very poor), I.A. - Individual Assessiaent preferrable. 

Terrain Uhit flood Perma frost Bedrock Mater h ls; Terrain 
Svmbol and Special Slope Drainar,e llazartl and Ice llazards Depth Stoniness Unit 
Conditions (s l) (wt) (fl) (pf) (hz) (Lr) (mt) Ratin1; 

.!!!~ n; . I' r:<: (; F . i;r, 1; 1: Hi I' 
1. t-1 .... 

. ':?.~.!!.-
1-Mp 

1; H i r. Ft: - I' ( j c: 1:1; l'I ; 

,..£ ,J 

( ... (; ~-/ t-4)p 
1; l' (i 1; I' l'C '; " l'-l' I' 

_QI,_ 
Op 

,: I' Fl; · F , •. r- ,: ,; I '· II I' 

::JA.f (i 1; ,: 1:- Fti (; 1; ,. I' 

~h . .!!.. ,; (: 1: 1; 1; (: II II 
.3A.r 

~L c. ,: F i; r:1:- 1: ,: 1; I' I' 

.:,A+ 

- J 

I. imil i.nt, 
ractors 

I' f • ,. I 

jl f I I~ I , 111( 

1111 • 11 r 

111 l , (I l , b I 

111( 

ml 

m I , I' I 
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Tab 1 e A . (, . ) . /1 

Terrain Unit 
Svmbol and 
Conditiona 

Special 

-~!:'.~ 
;- M .... 

•• '.':! ~~-'!-. 
.. t1,. 

.=!.~~-
(.._ c;. .,. H-t) P 

0~ 
Or 

:i"r 

~J-. '!.. 
:JAf 

=-~: ~-
.JI\{ 
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l:vnluat iou of terrain t r pc suitahi Ii l'y ror SCtlt h: Systc•1s in llun~.i s h l.a11di111,t Arco 

Terrain Factors : G - Good. FG - Fairly Coocl, F - ,~air (nrardna l) , .I:' - Poor. 
u - Unsuitahle (very poor), I.A. - Individual Assessment preferrable . 

rtood r ermafrost BeJrod.. Haterials; 
Slor Orainage llazanl DUI.I Ice lla zards Depth Stoniness 
(s l (wt) (fl) (pf) (hz ) (Lr) (mt) 

H: - F i:i; t; I' r. I; I' . I' 

1; i:r: Ii 1' (~ c; I' . I' 

I: n: c: I' - F ,: c; i:-n; 

(; I' i:c: - 1: l' - F ,: c; I' 

Ii c: ,: F H; C {; P - 1' 

1; ,: 1: i:c; r: ,: I' I' 

1; F Ft: I' . I' Ii 1: i: - 1· 

- J -

Terrain 
Unit l.i111i tint, 
lta t ir11; hu:tors 

I' '" , 1111 

I ' pf .•~I 

I' , .. 
II 1111 , Id , pl 

I' Ill I 

I' ml 

I' I' I , " I , 111 l 
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Table ,\.6.3,S !:valuation of tcrrnin type' :;.11it;1l•ility for Coustruc:tiou Mat!.'ri;tl:- in llurwa~h l.a1ulini:, A1·ca 

'ferraln factors: C. - Good, fG - Faidy Good, F - t'alr (mar.:.lnal),P - Poor. 
u - Unsuitable (vei;y poor), I.A. - Individual AssessD1ent pi;eferrable. 

Terrain Unit flood Permafrost Bedrock Materials; Terrain 
Symbol and Special Slope Drainage Uazard and Ice llazards Ocpth Stoniness Unit Llmi ti 111, 
Conditions (s l) (vt) (fl) (pf) (hz) (l,r) (mt) Rating Faccurs 

-~f.v._ c: F- r:c; (; 1: c: c; F 1: 1•1·,m1 
t,t-1,"l 

,.,£,1 

~FI; 
1; l'I i (; I' {: ,: I' I' pl' ,mt 

,,,£., ,: i:1: ,: F C 1: i:1: I' I' .. 
( ... G. ·;-t M)r 

o" ,: II I' ,. (: C II II Id ,1111 ,l'I ()p 

.jA.f t: I: 1:- l'I: F(; ,; c: ,: 1-1: I' .. 

_ ... L.L C: c; 1; Ff; ,: ,: ,: 1-1: .... 
~A,. 

~~~- ,: 1: - 1' I' - Ff: I' 

..:J A.r: 
I' ,: ,; 1: - I' I' l'I ,1d ,tnl 



1'nb le A. 7. l. l 

Terrain Unit 
Symbol and Special 
Conditions 

sf,., 

~ '"'r 
-i:L 
.J.,,. 
sl:b 

~ 

~ ~ t 

b 
flr 
sl:'-
:,I.if 

>L11 

olJp 
rLP 

~" p 

.....-- - - --. _ ...... 
' I -

F.vn lua tion of Terra in T~pc Sui ta hi li cv for llonds in Chm1,pai;11c /\ nia. 

Terrain Factors : C - Good, FC - Falrly Good, F - Fair (111ar,zinal) .P -

--. 

Poor. 
u - Unsultable (very poor). I.A. - Individual Assessaent preferrable. 

Flood Permafrost Bedrock Materials; 
Slor Drainage Hazard and Ice llazards Depth Stonlne5s 
(sl (wt) (fl) (pf) (hz) (br) (mt) 

FC:-F G C c: F-dcfl.itfon (; fC-f 
blow-outs 

G FG G FC: FC.-liquefaction (; F 

r-r r. C C: FC.-deflacion G ft, 

C. - fC: G r. FG FC - tlcflA tion C: f-FG 
hlo"'·outs 

r.-r--r. FC: C J·'G-F FG-1 i <1ucf i1C tiun G F 

r.-FC: G C: FG Fr.-Uquefact Lon r. (."-J'G 

G-FC. FC: G C: F- 1leflation C: FC - 0 

C: FC. G r. C: C: FG-G 

C: r FC. rc:-F F-1 iqucfact ion G l'-P 

r. P-f r-1 1 C: - FC: f-liqucr.acti on G J,' 

_....._ 
I 

Terraiu 
Unlt I. ilui tint; 
Ratlnr, factors 

F 11:.: t;l 111t 

1: 1111: 

... ti 1 h :! 

I' 1111. 

F IIIL I' I 

F Ill 

I' hz 

, .. r. Ill l I,' I 

I' HI. lfll 

II r I I.' I 



-t .r-

Tab le A. 7.) . 2 

Terrain !.!nit 
Symbol and Special 
Conditions 

sf,, 

*-c. r 
~£., 
........ 
,.£b 

c.LP 

,.E11 
M 
#.-~ r 
,f,, 
~ 
_.L,,. 
-;u;,-
i:,Lr 

'""''' 

- ' ' - - -., 

Evaluation of 1·ern1in 1'vpc Suitahf Ury for i)uj ldinr.s in Cha111par,ne t.rea. 

Terrain Factors: G - Good, FG - Fairly Good. F - Fair (mar~inal),I' - l'oor. 
u - Unsuitable (very poor), I.A. - Individual AaaessNent preferrable. 

flood rermafrost Bedrock liacerials; 
Slo~e Drainage Hazard and lee Hazards Depth Stoniness 
(sl (wt) (fl) (pf) (hz) (l,r) (mt) 

Ff.-F C G r. F-deflation C fC- f 
blow-outs 

(l FG G Ff. FG- liquefaction C FG-F 

f-f> G G G FG-defla tion G C 

G-FG C. r. FG F-clefJation G FC-G 
blow-outs 

G-FG i,·c C f'G- F i,·c- l iquef act ion G J'G-1'' 

C-FC r. C C: fC.-1 ique fact ion G 1:c 

C:-FG •·c G r. f-deflatlon G FG-G 

r. rr. G C r. G FG 

C p r: FG - F F- Uc1ue f net ion G F-P 

C F-1' \I G f'- lique foe ti on C: F 

l - J 

Terrain 
Unit Li111iti111., 
Rating r.aclors 

f' :; l hz 

FG llll ~,t 

I' !' l 

F hY. ml' 

n: mt we 

1-·c. h z ml 

f h7. 1n1 

FC 1111 WI 

I' ~, L llll 

ll ,, 1-!l 



-- - -
Table A.7.).3 

1·erra!n Unit 
S)'lDhO l and Special 
Condition• 

ti(,, 

* C. t' 

!>~I ... ~,. 

-£-(.;, 
,.E. 
~ 
sEi,. 

cJ-1> 

~ 
1,llr 
~L,1 

~~, 

._Ly 

._Ap 

--i ' --. -' -l • - - --i 

F.valuation of 1'crraln 1'yre Su itnLility for Se\.laJ~c l,agoons anJ Sanitary Landfills in Chompai;nc /ir(!U . 

Terrain Factors : G - Good, FG - Fairly Good, r - Fair (mar~inal),P - Poor. 
u - Unsuitable (very poor), l.A. - Individual Aaseaiment preferrable. 

flood Permafrost Bedtock Uaterials; Terrain 
Slo~e Drainage Hazard and Ice Hazards Derth Stoniness Unit Liolitin1, 
(sl (wt) (fl) <110 (hz) (or) (mt) Rating Factors 

F G G r. F'-deflation G F-P I' me 
blow-outs 

C: FG C: rr. FG- liquefaction G FG l'G wl pf 1111 

P-U G C: G FC-defla tion G r-F l' sl ll1L 

G-FC: G G rr. F'C-de flat ion C F-P F ml 
hlow-outs 

G-FC: FG C. fC.-F FG-liquefac tion C: F F llll 

r.- FC: C G C: Ff.- liquefaction G F-P I' 1ut 

C:-fC: FG C: G FC.-dc fla tion G r -r r 111t 

G fG G C: r: C: P-F I' llll 

G p G FC.- F FG- U.qucf act ion G F I' wl llll 

r. F- P tr G FG-li(Jucfaction C. t' u fl wl 1111 

---, 



-- ,--.. r--. 

Table A. 7.J.4 Evaluation of 'l'errain Tvpc SuitahiUty for Septic Sysce.n,s in Chmupar,nc Arca. 

Terrain Factors: G - Good. FG - Fairly Good, r - Fair (n,ar~lnal) .P - Poor. 
u - Unsuitable (very poor), I.A. - Individual Assessment preferrable. 

Terrain Unit flood Permafrost Bedrock Hater ta ls; 
Symbol and Special Slo~e Drainage llaz:ard and Ice llazards Depth Stoniness 
Conditions (sl (wt) ( fl) (pf) (hz) (br) (mt) 

.)£., F G r. r. FG-deflation r. fC 
blow-outs 

~E.v 
~ G FG G F FG- liquefaction G P- F 
,.E" P-11 G C. G G G f-t'C ... a. ... 
.E,. 

C:-1-'r. r. r. r. fG-t.lcflocion G i-·c -~ 
l,low-outs 

~ 
1-Lr G-FG G-fG r. F n:- liquefaction G ~:-re 

~ G-Fr. G C 
f r 

C: FG- liquefocc 1011 G FG 

5Ei, 

7ilp 
C-FC G-fr. C: r. FG-defla tion G FG 

sL~ G FC! r; r. r. G FG-1' 
;u;-

r; r G 
,:.l-r 

f - P FC-1 iquefac ti on C P-F 

r,Ar C, F-P tr C. FG-lf']u~rnct1on C F-P 

l'errain 
Unit 
Rae in£ 

... 

p 

I' 

FC: 

... 

..-r. 
J-'G 

n: 

I' 

ll 

.---, 
) 

Limit int, 
factors 

sl 

h i ml. 1d 

61 llll 

It:.: 111t 

ml 

h.: ml 

hz 111t 

I, :~ wt 

i.eL )Ill I' r 

Cl Wl ml 
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l"ali le A. 7. J. 5 

Terrain Unit 
Symbol and Special 
Conditions 

:; f,., 

~ 
,Lp 

.6.. 
~ ..... 
. .fb 
~ 

f. .. ~ 

1·4' 

'f• A .. 

.A .. ur ~,,,., 
~ 
~lp 

fllr 

- ,---. -- ,.---... ., __ _ --1 

Evaluation of Terrain Tvrc SultaLilit~ for Cons t ruction Materials in Chamrncnc Arca . 

Terrain Factors : G - Good, fG - fairly Good , f - Fait- {mardnal) ,P - Poor. 
ll - Unsuitable (very poor') , I.A . - Individual Assessgent preferrable . 

Flood Permafrost Bedrock Hater ials; 
Slofe Drainar,e Hazard and lee llazards Depth Stoniness 
(sl (wt) (fl) (pf) (hz) (Lr) (mt) 

FG C r. C F-deflation G F 

G FG G FC fG- liquefaction C r 
F-FG G C. G G r. G 

G r. C FC J,"G - deflation C F-1' 

C G C: G FC-liquefac t ion G r 
G G r. l'G FC - lique (action C F-P 

C: G (: C FG-liqu<?fnction G F 

G FC C G r. G F 

C u C: FG FC- liquefaction C u-r 
C r r -F r. FC.-llquc faction G I' 

-~ 

Terrain 
Unit Li111iLin1, 
Rating facLors 

f" ml 

I' lll l 

H~ sl 

I; ml 

I' ml 

F 111l 

1: ml 

F llll 

u 1111 Wl 

I ' mt Ill fl 
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APPENDIX B 

Grain Size Analysis 
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r 
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-~ ~ J. d?. (J)a,Lru. C:.,.'..,. 01~dOCU.LU.! ..L'td. ,.,.. . 
CONSUL TING AND TESTING ENGINEERS 

PAOJ£CT ~LIENT Terrain Analysis ,s, CATE RECORDED 
'Yukon' "l;inni n~ 0cc. /79 

JRP FlLE:Y-1898 SAMPI.E T'l'PE DEPTH HOLE NO. tELD NO. LAB NO 

SY 7 31 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

SIM 
r'A,'111(. 

SIC'V< 
%'1NO Dia. ~,. ... Dia. !'!!.fl!CJlt 

IT " IY IT MATE~1Al. ~ % OF TOTAL SAMPU'. si.:,: 
WOSM1' 

11n: 'fttafT mm ~ ann WDOMT' 

2" 10 99.2 .0'15 100 .004 67.6 
11.s. 20 98.9 039 97.9 
l 40 98.S .028 96.8 
3/4 100 98.0 .020 96.5 
1/ 2 100 200 97.6 .014 96.0 
3/8 99.5 010 94.5 
4 99.4 .007 9U,b 

.005 1:U.. Z 

fA-U: tJ'"4~lUI 1...1.. M. ..... ~ .... 
'"°· a .. us i, 1u ftOII ....... PARTICLE SHAPE ANALYSIS 

Sandy Silty Cla ~o 
SUl•ltOUND 

AIICWl,.AJI 

SUl•AIIQU.AII 

CRUSH COUNT -Yo 
,u.n 

NUCU:I 

i 

GAAi II SIU .. lillUJlll(ffJa 
:i § s a§ s 9 !! 2 i i ~§: 0 

0 

Qo Q 0 0 Q 0 0 q ... ,oo , 

"° / 
V 

IO 

., 
I 2IO 

70 30 

I'° 
0 .. .. .00 ! .. ;!! 

f ,0 ... 
50 • .. ... • ... ;z .., 
eo ti C 40 ... • .. "' ~ 

30 l'O 

to IO 

10 tO 

0 :oo 
l'OO 10() tO ,o 40 30 20 16 lO I • - Ill 3M' I 1\-i Z l .. 
~ ST.t.JIQAIIO Sltv( SIZO I 

·Cl.>T ll'\.ASTICI T'O S,t,110 ;AAVtl.. 
s.1.r llllQlll•Jl\..1.11'1C l ,, .. •COIUIII CC.t.1'2 r111E CQAJIU 

LASCRATOR'l'
0

S REMARICS CATE SAMPL.EO 

- WHb!llsi Sj e.~r:= I OATE RECEWEO Aug. / i9 

TEOiNICIAN (S l ls 6 ls 

CHEO<ED BY ~~ 



r. 
I 
r 
r. 
f 

l 
{ 

l 
r: 
r 

' . 
L 
i ' 
L 

L 
L 

"& :J.. cR <J>avu:. G~ c.,,1 iiocio.fa:.! 1'td. 
CONS0t. TINO .t.HO TESTING ENGINEERS 

PROJECT ~LIE NT Te 'C'l."ain Analysis 6, OATt RECOROED 
'Yukon ' M-,nnino Oc.t. /79 

JRP FILE:Y-1898 
SAMPI.E TYPE DEPTH HOLE NQ r ELO NO. L..\8 NO 

SY 84 i/25 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS P€TROGRAPHIC ANALYSIS 

11"'1: '"'""'" """ 
~,1..,. Dia. l"Jl.,11C11 Dia. ~ftNOI 

n " n It!' MAT'E.RIAl. ~ % OF TOTAL. SAW'LE Silt -«ltftf 
$Ill: ~_, mm ~ mm Wo»ff 

2" 10 99 .8 057 67.9 .005 16.9 
11.i 20 99.S ,042 60.9 
1 40 98.0 ,031 54.7 
3/4 luu 89.8 .. 022 47.8 
l/2 200 77. 9 016 41.6 
3/8 012 35.S 
4 100 009 20.7 

,006 20,3 

,.....-u: ....,.,i,a u.. T'.L.. ,.,, ~ i.L 
IIC. a.•n1,iunoa ....a PARTICLE SHAPE ANALYSIS 

Clavey Sandv Sli.l t IIOUotO 

WI • ltOOlt Cl 

.lNliVLAII 

,ua-u,GU..,..11 
~ ,u.n 

CRUSH CQJN1' era· 
Nl:rot....f:l 

MA1•11zca~ 
j ... 

§ § s ! ~ 2 ~ ~ ~§t 8 8 8 Cl 0 q 0 0 q .. ~o LCIO 
J' 

,0 
,I 

.,,,, 
II) 

eo / 
!O 

70 
J 

)Cl 
J • 

t tO 
~ 

II, "' • / ~! 
• < 
i I 

.. .. 
,0 • :,0 • .. .. .. .. ii' • 

~ 40 .a " ... J • ... "' , ... 
lO 

/ 
10 

:o .. • I 
'° V 

10 
I 

90 

0 
I tCO 

zoo IC:O GO ,0 -0 lQ zo l6 I() • 4 I, "'I lw.' I In Z > •• 
CM.t.06 n.~"C.,.ltQ SIC'\1: S1ZU ' 

CLAY 11'\.A.SrlCI ~ SAJ<O GJIA"'U 

SILT INOlt•l'\..t.STICI 

'"'' IO!OIUW COAltS< rift( couu 

LA80RATORY
0

S REMAAKS DAT'E. SAMF'Ul) 

- l:lasbed Sie:1Ze, DATE RECElVEO Aug. /79 

TEo-lNIClAN (S) ls 6 ls 

CHECKED SY ~ 
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~~ ~ J. d'(. Pa.uu & elf !d.ocui.tE.j, ..L'td. 
CONSUL TING ANO TESTING ENGINEERS 

Pf:IOJECT CLI ENT Tert"ain Analysis & ~TE RECOROCO 
' Yukon ' ~ ........ i ne> Oct. /79 

JRP nu::Y-1898 SAMPI.E T'rP€ OE:PTH HO(.£ NQ rl Elfi 3'opy LAB NO. 
flB 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

flt'-'! 
r,.m,," 

llt',/t .,_"Nill Dia. ~,,~ Dia. a,.,i,c,. 
IT Ir " " MAT'ERIAL TYPf: % OF TOTAL SAW't.E $!,!( 

w(-," 
,u, 

'"*"' 
llU1\ ~ mm ~ 

2" 10 ~3.7 
1~ LUU 20 33.9 
1 ~!Ll 40 ~4.5 
3/4 ~). ti 100 8.9 
l/2 C, ti. Q 2uu 4.6 
3/8 /'1.J. 

4 59.9 

5Al61'\..( _..,,,,o ~ 

loO. a.AHl,.IC,,\T'l()III LI. "·"- "'· '1. I.IL PARTla..E SHAPE ANALYSIS "'° Gravelly Sand ltOVNO 

IUl•ltCUNO 

,UIGU\..A.11 

IVt• ANGI.IUJI 

CR\J~ COUNT cro "-"T'I 
H(RUI 

CIMIII lltt • -..UIIICttltl 
J § i s s § ! .. 2 st I l!i g 

~ 0 ~ .. Qo ,oo 
_/ 

~ 
/ IO 

to 
I 

l!.O 

' 
l"O 

I » 
I 

I eo I Q 

4Q ~ .. / ~ • 
t :\0 / '° r .. 'I' .. • • "' /r 

'° I ~ ,o r / 
,"' lO 'l'O ,,. 

zo 
/ 

/ 
IO 

10 
./ 

, 
IO 

0 IOO 
IOO IOO IO ~ .a )0 20 " lO • • .., 11'1 l.11" l In Z J ,. 
~ IT.utCAltO Sl!VI IIZU ' 

·C\.AT 11"\.AITICI TO l,MQ G,U.Yll,. 

SIU Oo<:,lt•~AST1Cl 
"If< 111.:0IUli COAJtlt ri11t CQAJttt 

LA SORA TORY 's R! M.A.Rl<S CATE SAMFUD 

- Il:c:v Sie,£e, CATE RECEIVED Aug./79 

T'EOINIOAN(S) ls & 1 s 

CHECJ<EO SY ~Vi 
--··- · 
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r 
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r'. 
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r. 
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C 
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L 
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L 
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L 
l 
L 

~ J. d(. <J)airu: C,:_. cff-!iOCLlLU.i .L1td. 
CONSUL TING ANO TESTING ENGINEERS 

PROJECT ::LIENT Terrain Analysis & DATE RECOR0£0 
' Yukon' M:, nnir,a Oc t. /79 

·JRP FILE::Y-1898 
SAMPl.t TYPE 0€PTH HO<..£ NQ rELO NO. LA8 NO. 

SY2 26 

LAS ORATORY TESTlNG REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

SIM 
i-.1.11,ca 

llr.1; 
~,,,. Dia. ~fllCII Dia. l"ll.ruo 

IT " IT .,. MAn'.RIAL T"l'P! % r$ TOTAl. SAMP,,.f SIZI w(IQl(T llll .. ...,. mm ...,. mm 'WflCINf 

2" 10 100 .059 63. 1 .005 15.3 
l~ 20 !:/'::I. 6 .044 55.8 
l 40 96.9 .032 48 .3 
3/4 luu BtL / 023 39.8 
1/2 2UU /J./ ,017 34.9 
)/8 ,013 29.8 
4 ioUU!:1 24./ 

io UU / l!L':J 

, .. "'-' U1t1f'1ro u... ~L ,u. ·~ .. .. 
"'° a...i.u1r1c.ar1cai .Jhd PARTICLE'. SHAPE ANALYSIS 

Organic Clayey Sane y Si t IIOUIIO 

IUS•IIOUIIIO 

AllGUI.AJI 

SUl•A~ 

CRUSH COUNT er. ,v.n 
111Ul)C .. U 

GUI• &lz:t: Ill MIUJCT'tll9 
~ g .. g .... 2 ~ 2 Sl~stg: 8 . 8 8 8 () ~ () q I) q ~ .. ~o 100 

... -
,0 

./ 
IC) 

IIO 
/ 

/ 
:i:o 

,0 
J 

.)0 

Lo 
Cl 

J .. .. <IQ! 
• . : t V .. ,o 

•1 
,0. 

~ .. • ... .. 
'( •O .a tr 
t' ; ~ 

/ ' JO 
V 

10 

to / ., 
V 

10 ,0 

o' 
IQO 1()1) ,o ~ 60 lO to 16 ,0 • 4 ., 111· i.a.• I l\ot Z l 

,co 
4• 

c:.t..uoA CT.Ll<OAIIO l ltv( SIZU ' 
·CL.AT 111\..UTICI l'O s.u,o ~"ti. 
111.f l,.C..•l'\.A.ITICI ,, .. , IIIC:DIUN COAJIS( flN[ CXWIU 

LASC·RA 'fCRY 's REMARl<S DAT'E SAMFUD 

- Ws1:zh~s;I Sie!il:e, DATE RECEIV!O Aug. /79 

TEOiNICIAN(Sl ls & ls 

CHEO(ED BY ~ 
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C 
1. 
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L 
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L 
L 
l 
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~ ~ b :J.. c:R <Yai.m. L~ c'f i ~ociafa:.j,. _L'td. 

CONSUL nNG ANO TESTING ENGINEERS 
PAOJ£CT CLIENT Terrai n Analysis & 00.Tt RECOROE.O 

' Yukon' M<>nn i n~ Oct . /79 

JRP FILE:Y-1898 SAMPI.E T"r.Pf DEPTH HOLE NQ t ELO NO. ua NO. 
SY 6 J4 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

$1[';'( 
•1,,,1N(JI 

SIM l"4 "NIii Dia . ~,1~ Dia. l"JC,FIMUI 
IT ., IT IT MATERIAL. T'rPE % OF TOTAL. SAMPLE $1.!t w(IQNf $Ill wt:..« mm ~..r mm Wl!GNI' 

2" 10 lUU • 058 85 . 2 .005 23.6 
1~ 20 '.J'J • I ~U4:.! 78 . 8 
1 40 'i'i. "L - . 031 68.6 
3/ 4 100 lib • .l . 023 57.6 
l / 2 200 ~L. U .017 50 .2 
) / 8 .ou 43.0 
4 009 34 .0 

006 27.6 

, .... jl\.£ t.-1'1[0 ....... 111\L. "'· ""r LL 
loO. a ... usi,ic:.1TtC11 

""° PARTICLE SHAPE ANALYSIS 
Sandv Cl avev Si l t MlU"D 

SUl•ltOIJNO 

AHGUI.AII 

$\ll•AIIQA..UI 

CRUSH CCUNT ,,0 ,v.n 
IC(!'OUI 

ou•• 11:t 111 -.utenAI 
~ s s 888 9 !! 2 ~ i §!~ 0 

Q 
~o Q (! 0 N ,oo 

~ 

,0 
I " 

V"""" 
lCI 

I I IO 
I zo 

l':f 

T'O I :IC 
I I' 

t 60 I I 
.. .. .. 1/'4 

.., ! 
• ~ 
f ) 0 f .. 

~IS .. .. a ... II :r 

" 6CI ti C 40 

"' I II: .. w v~ .. 
JO 

" 
1'0 

20 .. 
10 tO 

0 ICO 
zc» 100 IO ~ 'O 30 20 16 IQ I 4 ~ 1/'r ,,,_ I II', 1 J •• 

CM&QA ST.utOAIIO SIN( SIZU I 

·C\..IT 1111\..fflCl n, S.U-0 """Vil. 
Sll.r t NOlt•l'\.ASTICJ ftll( 111:()IIJ.W CO&l"I r,111 ~SC 

L.\BORATOR'r°S RfMARl<S CATE SAMPLED 
- WashedSieve. 

CATE RECEIVEO Aug . / 79 

TEOtNIClAH(Sl l s & ls 

CHECKED BY ~ 
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-

~ ~ ~ f). d-(. <Paine. e,:... C71" ij,OCUdE.! _i_'td. 
I CONSUL TING AHO TESTING ENGINEEAS 

PAOJ£CT t;LIENT Terrain Ana lys i s & CATE RECORD£0 
'Yukon' M~nninl7 Oc:t. / 79 

J RP FILE:Y-1898 SAMPl.t TYPE: 0£PTH HOl.E NO. r EI.O NO. L..A8 NO. 
SY 8 28 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

s1n1 
-,,,,111P 

Slr:'<11: 
~,tNO Dia. ""'° Dia. ~,uo 

$1.:[ 
IT 

51Zt " IT IT MATERIAi. TIP'( % OF TOTAi. SAMPLE 
'W(-1' ....... mm waa.T nnn woacr 

2 II 10 91.9 . 060 68 .2 005 27.2 
1~ 20 86.4 .044 63.8 
l 40 82.0 .032 60.l 
3/4 lUU 74 .7 .u:u Jb,4 

1/'l. 100 200 6 1 .l . IJlb 54.b 
3/13 98.9 • Ul:l. 4';1,) 

4 95.4 ,UU'1 41.':1 
.uuo jj. t) 

Ullll'U: u111,i10 LL. ,.._ P. I. ~ H. IIO. ~ssi, ic;.ArtCII - PARTIQ..E SHAPE ANALYSIS 
Clayey Sandy s lt IIOUlllD 

sua- llOUNO 

AIIIGUl.,IJII 

SUl•.t.lllCIU.NI 

CRUSH eaJNT "· 
n..an 
'IC:tDUI 

IIW• IIZ:C la -..U.nJtS s s & s § § g !! 2 SI t ~!• 8 0 0 q O q I, .. ~o 100 -........ 
,0 ~,.....- IQ 

,, 
IC) -- m 

70 
i.--

:IQ 
/ 

J '° 
.,,- . Q .. .. -i ..0 ! 

• ~ z~ ii"' .. 
I)' 

!IC) C .. ... If .. A 
If 

~ •o 
... 

~" ... , tr 
~ .. 

f' 
.. 

JO 70 

' 
fO '° 
10 "° 
0 lOO 
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1..ABORATORY'S REMARl<S CATE S.AMPUD 

- ~asbed Sh:lze DATE RECtlV(O Aug, /79 

TEO-INIClAN(S) ~s • ls 
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~ :J.. cR. <.J:Jabu. c:,'-r- ct iiOCU.LCt:.i ..L}tJ. 
CONSUL TING ANO TESTING ENGINEERS 

.PROJECT :::LII::NT Terrain Analysis 6, D.\Tt RECORDED 
'Yukon' \f<lnni n o Oct . /79 

JRP FILE:Y-lSga SAMPI.E TYPE C£PTH HOLE NQ ·IF'IELO NO. LAB NO. 
SP 1 1H6 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS PETROGRA?H!C ANALYSIS 

,,cvt ~/lll(lt 
Slt'IC 

"!r,,flllOI Dia . r,r..nio Dia. ~,uc• 
n .., IT ,., MAT(RIAl. TYPE % OF TOTAL SAWI....E SIU WC:*'1' IIU Wl'.ICIKT mm -«..-r mm W!JQ!ff 

2" 10 33.1 
l~ 100 20 15.6 
l 98 .4 40 6.8 
3/4 97 .7 100 l.O 
1/2 192 .8 2UU . 4 
3/8 88.5 
4 /U.4 

'"·"'-' UA1t'1(0 ~ 

"'°· (LA,si,1e,,.Tio. u.. '·'- ,u. -ii. .... PARTIQ..£ SHAPE ANALYSIS ...... 
Gravelly Sand "()UNO 

SW-~NO 

,UIGU\.Alf 

SUI • A MGU.AJ! 

CRUSH C0JT<r 'Yo 
,u.n 

lolltvUI 

IAl,lll JIU' .. "'-UCT'tltl 
~ .... 

888 9 ~ ~ ~ 1 ~~: a 8 g q Q 0 q O 0. .. ~., 100 
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70 
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-~ ICD 0 
H)O ~'° ~ .oo lO to 16 ,0 • 4 ..,. .... i..• I ln Z l • • 
~ ITa.llO&IIO SCV( SIKS 

' 
·Cl.A? 11'\.AST!Cl n) "'"D t;ll&V(1. 

111.r 1"0N-~A.ST1Cl 111<[ 111[.)IUM COAR$( r11tt Q».JIS( 

LA80R~T0RY~ REMA~~S OAT( SAMPLED 
- Dry Sieve. 

DATE Rf:CElvEO Aug./79 

T(OiNICI AN (S) ls 6. ls 

CHE:C:KEO SY ~ 
. ·- -· · .. -··-·--- - --
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J.. cf(. <JJainE. g ... .:-,-1i~ocui.te! ..L1tJ.. 
CONSUL TIHG AND TESTING ENGINEERS 

~OJECT CLIENT Tecrain Analysis 6 
M:ino inl'I' 

CA TE RECORD€0 . 
'Yukon' Oct. /7 9 

JRP FILE :Y-1898 
SAMPI.E TYPE OE?TH HOLE NQ 

I
F'IEU> NO. 

89 PY 
!LAS NO 
I /Jls 

2" 

l 100 
3/4 98 ,6 
1/2 89.8 
3/8 82. 9 
4 68.4 

SUI'°\.! 

"°· 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS . PETROGRAPHIC ANALYSIS 

Oia.~t11e1t Dia. ~,i,,a 
IY IT 

mm ~ mm wo:Hr 
&MITRI.AL T"r?f: "/0 . OF TOT.Al. SAMP\.E 

10 154. 7 
20 142.0 
40 17.0 

100 l. 5 
2UU .4 

~NtAI. u. l'.I,. ,.1. "Jo u.. - PARTIQ.E SHAPE ANALYSIS 
Gravelly Sand 
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tio......,.....+-+-__ _.,__.... .......... +-4-+-i---+.....,.--+-+-+--+--~/--+-,.....--,--+-+-..--+--+-_._-+-r 
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~ ITMOAIIO Sl(VI SIZU 

s-a ~vu. ·Cl..l"f 11'1..,UTIC) TI) 
111.T 1*=--~.UT'ICI rn,t lll(l)rull tn.lllll rLHt CO,IJIU I 

t.ABORATORY'S REMARKS------------.,--­

- Dry Sieve 
OAT'E SAMP\..ED ---------
OAT! RECEIVED __ A_u_,g._,_/_7_9 ___ _ 

TED-iNI Cl.AN (S) _.,,...... .... l _s _&___;l;;..s::.._ __ _ 

CHECXEO 8Y ~ 

I 
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.~ J. d? <YaiJU. c=.. ctiiocl..atE.! .1-.'td. 
CONSUL TING ANO TEST:NG ENGINEE~S 

PROJECT ~LIENT Ter-ra::!,.n Analysis & OATE RECOR0£0 
'Yukon' Mnnn in cr Oc e.. /79 

JRP FILE:Y-1898 
SAMFlt.E TYPE; 10€PT~ HOLE NQ tEI..O NO. LAS NO. 

' SY 95 02 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

51M 
l"t,,111CII 

SICW 
..,.,!JO Dia. ..,.Tl .... Dia. i%FIIO 

IT .. IT .,. MATERIAL T'!'Pf % OF TOTAL SAMP\.£ , :~t 
1t"ff-~ 

lllt'. 
~ mm ftllKT mm Wf!GHT 

'l II 

2" ~, 7 10 17. 3 
1~ ~R .0 20 ~2. 7 
1 82.7 40 52. 3 
3/4 79.3 100 3.7 
1/2 76.7 200 4.7 
3/8 74. 6 
4 71. 3 

$.OW,OU: Vooll'IED U- "·'-- I'. I. ~ .... 
"° Cl.ASS,,., CA TIOII - PARTICLE SHAPE ANALYSIS 

Gravelly Sand IIOUNO 

sua•l'Ot.JNO 

AMC.IA.Alt 

SUl·4~ 

CRUSH CQJNT °lo 
,un 
llttoUI 

OIU,llt lllZf. WIUJCTVtS 
i § § s § s ~ 1? i 'iii: 8 

Q 0 Q Q Q C! .. ~o ,oo 
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~ eo 
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IO g • •o I "' J .. 
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0 200 ICQ 80 ,0 .C, :,0 20 11 IO I 4 $;'I vt l.lo • ,· 11-i· : l 
tCIO ... 

~ STANC4RO St('I( SIZU 

·CI.A't C f'l..&STICI TO UNO GIIAVtl. 

511.T CNOlll•l'\.&.STICI ,, .. ( W!DlUII CCI.AS( r1J1£ OlUS( 

L .:.8CAATCRY 'S R!MARKS OAT?: SAMPI...EO 

- ,l;!:tv S j.~v~, OATE RECEIVED Aug. /79 

TEOiNIClAN (S) giat• & ls 
CHECK~ BY 
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~ ' :J c.R <JJatn.e C:.,, c::f/-iiocLatc:.i .f_'td.. ~ ~ I - CONSUL TING ANO TESTING ENGINEERS 

~OJECT CLIENT Terrain Analysis & DATE R(COROCO 
'Yukon' M.-nr,i .. n Oct. /79 

JRP f!LE:Y-1898 
SAMPl.t TYPE ~PTH HOLE NQ re:LD NO. 1..AS NO. 

73 PY i/17 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

i•"'""(JI Sl(VC: 
"ll. flNOt Dia. i,i. ''ICJlt Dia. .,_,IH!:111 

s,c.:.-i IT 

" IIY IT ~1'"EP.1AL TYPE % OF TOTAL SAMPLE s... I •C!OftT Sil( 
Wo£IOHT mm we;.,. mm wtlQff 

2" 10 ,? . 7 
l~ 20 32. 9 
l HH) 40 8.6 
3/4 ~6.0 100 7. 9. 
1/2 ~0.8 2uu 6.0 
3/8 85.8 
4 i7L 8 

$6111"1.I. u,orflfO N,\l'UU,j, 

lo¢. a.1u,,,e.,.nc. u.. 1',C.. ,. .. % &.&. PARTICl..E SHAPE ANALYSIS 11:r<I 

Gravellv Sar.d. l'OUICO 

Wt•lt<lUNO 

AN(;IJl..\111 

SVl•.\ltGU.,.Ut 

CRUSH COJNT % 
I\.ATI 
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to 
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·<:l.,AY (1'1..ASTlC.l T'O $.ANO ~..-0.. 
SII.T I NO-• "'-A.S Tl~ I Ilk( WCOIVM CQAl's,t f1H£ (X)Alts,t 

\.'180RATORY'S REl.(ARKS CAT'E SAMFUD 

OATE RECEIVED Aug./79 
- Ory Sieve. 

TEOiNICIAN(Sl ls & ls 

OiECKED tJY &)l1 
-~ -· 
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~~a {I ~ Pain.£ 6~ dfij,ocude! _[_' . . 
CONSUL TING .ANO TESTING ENGINEERS 

PROJECT CLIENT Terrain Analys i s ti C.AT't RECORDED 
'Yukon' :,-1~..,oinc Oct. /79 

JRP FILE:Y-1898 
~MPU: TYPE ,~?TH HOLE NQ rlEl..D NO. il.A B NO. 

57 PY fl 2. J 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 
41.ll"'lll "4,uo Dia. '!l.'11CJt Dia. ":\IUCII 

S1"4 IT 
11"4 .... .... IT MATERIAL~ % OF TOTAl. SAW'\.! Slzt 

W(_,. 
\ll( 

WCIONT mm W(9CT mm WIEl'CIWT' 

2. II 10 42.2 
1~ 20 127. 7 
l 100 40 15.S 
J/4 94.J l uu s.s 
1/ 2 10.a 1200 2.7 
J/8 70.0 
4 56 .5 

f41t"U """"(!) ... TUI.\!. 

"O a..1.ss1,ac.Ar1C111 L.L. /1\1,, '-1. % L&. PART!a..E SHAPE ANALYSIS MMI 

Gravell v Sand IIOlllfO 

Sin • IIOU If o 
AN4V\.AII 

t.ul • AIIGP..\..,UI 

CRUSH CC\JHT ,,Cl ,u.n 

N::':1..(1 

oiu.1• t,1.n: 1111 -.uw:TLU 
3 8 g s § s i g I ~ l§U 8 
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0 zoo """''° ~-0,0tO Ml JO. 4 ~ ., ~·' th l l 4• 

CM.lC,I. ITANOAIIO Slt't'( Silt.I 

Cl...A1' !1'1.AfllCI TO Lt.NO 1-,IAVU, 

511..f !NON• I'\ ~nc: I ,u,( M(Covw COAJIS( rlHt CQ.UIS( 

LAeORAiCRY's REMARKS ~~ SAMPt.ED 
- Dry Sieve. CATE RECEIV(O Aug, /79 

TECHNICl~N.lSI gils & ls 

01ECKEO SY ' 

- --·~--- .. -- -·· ----- -- -----. · - - ·--
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~ ~ :J. cR. <J>alne. & cf!.iiOCt.atE.j, _l'tJ. 
4 CONSUL TING ANO TESTING ENGINEERS 

PAOJECT :::LIENT Terrain Analys i s 6 C,AT't R(COROEO 
' Yukon' Macoi,..o O<:t./79 

JRP F! LE.:Y-1898 
SAMA.! TYPE 0£PTH HOU NQ rlELO NO. LAB NO. 

SY 39 29 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYS1S 

Stt'r'C 
i-1,,111,(,1 

IIM 
~,1..,. Dia. ~,,..,. Dia. ~flN(II 

n " ll' " ~TtRIAL TYJ"E % Of TOTAL SAMPLE: iiir w(JGotT Sil( 
~ !1!111 ~...,. mm .. ~ 

2 II 10 79.2 060 60.4 .oos 9.0 
l'i 20 73.0 .044 53.5 
1 1, "" 40 69.2 .033 44 .7 
J/4 96.1 100 n6,o .024 33 . 9 
l/2 90.5 200 61.2 018 26.0 
3/8 88.5 .0'13 20 . l 
4 183.4 .009 14 .9 

OU/ 11.2 

,. .. ,-.i u-,,,ro ~ 
loO. ~1,ill'1(.\Tla. u.. ,.L r.1. % u. PARTta...E SHAPE ANALYSIS -Clayey Sandy Si 11.t IIOl.lltD 

IU9 • lt()U .. 0 

Alfew\..U 

sue-~ 

CR\JSj,( CCUNT 4Yo 
n...tn 

NEf'DU:1 

Ql!Al II SI t'C .. IIIILLJCffJtl 
~ s s s § a ~ .. 2 ~ ~~p ~ 

Q ~ 0 q 0 0 0 .. §0 100 
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,0 V I() 
I I - I 

80 ~ zo 
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)0 l'O - I ._.-- I 

~ '° 
~ 

0 ... .. I .a! .. 
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t ,o •I ... 
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IQ u ( 40 

V .. t ... 
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JO 70 .. 
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IO 
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IO 
,. 

to 

0 IOO 
IOO ICIO IO ,0~)0,0 16 JO I 4 ~- 111 1,/,t' I l)I Z l .. 
~ 1T.IIIC).UIO s1(VI s rza 

' 
·C\..IT !1'1.4fllCI n:I SNIO 4-'IAYll.. 
511.f IHC*•l'l,,UTCI ,,...: l,l(DllJM C.C,Ut$( rift, couv: 

I.ASCRATORY
0

S REMARKS DATE SAMPUD 

- W;a~b~d s ilil::i!il I CATE REC(IVEO Aug, /79 

TEOiNtCIAN ( S} ls 6. ls 

CH~CKEO 8Y ijit 
-- ······--·· .. ---
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"~ ~ :J-. d? Pain.E. a cffiiOCt.afa'..j. ..L'td. 
CONSUL TINO ANO TESTING E:HGINfERS 

PAOJECT ~LIENT Terrain Ana lysis & DATE. A(r...OROE:D 
'Yukon ' !.f~nnino Oct. /79 

JRP FILE:Y-1898 
StiMPI.~ TYPE. CE:PTH HOLE NQ rlELO NO. L~8 NO 

SY 40 27 

LABORATORY TESTING REPORT 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

St~'I: 
%/IN(II 

s,c,,,1: ~11NP Dia. !°t,.IIICII Dia. ~lllCJI 
H 11'1' IT IT 1.1.ATtRlAL TYPE % OF TOTAL SAMPLE s,zr 

w(io,cT $Ill. ... --' mm wt:*1' mm TCIOHT 

2" 10 54, 5 .068 24.3 . 005 4.4 
14 inn 20 41. 7 .049 19.4 I 
l Qn 1 40 3.3. 9 . 036 15.0 
3/4 IQn 7 100 26.2 .026 13.5 
1/2 :A.'\ , 200 20.8 .018 10 .8 
3/8 70 i:;. . 013 8. 6 
4 

i:.s:i " 
.009 7.5 
.007 5.5 

,,. .. ~, 
""'""' u.. "·'- "·'· ""'~ la, 

loO. Q.A,Sl,1C...f'OI "~ PARTla...E SHAPE ANAL YSlS 
Clavev Siltv S.e nd Miut10 

tu9•1t0UN0 

AlfGU\.U 

I Ul • AHGU.AJI 

CRUSH a:M<T "lo 
n...n 
N<IOU:I 

,.ua .. a .. -.JJllll£TLIIS 
i .... s § § p '!? 2 ~ i i~i g 8 g 0 0 0 ~ 0 0 0 .. ~o 100 

I 
I / -90 I() . / 

'° 
,, 

2C 
/ 

70 / .)0 
I ,, 

t IC / 
0 ... 

" 
.a • .. 

~ .. 
t so / ... 

/ ~· .. .. .. .. .,, :If 

'i ,o ,, 60 tf 
'r ,. ~ __ ,. 

10 "° ,. .... 
ro 

-" 
' ./ :,ii 

..> 
10 -- ,..... '° 
0 IQO 

tQO IOO *> ,o "O lO to 16 IO I 4 .., 'IT ""'' I l~- Z J 
,. 

t.wA0A (T.lJIQAJIO Sltv( SIZ'U ' 
·Cl.Al' l .l'\.-'S'TICI T'O LlND """"'ti.. 
SllT ("°"'"-AS l"lC 1 ,."" W(DIUW CO,ut1( r)H( ~ 

LA80 RATORY'S REMARICS OATt SAMPLED 

- S:lasbed Sie~e CATE RfCEIVEO Aug. /79 

TEOINICIAN(S) ~· ls 

C>-m:.xEO BY 



~ !k J. J?. (J)auu:. 6'... c:ft1i.iociate! _i.1tJ .. 
CONSUL TING AHO TESTING ENGINEERS 

PROJC:Cl CLIENT Tenain Analysis & OAT£ RECORO(D 
'Yukon' M,:inn{nq Oct . /79 

JRP. FILE:Y-1898 
SAMPLE T'rPE DEPTH HOl.E NQ r El..D NO. I.AS NO 

60 PY /.121 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

Jt(vt 
-,.,,1 .. 11 ··~ "4 ,,!CR Dia, ... , . ..,. Dia. "ll,n,«Jt 

n ff IT .., t.tATtRlAL TYPE 0/.,. OF TOTAL SAi.iP\.! St.![ 
W(*"'r 

Silt -wc-r llll11 ~ mm ,ro.ff 

2 II 10 27 .6 
111 .LUU 20 11 .9 
l 98.0 40 4.3 
3/4 93.1 100 1. 3 
1/2 82.5 2uu • 7 
3/8 74.2 
4 50 . 6 

f A"l'\..I: ..... ,,,,o 11,.f,1\Al,I. 

"'°· CLAUi,1c..t.TU)lt u.. ,.1.. ,.,. "4 1.ll. PARTICLE SHAPE ANALYSIS "'° Sand yGravel IIOUIIIO 

IUl-ltOVHO 

I .lNCIV\.AII 

SUI-AIIQA...UI 

CRUSH COOPfl' % 
l'\...ln 

lll([CU:I 

1116111 11.U: a 1111\.Ullt'nltl 
~ 8 g 888 9 .. ~ ~ i ~o: 8 

0 0 0 ~ 0 ~ ~~ .. ~o ,oo 
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tO 
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IQ 

80 
I 

20 

1'C) I 
)0 

I 
! 60 I 

0 .. .. I 40 ! 
• ;5. 
t so I "' 

I 
!,(I C .. ... ., 

"' / 
~ 

"' 60 g C •o 
/ r .. 

JO l'O 

., 
:o 

/ 
80 

,o ~., tO 

0 l(IC) 

roo IOO to "' 6() lO ,o 14 IO 4 • "1 "'Z ~ · I I~ z l .. 
~o,t. IT.l'IC),UIO lltvt SIZU 

Cl.AT ( l'\..lrl',CI TO "'"0 ~.&Ya 
SILr (HOM-1'\..t.STIC: l ,, .. t W(DIUW CO,t.llS( flHl cc.urS( I 

1..ABORATBRY's R(M~Rxs OAT'E SAM~ 
· - r:y Sieve . 

MTE RECEIVEO AU '§_ , /7 9 

TEOiNICIAN(Sl ls & ls 

CHECKED SY ©A . . - - .. 
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-~ ~ J. d?. Pauu. & cf/-iiociaU.i ..L)td. 

CONSUL TIH<l AND TESTING ENQINl!l!'.RS 

~ OJ£CT CLIENT Terrain Ana l ysis & a.ATE RECOROtD 
' Yukon' 

"i '1QQif'ICP Oct./79 

J RP FIL.E:Y-1898 
SAMPI.E TYPE O!PTH HOLE HO. rEU> NO. LA8 NO. 

100 PY 1119 

LABORATORY TESTING REPORT 
. 

GRAIN SIZE ANALYSIS PETROGRAPHIC ANALYSIS 

•411111JC• ... ,.,.,. Di a. ... ,,ICJI Dia . ... '1NUI 
s1M •T a,cw 

ff IY ,,. ~T(RIAl. ~ % OF TOTAl. SAMP\..! Silt ~- Sil( 
WI!~ mm W'laCT mm WOIHT 

2" LO M 1 
14 20 39.A 
l 40 14.7 
3/ 4 100 100 2 . 1 
1/2 89.1 ZOU 0 . 4 
)/8 82. 9 
4 71. 7 

'""""-' ~,,ro u.. ,.L P. I, ~ u. 
"'°· C.AS S11 u;.A TIOII 

Mll() PARTICLE SHAPE ANALYSIS 

Gravell v Sand lleV140 

su.-•ou110 

""""' All 
$1/l•AJI~ 

CRUSH alJHT o/o· ,un 

ICflll.LI 

MAI• lltt m 1111.UIIICn.JtS 
~ 8 g g § 8 2 '!! 2 ~ i ~~= 8 

Q 0 0 q 0 q q .. ~o ,oo 
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IO 
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to 
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,I 

zo 
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lO 

I'° 
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t ,o .I ,. 
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IO~ • •O ... • .. .. 

I .. 
JO 'l'O 

IC 
I 
I ea 

10 
/ 

to 
V 

0 - ICO 
zoo IOO IO ~ 40 )0 l O 16 IO I • ~ ""~·, in i J •• 
~ ITANO,I.~ Srf:\rf SIZU , 

·Cl.AY (111\..1.fTIC I TO IM<O M&'VU 
llt.f lKC-0•"'-AStiC I ,11,t: lll(OIUII a:1411U r,,.t CQAJIU 

LA80 RATOR'l' 'S REJ.AARKS OAT( SAMPI..ED 
- Dry Sieve. DATE RECEl~ O Aug, /i9 

T(OiNIClAN (S) l s & ls 

OiECKED 8"I' ~ - . - .. . 
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