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The results of a geotechnical appraisal of some 4r000
acres of land recently acquired by the National Capital
Commj-ssion (NCC), Ottawq are presented. This land is adjacent
to and forms a complementary open space system to the proposed
Ontario Housing Corporation South East City development
site in Ottawa-Carleton, Ontario.

The soil stratigraphy encountered across the NCC lands
is similar to that encountered at the OHC site, i.e. an
intermittent surficj-al sand cap overlies an extensive
deposit of sensitive Leda clay. The upper portion of this
deposit has been desiccated to a relatively stiff consistency
to various depths across the sj-te. The combined thickness
of sand cap and desiccated crust varies from 4 to L2 feet in
the south west sector and 4 to greater than 16 feet in the
north east sector of the NCC lands. Within the south west
sector the significant soil parameters (i.e. undrained shear
strength and preconsolidation pressure, Pc) are similar to
those measured in previous investigations on the OHC site.
However, due mainly to a drop off in ground surface elevation
north of Hwy. 4I7, the significant soil parameters in this
area are higher than the equivalent values south of Hwy.
417. Although not directly proven, the depth to till or
bedrock across the NCC lands to the north of Hwy. 4L7 is
generally close to 100 feet while in the south west sector,
the depth to bedrock from ground surface over an extensive
portion of the sector is less than about 90 feet.

As well as describing the subsoil conditions across the NCC
1ands, this report summarizes the major pertinent geotechnical
aspects of development within the general area and provides
a general overview of the data obtained to date, including the
results of the previous information from the OHC site.

Wit,h respect to foundation design, it is considered
that, wj-th reasonably juCicious location of the various
strucLures, all the buildings required by the development
can be safely and, in the majority of cases, economically
accommodated within the site. Various other aspects of site
development such as the construction of roads and installation
of services are considered and, from the geotechnical stand-
point, there are no major geotechnical problems associated
with these aspects of development. Based on available data,
it is consi-dered that development of the proposed site will
not significantly affect the nature of the adjacent marshland
Mer B1eue. Although no quantitative assessment can be made
at this time, it is considered unlikety that there will be
significant changes in regional and local groundwater levels.

In sunrmary, while there are certain necessary Eeotechnical
constraints as outlined in the report, there is no reason why
development of the site can not proceed in a normal fashion.
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I. INTRODUCTTON

H.Q. Golder & Associates Ltd. have been retained by
Deleuw Cather, Canada Ltd., Consulting Engineers to the
National Capital Commission (NCC), Ottawa, to carry out a

subsurface investigation within two areas in the Township of
Gloucester in the Regional Municipality of ottawa-carleton,
ontario. The purpose of this investigation was to make an
appraisal of the effect of development of the adjacent
ontario Housing corporation (oHc) site on the NCC rands
which are to form a complementary open space system. Rec-
ommendations regarding the deveropment of the oHC site (i.e.
the proposed south East city development site) have previousry
been presented in our report no. 73908, vol. rv, dated June,
L974. rn addition to reporting the results of the present
investigation, this report also presents a general overview of
the various geotechnical aspects of development of the complete
south East city Growth area incruding the resurts of previous
investigations related to the OHC site.

2. DESCRIPTION OF PRO,JECT

The si-te under consideration consists of about 4ro0o
acres of land in Gloucester Township, about 5 miles south
east of the Ottawa City limits (see Figure I for Key plan).
The site forms parts of the boundary of the proposed "south
East city site" which is to be developed by the ontario
Housing corporation (oHc) as a saterlite city to the city of
ottawa. As an integrar part of the planning study of the
overall development of the area, it was considered necessary
to include an assessment of the possible effects of development
on the lands adjacent to the proposed south East city site.

Information on the soil conditions in the general area has
been obtained during a number of investigations on the

Goldcr Arooletcr



I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t

March, L975 7 41230

OHC lands and in other studies carried out by the Division
of Building Research of the National Research Council,
Ottawa and the lrlinistry of Transportation and Communications.
A list of the site investigations is given in Appendix I and

this information has been used together with the results of
the present investigation to define the subsurface conditions
across the general area. To differentiate between the
boreholes put down.during the various investigations' the
numbering system shown on the Site and Boring PIan (Figure

2) has been adopted

3. SITE DESCRIPTION

The NCC lands are divided into two sections- The

larger section, consisting of about 2r500 acres, is located
immediately to the north of Hwy. 4L7, while the remaining
land is located along the south west boundary of the OHC

site, close to the Department of National Defence and

Canadian Forces Statj-on Gloucester (Figure 2). The latter
sector, hereafter referred to as the "s6uth weSt Sector", is
sparsely populated and is understood to be considered as

marginal agricultural land. The terrain, which is partially
covered by dense woodland, is flat-lying between about

elevations 260 and 270. Drainage of the area is provided by

a series of shallow natural and agricultural ditches which

flow to the main watercourse in the area, i.e. Bear Brook.

The ground surface elevation in the larger sector of
the site, hereafter referred to as the "north east sector",
falls gently from about elevation 260 along Hwy. 4L7 to
between about elevations 220 and 230 along a shallow depression

running parallel to Hwy. 4l-7 and which forms part of the
Bear Brook valley. In the most northerly part of the north
east sector the land rises in a local knotl which is adjacent
to the extensive Mer Bleue marshland-
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Within the north east sector, the land adjacent, to Hwy.

4I7 is densely treed, changing to marginal agricultural land
and, along the north east boundary of the sector, becoming
relatively densely populated in the Town of Carlsbad Springs.
The north east sector is traversed by Bear Brook which flows
northerly across the site before abruptly changing direction
immediately south of Carlsbad Springs and flows out of the
site in an easterly direction. In its lower reaches within
the site, the Bear Brook valley profile changes from being
relatively steep-sided to a gently sloping flood plain.

4. GEOLOGY

Following the retreat of the j-ce sheet which occupied the
Ottawa valley in the late Pleistocene period, the area was

inundated by the marine waters of the Champlain Sea in which
sensitive silty c1ay, known as Leda c1ay, was deposited. In
some areas, the upper portions of the Leda clay deposits have

been reworked and eroded by wave and current action during the
last stages of the Champlain Sea and during subsequent estuarine
and fluvial stages. Further changes in the character of the
deposit were caused by the release into the area of large
quantities of glacial meltwater and silt laden water from the
contemporary Great Lakes region which resulted in brackish
water conditions. As a result of the changes in sedimentary
conditions and envi.ronment, the "Leda" clay deposit is the
result of various deposition, erosion and redeposition cycles.

In time the flow of water into the Champlain Sea decreased
as glacial meltwater was channeled into the immediate predecessor
of the modern GreaL Lakes system. During the resulting estuarine
and deltaic periods of the ancestral Ottawa River, widespread
sand deposits were formed in the Ottawa va1ley. The deltaic
sands are traversed by two wide flat bottomed channels. The
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present Ottawa River occupies the northern channel while the

I southern channel is drained in part by Bear Brook and the
South Nation River. fn two large undrained sections of the

I delta area, the Mer Bleue and Alfred peat bogs have been developed.

I 
The complex of deposits described above are generally

underlain by glacial deposits and Palaeozoic sandstones,
I shales, limestones or dolomites.
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5. SUBSURFACE CONDITIONS

The detailed stratigraphy encountered in each of the
borings, which were put down at the locations shown on Figure
2, is shown on the Record of Borehole sheets following the
text of thj-s report. Details of fieldwork and laboratory
testing procedures are given in Appendix II. Following is
a summarized account of the subsurface conditions at the site.
A detailed description (including summaries of engineering
properties) of the major overburden strata are presented
separately in the succeeding section.

5.1 Generalized Subsoil Conditions

The stratigraphy encountered in the boreholes put down

during the present investigation is basically similar to that
encountered during previous investigations on the OHC site.
rn summary, a stratum of deltaic or alluviar sand overlies an
extensive deposit of sensitive silty clay. The upper portion
of this silty clay deposit has either been reworked (and

combined with sand or silt layers) or desiccated to form a

relatively stiff crust of varying thickness.*

Based on the results of the borings put down in the
general area' Figure 3 has been compiled to show the approximate
elevation of the surface of the silty clay deposit, including
the weathered crustal zone. It is noted that post depositional
erosion, probably by a distributary of the Ottawa deIta,
has formed a shallow depression runnj-ng paralle1 to Hwy. 4l-7

i-n the north east sector of the NCC lands. On either side, and
particularly to the south of this depression within the silt
boundary, there is a considerable build up of surficial sands
(Figure 4). It is noteworthy that the general direction of
*Although these surficj-al cohesive deposits are, in the geological
sense, probably different facies of the same geological unit, their
general character and engineering properties are basically similar.
Therefore, in this report, they have been treated as the same
material and are referred to as "desiccated silty clay crust',.
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the sand "spits" is similar to the direction of flow in the
Ottawa River; this is typical of deltaic formations. From
the interpretation of the data presented in Figures 3 and
4, it appears that in the area south of Hwy. 4L7 the fall-off
in elevation of the surface of the silty clay deposit towards
Hwy. 4L7 is compensated by an increase in the thickness of
sand cap. The result is that, within this area, the ground
surface is approximately constant between about elevations
260 and 270.

However, from the engineering standpoint, the thickness
of the surficial sand and/or desiccated silty clay crust
across the site is of considerable importance in the preliminary
planning of development within the area (Figure 5).

Within two loca1 areas south of Hwy. 417 which overlap
both the NCC and OHC lands, the combined sand cap/desiccated
crust thickness is between about 8 and 10 feet. It should
be noted that in previous interpretations of data available
from borings on the OHC site only, the two areas noted above
were conservatively considered to be underlain by less than
8 feet of sand cap and/or desiccated crust. The minor
revisions shown on Figure 5 are based on more available
information which gives credence to results of borings on
the OHC site previ-ously considered to be anomalous. The
remainder of the area of the combi-ned NCC and OHC lands to
the south of Hwy. 41-7 is in the main part underlain by a
combined sand cap/desiccated crust thickness of less than
about 8 feet.

In a relatively narrow strip flanking Hwy. 4L7, the
thickness of sand cap,/desiccated crust increases to between
about 10 and 16 feet. It is obvious that the highway route
has been se1ected to take advantage of this relatively thick
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sand cap/desiccated crust ridge, since in the area north of
the ridge, the sand cap,/desiccated crust thickness decreases
generally,lying between about B and I0 feet. In local areas,
however, such as the Bear Brook flood plain south of Carlsbad
Springs and the btuff overlooking Mer B1eue, the sand cap,/des-
iccated crust thickness lies in the ranges of 4 to 8 feet
and 12 to > 16 feet, respectively.

The thickness of the Leda clay deposit varies considerably
across the general area from a minimum of about 35 feet in
the south east of the OHC site to a maximum of greater than
200 feet in the north west corner (Figure 6). Within the NCC

lands, there appears to be a local rise in the tilI or bedrock
surface in the south west sector. This observation, which
is based on the indirect results of a geophysical (seismic)
survey, confirms previous interpretation of available data
in the adjacent area on the OHC site. Over a major portion
of the north east sector of the NCC lands, the inferred surface
of the till or bedrock is generally at a depth slightly in
excess of I00 feet below ground surface. Within the combined
OHC and NCC lands, there appears to be a general trend to
decreasing till or bedrock surface elevation in a north westerly
direction, combined with a "bowl-shaped" glacial topography.

Although none of the borings put down during the present
investigation fully penetrated through the Leda clay deposit,
it is known that the underlying glacial ti1l varies in composj-tj-on
from sand and gravel to silty sandy clay. The till is generally
dense to very dense or hard, of variable thickness and in the
Carlsbad Springs area is known to contaj-n pockets of gas. Sha1es
of the Queenston and Carlsbad formations dj-rectly underlie the
till and with the exception of a thin upper fractured zone, appear
to be in fairly sound condj-tion.
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5.2 Groundwater Conditions

Readings taken in the piezometers and standpipes installed
in the shallow borings during the present investigation indicate
that the groundwater levels in the NCC lands range from about
ground surface to about 7 feet below ground surface. Although
there is widespread scatter in the results, there is some

evidence to suggest that the depth to water level across the
site decreases with fall-off in ground surface elevation.

Based on the readings taken in deep pj-ezometers installed
during previous investigatj-ons and studies j-n the area, it
appears that only minor downward seepage is taking place
through the Leda clay deposit (see Section 8.3).

6. ENGINEERING PROPERTIES OF THE MAJOR OVERBURDEN STRATA

6.1 Surficial Sands

V'Ihere present, the surficial sands generally consist
of grey or red brown stratified sand to sandy siIt. Gradation
curves for representative samples fall within the range
determined in previous investigations at the OHC site
(Figure 7) . The water content of the surficial sands lies
in the range between about 9 and 48 percent, with an average
value of about 25 percent. Based on the results of standard
penetrati-on tests, which gave rNt values ranging between 3

and 36 blows per foot with an average value of about L4

blows per foot, the surfj-cial sands are typically in a loose
to compact state of packing.

6.2 Leda Clay

In gleneral, the Leda clay deposit consists of a sensitive,
lightly cemented, silty clay. However the upper zone of the
deposit has been weathered or desiccated to a relatively stiff

Goldcr Arroaletcr



10
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

March, L975 7 4L230

consistency during periods in the geological past when the
groundwater level was below the surface of the deposit. It
should be noted that the transition of material type from
desiccated crust to unweathered parent material is gradual
and therefore, changes in soil properties with depth through
the desiccated zone are not abrupt. However, for the purposes
of presentation of data and delineation of regions of varying
sand cap/desiccated crust thickness for engineering analysis
purposes, a demarcation line between the "weathered" and

"unweathered" zones of the deposit has been shown on the
Record of Borehole Sheets. The criteria on which the boundaries
were decided, are based on the varj-ations in relevant soil
characterisLics and properties (i.e. colour, water content,
density and consistency). The engineering properties of
the weathered and unweathered deposits, together with more
descriptions of the respective constituent soils, are
described below.

6.2.L Desiccated Silty CIay Crust

The predominant soil type in the desiccated crustal
zone is fissured red brown silty clay (see Figure I for
representative grain size distribution curves). However,
this material contains layers of clayey silt, silt and sand
(see Figure 9). The variable nature of the desiccated
crustal soils was described in detail in a previous investigation
at the site (see Golder Associates report No. 73908, Vo1.
III, dated May, I974). These earlier results have been
broadly confirmed by the tests carried out during the present
investigation.

The average water content of the cohesive soil layers
in the crustal zone is about 42 percent. The results of
Atterberg limit determinations indicate that the average
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liquid limit of these materials, is about 50 percent (range
27 to 90 percent), while the plastic limit ranges between
about 15 and 26 percent with an average of about 2L percent.
The Atterberg limit test results are summarized on Figure
L2. Based on numerous bulk density determinations, the
average in situ bulk density of the desiccated crustal soils
appears to be about 105 pounds per cubic foot.

The undrained shear strength of the desiccated crustal
soils obtained by field vane tests and unconsolidated undrained
triaxial tests lies in the range between 480 to greater than
21000 pounds per square foot, with an average value of about
Lr000 pounds per square foot. These values agree well with
values measured in the previous investigation on the OHC

site (see Golder Associates report No. 73908, VoI. III'
dated May, L974). It has been assumed thatr ds found previously,
the undrained shear strength of the crustal soils does not
vary significantly with direction of shearing.

Consolidation tests were carried out on a sample of
highly weathered silty clay (borehole 226) and on two other
samples (boreholes 229 and 23L) which are considered to be

only slightly weathered. The results of these tests are given
together with all consolidation results on Figures 13 to 26

and indicate that the desiccated soils are over-consolidated
by between about 1,300 and 2,000 pounds per square foot. .These

values lie close to the lower limit of val-ues measured in the
detailed laboratory testing associated with the previous
investigation on the OHC site (Golder Associates report
No. 73908, VoI. III, dated DIay, I974). Below the preconsolidatj-on
pressure, pc, the coefficient of compressibility, Ccr, is sma1I,
(i.e. less than 0.05). However, dt stresses in excess of
pc, there is an abrupt change in strain response to loadi-ng
with values of the coefficient of compressibility in this stress
range lying between 1.14 and 1.5.
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6.2.2 Unweathered Silty CIay

The predominant soil type in the unweathered Leda clay
deposit is a lightly cemented, highly sensitive, silty c1ay.
At shallow depths in many locations, the deposit is highly
variable and contains red grey clayey silt to silty clay,
grey silt and grey silty sand layers up to 6 inches thick
(see, for example, the test results shown on Record of
Borehole Sheet 203). Typical gradation curves of the unweathered
silty clay and the coarser layers within this deposit are
shown on Figures 10 and 11, respectively. With increasing
depthr the deposit becomes more uniform but throughout contains
pockets or layers of black organic clay.

The unweathered silty clay is highly plastic with average
tiquid and plastic limits of about 70 and 24, respectively
(Figure t-2). The water content of the clayey layers is
typically close to or in excess of the liquid limit, (i.e.
liquidity index of about or greater than 1) which explains
the "liquid-like" character of the soil when sufficiently
disturbed or remoulded. Based on numerous bulk density
measurements, the average j-n situ bulk density of the
unweathered silty clay appears to be about 98 pounds per
cubic foot.

The values of undrained shear strength within the NCC

landsr €ts measured by field vane and unconsolidated undrained
triaxial tests, ranges between 200 and L,200 pounds per
square foot. Within many individual boreholes, the undrained
shear strengt,h was found to increase with depth from a

minimum value generally found immediately below the sand cap
or desiccated crust. The trend is common in post-glacial,
normally or lightly over-consolidated clayey deposits and can
be described by the ratio of undrained shear strength to
effective overburden pressure, Su/pe' , which in the present
investigation was found to average about 0.3.
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However, the measured undrained strengths in the borings
put down in the north east sector (i.e. north of Hury. 4I7l
are significantly higher than the values measured at cor-
responding depths below ground surface in the lands to the
south of Hwy. 4L7. If the measured strength data is plotted
against elevation (Figure 27), it becomes apparent thatr on
a regional basis, there is an overall increase in undrained
shear strength with decreasing elevation. Therefore, where
the ground surface elevation is relatively 1ow, as is the
case north of Hwy. 4L7, the measured undrained shear strength
of the unweathered silty clay at shallow depths below ground
surface is relatively high in comparision to shallow depth
south of Hwy. 4L7.

It is emphasized that the above correlation denotes a
general trend on1y. As noted previously the results of
consolidation tests carried out during the present inves-
tigation (see Figures 13 to 261 and other geotechnical
investigations at or close to the site suggest that the
deposit may be banded (i.e. there are zones of nearly normally
consolidated soil and over-consolidated soil at various
depths within the deposit). The scatter in the overall plot
of consolidation test results, which is given on Figure 28,
tends to mask this banding effect. Hor^rever, the data presented
by Bozozuk and Leonards, 1972, obtained from research-
quality laboratory tests carried out in conjunction with a

test fill at CFS Gloucester close to the south west limit of
the site, indicates that the upper surfaces of local over-
consolidated'zones may occur at about elevations 245 and

225 (see Figure 28).
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rt is noteworthy that in the area south of Hwy. 4L7 the
surface elevation of the silty clay deposit is generarly
higher than elevation 250 (Figure 3). Consequently, the
soil immediately underrying the sand cap/desiccated crust
is probabry in a near normally consolidated zone of the
deposit. Hence, this material would be expected to exhibit
relatively low strength and high compressibility characteristics.
on the other hand, in much of the area north of Hwy. 4L7,
the upper surface of silty clay deposit is at about elevations
225 or 245. rt is considered that a combination of the
two factors (i.e. general increase in strength with decreasing
erevation and coincidence of ground surface elevations with
local overconsolidated zones within the silty clay deposit) has
resulted in higher undrained shear strengths and pc values
being measured in the area north of Hwy. 4r7i with the main
factor being greater regionar erosion in the geological past
below previous Lake champJ-ain lake bottom level north of
Hwy. 4L7.

The strength and compressibility data obtained in the
study area during present and previous investigations has
been compared with published results of other studies of
the engineering characteristics of Leda clay in the ottawa
area (Figure 291. This comparison indicates that the data
from the south East city area agrees reasonably welr with
the published data, and confirms the trend of test results
obtained during the present investigation.

rt shourd be noted that because of difficulty in gaining
access to suitable areas for putting down test pi5sr oo
block samples were recovered during the present investj-gation.
Howeverr €rs reported previously (Golder Associates report
No. 73908, VoI. III, dated May, ]-97 4) the ,'disturbance"
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effect of sampling tubes can be considerable resulting in
lower measured values of undrained shear strength and
preconsolidation pressure. Therefore, although Osterberg
piston sampling techniques have been used in the present
study* it is likely that the measured values of soil para-
meters are lower than the corresponding field values.
Analyses based on these results will therefore be conser-
vative.

Finally, it should be noted that no attempt has been
made to define the "cementation" or Coulomb-Mohr failure
envelopes for this material. This work has already been
carried out as part of our earlier investigation and is
summarized in Golder Associates report No. 73908, Vol. III,
dated May, L974.

*Research has shown that in cemented Leda clay, less sample
disturbance is associated with the Osterberg piston sampler
than with any other form of tube sampling techniques,
(Ralrmond, Townsend and Lojkasek, L97I).
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I 7.

I

FOUNDATIONS FOR STRUCTURES

7.L Summary of Significant Subsurface Conditions

This section summarizes the various aspects related to
I the subsurface conditions which are significant to the

design of foundations for structures associated with develop-

t ment of the general area. (A fu1l description of the sub-
surface conditj-ons across the combined sites is given in

I the preceding sections).
I

I The area under consideration is generally flat-lying
I and is underlain by a deposit of highly sensitive silty clay,
r known as Leda cIay. In some areas the upper portion of this
I deposit has been desiccated to a relatively stiff consistency.

The Leda clay deposit is overlain by an intermittent alluvialI
I sand layer. The combined thickness of silty sand cap and

desiccated crust across the area varies from about 4 to greater
I than 16 feetr Ers shown on Figure 5. The unweathered Leda clayI deposit ranges in thickness between about 35 feet to greater

I than 200 feet thick (Figure 6) and is underlain by a glacial
t t.iI1 blanket which directly overlies shale bedrock of the
I Queenston and Carlsbad formations.
I

The groundwater level across most of the site is at or
I close to the ground surface although it is locally depressed

in areas adjacent to the main watercourse in the area (i.e.
I Bear Brook), and its tributaries. Groundwater leve1 fluc-I

tuations have occurred in the past, ds evidenced by the desiccated
I crust.
T

I

I

I
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I
I 7.2 Factors Affecting The Design of Shallow Foundations

I 
In this section the factors affecting the design of

I shallow* foundations are discussed in relation to the present

r development. Values of the significant soil properties
I
I used in preliminary foundation design are also selected.

I The major factors affecting the selection of the allowable
bearing pressure for a conventional, isolated, shallow

I footing located in the relatively stiff crust of a "soft"I
- clay deposit can be summarized as follows:

t i) Soil Properties:
- undrained shear strength of the crustal soils

I - undrained shear strength of the unweathered clay
I immediately below the crust

- preconsolidation pressure immediately below
r crust (i.e. the pressure above which further
I stressing of the soj-I will, in time,

cause excessive settlement)

I ii) Groundwater:
I changes in groundwater table (due to seasonal

variation and effect of development)

I iii) Footing Geometry:
size and shape of footing
founding elevation and crust thickness

I iv) Structure type:

I - nature and extent of regrading or excavation
I close to the footinq

I *In soil mechanics terminology shallow foundations are defined
as those footings constructed at a depth less than the width

r of the footing. However, for frost protection purposes,
I footings in the proposed development will have to be at ar depth of at least 5 feet below final grade and therefore,

depending on their width, may not be "shal1ow". Nevertheless,
I for prelimj-nary design purposes aII spread and strip footings
t have been analysed using "shallow" footing criteria. It is

considered that the error thus involved is small and conser-
r vative.
I

I 
Goldcr Aroc|ltcr
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The effect of each of the above factors is shown diagram-
matically on Figure 32 and is discussed separately below.

i) In the
parameters
as follows:

previous i-nvestigation at the OHC site, the
selected for preliminary foundation design were

undrained shear strength of crustal
soil r

undrained shear strength of unweathered
clay in zone immediately below crust

Pc-P,-r' of unweathered clay in zone
immetliately below crust - narrow footings

- wide footings

= 800 fb,/sq. ft.

= 300 Lb/sq. ft.

= 500 lblsq. ft.
= 400 ]-b/sq. ft.

r_nves-

of

30

the

The results of tests carried out during the present
tigation on samples recovered from the south west sector
the NCC lands fall within the ranges of values of soj-1
properties measured in the OHC investigation (see Figures
and 31). Therefore, the soil parameters given above are
applicable to the design of foundations in the south west
sector of the NCC lands as well as in the OHC site (i.e.
entire area of the combined sites south of Hwy. 4L7) .

Because of the banded nature of the Leda clay deposit
and the variation in ground surface elevation in this area,
the strength and compressibility characteristics of the
uppermost unweathered soils underlying the area north of
Hwy. 4L7 differ considerably from those measured in the sElme

zone across the remainder of the site, (see Figures 30

and 31). In general, the soil in the critical zone under
the crust north of Hwy. 4L7 is stronger and can tolerate higher
stresses without excessive strain than the equivalent
soiL south of Hwy. 4L7. The following are the soil properties
*To simplify analyses, shallow (i.e. B ft. thick) deposits of
the surficial sands were conservatively assumed to be as
competent in terms of foundation design as the desiccated clay
crustal soils.
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selected for preliminary foundation design purposes in the
area north of Hwy. 4L7 z

It should be noted that as shown on Figures 30 and 31,
the values of soil parameters chosen for design are somewhat

conservative (i.e. they fall close to the minimum measured
value of the relevant parameter as opposed to arithmetic
average). It is considered that conservative selection of
soil parameters for design is necessary for a preliminary
investigation of this nature because of the limited data
available. Also, it is considered that as well as providing
design guidelines for preliminary planning, a supplementary
but no less important purpose of the present series of
investigations is to establish the feasibility of the pro-
posed development from the geotechnical standpoint. The

decision as to the feasibility of the project must be based
on an interpretation of the facts which is beyond reasonable
doubt. Thereforer €ls in other aspects of the present work,
the selection of soil parameters is purposely conservative.

ii) If local groundwater levels fall due to the effect of
development (i.e. installation of services and the like),
the effective overburden pressurer pe', on the foundation
soil is increased. Since the preconsolidation pressure is
effectively constant, the magnitude of the parameter pc-po'
is reduced and therefore the allowable bearj-ng capacity of
the foundati-on subsoil (to limit consolidation settlement to
tolerable limits) is also decreased (see Figure 32'). For the
purpose of analyses carried out during this investigation,

undrained shear strength

undrained shear strength
clay in zone immediately

Pc-Pe' (a11 footings)

of crustal soil

of unweathered
below crust

= 800 ]-b/sq. ft.

400 Lb/sq. ft.

600 Ib/ sq. f t-
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the groundwater level has been assumed to be above founding
elevation.

iii) In shallow foundation design in homogeneous soilsr 6rn

increase in footing size generally results in an increase in
a1lowable load,/unit length of footing. However, in the case
of a footing located in a stiff upper crust of a "soft" clay
deposit, this may not be the case. As shown on Figure 32,
the wider a foundation at any given elevation the deeper is
the zone of influence of the increased stress on the unweathered
soil. Hence this factor which controls settlement must be

taken into account in determination of allowable bearing
pressures for shallow footings.

Similar1y, the closer the footing is to the underside
of the crust, the larger is the applied stress on the soil
in the critical zone and the deeper the "soft" clay is
stressed (see Figure 32). Again, this factor must be

taken into account during design.

iv) The actual footing configuration will depend on the
type of structure to be supported. For example, the structure
may include a basement which has the beneficial effect of
"off-loading" the foundation soil. On the other hand, fill
placed along the outside wal1 of a structure supported
on shallow strip footings (fcir frost protection purposes),
will cause additional stress on the foundation subsoil.
These factors are shown on Figure 32 and have been taken
into account in our analyses.

From the above fundamental discussion, it is clear that
there is a wide range of variables which affects the allowable
bearing pressure of shallow foundations. For clarity of
presentation, and because more detailed analyses are not
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warranted at this stage, only three footing configurations
have been chosen for detailed analyses (see Figures 33 to 35).
The number of combinations is further reduced since within
each of the regions north and south of Hwy. 4L7, the soil
parameters are considered constant. Therefore the results
of analyses have been presented in terms of allowab1e
bearing loads/lineaI foot of footing for various combinations
of crust thickness and footing width. The loading characteristics
for the various types of structures can then be compared
with these charts to give an indication of the suitability
of a given area for different types of development. It is
noted that because of the necessary generalizat.ions which
have been made with respect to soil parameters, thickness of
crust and the like, the results of analyses should be used
for preliminary design purposes on1y. Individual commercial
or industrial developments should be planned in detail only
after a detailed geotechnical investigation of the proposed
site is carried out.

7.3 Residential Housing

Numerous single family detached houses exist on the
site at present and range from older masonry structures
to more modern bungalows. A preliminary visual inspection
of some of these buildings did not reveal any cases of
significant structural distress due to settlement. It is
noted that a conrmon feature of a large majority of houses at
the site is that the lots are regraded to permit adequate
drainage to take place away from the buildings. With the
final grade around the buildings being at a higher elevation
than the surrounding land, the footing elevations are higher
with respect to the underside of the crustal zone, a factor
which minimizes settlenents due to consolidation.
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In determining the allowable bearing pressures for
shallow foundations for detached houses, the buildings were
assumed to incorporate a basement and to have a founding
elevation 2-L/2 feet below original grade. Although the
actual loading will vary with the type of building
construction, it is understood that the loads on the footings
will be of the order of L.2 tons per lineal foot of footing.
The results of analyses shown on Figure 33 indicate that
except in marshy areas these loads can be supported by
strip footings everlntrhere on the site. A maximum footing
width of about 4 feet will be required in areas south of
Hwy. 4J-7 where the crust thickness is about 4 feet. In
areas north of Hwy. 4L7, the maximum required footing width
is about 3 feet.

Semi-detached or row townhouses, which are restricted
to two storeys in height, have an approximate loading of
between about I.3 and 1.5 tons per linea1 foot of footing.
As shown on Figure 33, these structures can be successfully
constructed in most areas of the site, although in areas
south of Hwy. 477 where the crust thickness is minj-mal (about 4

feet) relatively wide (i.e. 5 feet) footings may be required.
It is considered that footing widths of this magnitude
reflect the conservative nature of the design soil parameters.

The column loads associated with single, semi-detached
and two storey townhouses are generally less than 10 tons.
This load can be supported on spread foundations over most
of the site.

In some areas it may be desirable to construct "Iow
rise" (i.e. 3-4 storeys) apartment buildings. Provided
these structures incorporate basements, they can be supported
on conventional strip footings about 4 feet wide in areas
where the crust thickness is greater than 10 feet, south of
Hwy. 4I7. North of Hwy. 4L7 where the crust thickness is

Goldcr Aroaletcr



I
March, L975 23 7 41230

I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

greater than 8 feet the required footing width is'about 5

feet. Vlithout a basement, these structures cannot be supported
on conventional strip footings south of Hwy. 4L7 except in
areas where the crust thickness is at least 13 feet (see
Figure 34). North of Hwy. 4I7, this minimum value decreases
to about 10 feet.

However, "low rise" apartment buildings can be con-
structed everywhere on the site if the basement wal1s and
floor slabs are designed and constructed as a structural
unit. The founding level is then chosen so that the weight
of the structure is at least partially compensated by removal
of the soil above the founding leve1 (i.e. floating raft
principle). The following table is included as a guide to
the required depth of excavation and should be used for
preliminary design purposes only:

In residential areas it will be necessary to carry out
some regrading both within individual buildings lots and
within larger townhouse developments. The regrading of
individual building lots for detached or semi-detached
houses is necessary for drainage purposes. However, as
stated earlier, the actual height of fill adjacent to the
outside of single and multi-family residentiat buildings has
a significant effect on the allowable bearing pressure for
strip footings. For illustration purposes, the effect of
varying fill height on allowable bearing pressure is shown on
Figure 36 for a given footing geometry and a specific set of
soil conditions. It should be noted that the optimun height
of fill to achieve maximum allowable bearing pressure

Number of Storeys Approximate Founding Level Ft. (below original grade)

South of Hwy. 4L7 North of Hnry. 417

3

4
5

3

5
7

I
3

5
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is about 2 to 3 feet for normal footing widths (i.e. below
4 feet). The design value chosenr ds illustrated on

Figure 36, is 2.5 feet.

For aesthetic reasons, it is often the case that sub-
stantial regrading of the sites of townhouse developments is
carried out and footings are located at varying elevations in
an effort to introduce changes in elevations of groups of
buildings. It is noted that for reasons described above,
earthfill landscaping immediately adjacent to structures
should be limited to a height consistent with ensuring the
optimum bearing capacity for strip footings. In some areas,
embankments less than about 3 to 4 feet high along the front
and back outside walls of row townhouses may cause differential
settlement across transverse strip footings(i.e. between the
front and back of the building). Depending on the subsoil
conditions at the individual si-tes, it may be necessary to
incorporate "flexible" construction joints in these footings
to prevent cracking or structural failure of the transverse
footings. Further, variations in footing elevations may not
be possible in some areas of the site where the crust is
relatively thin.

7.4 Light Industrial, Commercial and Inqtitutional
Buildings

The type of buildings being considered in this section
are single storey light industrial or commercial structures,
schools and community centres with loadings on external
strip footings of about 1.5 tons per lineal foot. The

column loads for light industrial structures are expected to
be about 30 tons for single storey structures with a column
spacing of about 20 feet. In commercial structures it is
anticipated that, for the normal type of construction'
column loads will be of the order of 25 tons for a column
spacing at 30 foot cenLres. The loadings associated with
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gommunity facilities such as schools, churches and community
centres are not easily categorized because of the consider-
able variation in design of the individual structures.

\ .. .How{rer, it is anticipated that strip footing loadings will
be of 'the same order of magnitude as j-n the case of light
industrial or commercial structures.

In normal use, these structures do not require a

basement and as a result the floor slab is usually constructed
at or above original ground surface elevation. Consequently,
only minor regrading beneath and around the walls of the
structure will be necessary and as a result conventional
exterior strip footings will be at a depth of about 4 feet
below original grade.

South of Hwy. 4L7, these structures can be supported by
conventional strip footings when the crust thickness is
greater than about 8 to I0 feet (see Figure 34). Spread
footings for column loads will be of the order of about 7

feet square. It should be noted that because of minor
revisions to the "crust thickness" plan (Figure 5) there
are two areas close to the south west boundary of the site
which have been redesignated as being overlain by a crust of
thickness ranging between 8 and L2 feet. Therefore, it
appears that these two areas can be developed as light
industrial or commercial areas together with the strip of
Iand adjacent to and immediately south of Hwy. 4I7.

North of Hwy. 4L7 where the soil parameters which
determine the allowable bearing capacity of the soil are
significantly higher, light industrial and commercial
structures can be supported by shallow foundations in areas
where the crust thickness is greater than about 6 feet. The
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maximum width of strip footings
feet while the maxirnum size of
order of 7 to 8 feet square.

would be of the order of 5

spread fodting is of the

In preliminary planning, it will probably be acceptable
that major commercial and industrial centers are concentrated
in areas of relatively thick crust (i.e. adjacent to Hwy.

417) However, it will be necessary to provide schools within
residential areas and therefore in some cases these buildings
will be located in areas having a relatively thin crust.
One or two storey schools will probably impose a maximum

loading of about 1.5 tons per lineal foot of footing. These
loads can be accommodated on strip footings in most areas of
the site. rt should, however, be noted that in areas south
of Hwy. 4L7 where the crust is 4 to 5 feet thick, these
footings may have to be of the order of g feet wide. The

column loads associated with gymnasiums for schools will
depend on the type of construction and the size of the
structure. Obviously, larger high school gymnasiums will
impose higher column loads (probably of the order of about
30 tons), than equivalent loads in the junior schools.
Column loads in the order of 30 tons can be accommodated in
most areas north of Hwy. 4L7 and in areas south of Hwy. 4t.7

where the crust thickness J-s greater than 8 to 10 feet.
Since only a limited number of these high school facilities
will be required south of Hwy. 4L7 they should be located in
areas underlain by sufficiently thick crustal deposits to
take advantage of conventional foundation techniques.

Nevertheless, numerous primary schools will be required
and it is inevitable that some of these will be located in
areas where the crust thickness is between 4 and 6 feet.
From Figure 35 it appears that north of Hwy. 4L7, there should
be no major problems in supporting 20 to 30 ton column loads
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in areas where the crust thickness is as low as between 4

and 5 feet. In this area the location of schools is not a

constraint to planning. However, south of Hwy. 4L7, the
maximum allowable column loads in areas where the crust
thickness is between 4 and 5 feet appear to be restricted to
about 15 to 20 tons. This therefore will have to be taken
into account during final design of these structures.

Where this restriction cannot be accommodated, it may

be necessary to preload sites to loads in excess of those
resulting from final structural loadings. This technique
has been discussed previously (see Go1der Associates report
no. 73908, VoI. IV, dated June, Lg74) and the restriction
regarding the proximity of structures to preloads are applicable
to the present investigation. One of the major practical
considerations with the use of the preload technique is
the time requirement for surcharging (ot the order of one
to two years depending on the flexibility of the structures).

However, it should also be noted that within any given
residential area, which requires provision of a junior school,
there will be local areas in which the crust thickness is
greater than "average for the area". Thus, it is definitely
possible that within an area at present designated as being
underlain by a crust 4 to 6 feet thick, for example, there
are local areas in which the crust thickness could be 8 feet
or greater. On the basis of available data, it is not
possible to define these areas. However, during subsequent
detailed investigation within specific proposed subdivisions,
a more detailed investigation of the nature of soil conditions
within that area will be carried out and structures such as
schools and other community facilities should be strategically
located to make best use of the range of crust thj-ckness
within the area under consideration.
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7.5 Heavy Institutional Buildings ald High Rise

Structures

The types of structures being considered in this section
are those greater than about 3 to 4 storeys in height such
as high rise apartment buildings or institutional buildings
which impose relatively high loadings. It is clear that,
except possibly for some local areas close to Hwy. 4L7 and
on the bluff adjacent to Mer Bleue, these structures cannot
be supported on shallow foundations at the sites under
consideration. They can, however, be economically supported
on end bearing piles in areas of the site where bedrock or
dense glacial till is at a relatively shallow depth below
ground surface. For example, in the south east corner of
the site, close to the Town of Edwardson, the t,ill or bedrock
surface is as close to the ground surface as about 30 feet.
Also in a relatively widespread area close to the south west
boundary of the site, the till or bedrock surface is at a

depth ranging between about 60 and 90 feet below the ground
surface. In the area north of Hwy. 4L7, the tiII or bedrock
surface is generally about 100 to J-25 feet below ground
surface. For the purpose of the present investigation this
latter range of required pile length has been assumed to be

somewhat excessive and as a consequence, this area has there-
force been regarded as not ideal for the widespread use of
piled foundations.

In general, the comments related to piled foundations
contained in a previous report (Golder Associates report no.
73908, Vol. IV, dated June, 1974) , are applicable to the
present investigation. However, it, is re-emphasized that
the use of frj-ction piles to support structural loads j-s not
generally recommended. This is due to the fact that the
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deposit is banded(i.e. there are zones within the deposit
which are nearly normally consolidated) and therefore susceptible
to consolidation settlements under small additional loads.
The action of a group of friction piles is such that a large
part of the total imposed load is transmitted through the
base of the pile group. Depending on the relative location
of the near normallyconsolidated zone, considerable settle-
ment of the pile group could occur under the action of loads
applied through the pile group.

The alternative to piled foundations for heavy structures
is to use wholly or partially "compensated" foundations.
Again, recommendations made regarding this foundation treatment
have been given in our previous report (number 73908, Vo1.
IV, dated, June, L974).

7.5 Summary

Within the framework of design criteria, conservative soil
parameters and generalized structural loading characteristics
selected as a basis for the analyses carried out during the
present investigation, it is considered that all of the
structures required for the proposed development can be

successfully constructed within the general area defined by
the OHC and NCC sites using conventional foundation methods.
Since the foundation soil in some areas can accommodate
heavier loads than in other areas, there is obvious economic
advantage in taking this geotechnical fact into account
during preliminary planning.

The "geotechnical constraints" regarding the development
of the site for building use have been taken into account in
the compilation of the summary in Table I and Figure 37.'Tt
should be noted from Figure 37 that because of the more
favourable soil conditions north of Hwy. 4L7, the only type
of structure which cannot be supported on conventional
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shallow foundations in the majority of the north eastern
sector are relatively heavy institutional buildings and high
rise structures. However, these can be accommodated in the
south western half of the site in the two areas where the
till or bedrock surface is relatively close to ground surface
and where piled foundations are therefore economical. Except
for an area parallel to and immediately south of Hwy. 4l-7

and other localized areas, much of the south western half of
the area is suitable for use as residential developments
only. Although it is considered that junior schools can be
accommodated within these residential areas, it is suggested
that sub-community facilities such as churches, smal1 commercial
centres and high schools are located in the two local areas
of higher crust thickness.

It is again noted that while the structural loading
characteristics used in anaryses are considered realistic,
actual loadings of specific structures such as schools and
the like will probably vary and may be lower than those
used in this report. Further, as stated earlier, the soil
parameters used in analyses are considered to be conser-
vative and therefore depending on actual structural loading
details and following detailed investigations at individual
sites, the use of higher values of allowable bearing pres-
sures than have been given in this report may be possible.

Finally, it should be noted that the recommendations
regarding allowable bearj-ng pressures given in the preceding
sections are based on conventional foundation methods.
However, a significant increase in arlowabre bearj-ng pressure
may be gained by using more innovati-ve methods such as
styrofoam insulation for frost protection. This method
alLows the footing to be placed at a relatively high elevation
in the crust, without the disadvantage of having to observe
the "5 foot frost protection requirement". For example,
analyses indicate that a footing suitably insulated using
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styrofoam sheeting, located at 2 feet below original grade
in an area of 5 foot thick crust, can carry 1.4 tons per
lineal foot of footing on a 3 foot wide footing. This
allowable bearing pressure compares favourably with a conven-
tional footing of the same width (see Figure 33). It should
be noted that such foundation practices have been successfully
applied in various projects in Northern Ontario where the
climate is considerably more severe that in Ottawa. As
there will be variations in the actual costs of the alternative
foundation methods which will depend on soil conditions at
specific sites and on relative costs of various construction
materials and labour at the time of construction, the use of
insulated foundations should not be disregarded at this time
for economic reasons.

SITE DEVELOPIVIENT

There are a number of aspects related to site devel-
opment, other than foundation design, which must be con-
sidered. These factors include the construction of roads
and installation of services. Both of these activities
involve earth excavation and utilization of the native
soils. AIso, it will be necessary to provide adeguate site
drainage which in turn requires that consideration be given
to the possibilitlz of significant regional and Ioca1
groundwater lowering and possible increased run-off into
Bear Brook.

The factors related to site development have been
discussed in our previous report (number 73908, Vo1. IV,
dated June, 1974) . The following sections of this report
reiterate the more salient of these earlier recommendations
and outline regional differences in the factors affecting
development within the combined OHC and NCC sites. Where
relevant, suggestions are made as to the methods of obtaining
the data necessary for final planning and design of roads,
services and the like (see also Appendix IIf of this report).
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Before discussing the various individual aspects of
site development it should be noted that the basic Aeotech-
nical behaviour of the native soils affect a number of the
different aspects of development. For discussion purposes,
there are three major soil types at the site, namely, the
surficial sands, the desiccated clayey crust and the softer
unweathered c1ay. It should be noted that the surficial
sands are suitable for general landscaping and should
present no major problem during the course of shallow earth-
works. Although the desiccated crust has a relatively high
natural water content, it is considered that it is also
suitable for general regrading purposes. Where it is
necessary to use the desiccated crust or surficial sands as
backfill in areas where only small settlements can be

tolerated, the selection and compaction of this material
should be carefully controlled. The unweathered clay at
depth is unsuitable for general use as fill and will be

difficult to handle during excavation because of its high
natural water content and sensitive nature. This material
can only be used as fill where settlement is not a crj-tical
governing criterion. Because of the lack of "quality"
granular materj-al on the site, emphasis should be placed on
keeping the extent of earthworks requiring backfill to a

minimum.

However, because of the flat nature of the site some

regrading will be carried out during the course of development.
For reasons discussed later in this report, regrading and
earthworks will be primarily to a shallow depth within the
desiccated crust or sand cap. Due to the soil conditions at
the site, deep excavations associated with cuts or deep
basement foundations, or earthworks associated with large
fills should be kept to a minimum.

Goldcr Arrochtcr
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8. I Roads

Because of the flat nature of the site, it will be
necessary to carry out some regrading to accommodate the
necessary minimum road gradients. The combination of
decreasing supporting capacity and poorer trafficability
with increasing depth of excavation for roadway cuts requires
that aI1 earthworks for roads be limited to the soil within
the zone at least 2 feet above the underside of the crust.
This restriction will necessitate "above grade" roadway
construction in some areas of the site, partj-cularly where
the crust is thin.

The surficial sands and silty sand layers which are
evident in the desiccated crust are highly susceptible to
frost action (i.e. heaving). Since the groundwater level
across most of the site is close to or at the ground surface
it will therefore be necessary to ensure that good under-
drainage of road pavements is provided. Clearly this
drainage process will be considerably simpler to achieve if
the roads are constructed above existing grade.

The predominant geotechnical factor in the design of
road pavements, whether rigid or flexible, is related to the
strength and variability of the subgrade material. Assuming
that the backfill in service trenches located under roads is
at least as capable of supporting traffic loads as the
native soils at the site*, preliminary design of flexj-ble
pavements should be based on the criteria of equivalent
pavement thickness of 30 inches and 24 inches of granular
base and subbase for arterial and subdj-vj-sion roads, respectively.
It is suggested that a Benkleman Beam survey of the performance
*The use of various types of backfill materials in service
trenches and the location of trenches is discussed fuIly
in Section 8.2 of this report.
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of the existing roads at the site is carried out and compared
with the relevant road structure. This survey, which would
in fact, constitute a large scale field test under operating
conditions, should provide the necessary data on which the
economical design of flexible pavement structures can be

based. Local factors such as the presence of varying thickness
of sand cap and the like could be studied and could lead to
significant savings in the requirement for imported granular
material.

Other methods for reducing the amount of granular
required for road pavement construction have been discussed
in our earlier report and include stabilization of the
subgrade soils by treatment with lime and the use of concrete
or deep strength asphalt pavements. The former of these
techniques, (i.e. subgrade stabilization) is to be applied
in the construction of new arterial roads in the Ottavra
area. It is suggested that the performance of these pave-
ment structures be monitored to provide guidelines regarding
the use of this technique in the proposed development. It
should be noted that the use of concrete or deep strength
asphalt pavements will result in a lower total pavement
thickness. Therefore, if used in areas of thin crust, these
techniques will allow more flexibility in accommodating
minimum road gradient requirements. A further saving on
imported granular, the cost of which may escalate significantly
in the period prior to development, is to install synthetic
filter membranes in road bases instead of conventional
granular filters. Recent experience with this type of
material has been successful in overcoming similar problems
in other areas of Southern Ontario.

I
I As stated previously the underside of pavement structures

should not be lower than about 2 feet above the underside of

I

I Goldcr Arocletcr
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I the crust. To accommodate this restriction, grade sep-
I arations for roads should be elevated. However, embankments

r for overpass structures should not exceed 10 to 15 feet high
I and should be constructed as far in advance of actual construction

as possible. In this respect, it is noteworthy that preload
I techniques have proven useful in minimizing settlements
I

under an approach embankment for a bridge structure located
I close to the site of the proposed development and in an area
I in which the thickness of the Leda clay was of the order of
I 150 feet (Devata and Darch, L972). Embankments were initially
Ir constructed to a height of about 14 feet and subsequently

I reduced to the design height of about 9 feet after one year.
I During this surcharge period the settlement under the centre

of the embankment was about 8 inches. In the two-vearI
I period following surcharge removal, the settlement under the

centre of the embankment was about 2 inches.

I In some areas of the site, roads will be constructed on

I saturated sands. Although this type of material can be
I subject to compaction by vibration, it is unlikely that,

I 
given the traffic loads and probable distance of most

t structures from roadsr dny distress to structures will be

caused by traffic vibrations during the normal course of

I development.

8.2 Services

I There are two major geotechnical factors which affect
the installation of municipal servj-ces for the proposed

I development:

I
I

I
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i ) excavation and construction methods;
ii) backfill materials.

The actual construction method wiIl depend on cost comparison
and is basically a question of the depth at which tunnelling
becomes economically more viable than "cut and cover" methods.
However, because of the relative soft consistency of the
silty clay at the trench invert level, there is a limitation
as to the maximum depth of open cut without risk of basal
heaver/instability. As shown on Figure 38, the analyses of
basal stability of trenches which was confirmed by test pits
and a test trench in areas south of Hwy. 4L7 indicate
a critical depth of between 15 and 20 feet. However, because
of the overall higher strength of the silty clay at trench
invert level north of Hwy. 4L7, the maximum depth of trench
excavation is between about 20 and 25 feet (see Figure 38).
Based on recent experience in soft ground tunnelling, which
is relatively common in the Ottawa area, it is considered
likely that tunnelling for major services will become

economically viable at invert levels in excess of about
25 to 30 feet. Therefore, within the area north of Hwy. 4I7,
the transition from cut and cover to tunnel sections appears
to be economically suitable.

In the area south of Hvly. 4I7, excavation in the depth
zone from about 20 to 25 feet may prove more expensive than
normal, in that trenches may require greater bracing support
and sheeting capacity betow invert level. However, there
is a major aspect which should be taken into account when

assessing the impact of this factor in preliminary design
in that the soil shear strength of 300 pounds per square
foot which was used in analyses (Figure 30) is conservative.
Therefore, the results of further detailed site investigation
for a given section of sewer may indicate that the use of
a higher design value is applicable and hence that the cut
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I can be made safely to depths greater than 15 to 20 feet in
I the areas south of Hwy. 4L7.

However, it is anticipated that a large percentage of
the total length of sewer trench excavation will be at
relatively shallow depth (i.e. 15 feet). In this case the
trench could be excavated using sloping sides no steeper
than t horizontal to I vertical. The contractor may elect
to sheet and brace the excavation (as opposed to open cut
with sloping sides), since easy driving conditions will
allow continued re-use of sheet piling. Further, if inter-
locking sheet piling is used in areas of relatively thick
sand cdp, pumping of inflowing groundwater from sumps

located within the floor of the trench may be sufficient
and would probably represent a considerable sdving on other
forms of groundwater control required for "open cut"
excavation.

It j-s noteworthy that a test sewer pipe was installed
on a sj-te within the OHC lands in January, L975 (see Golder
Associates report No. 74L285, dated February, L975) . Although
the excavation was made predominantly in tire silty clay deposit,
to depths ranging between 9 and 13 feet, numerous silty sand
layers up to L-L/2 feet thick were intercepted below the water
table. Observations made during construction indicated that
water seepage from these layers was minor and there was no

detrimental effect on the stability of the trenches. The

frequent occurrence and thickness of the coarse layers
within the silty clay deposit underlying the test pipe site
has not been observed in the majority of shallow borings put
down during the course of the present and previous investi--
gations in the general area. Therefore it is considered
that except where excavations are predominantly in the

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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surficial sands, and below the water table, groundwater
should be readily handled by pumping from sumps located in
the excavation floors. However, sand deposits below the
water table along the route of the proposed sehrers will
probably require dewatering by a wellpoint system (see

Figure 39) if sheeting is not employed.

The use of soft ground tunnelling techniques is common

practice in the Ottawa area. It is considered that there
should be no major geotechnical difficulties associated with
tunnelling at the proposed site although the use of compressed
air may be necessary in some areas of the site. Unfortunately
documented case records of large diameter sewer tunnel
construction in Leda clay in the Ottawa area are relatively
limited. However Eden and Bozozuk (1959) describe the
geotechnical aspects of tunnelling at a depth of about 65

feet in a deposit of highly sensitive Leda clay leading to
the Green Creek Sewage Treatment Plant, which like the site
under examination, is located in the easterly limits of the
city. During tunnellJ-ng operations, which were carried out
using a rotary tunnelling machine, surface settlements were
minimal and the clay behaved as a stiff, brittle material.

Further useful information related to tunnelling operations
in Leda clay may be gained from construction of the South
Ottawa Collector Sewer which will encounter. mixed face and

soft ground conditions alonq its eastern section.

One of the major constraints on the maximum depth of
storm sewer installation is the relatively high outlet level
fixed by Bear Brook. This restriction will require the
provision of a number of pumping stations across the site.
As with trenches, pumping station excavations will be
restricted in depth because of possible basal instability.
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Based on the design strength parameters given earlier, it is
considered that for open cut with sloping sides or conventional
braced and sheeted excavations, the maximum depth of excavation
in the areas south and north of Hwy. 4I7 are about 20 and 25

feet, respectively. It should be noted, however, that excavation
in narrow strips or the provision of "toed-in" sheet piling,
will allow the above values to be increased to some extent.
Again, the actual design values may vary from those given
above depending on the strength values determined during the
detailed geotechnical investigation stage for the structure.
It should be further noted that advantage may be gained by
locating a pumping station (s) in the south east corner of
the OHC site where the depth to competent tilt is known to
be relatively shallow. Within this area, the appropriate
method of construction would be to excavate from within
braced sheeting which has been driven into the til1. In
this case, excavation can proceed to considerably greater
depths than the maximum values given above.

The various methods of backfilling service trenches are
discussed in detail in our previous report. As no major
sources of quality granular material were exposed during the
present investigations at the site, these earlier recommendations
apply and have been summarized as follows:

i) The only suj-table native backfill materials in the
area are carefully selected portions of the sand cap
and desiccated crust zones.

ii) If service trenches are to be located under roadvrays
as is normal practice in Ontario, then the trenches
must be backfilled with adequately compacted suitable
native material or imported granular.

iii) If service trenches are relocated at the back of
housing lots where subsequent settlement is not
critical, the native excavated soils can be used as
backfil1.
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Since making the above recommendations, the information
gained during the present investigation has allowed more

complete mapping of the surficial sands across the site
(Figure 4). It is noted that since there will be restrictions
as to the proximity of structures to Hwy. 4L7, it may be
possible to strip suitable backfill material from undeveloped
barren lands in this zone. The results of a Standard Proctor
compaction test carried out on rselect' native backfill used
in the recent test sevrer pipe construction on the OHC site,
are shown on Figure 40. It is clear that although the
maximum dry unit weight of 106 pounds per cubic foot is
relatively 1ow, the material can be compacted and is suitable
for use as a backfill material. AIso shown on Figure 40

are the results of a standard Proctor test carried out on a
sample of granular conforming to Gloucester Township
specifications.

8.3 Site Drainage

There are two major aspects of site drainage which
affect development:

i) changes in regional and loca1 groundwater levels as
they affect the performance of structures.

ii) changes in the groundwater recharge system by which the
groundwater level in Mer Bleue is maintained.

In an area which is underlain by a near normally consol-
idated clay deposit (as is the case in question) significant
groundwater lowering may cause regional settlements.
Settlements of this nature are not necessarily detrimental
to the performance of individual structures but should be

taken into accounL during prelimi-nary design. On the other
hand, depending on variation in subsoil conditions and
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amount of drawdown experienced, settlements may be more
localized and may affect the performance of sewer pipes and

the like over relatively short distances.

The installation of granular backfilled services and
the practice of pumping from sumps located in basements of
homes would tend to lower "local" groundwater 1eveIs. On

the other hand there will be some "artificial" recharge of
the groundwater level- due to such activities as lawn watering
and the like. As part of our preliminary study into the
geotechnical aspects of the development, (Golder Associates
report 73908, Vol. IV, dated June, L974) a literature review
was carried out in an attempt to quantify the effect of
development on the local and regional groundwater levels.
Howeverr rro documented evidence on this "problem" is available
from the usual sources except for cases where pumping was

carried out from aquifers underlying developed or proposed
development sites. This latter information is not applicable
in the present study as it is understood that no deep
pumping will be carried out during the proposed development.

Because of the lack of detailed i-nformaLion and reported
case histories it is not possible to precisely assess quantitatively
the effect of development on local and regional groundwater
levels. On a qualitative basis, it is considered that the
installatj-on of services in even the most sr^/ampy sites
causes drainage of the upper portions of the site subsoil.
However, except where servj-ces are backfilled with granular
materials and are located in areas underlaj-n by predom-
inantly cohesj-onless soils, the lowering of grounowater
tables is probably modest. Therefore it is considered that
development of the South East City site will not cause
signifj-cant lowering of groundwater levels and that sub-
sequent settlements of properly designed structures should
not be a major problem. Clearly, a modest drawdown of the
grroundwater table particularly at some low-lying locations
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across the site, during peak run off periods when the ground-
water table is at or close to the ground surface, is not
only desirable but mandatory from the viewpoint of traffic-
ability and to encourage the growth of vegetation in these
areas.

Although it is recognized that a very detailed study of
this aspect of development is required in order to properly
assess the effect of the various hydrological parameters on
loca1 groundwater conditions, it is hoped that some valuable
information can be gained from the results of the sewer
monitoring programme which has been instigated at the site.

The second aspect of the effect of development on the
groundwater regime at the site is related to the maintenance
of the present groundwater in, and therefore the conservation
of. Mer Bleue. In this respect it is important to establish
the int.errelationship between run off from the development
site and its contribution to the recharge of the groundwater
level in Mer Bleue. Such a recharge mechanism could be
effected either by surface flow or by percolation of surface
water into the granular tj-ll blanket which underlies the
post-glacial overburden deposits at the site. On the basis
of a preliminary examination of surface topography at the
site' there does not appear to be a significant catchment area
contributing to surface recharge of Mer Bleue. It should be
noted that both the major watercourses dral-ning the area
(i.e. Bear Brook and Ramsay Creek) flow north towards the
edge of Mer Bleue before abruptly changing direction and
flowing east and west respectively along the southern edge
of the marsh. In fact, tributaries to both Bear Brook and
Ramsay Creek partially drain the fringes of the marshland.

Goldcr Arochtcr



43I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

Ivlarch , I97 5 7 4L230

Therefore, if surface water from the development site
does not provide a surficial recharge source for the Mer

Bleue, the only arternate route is through the t.ill blanket
underlying the Leda clay deposit. Based on the water level
readings taken in piezometers installed at various elevations
within the overburden deposits, it appears that some down-
ward seepage of groundwater is taking place. However, given
the impermeable nature of the silty clay and the thickness
of the deposit, it is considered that only a minor amount of
water is entering the t,ill blanket through the clay.

However, it is known that at least to the south and
west of the study area, there are outcrops of bedrock and
therefore possibly till. Therefore it is possible that
water entering the till in these "catchment" areas flows
through this deposit into the Mer Bleue area where the ti1I
would have to be in direct communication with the upper
portions of the marsh subsoils. It should be noted that
the bedrock elevation contours shown on Figure 6 indicate
that the glacial topography underlying the site is "bowl
shaped" (i.e. there is a bedrock or till ridge immediately
to the south and west of the site and some evidence to
suggest that there may be a bedrock or ti11 ridge parallel
to the north boundary of the site). This configuration would
be conducive to the "channelling" of groundwater through
the till blanket towards the lr{er Bleue area.

Factual data supporting the above postulation is given
by deep piezometric data. These results indicate that along
the line of deep boreholes put down at the site (see Figure 2)
the piezometric pressure in the till blanket is equivalent
to a groundwater level at or above elevation 260. However, the
deep piezometers installed during investigations for Hwy. 4L7

which lies closer to the marshland indicate that along this
line the equivalent piezometric head is between about elevation
23A and 250. It is noteworthy that the lowest piezometric
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I 
head was obtained at the Hwy. 4L7/And,erson Road crossing

I which in plan is close to a trough in the bedrock or till
r surface (see Figure 6) and which may represent the eventual
I underground seepage channel towards Mer B1eue.

I On the basis of the above, it appears that the groundwater
in the Mer Bleue is not recharged from a source within

I the proposed development site. Thereforer subject to con-
r firmation as indicated in Appendix IfI, it is tentatively

I 
concluded that the proposed development. of the site will

I not have a detrimental effect on the conservation of the

- Mer Bleue marshland.

I
8.4 Stability of the Side_Slopes of Bear Brook

r
Provided that reasonable precautions are taken, it is

I considered that major flow slides within the val-l-ey walls
- of Bear Brook will not be caused by development of the site.

I 
This conclusion is based on work currently being carried out

r on the stability of the exi-sting slopes at five locations

I within the Bear Brook valley (Go1der Associates report no.
I 74123l-, dated March, Lg75|t and the results of previous analyses

(Go1der Associates report no. 73908, Vol. IV, dated June,I974l.
I The precautions basically require that the flow (and hence

erosional capability) within the river should not be signif-
I icantly increased as the result of development. Further,I any existing areas along the river insj-de and downstream

I of the site of marginal stability must be defined and protected
r against further erosion.

I

I

I
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Until more detailed information becomes available it
is recommended that for preliminary plannj-ng purposesr rlo

structure should be located within 250 feet and 150 feet
of the crest of the river bank where ithe bank height is
respectively greater than and less than 15 feet. In no

case.should fill be placed within these limits. Subexcavation
of the valley should only be carried out after a d.etailed
site investigation within the proposed excavation area is -

carried out.

JHAC: JLS: def
7 4L230
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SBI,E_I - SHALLOV'I FOUNDATIONS RELATED TO BUILDING TYPE AND CRUST THICKNESS

Type of Structure
Conventional

Foundation Type

CRUST THICKNESS (t^}-ft.

NOTES
Area North of Hwv. 4 7 Area South of Hwy. 4L7

t-6 6-8 8-L2 >12 4-6 6-8 8-L2 >12

A-I

Single family
houses (Fig. 33)

Strip Ftgs.
with basement)

r' v V V

V

V V V V

A-2

Semi-detached or
row houses (1-2
storey only)
(Fig.33)

Strip Ftgs.
with basement) r' r' r' ?

(r) V V V
l. Mat fdns. possible

where t^/6 fE-

f^;
I

lThree storey row
lhouses or apt.

luravs. 
(Fig.33)

Strip Ftgs.
(wittr basement)

?
(r)

?
(1) v V

NO

?
(1) {2) 2. Best located where

tc ) 10 ft.

B

Light industrial,
commercial and
institutional struc
tures (One to one
and half storeys in
height)
(Figs. 34 & 35)

Strip Ftgs. for
external walls
sp. ftgs. for
isolated column
loads (no base-
ment)

2
(3) V V

NO NO
(4) (s) t/

3. Loads on strip ftgs.
* zt tons/Iin. f:_.

4. Preload possible
where tc)6'but(12'

5. Conventional fdns.
most appropriate

-where 
tc >10 ft. 

-*

Does not take unload
due to basement into
aciount.
Allowable fdn.press.
generally I z tons
per sqJuare foot.

L

Heavier institution-
al b1dgs., high rise
structures

strip ftgs. for
external waIls,
isolated column
loads on sp.ftgs

NO

<_
NO

(6)
NO

+
?
(7)

NO NO

- (6)
NO

+ (7)

o
o
o
ot
DIIo
o
l
t+o
I

GENERAL NOTE: The information given in the above table is for preliminary planning purposes only.
Detailed site investigations will be required for each development or individual
structure (types B and C) to define allowable bearing pressures at specific locations.
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APPENDIX I

LIST OF PREVIOUS SITE INVESTIGATIONS IN

THE SOUTH EAST CITY DEVELOPME}IT AREA
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The following list of site investigations carried out
previously in the general South East City area has been
included for reference purposes. Factual data from these
reports has been used in the preparaLion of this report.

Ministry of Transportation and Communications, Ontario;
Site Investigations for Hwy. 4I7 Bridge Structure
- Personal Communication.

K.H. King Associates Limited Report to Ontario Housi4g
Corporation, "Preliminary Investigation, Alternative
Sites, Land Assembly, Ottawa-Carleton Region".
Ref. No. 209-5.15 (A to D); undated, - probably L972.

K.H. King Associates Limited Report to Ontario Housing
Corporation, "Preliminary Investigation of Subsurface
Conditions, South East City Growth Area, Ottawa Region,
Ontario". Ref. No. 209-5.L5; undated, - probably 1972.

K.H. King Associates Limited Report to Ontario Hbusing
Corporation, "supplementary Report on Subsurface Condition,
Gloucester Township, Carleton County". Ref. No. 209-5.15;
undatedr - probably 1972.

K.H. King Associates Limj-ted Report to Deleuw Cather, Canada
Ltd., "Report Volume I of Geotechnical Investigation,
South East City, Regional Municipality of Ottawa-Carletonrr.
Ref. No. 312-5.2; undated, - probably L974.

K.H. King Associates Limited, Report to Deleuw Cather,
Canada Ltd., "Report Volume 2 of Geotechnical Investigation,
South East City, Regional Municipality of Ottawa-Carletonrr.
Ref. No. 312-5.2; undated probably L974.

H.Q. Golder & Associates Ltd. , Report lto. 73908, to
Deleuw Cather, Canada Ltd., Volume 3. "subsurface
Investigations, Proposed South East City, Township of
Gloucester, Regional t4unicipality of Ottawa-Car1etoil",
dated M.y, I974.

H.Q. Golder & Associates Ltd., Report tJo. 73908-I, to
Deleuw Cather, Canada Ltd., Vo1ume 4. "Engineering
Recommendatj-ons, South East City, Regional Municipality
of Ottawa-Carleton, Ottawa, Ontario", dated June, L974.
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FIELDWORK

Boring Programme

The shallow boring prograrnme, which consisted of a total
of 32 borings put down at the locations shown on Figure 2,
was carried out between December 2, L974 and January 3, L975.
The boreholes were numbered 20I to 232, inclusive, to
differentiate between borings put down in previous investi-
gations at the oHC site. (A fu1I description of the borehole
numbering system is given on Figure 2.) About half of the
borings were put down to a depth of some 32 feet with a
trailer-mounted diamond drillrig using wash boring techniques.
The remaining hoIes, which were located in areas not easily
accessible by truck, were put down to a depth of about 34
feet using a bombardier-mounted power auger. Both drillrigs
were supplied and operated by a 1ocal drilling contractor.

Samples of the overburden were obtained at depth intervals
ranging between 2-I/2 and 5 feet using conventional split
spoon sampling equipment. In the more cohesive overburden
soilsr the split spoon samples were augmented by relatively
undisturbed 2 and 3 inch diameter thin-walled Osterberg and
fixed piston samples. The Osterberg sampler was used to
prevent disturbance to the soil due to overdriving. standard
penetration tests were carried out during split spoon sampling
operations, and in situ vane shear tests were carried out in
the cohesive overburden soils between samples. At periodJ_c
intervals during the course of the fieldwork, samples were
transported to our laboratory for detailed examination and
testing.

The fieldwork was supervised throughout by members of
our engineering staff who directed the drifling, sampling
and field testing operations, logged the borings and cared
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for the sampres obtained. The ground surface erevations and
rocations of the borings were given to us by Deleuw cather,
Canada Ltd. It is understood that the elevations are referred
to Geodetic datum.

Geophysical Survey

A geophysical survey was carried out using the seismj-c
method to determj-ne the approximate depth to the till or
bedrock surface across the site. The survey hras carried out
during the period December 30, 1974 and January 13, L975,
by specialist personnel. A single channel seismograph was

used to record the arrival time of seismic waves from an
energy source provided by an instrumented sledge hammer

striking a steel plate on the ground surface. The seismic
survey stations were located at or close to the locations
of the shallow borings put down during this investigation to
obviate the necessity for additional surveying to be carried
out and to ensure that there was adequate coverage of the
si-te.

It is noted that as with all geophysical survey methods,
the results are necessarily approximate. The accuracy of
the results have been compared with the results of two dymanic
cone penetration tests carried out during the present inves-
tigation (see Record of Penetration Test sheets 202 and 22L),
At borehole 202 the results of the deep cone penetration
test, whi-ch gave the depth to the till or bedrock surface
as 97 feet, was in good agreement with the seismic resuit
of 94 feet at this location. At borehole 22I in the north
east sector of the NCC lands, the dynamic cone penetration
test was terminated at refusal (550 blows per foot) at a

depth of about 79 feet. However, the seismic results at
this point indicated a depth to the ti1l or bedrock of about
L20 feet. It is unlikely that the dynamic cone penetration
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was terminated on a bourder in the glacial ti1l rayer since
published well drilling records close to this location
indicate that the depth to bedrock is between 85 and 96 feet
below ground surface. Despite this discrepancy and based
on previous experj-ence of the accuracy of the seismic method
in predicting the depth to the till or bedrock surface
at the site, it is considered that in general the results
given by the seismic methods are accurate to about ! tO
percent. In the relatively small number of locations in which
interpretation of the sej-smic results was uncertain, this
was taken into account in inferrJ-ng the till or bedrock
surface elevation contours across the site.

LABORATORY TESTING PROCEDURES

The results of numerous studies, which have been carried
out in recent years, into the engineering behaviour of
highly sensitive clays have shown that the engineering
properties of these soils as measured in laboratory tests
are strongly influenced by variations in the test techniques.
A number of these studies were carried out on the cemented
Leda clays found in Eastern Canada, (Jarrett, 1967 i Bozozuk,
L970) and are therefore of particular interest in the present
investigation. In view of the results of this work, it was
considered important to report the test techniques used in
the present study to determine the soil properties.

rnitially, the laboratory testing progranrme was designed
to provide information on the general nature of the overburden
deposits. To this end, water content and Atterberg limit
determinations, together with qrain size analyses were carried
out on representative samples of the overburden soirs. Based
on these results, consolidation and triaxial- tests were
performed on sel-ected samples to provide information on the
strength and compressibility characteristics of the cohesive
overburden soils.
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As the engineering properties of the clay imm.ediately
underlying the surficial sand cap or desiccated clayey
crust have an important influence on the design of shallow
foundations, a major portion of the laboratory testing programme
was concentrated on samples recovered from within this zone.
In this respect, it is noted that, with one exception,
the consolidaLion tests v/ere carried out on soil specimens
trimmed from Osterberg samples. (Previous studies in the
Ottawa area have shown that in sensitive cemented marine
clays less disturbance to the soil structure is associated
with Osterberg sampling techniques than with any other form
of tube-sampling techniques) .

The consolidati-on tests r/'rere carried out on 2 inch
diameter samples using a fixed ring consolidati-on cell.
Except for samples from boreholes 226 and 229, load increment$
were applied at 24 hour j-ntervals to allow sufficient time
for consolidation to occur under individual load increments.
A load increment ratio typically less than 0.5 was used at
stresses in excess of existing effective overburden pressure.
In some tests, the samples h/ere off-loaded to below the
existing effective overburden pressure when the applied
stress reached a value close to this preconsoridation pressure.
The subsequent reloading curve has previousry been found to
give a more accurate indication of the compression index of
cemented marine clays in the stress range below the precon-
solidation pressure. In the two samples noted above, a
faster rate of loadj-ng was used (see Figures 23 and 24').
Although this technique is known to overestimate the pre-
consolidation pressure of some soil types (Jarrett, L967) ,

the results obtained during these tests agree reasonably well
with the results from the remainder of the consolidation tests.
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Unconsolidated undrained triaxial compression tests
were carried out on 2 inch diameter and 4 inch high samples

to determine the undrained shear strength of the soi1. The

tests were carried out at a constant rate of strain of
2 percent per minute and using lubricated end platens. The

samples were trimmed using a wire saw and soil lathe to
minimize sample disturbance during preparation. Nevertheless,
examination of the test results indicated that some samples
had been disturbed during sampling operations as evidenced
by relatively high axial strains at maximum deviator stress
(i.e. 3 percent) . Ilowever, except for samples which had

obviously suffered excessive disturbance, the results of
these tests have been included in the overall appraisal of
the strength characteristics of the soil. (It is important
to note that disturbance of sensitive soils results in lower
measured shear strengths and higher compressibility
characteristics than would exist in the field and consequently
design based on these results, vrill be conservative.)
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APPENDIX III

RECOMIVIENDATIONS F'OR FURTHER

DETAILED GEOTECHNICAL STUDIES

(GOLDBR ASSOCIATES LETTER TO DELEUW CATHER,

CANADA LTD., DATED JANUARY 31, 1975)
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Golder Associates
CONSU LTI NG GEOTECHN ICAL ENGIN E€RS

January 31, L975

De Leuw Cather, Canada Ltd.
133 Wynford Drive
DON MILLS, Ontario
M3C lKl

ATTENTION: Mr. E.M. ilefferson, P. Enq.

RE: ONGOING DETAILED STUDIES
SOUTH EAST CITY DEVELOPMENT
TOTVNSHIP OF GLOUCESTER
oTTAWA-CARLETON, ONTARIO

Dear Sirs:

In your letter dated January 8, L975, w€ were requested
to make recommendations regarding future detailed studies
vrhich should be instigated in the next planning stage of the

-,above development project. Itris letter outl-ines our recom-

mendations for further studies, including our eomments on

recommendations made by the Division of Building Research,
National Research Council, (DBR/NRC) in their research
proposal dated November 7, L973.

1. GROt]NDWATER LEVELS

In their research proposal for the South East City
Development area, DBR/NRC recommended that changes in the
groundwater leve1 be monitored to determine the effect with
respect to the deformation of the underlying cl.ay deposits.
To this end, it was recommended that four sites be selected
for installation of piezometers and ground movement gauges.

I H. Q. GOLDER & ASSOCIATES LTD. .
TORONTO . OTTAWA o WINDSOR .

3I5I WHARTON U/AY.

LONDON . VANCOUVER
MISSISSAUGA (TORONTO), ONTARIO. CANADA .
. CALGARY . BOSTON , ATLANTA . SEATTLE

L4X 286 . TEL. (416) 625.0094
. MELBOURNE I SYDNEY



I
T

I
I

January, J-975 74L269

In general, we agree with this recommendation and con-
sider that a programme should be initiated in the early
stages of development. However, it is considered that since

the effect of development on the groundwater level is twofold,
any further study should concentrate on the following points:

changes in local groundwater levels as they
affect the performance of structures,
the effect of development on the regional
groundrnrater regime, particularLy with
respect to the effect of these changes on

the conservation of Mer BIeu.

The above ppints have been discussed in our letter to you

dated December 20, L974 and the following recommendations

for future studies are based on those discussions.

i) LocaI Groun4water Level Monitorinq Proqramme

Ttre purpose of this study would be to define the amount

of lowering of local groundwater level, if dny, due to
activities related to municipal development. Clearly there
are a multitude of factors affecting the groundwater level
at the development site. A partial list of these includes
installation of services, increased run-off due to extensive
paving, pumping from sumps located in basements of buildings,
recharge due to artificial means (lawn watering and the like).
It is considered that, alttrough the effect of some of these
factors can be quantified in separate studies (such as the
Test Sewer Pipe programme presently underway), the overall
effect can only be reasonably determined by studying other
municipal developments in sites where the subsoil conditions

I
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are similar to those existing at the site presently under

consideration. To this end, we suggest that groundwater

levels at other development sites, particularly in the Ottawa

area, are monitored and compared with the measurements taken
prior to development. The latter information should be a-
vailable from site investigations for the relevant develop-
ments from existing well records.

Initially, this work would involve the selection of
appropriate sites and a summary of the "pre-development"
information at each site. Depending on the existence or
otherwise of the standpipes/piezometers installed during pre-
development site investigations, the second stage could
require the installation of standpipes or piezometers at
various selected locations within the developed areas. ftre
information thus obtained would preclude possible accumulative
errors which are inevitable in combining the results of in-
dividual studies of the effect of the various individual
factors related to groundwater level changes.

At this time it is considered that a study of this
nature would likely require a low capital input and could
therefore be economically terminated at any stage if the
continuing review of available data indicated that the study
was not producing the required information.

ii) Reqional Groundwater Level Monitorinq proqramme

Although a knowledge of the probable regional settlements
due to development of the site would be extremely useful in
the preliminary and subsequent planning stages, this programme

would primarily serve the purpose of defining the hydrological
inter-relationship between the proposed development site and
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the adjacent Mer Bleu conservation area. rt is considered
that the "recharge" mechanism whereby the groundwater leve1
in Mer Bleu is maintained can be effected either by surface
flow or by percolation of surface water into the relatively
permeable glacial till deposit which is thought to underly
the general area under consideration.

An examination of existing topographical information in
the general area, shourd provide the necessary information
to appraise the significance of the first of these, i.e. suE-
face recharge. However, the "deep" recharge mechanism can

only be estabrished by monitoring the piezometric pressures
in the overburden deposits at various locations in the
development and conservation areas. Depending on the avail-
ability of this data from other gources, such as the Ministry
of Environment Studies, it may be necessary to install
piezometers as part of this study. Further, a knowLedge of
the topography of the till and bedrock surfaces across the
general area may indicate the source of recharge water and

the possible existence of preferentiar flow channels through
the tilI blanket. Although some information is availabre
regarding the topography of the tillAedrock surface across
the development site, a further study should incorporate
available data from the surrounding area. For example, rock
outcrops may act as cachment areas for collection of surface
water which eventually percolates through into the tilI blanket.
rf this is indeed ttre case, then it courd readily be accepted
that the development, p€r s€, would not affect the recharge
of the groundwater within Mer Bleu. Finally it is reconunended

that, because of the possible serious effect of development
on the'conservation of Mer BIeu, this study should be initiated
prior to the final planning stage.
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2. SOIL PROPERTIES

In the second part of the DBR/NRC proposal, it was

noted that the physical properties and engineering behaviour

of the weathered clay crust at the site would have an impor-
tant influence on the design of shallow foundations. It was

therefore recommended that these factors be the subject of a

detailed study which would include a review of the existing
data, use of special sampling and field testing techniques

and the construction and monitoring of a test fill or structure.

we agree that such a study would be of considerable
benefit in advancing the state of knowledge within the geo-

technical engineering field. However, it is considered that
to derive more immediate benefit, the study progralnme should

be designed to relate to the significant geotechnical aspects

of the present development. To this end, we suggest that the
programme be subdivided as follows:

(a) The results of the proposed review of existing data
and the study into the engineering behaviour of clayey
crustal soils and the underlying unweathered deposits should

be compared with the results of routine sampling and testing
techniques which would be an integral part of site investi-
gations, camied out within the area as development proceeds.

In this respect, it should be noted that routine sampling,
together with conventional commercial field and laboratory
techniques, are known to disturb the soil structure and hence

the results of these tests generally indicate a lower strength
and higher compressibility of the Leda clay deposits than

actually exists in the field. Therefore, in order to avoid
conservative and hence possibly uneconomical foundation
design, it would be prudent to have a working knowledge of
the differences which can be expected between the results

I
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obtained in routine testing and the actual in situ conditions.
To this end, we suggest that "good quality" tests be carried
out on "undisturbed: samples obtained from either shallour test
pits OR deeper borings when "sophisticated" sampling gear is
utilized.

(b) With respect to (a) above, it is considered that the
construction and monitoring of one test fill or loading struc-
ture at a selected location in the general area would serve
the purpose of checking the validity of conventional methods

of foundation design (with respect to bearing capacity) and

prove the validity of the "soil parameter" correlation re-
sulting from (a) above. However, it is noted that a short-
term fuII scale loading test of this nature will not provide
much information on the long-term consolidation settlement
characteristics of the Leda clay deposit. Information on this
aspect can however be gained from a review of the existing
data obtained in monitoring two other test fills in the area,
i.e. the Gl-oucester Test FilI (l[RC) and the embankment on

Anderson Road at Highway 4L7 (MTC).

3. SE4SONAL WATER COI{TENT VARTATION

In order to provide realistic and economical design
standards for constuction of roads in the development, it
will be necessary to define the seasonal variation of water
content in the upper 4 to 5 feet of the desiccated crustal
soits. To this end we suggest a study of the seasonal
variations in this parameter along the routes of proposed

roads within the development. It is envisaged that such a
programme would be of a long-term nature and should, therefore,
be initiated as soon as possible prior to the final planning
stage of the development. The results of this study would also
be of considerable use in defining the effect of growth of
various tree types on the subsoils at the site (i.e. swelling
and shrinkage); a factor which is of considerable signiticance
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I 
with respect to deformations of structures associated with

r the proposed development.

4. FROST PENETRATION

It is generally accepted that, within the Ottawa area,
exterior foundations for heated structures should be con-
structed at a minimum depth of 5 feet below final grade for
frost protection purposes. This design depth is based on
relj.able past experience and is not in dispute. However, it is
noted that, to accommodate this restriction, the foundations
for structures in some areas of the site will be close to or
below the stronger surficial sand and clayey crustal deposits.
Therefore the allowable bearing pressures available for
foundation support are considerably reduced. The alternative
method of locating the foundation about 2 to 3 feet below
existing ground surface and gaining the required 5 feet
frost protection by regrading the ground surface around the
structure requires a considerable amount of earthworks,
often involving difficult soils.

Therefore to obviate the necessity of excessive regrading/
earthworks, it is suggested that frost protection for foundations
could be provJ-ded by a styrofoam insulation barrier. This
technique has proven useful in smaller development areas in
North canada where the climatic conditions are considerably
worse that in the Ottawa area. To our knowledge, this
technique is not prohibitively expensive in terms of capital
or installation costs. Therefore we suggest that a long-
term monitoring programme be instigated to determine the
effectiveness of this technique and to define the necessary
design parameters which should be used in the presently proposed
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I 
development. To this end we suggest that various forms of

I insulated "simulated" foundations are constructed at a

r selected location of the site and their performance monitored
I over a rong term.

I s. ROAD PAVEMENT DESIGN

There are a number of aspects of the design of road
pavements which deserve special attention:

(a) The engineering characteristics of the surficial
clayey subsoils which underlie considerable
areas of the proposed development site are such
that a considerable thickness of road base
structure may be required to provide satisfactory
road pavement performance. In this respect, it
is noted that the improvement of the subgrade
using stabilizing techniques such as lime in
stabilization will reduce the amount of granular
road base required and hence may lead to considerable
overall savings in the cost of importing granular.
It is suggested that a review of the performance
of other roads and highways in the Ottawa area
which have been constructed on stabilized subgrades
may yield valuable information on this aspect of
development. Further, a modest laboratory programme

could be carried out to determine the optimum
quantity of lime which is necessary to increase the
CBR values of the subgrade materj-al at the site
presently under investigation.
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(b) In our experience, one of the major contributing
factors to pavement distress is deformation within
clayey material used to backfill service trenches
which are installed down the centre of the road-
ways. Obviously, there j-s considerable economic
advantage in using selected native clayey backfill
in service trenches installed as part of the
proposed development. However if these are to
be located below the roads, tests should be

carried out to ascertain the likely settlements
within the backfill and the period over which
these settlements will take place. To this end,
Golder Associates have developed apparatus to
simulate the behaviour of subgrade materials under
operative conditions and we consider that a

series of tests run on selected samples of the
native clayey crust may prove useful in providing
realistic data on which this aspect of road
pavement can be based.

(c) Although it is unlikely that all of the roads
presently in use at the site have been carefully
designed and constructed to the rigid standards
required for future development, they nevertheless
provide an opportunity for evaluation of pavement
performance on the existing subgrade soils at the
site. Therefore we recommend that a survey be

carried out of the actual pavement structure of
these roads and this data related to the measured
performance of the roads. The performance can be

qualitatively assessed by visual inspection but
shouLd also be confirmed by carryj-ng out a Benkleman
Beam survey of selected roads in the area.

Goldor Anoclrtcr
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6. DETAILED GENERAL GEOTECHNICAL INVESTIGATIONS

As stated by the DBR/NRC in their proposal, the devel-
opment area "is one of the few for which detailed soj-I
conditions will be taken into account in the initial planning
and....". To date a prelj-minary geotechnical investigation
of the proposed development site has been carried out (see

Golder Associates report No. 73908, Volume IV, dated June,
1974) and a second investigation is currently underway on
other lands adjacent to the site (see Golder Associates
preliminary report ltro. 74L230, dated January, 1975) .
Further, supplementary studies are currently underway,
related to the control of run-off from the development site
into Bear Brook (Golder Associates preliminary report NO.

74L23L, dated January, L9751 and to the monitoring of the
performance of a length of test sewer pipe (Golder Associates
report No. 741232, dated December, L974) .

The first of the above mentioned investigations has
served to define the general character of the subsoils at
the site together with variations j-n crust thickness and
depth to bedrock across the site. Based on the findings of
this investigationr we have defined optimum locations for
various types of structures with respect to foundation use
for overall planning purposes. However, when the preliminary
planning stage is complete and the development plans within
the site are finalized, it will be necessary to carry out
detailed investigations in heavily developed areas to confirm
that the soil conditions in the areas are at least as good
as inferred from the results of the earlier preliminary
investigations. Further, it is essential that detailed
investigations are carried out at the sites of large structures,
to ensure that the foundation design is both safe and
economical.
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Finally it is understood that, of necessity, the proposed
development will take place over a considerable time period.
As a good appreciation of and respect for the soil condj-tions
at the site is essential to the overall success of the project,
the data which has been obtained to date and which will be

obtained in future investigations should be well documented
and assimilated periodically. It is possible that, based
on an ongoing review of the available data, changes j-n

both detailed design procedures and in various aspects of
the overall planning of the development may be advantageously
made

In outlining our recommendations for future,studies
which we feel would be of considerable benefit in ensuring
the success of the project, we have tried to be practical.
Therefore most of the suggestions relate primarily to geo-
technical aspects of the development which are of immediate
interest in the planning stages of the project. Further,
in the majority of the studies recommended above, we

consider that the work can and should be carried out in
stages. It is considered important that not only should the
problem be defined, and related to the present development,
but at an early stage (i.e. prior to the commitment of
capital outlay), the applicability of actual study itself
should be assessed. However, it should be noted that many

of the studies outlined in this letter require little
capital outlay.
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I 
We trust that the suggestions and recommendations given

I in this letter are sufficient for your present requirements.

r If you have any questions regarding this or any other aspect

I of the proposed development related to geotechnical
engineering, please do not hesitate to caII us.

I yours truly,

I H.Q. GOLDER & ASSOCIATES LTD.

I

I
I

JHAC: JLS: def

I 
74I26e

I

J.H.A. Crooks, P. Eng.

J.L. Seychuk, P. Eng.
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each "Record of Borehole," on the figures and in the text

of the report, are as follows:

I. SAMPLE TYPES

/4S auger sample

CS chunk sample

DO drive open

DS Denison type sample

.FS foil sample

RC rock core

Sf slotted tube

TO thin-walled, open

TP thin-walled, piston

WS wash sample

II. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of blows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diar.neter,
60 degree cone one foot, where the cone is
attached to 'A'size drill rods hnd casing is not
used.

Standard Penetration Resistance, ly': The num-

ber of blows by a 140-pound hammer dropped

30 inches required to drive a2-inch drive open

sampler one foot.

WH sampler advanced by static weight-
weight, hammer

PH sampler advanced by pressure-pressure,

hydraulic

PM sampler advanced by pressure-pressure,

tnanual

III. SOIL DESCRTPTION

(a) Cohesionless Soils

Rebtioe Density N, blows/ft.

Very loose 0 to 4

Loose

Compact
Dense

Very dense

(b) Cohestue Soils

Consistency

Very soft
Soft
Firm
Stiff
Very stiff
Hard

4to10
10 to 30

30 to 50

over 50

c", lb./sq. ft.
Less than 250

250 to 500

500 to 1,000

1,000 to 2,000

2,000 to 4,000

over 4,0(X)

IV. SOIL TES'TS

C consolidation test
H hydrometer analysis

M sieve analysis

MH combined analysis, sieve and hydrometerr

O undrained triaxialt
R consolidatedundrainedtriaxialt
S drained triaxial
U unconfined compression

V field vane test

I

E,
I

<
|o

E
L
.or

NorBs:
tCombined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
tUndrained triaxial tests in which pore pressures are measured are shown as Q or E.
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LIST OF SYMBOLS

I

I. GENERAL

f : 3.1416

a : base of natural logarithms 2.7183

log"o or ln a, natural logarithm of c
loglj a or log a, logarithm of a to base 10

I time
g acceleration due to gravity
V volume
W weight
M moment
F factor of safety

II. STRESS AND STRAIN

u pore pressure

d normal stress

a' normal effective stress (o is also used)

r shear stress

e linear strain
cn shear strain
v Poisson's ratio (p is also used)

E modulus of linear deformation (Young's
modulus)

G modulus of shear deforrnation
K modulus of compressibility

7 coefficient of viscosity

III. SOIL PROPERTIES

(a) Unil weight

,t unit weight of soil (bulk density)

"f t unit weight of solid particles

"fv unit weight of water
.fa unit dry weight of soil (dry density)

^t' unit weight of subrnerged soil

G, specific gravity of solid particles G":'y"/"y,
void ratio

,t porosity

w water content
S, degree of saturation

(b) Cons'istency

7o2 liquid limit
10p plastic limit
Ip plasticity index
?og shrinkage limit
IL liquidity index : (w - wp\/Ie
f e consistency index : (w" - w)/Ip
oant void ratio in loosest state
amtd void ratio in densest state
D, relative density : (a^., - e)/(e^.. - doro)

(c) Permnbility

h hydraulic head or potential
q rate of discharge
u velocity of flow

i hydraulic gradient

& coefficient of permeability
j seepage force per unit volume

(d) C ons oli.dali.on (one-ilimensiotnl)

nto coefficient of volume change

- -^r/(L*e)ao'
C" compression index : -aef A logro o'

co coefficient of consolidation

Tn time factor : cJ/dz (d, drainage path)

U degree of consolidation

I
I
I
I
I
I
I
I
t
I
I

NI
(2

il

(e) Shear strength

r! shear strength
c' effective cohesion lintercept I in terms of efiective
6' effective angle of I stress

shearing resist- l rt : c' * o' tan Q'
ance,orfriction J

apparent cohesion*l

apparent angle of fin terms of total stress
shearing resist- lr, : ," * a tan C"
ance, or friction J

coefficient o{ friction
sensitivity

c!

6"

It
s,

*For the case of a saturated cohesive soil, 6, : 0 and the undrained shear strength tt : ct is taken
as half the undrained compressive strength.

Goldcr Associates



Form G.A.-D-1.
r r r I r r r r r r r r r ti""F__z-l!l_:_il

RECORD OF BOR EHOLE ?O I

LOCATION See Figure ?

SAMPLER HAMMER WEIGHT I4O

BORING DATE

LB., OROP 30 lN.

DEC. 13, t9-7 4 oATUM

PENETRATION TEST HAMMER WEIGHT

G EO DETIC'

r4o LB., DROP 30 lN.

- 
PIEZOMETER

OR
STANDPIPE

INSTALLATION

coEFFrcrENT OF PERMEABILITY, I
k., cM./ sEc. 

I
lxlO lxlO lrlO lrlo

OYNAMIC PENETRATION 
....

RESISTANCE,BIOWS/FT. (:

20 40 60 80 "-:'

SOIL PROFILE

lHEll gIlEi:GrH NAr.v.- + o.-o
cu., LB./sO.FT. ilen4". e u.-O

DIA, PLASTIC
TUBTNG 

-

.IN STANDPIPE
T EL,;e68.9 0N

JAN. tp,r97s.

=98

-96

?o

l3

?-15

e?o

?65

?60

e55

?.50

Z-45

?40

e35

GROUND SURFACE

c(ltn
[tI

?ti
IJ

or l9lrJ!*
iio
&ld

C.oMPACT BROWN
LTY SAND TO SAND

?39.9

Sorr BECOMING
FIRM SENSITIVE

AND RED.GR,EY
SILTY CLAY

OCCASIONAL SILT
LAYER,S AND P6q6E15
OF BLACK ORGANIC
CI.AY

END OF HOLE

fl Percent otiol strdin ol foilure
. la

D RAW N - - - ---*r-.J!.- - -,-
cHEcKED -rE6------

'I

VERTICAL SCALE
I tN. TO 5 rr. Golder Associates



III
Form G.A.-D-1.

IIIII I I I I
ll

III-I. I
. Project No. -------

II

LOCATION See Figure

SAMPLER HAMMER WEIGHT

RECOR D

BORING DATE

LB., DROP 30 lN.

OF BOREHOLE

JAN.7, 1975

PENETRATION TEST

eoa
DATUM

HAMMER WEIGHT

GEODETIC

t4o LB., OROP 30 lN.

coEFFrctENT OF PERMEABILITY, r
k", cM./ sEc. I

lxlO lrtO lrlO lxlO I
OYNAMlC PENETRATION 

....
RESTSTANCE,EI-OWS/Fr. (

20 40 60

SOIL PROFILE

lHEll ?IlEilGrH NAr.v.-+ o.-.
cu., LB./so.Fr. ;;Mt- 6 u.-o

?65

?60

?55

?50

e45

e40

?35

e30

RM

P.u

GROUND SURFACE

COMPACT BROWN
SILTY SAND 1.1)

SAND

'oz
uI
4
LN

$

STIFF FISSUREO
MOTTLED BROWN

LTY CLAY WITH

5OFT TO FIRM
EY AND RED-GREY

sENSITIVE
SILTY CLAY WITH

YERS OF CLAYEY
SILT AND SILTY

z3t .4
OF SAtYlPLED

HOLE
DYNAMTC CONE
PENETRATTON TEST
TO REFUSAL AT
EL. 164. e (: ee
RECORD OF P€NETR-
ATIoN TEST SHEef )

3 Ferc€nf oriol stroin ot fcilure

VERTICAL SCALE
IIN. TO 5 FT.

IA
ORAWN -- ---:JgeL'- -- --4)z
cHEcKED --!q.g------Golder Associates



rFo,t!A.-Fl I I I r I I I I I I I I +or.n"-G-sF-

RECORD OF PENETRATION TEST ?O7

LOCATTON See Figure DRTVTNG DATE JAN, 8) l9?5 OATUM GEC)DETIC

PENETRATION TEST HAMMER WEIGHT I4O LB., OROP 30 IN.

PENETRATION TEST NO. 2O? PENE RATION TEST No.

;I trVN INFERRED
SOIL PROFILE

z
o
;- lrl
FIsa
Ea
trl

DYNAMIC PENETRATION -'-i
RESISTANCE,ELOWS/FT. \

20 40 60 80

ELEVN.
INFERRED

SOIL PROFILE

z
o
- lrlFJ
ss
5(/)
ld

DYNAMIC PENETRATION ".--
RESISTANCE,ELOWS/F]I {

20 40 60 I 80
DEPTH DEPTH

?6?.9 GROUND SUR,FACE

Z60.

>

?30-

??o-

? ro-

?oo

r90-

| 80.

l"o

l@-

,

j

i;

it
I'

o.o

"3r.4

FOR, STR.ATIGRAPIIY
sEE F.ECORD OF
BOREHOLE SHEET -
?oe F

3r.5

| 649

END OF BOREHOLE
zoa

PR,OBAELY
FIRM TO STIFF

SENsITIVE sILTY CTAY

I 
wE|cl

)

T OF R,( DS

L

7

L
tett ---!
116 -r148 -rl8o-t
37s--,

98.C END OF PEN. TEST

VERTICAL SCALE DRAwN ----J=A---7):
cHECKED -,4/2----I lN. TO ro FT. Golder Associates



Hu.olF-,.! !rrrrrrrrrrrJgoi"",t;4,S-*-"-=

RECORD OF BOREHOLE ?O3

OATUM GEODETICLOCATION see Figuro ? BORING DATE DEC. 311974

SAMPLER HAMMER WEIGHT I4O LB., OROP 30 IN. PENETRATION TEST HAMMER WEIGHT I4O LB., DROP 30 IN.

coEFFrclENT oF PERMEABILTTY, T
k, cM./ sEc. 

I
lxlO trlO lxlO lrtO a

WATER CONTENT, PERCENT

IL---U-IL
?o 40 Go 80

'93

c
.96
.93

=98

?'l
Do.

U

zu
T.o.

z"
9.0.

TO

?h
D.0.

3rr

?60

455

?50

?45

e4o^

?35

a30

7?5

]ENTdNITE
SEAL .-

Va'>rx.PtAstc
TUB,ING 

-

STANDPIPC BI-OCI(ED
lcE AT EL.E'S8.4

oN JAN! lo, 1975

LOOSE STR.ATIFIED
RED-BROWN SILTY

sAND T6 SAND' SILT

7C.

SOFT BECOMING
FIRM SENSITIVE

AND RED.CREY
srLlY Cl Y, SoME
GREY CIJ\YEY SILT
AND SANDY SILT
I-AYERs, OCCASION^
rcocrj oF BLAcK

CLAY WITH

END OF HOLE

Percent oriol slroin ol toilure

VERTICAL SCALE
IIN. TO 5 FT.

Pll
DRAWN ----Sl>------
cHEcxED --EA-----Golder Associates



I
Form

IIIIIIIIIIIIII
G. A.- O -1.

I
Pro

t'
il

i""t#f-l!*--=

RECORD OF BOREHOLE ?O+

LOCATTON S.e Figuro z. BORING DATE DEC. 5+6,1974 OATUM GEODETIC

SAMPLER HAMMER WEISHT l4O LA., OnOP 30 tN. PENETRATION rEST HAII'IMER WEIGHT l4O LB.' DROP 30 lN.

coEFFtclENT oF PERMEABILITY, T
k4 cM./ sEc. 

I
lxlO lrlO lrtO lrlO

WATER CONTENT,PERCENTwf.-5-l!
eo 40 Go 80

lHEll :IIEIGTH NAr. v. - + o.-o
Grr., LB. / SO. FT. 

neMV . 6 U.-O

GROUND
SIJRFAq-E

:lo7

34
TP.

2a
DO.

3il
'r.7.

zil

zt,
t.r

?1s

?70

?65

"60

"55

?50

"45

?40

?t5

ROUND SURFACE

CLAY SEAL-

tu'o,A.
PtASTtc.
TuB,tNG --

I

:l

CLEAN
GRAVEL._

STA}{DPIPE

CAVE_IN
MATERIAL-

WATER LEVEL IN
STANIDPIPE AT
ELEV. rzC,8.8 ON
JAN.9,1975

UI
l-
!n

)I)
o
T,

4o
N

COMPACT TO DENSE
BROWN SAND

; l,/

"ti"tlaFl
r1

.f I: r'

r- :'
'l I

SOFT BECOMING
FIRM, SENSITIVE,
GREY AND RED-GREY
slLw clAY, SornE
GR.EY SILT TO CTAYEY
SILT LAYER,S

to.o

?37.
END OF HOLE

5 Ferc€nt oxiol st/oin ol fcilure

VERTICAL SCALE
IIN. TO 5 FT.

t=K
oRAWN ----::i-------
CHECKED --,54- -----Golder Associates



I I I I I I I T I I I I I I I I I_I-I

RECORD OF BOREHOLE ZO5

LOCATTON 9ee Figuro ? BoRING DATE DEC.S f 6rt974 DATUM GEODETIC

SAMPLER HAMMER WETGHT I4O LB., DROP 50 IN. PENETRATION TEST HAMMER WEIGHT I4O LB., DROP 30 IN.

@EFFTCTENT OF PERMEABILITY, T
k., cM./ sEc. 

IlxlO lrlO lxlO lrlO -
PTEZgMETER

OR
STANOPIPE

INSTALLATION

rh?

: loo

r98

GROUND
SURFACE

CLAY FILL.

BENfONITE
SEAL -_.

3/o" piA.
PLAS'lllc
TUtsING.--

,l

::

CLEAN
GRAVEL-

STANDPIPE

CAVE = lN
MATERIAL

STANDPIPE
TNSTALLATION

DESTROYED
BEFORE READING
COULDJ BE TAKEN

GROUND SURFACE

zH
D,o

34
'r;P

zil

3il

z4
D.o.

3',
',?.

2,t

3"
'rP

lo

PH.

PH.

PH.

?10

?65

?60

?s5

?50

?4s

?40

??.tr

?30

IF
ffil'
ili

IJMiouJlx
3l .

nlf

SOFT BECOMING
FIRM SENSITIVE

GREY AIID RFD -6REY
SILTT CLAY,

bNAL POCI<ETS
BLA<K ORGANIc'

4.5

?33
END OF HOLE

t Percent otiol slroin ol fqilure

VERTICAL SCALE
1IN. TO 5 FT.

-ov
DRAWN ----::------
cHEcKED -EA------Golder Associates



,iliu.or-*,. I r I I I I r I r I I r r tcdtl--4-+-o-=

RECORD OF BOREHOLE ?06
LOCATION S.e FiCur€ e AORTNG DATE JAN. a, 1975 OAIUM GEODETIC

saMpLER HAMMER WEtcHT t4O LA., 9ROP 30 tN. PEI{ETRATTON IEST HAMMER WEICHT l4O LA.' DROP 30 lN.

@EFFrCtEllT OF P€RMEABILITY, T
kL, cM./ SEc. 

IlxlO trlO lrlO lrlO

OYNAMIC PENETRATION
RESTSTANCE,BT.oWS/FT. (

20 40 60 80-'-'

SOIL PROFILE

GROUND
SURFACE.

d orr. Plrsrtc

WATERi LEVEL lN
STANbPtPE AT
c--L.?6t,4 0N
JAN. tO/ t975

GROUND SURFAC

P.H.

P.H

P.H

iM.

265

460

?s5

e50

?45

e40

?35

?30

z?5

M.
lr,
\'
7
d
lrj
)
o
o-

o.5

e59.e

SOFTTO FIR.M
SENSITIVE
Y AI.ID RED-GREY
SILTY CU\Y,
ASIONAL SILT

?AB
END OF HOLE

*l Percenr oriol slrcin ol foilure

VERTICAL SCALE
IIN. TO 5 FT.

IA
ORAWN ----;-J-'$-----,f2 z
CHECKED --e-(f------Golder Associates



IIIIIIIIIIIIIII
Form G.A.-D-1. t"",W1

ti
IaI

-v-

RECORD OF BOREHOLE 2O7

LOcATiON See Figure a BORING DATF DEC. 9, 1974 DATUM GEODETIC

SAMPLER HAMMER WEIGHT I4O LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT I4O LB., DROP 30 IN.

SOIL PROFILE OYNAMIC PENETRATION ....
RESISTANCE,BI-OWS/FT. (.

20 40 60

@EFFTC|ENT OF PERMEABTLTTY, I
k.r cM./ sEc. I

lxlO lxto lxlO lrlO I

OESCRIPTION :HEll :IlEilGrH NAr. v. - + o.-oCu., LB./SO.Fr. 
nemV.- ei, U.-O

'105

lo?

T=?9

.91

GROUND
SURFACE

CLAY FILL-

BENTONTTE

?E"D,A. l.lij
PLASTIC
TUEgING -_

GR;l,bt. J lt'

.l.il
t.lt-,
| '.il .

l-"-l't. .'t

STA}.JDPIT2E

cAVE-rN L' )
MATERIAL I>', r../

t',>

.WATER LEVEL
STANDPIPE NT
ELEV. ?59.4
JAN. ro. t975

?n
DO

31
TE

2u
D.o.

ll

3u

"P.

?tl
DO.

2"

PH

r5

2

PH.

e6s

?60

e55

?50

?45

?40

?30

GROUND SURFACE

FIRM TO sTIFF
FI 55U8.ED, MOTTLED
EROWN SILTY CLAY.
SOME SAND LAYERS'
(oesrccrreD ctusr

COMPA<T CREY
SILTY SAND

?30.

SOFT BECOMING
FIRM SENSITIVE

AND RED-GR,EY
SILTY CLAY,

OCCASIONAL SILT
LAYERS AND FOCKE
OF BLACK ORGANIC
CLAY

END OF HOLE

f: Fercent oriol stroin ol toilure

VERTICAL SCALE
I IN. TO 5 FT.

EP
DRAWN ---5-------

"lCHECKED ---a-/z-----Golder Associates



I I I I I I I I I I I I I I I rtt".,In"_Z-GgJ
Forn G. A.-O-1,

RECORD OF BOR EI{OLE ?Otj^

LOCATTON see Figur€ ? BoRING DATE DEC. 9) t?74 DATUM GEODETIC

SAMPLER HAMMER WETGHT t4O LB., OROP 30 tN. PENETRATTON TEST HAMMER WEIGHT l4O LB.' DROP 3; lN.

coEFFrcrENT OF PERMEABILITY, rrh cM./ sEc. 
I

lxlO lxlO lxlO lrlo -
SOIL PROFILE

WATER CONTENT, PERCENTwg-$-!r
?D 40 60 80

lHEll :IlEi:GrH NAr. v. - + o.-o
Cu., LB. / SO. FT. 

neUV . ri U -O

= 109

=96

GROUND
SURFACE -r

CLAY FILL

BENfiCNI-TE
SEAL

78'otA.
PLASTIC
TUBING _-'

STN.IDPIPE

CAVE.IN
MATERIAL

WATEK LEVEL. IN
STANTiFIPE AT
ELEV] 

"59.5ONJAN.lO,1975

?-;65

?60

e55

450

245

?40

?35

e30

"e5

GROUND SURFACE

:
u
F
v1

,
9)
or
4
:
N

FIR,M,MOTTLED RED-
BROWN SI LTY CLAY,
SOME SILT AND
SAND LAYER,S

IC<ATED <RUsT

COMPACT GF.F.Y
SILTY FINE SAND

SOFT, BECOMIN6
FrR.M, sENSlTtvE

AND RED.GREY
SILTY CLAY, SoME
SILT LAYERS AND
POCKETS OF BLACK
oR,GANTC CLAY.

r?.o

??7.

n-t.

END OF HOLE

tr4: Percenl oxiol stroin ol foilure

VERTICAL SCALE
IIN. TO 5 FT.

PY
DRAWN ---i-'-::------
CHECKED --.--------Golder Associates



III
Form G.A.-D-1.

IT r I I IIII r r r ti..'t7-aG-o--=
1',

RECORD OF BOREHOLE ?O9

LocATtON See Figure ? BORING DATE DEC. Zf e,tlZ4 DATUM GEODETIC

SAMpLER HAMMER WETGHT t4O LB., DROP 30 lN. PENETRATION TEST HAMMER WETGHT l4O LB.' DROP 30 lN'

coEFFrclENT OF PERMEABILITY, T
k4 cM./sEc. 

I
lxlO lxlO lxlo lrlo -

DYNAMIC PENETRATION .".
RESISTANCE,BI-OWS/FT. r.

20 40 60

SOIIl PROFILE

WATER CONTENT, PERCENTw*--8--Yt
eo1c.Go8()

SHEAR qIlEllGrH NAr.v.-+ o.-ocu., LB./sO.FT. ,r*u.-,i u.-O

6ROUND
sURFACE

?10

765

?60

?5s

?45

?40

235

e30

GROUND SURFACE

7e" olA.
PLASTIC
TTJBING

STAT.IDPIPE

WATER LEVEL IN
STANDPIPE AT
ELEV. ?64..3 ON
JAN.? l97S

CREY SILTY SAND

ED BbWN SILTY
SOME SAND SEAMS
C(AT€D cRutr)

SOFT TO F|RM
SENSITIVE GI,F/ AND
R.ED-GREY SILTY
cuAY, SoMe cLAYeY

UT IXO SILT LAYERS

4.
?60.

?34.

34

za

END OF HOLE

Percenl oriol sfrain ot lcilure

VERTICAL SCALE
I IN. TO 5 FT.

oRAwN ----5-5-----
CHECKED --4.4,-----Golder Associates



IIIIIIIIIIIIIII
Form G.A.-D-1.

ll
I

I-_TI
Prolecr N0. -------

"

RECORD OF BOREHOLE 2IO

LOCATION See Figure ? EORING OATE D:tr]C 4' 1974 oATUM GEODETIC

SAMpLER HAMMER WETGHT t4O LB., DROP 30 lN. PENETRATION TEST HAMMER WEIGHT t4O LB.' OROP 30 lN'

coEFFrcrENT OF PERMEAEILITY, I
k., cM./ sEc. 

Itxlo lrlo lrlo lrlO

DYNAMIC PENETRATION 
....

REslsTANcE,Bl-Ows/Ff. (.

20 40 60

SOIL PROFILE

OESCRIPTION lHEll :IlEilGrH NAr. v. - + o.-ocu., LB. / SO. FT. 
nEnav - ril u.-o

MH

= 105

.Y= to4

PM

a55

e50

?45

?40

?35

?30

??s

77o

BENTOiIIlTE
SFAL -"- tF

%" pro..
PLASTIS.
TUBING - -

TANDPIPE

gTANDPIPE BLOCKED
BY ICE AT EL.?55,4
ON JAH.9,1975

TOOSE TO COMPACT
BROWN TO GREY SILTY
SAND Tb SAND

SOFT BECOMING
FIRM SENSITIVE

AND RED.GR.EY
StLTy cLAy

NUMEROUS CT.AYEY
SILT TO SILT LAYERS

uP To 6" Tx tcr)
\SIONAL bCKETS
tslAcK ORGAf.llC

?,9

z,t

3u

2H
Do,

34

END OF HOLE

Percent dtiol slroin ol foilure

VERTICAL SCALE
I IN. TO 5 FT.

'? t'/
DRAWN ----h-::-----4't
cHEcKEo --t#8-----

.t
Goldei' Associates



.Hu.oF-,.r r I r r r r r r I r r r tr"F-18!?--=

RECORD OF BOR E HOLE 2II

LOCATION .see Figure ? BORING DATE DEC.5)1974 OATUM GEODETIC

SAMPLER HAMMER WEIGHT I4O LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT I4O LB., DROP 30 IN.

coEFFrcrENT OF PERMEABILITY, T' k", cM./ sEc. 
I

lx lO lrlO lxlO lrtO -

WATER CONTENT, PERCENT
wf_____t)_rr

?o 40 60 80

:iQ

: loz

GRAVEL
BACKFILL _

BENTONTTE
SEAL..

STANDPIPE

WATER LEVEL IN
STANDPIPE AT
ELEV.,45t.7 0N
JAN.9r t97s

6ROUI\P SURFACE ?,55

?tu

z4s

e40

?35

?30

e?5

eeo

t-oosE lir coMPAcT
BROWN TO GREY

SILTY SAND

3'l

2u
DO

3',
WP.

SOFT TO FIRM
SENSITIVE

GREY AND GREY
SILTY CLAY,

CASIONAL TI.IIN
SILT AND SAND LAYERS

?7.1
END OF HOLE

! Perc€nt oriol stroin ol fcilure

VERTICAL SCALE
IIN. TO S FT.

oRAwN ----.3-K----./a
CHECKED --Hg-----Golder Assoeiates



I
Form

r r r r r r r r r r r r r r;,""il1|__11r

RECORD OF BOR EHOLE ?I?.

LOCATTON See Fisuro ? - BORTNG OATE DEC. 5 €6,1974 OATUM GEODTTIC

SAMPLER HAMMER WETGHT l4O LB., OROP 30 tN. PENETRATION TEST HAIIIMER WEIGHT l4O LB., oROP 30 lN.

coEFFtctENT OF PERMEABtL|TY, T
k., cM./ sEc. 

I
lx 1O lxlO lrlo lrl0

DYNAMIC PENETRATION "..RESISTANCE,BI-OWS/FT. ("

20 40 60

SO]L PROFILE

OESCRIPTION
WATER CONTENT, PEIICENTwg--$,-fr
?o 4o 6<> ao

:lO7

=]Q,

GROIJND
SURFACE

GRAVEL
glqqgPlgg -f"ii"

f '.1€:I t'lI iLr
lr | |

;'-lt 'l| ;ii
| 't '

BENToNTTEffi||$sEAL' -ffiffi
i-''
| .;o

."t: i'i.,

7p:'--* i4;Pi ASTIC i" I

TUBINJG rri
.' r "lri I ..t,
tri

_ 
^lt 

i

, | ,! ,| .ll
ili"ro li

i":l '{ ;.

hi-
I rl

GRAVEL i'"i. I
BAI]KF|LL _N i.- i

51P,51PP1PE 1-;-',:.

WATER LA/EL IN
STANDPIPE AT
ELEV. 835.5 ON
JAN.9t/ le75

GROUND SURFACE

?.

zx

zt'

?'

30

zn

34

?AO

z3s

430

??5

??o

zr5

zto

z05

o.o

9.o

eo6.

STIFF TO SOFT
WEATHERED AND

ssUR,ED RED.BS.OWN
SILTY CIIY,

SILT LENSES
ESICCATEDCRIST

FIRM SENSITIVE
RED-GR,EY TO GR.EY

SILTY CLAY,.... ---',
SIO}.JAL POCKETS

BLACK ORGANIC

END Otr HOLE

t Perc€nt oricl slroin ot fcilure

VERTICAL SCALE
ilN. 1'10 s FT.

-?F
oRAWN ----t-=-----
cHEcKED --EA-----Golder Associates



F",.u.F!t-,.I I I I I I I I I I I I I rfi""'|p.-Z:Qo--I

RECORD OF BOR EHOLE 213

LOCATION See Figure ? BORING OATE D€C. 6> t974 9ATUM GEODE-f1C

SAMpLER HAMMER WEtcHT l4O LB., DROP 30 lN. PENETRATTON TEST HAMMER WEIGHT l4O LB.' DROP 30 lN'

coEFFlclENT OF PERMEAEILITY, Ikt cM./ sEc. 
I

lxlO lxlO lrlO lrlO -
SOIL PROFILE

ao Ao 60 80

lHEfl :IlEi:GrH NAr. v. - + o.-o
Crr., LB. / SO. FT. 

nEmV . e U.-O

GROUND
SURFAE.E--

6RAVIL
BACKFILL

TUtsINlG

WATER LB/EL IN
STANDPIPE AT
ELEV.?4?4 ON
JAN,9, 1975

:|06

PL

?.5s

?50

745

e4cr^

235

?-3o-

??5

?eo

zl5

GRO{.JND STJRFACE

STlFF WEATHERED
ANb FIssURE.D

RED-BROWN SILTY
CtAY. NUMEF.OUS
SILT,AND SAND
LAYEB,S
(Desrccrteo cRusr

SOFT TO FIRM
SENSINVE

AND Gg.EY-REb
SILTY CLAY,
\SIONAL POCKETS
BTACK ORGANIC

?40.

zr 8.
ENP OF HOLE

Percent oriol stroin ql failure

VERTICAL SCALE
IIN. TO 5 FT.

rD ].'
oRAWN ----:-------a)-
cHEcKED --a.a------Golder Associates



III I IIIIII
il

! I I lt!",,H:tt---
Form G.A.-O-1.

RECORD OF BOR EFIOLE ?14

LOCATTON see Figure z BoRING DATE DEC. lO, 1974. DATUM GEODETIC

5AMpLER HAMMER wEtGHT t4o LB., oRoP 30 tN. PENETRATTON TEST HAMMER WEIGHT l4o LB'' DRoP 30 lN'

coEFFtclENT OF PERMEABILITY, T
kn cM./ sEc. I

lr lO lrlO lxlO lxlo r
SOIL PROFILE

WATER CONTENT, PERCENTwg-$-!t
eo40@80

lHEll 9IlEilGrH NAr.v.-+ o.-o
cu., LB. / so. Fr. ;;Mt - 6 u.-o

GRoU\fD
sURFACE

t+

PH.

PH.

PH

?so

45

?-4€,

?3s

e30

e?s

a?o

ats

GROUND A,'RFACE

CLAY
BACKFILL-

?a"pro..
PLASTI€
TUBING _

!;

GRTVEL
BACKFILL"

STANBPfPE

MATEKIALJ

WATER LEVEL IN
STANTDPIPE AT
ELEV. T?45.5 0N
JAN.9t t97s

:
ul
F.a

)
9)
o
I

,i
5
f.

BROWN SILTY SAND

FIR,M TO STIFF
WEATHERED AND
FISSURED RED.3rcWN

SILTY CTAY,
SIONAL SILT U
tccATrED CRUST

SOFT TCi FIR,M
SENSITlVE

AND RED. GREY
StLTy cl-Ay,
s@Nr.L Pocrgs

BLACK ORGANIC

?4o,
9.O

?t6

!t
TP

3"
IP

3r
-r.?.

END OFHOLE

3 Fercent oriol slroin al failure

VERTICAL SCALE
t IN. TO 5 FT. Golder Associates



I
Form G. A.- O -t.

IIIIIIIIIIIIIl;edF.f1 reI

RECORD OF BOR EHOLE 213

LOCATION See Figure Z BORING DATE DEC. lO, 1974 DATUM GE()DETIC'

SAMPLER HAMMER WEIGHT t4O LB., OROP 30 IN. PENETRATION TEST HAMMER WEIGHT I4O LB., DROP 30 IN.

coEFFtctENT OF PERMEABILITY, T
l+t cM./ sEc. 

I
lx lO lrlo lrtO lrtO -

SOIL PROFILE

WATER CONTENT, PERCENTrp_ \6,-lL
?o ao 60 80

:HEll :IlEilGrH NAr. v. - + o.-oCu., LB./SO.FT. ,r*U.- e U.-O

X=97

= 9l

fi o,^ P,^rr,.
TuEtNG 

-

CLAY
BACKFILL

WATER LEVEL IN
STANDIPIPE AT
EL.EO.g ON
JAN . lO. te75

?"5

??o

zt5

aro

eos

eoo

195

r90

r8s

GROUND SUR

?u
D,0.

3rt
a,e

2q
DO.

3"

?tt
TE

3

PH.

PH.

SOFT Tb STIFF
SENSTTIVE GREY
AND RED.GREY
. SILTY CLAY,

(uroee e Fr" LrGliTL'
DESI(CATED AND

511-1 !$.rsES)

181 A
END OF HOLE

t Perconl oliol slroin ol tailure

VERTICAL SCALE
IIN. TO 5 FT.

DRAWN ---K5-------cHEcKED --64-----Golder Associates



#u.AF-r. r r II ITIIIIITI
lr

teon-J:frt-o-ll

RECORD OF

BORING OATE

oRoP 30lN.

BOR EHOLE ?16

LOCATION

SAMPLER

See Figure Z

HAMMER WEIGHT I4O

DEC. il, 19'74 DATUM

PENETRATION TEST HAMMER WEIGHT

GEODETIC

r4o L8., OROP 30 lN.

coEFFtctENT OF PERMEABILITY, Tlq cM./ sEc, I

lxlO lrlO lxlO lrl0 I
DYNAMIC PENETRATION ....
RESISTANCE,BI-OWS/FT. (.'

zo 40 60 ;\'*'

SOIL PROFILE

:HEll :Il:J:GrH NAr. v. - + o.-ocu., LB. / sO. FT. nErtv.. ai u.-O

tsENTONITE

WATER LEVEL IN
STANbPIPE AT
eL.?a4.4 0N
JAN. lO,l975

'98

=95

PM

.P-

??5

?eo

el5

ero

?o5

aoo

r95

t90

GROUND SURFACE

?"
:o

?"

a"
.o.

?"

3"
.5.

FIR,M. WEAIHEF.ED
ANCJ FISSURED

TLED 6REY AND
,N SILTY CI.AY
KCATED CruST

FIRM. SENSITIVE
3RE'T.AND RED-GREY

SILTY CIAY

3.o

?t1 .

Percenl oriol stroin ol failure

VERTICAL SCALE
IIN. TO 5 FT.

oRAwN ----JA------./2-
CHECKED _-44-----Golder Associates



IIIIIIIIIIIIIII
Form G.A.-O-1.

;;
rir r---r

r rvreLl

i

RECORD OF

BORING DATE

oRoP 30 rN.

BOR E HOLE ?I-7

LOCATION 9ee Figure

SAMPLER HAMMER WEIGHT

JAN. a, t975 DATUM

PENETRATION TEST HAMMER WEIGHT

6EODETIc'

t4o LB., DROP 30 lN.

coEFFrctENT OF PERMEAEILITY, I
k.t cM./ sEc. 

I
lxlO lrlo lrlO lrlO L

DYNAMIC PENETRATION
RESISTANCE,BIOWS/FT. (.

20 40 60 80"-*'

SOIL PROFILE

OESCRIPTION ?HEll :IlEi:GrH NAr. v. - + o.-c
Cu., LB. / sO. FT. 

ierrtv. - ri U.-O
Sgo l,ooo t,Eoo ?,ooo

WATEB. LEVEL IN
STANDPIPE AT
EL. 

"55.t 
oN

JAN.9, t9?5

a" ?l

?l

?l

35

P.H

P.H.

EH

?65

zGo

?5s

?_5o,

45

?-40

e3s

?30

7?5

UJ
F
an

>o)J
oI
t
o

l-

o.o

?s9.f

SAND AND GRAVEL

(nofJtbo'.)

ACT T3 DENSE
6RoWN, SLIGHTLY
STRATIFIED SILTY
FINE SAND

SOFT TO FIRM
AND RED-6R,EY

stLTY C|AY,
OCCASIONAL SILT
LAY€RS

END OF I{OLE

3 Ferc€nf oriol sfrain ol lqilure

VERTICAL SCALE
IIN. TO 5 FT.

oRAwN ----.J.A'-----f)z
CHECKED --84-----Golder Associates



rr
Form G.A.-O-1.

IIIIIIIIIIIII I I_I I

RECORD OF BOR EHOLE Z I 8

LOCATTON See Figuro Z EORING DATE DEC. 9,1974 OATUM GEODETIC

SAMPLER HAMMER WEIGHT l4O LB., OROP 30 lN. PENETRATTON TEST HAMMER WEIGHT l4O LB.' OROP 30 lN.

coEFFtclENT OF PERMEABILITY, Th, cM./ sEc. 
I

lx lO lx lO lrlO lrtO

SOIL PROFILE

:HEll :IlEi:crH NAr. v. - + o.-c
Cu., LB. / sQ. FT. iervtv - ri U.-O

:tQ

.95

BENToNITE

DIA. PLASTIC
TUB|NG 

-

iLEVEL IN

EL.e43.6 0h.|

aso

245,

a40

?35

e30

??<

??o

?15

?lo

GRCUND SURFACE

tl

z"
Io.

6

P.L

p.M.

\r{P

lln

35. I

?r3.G

FIR,M IO STIFF
WEATHERED AND
FIssUR.ED RED -
BROWN SILTY €tAY

ASIONAL SILT
SAND LAYERS

FtRM, SENSITIvE
GF.EY AND RED -
REY SILTY CLAY,

ASIoNAL PO<KETS
BLAC|( oRGANTC.

END OF F,IOLE

Percenf oriol elroin qt tqilure

VERTICAL SCALE
I IN. TO 5 FT.

ORAWN ----,.J.A.-----
cHEcKED -;EE-----Golder Associates



III
Form G.A.-O-1.

r I II I I r I II I r ::

-.!_---IL:-_l

RECORD OF BOREHOLE ZI9
LOCATTON See Figure 7 EORING DATE DEC. lr, 1974 OATUM GEODEflC

saupuen HAMMER wEiGHT r4O LB., DROP 50 lN. PENETRATTON TEST HAMMER WETGHT r4O LB., DROP 30 lN.

coEFFrclENT OF PERMEABILITY, T
k", cM./ sEc. 

IlxlO lrlO lxlO lrlO

SOIL PROFILE OYNAMIC PENETRATION ....
RESTSTANCE,BISWS/FT. (

2040@

:HEfl :IlEi:GrH NAr. v. - + o.-.cu., LB./SO.Fr. *r*u.. o u.-o

=98

WATER, LEVEL tN
STANDF!PE AT
EL.?a9.5 0N
JAu.lg-1975

GROUND SURFACE

a"

?r'
',P.

ln

:P.

t'
D.O.

au
.P.

P.H

P.H

?40

e35

?30

zz5,

?eo

?t5

ero

?os

eoo
eol.o

VEFY 5T]FFTO FIRM
WEATHER,ED AND
FISSURED GREY-
BN,OWN TO BROWN

SILTY C[AY,
O<CASIONAL SILT

D 5AND LAYERS
DESTCCATeD CRUST)

FIRM, SENSITIVE
GR.EY AND RED-GREY

SILTY CIAY,

8l4ck ORGANTC

END OF HOLE

Fercenl oxiol slroin ol loilure

VERTICAL SCALE
1IN. TO 5 FT.

oRAWN ------J-A.----r)
cHEcKED --/q&-----

ri
Golder Associates



III
Form G.A.-O-1.

I I I I I I r r.r r r r !;iu.,lt ;4EoI

RECORD OF BOREHOLE ??O

LocATloN see Figure ? BoRTNG oATE DEC.lo,l9-74 DATUM GEoDETlc

SAMpLER HAMMER WEtcHT l4o LB., OROP 30 lN. PENETRATTON TEST HAMMER WEIGHT l4O LB.' DROP 30 lN'

coEFFtcrENT OF PERMEABILITY, r
1&, CM./ SEC. I

lxlO lrlO lxlO lrlo I
SOlL PROFILE

DESCRlPTlON lHEll ?IlEi:GrH NAr. v. - + o.-o
Cu., LB. / SO. FT. 

nen4V.. ril U.-O

--97

I =9o

=96

{ot^, PLAsrrc,
TUBING _

WATER LEVEL IN
TANOPIPE AT

EL. ?i?3.7 oN

5

e

P.M

"30

?"5

z?o

et5

elo

eo5

?oo

190

GRICY - BTOWN
SILTY C,LAYitclreotcirir)

FIRM TO STTFF
SENSITIVE 6R,E'Y
AND R,ED - GR.EY

SILTY CLAY,
OccAStONAL SILT
ANb SAND L4yEl51
rcckETs oF 6lAcK

t93 j
END OF I]OLE

5 Percent' oriol 9tt6in ol fqilure

VERTICAL SCALE
I IN. TO 5 FT. Golder Associates



IIIIIIIIIIIIIIIIIII
Forn c.A.-O-t. Proiect No. --.(=.li--J-v----

RECORD OF BOREHOLE ?EI

LOCATION

SAMPLER

See Figure ?

HAMMER WEIGHT I4O

BORING OATE

L8., OROP 30 lN.

DEC.II 1974 OATUM
t

PENETRATION TEST HAMMER WEIGHT

G EO DETI C

l4o LB., DROP 30 lN.

coEFFrctENT OF PERMEABILITY, r
k., cM./ sEc. 

I
lr lO trlO lrlO lrlO

SOIL PROFILE

:HEll :Tqi:crH NAr. v. - + o.-ocu., LB./so.Fr, 
nErcv.- ri u.-O

c
=99.95

=97
H

=96

WATER LEVEL IN
PIEZOMETER. AT
EL.z?4"4 oN
J AN . tO, lg75

Zno,l. PLasr,.
fuBrNG 

-

l4

?o

PL

PM

w.P,

PM

Pt0

"30

?25

e?o

et5

ato

?o5

eoo

t95

190

GROUND SURFACE

:l 3"3 b5.

etB .9
-7.5

| 94.e

STIFF TO VERY SNFF
WEATHERED AND
FISSURED RED.BROWN

SOFT TO STIFF
SENsITIVE

Ar.rD RED- GRer
SILW CLAY,
SIONAL SILT
S AND POCKET5

EI.ACK oRGANrc

oF t-loLE

Percent oxiol stroin cl fcilure

VERTICAL SCALE
IIN. TO 5 FT.

DRAWN ----.-J.4.----
cHEcKED --&tr-----Golder Associates



I rtr.r.Izl I I I I I I I I I I I l"oJlf""!ile!F:-

RECORD OF PENETRATION TEST EAI :

LOCATTON See Figure e DR|V|NG DATE JAN. 6rl?75' DATUM GEODETIC

PENETRATION TEST HAMMER WEIGHT I4O LB., DROP 30 IN.

PENET 'RATION TEST No. Za I PENE RATION TEST No.

:LEVN
)EPTH

INFERRED
SOIL PROFILE

zo
:- lrl
FI{a
g8
lrl

DYNAMIC PENETRATION 
.-';

REsrsrANcE,BLows/FT. (.

20 40 60 80

:LE Y It.

)Eprn
INFERRED

SOIL PROFILE

zo
t=3t's
5(,

DYNAMIC PENETRATION ".--
RES]STANCE, BLOWS/FT {r_-_

20 40 60 80

??6.4

PN,oBABLY ToPsoIL _

6ROUND SURFACE,I/

7 ?30

??o

elo

?oo

190

t80

t70

r60

t50

t40-

l

o.5

zta -9

PR,OBA6LY
STIFF To VERy 51spp

SILTY CLAY
(oesrccnteD cRusr)

1.5

194 .9

PR.oBAELY
SOFT TO STIFF

SEN5ITIVE SILTY CIAY

I3t. 5

| 41.4

END OF BOR.EHOLE
??l

PROBABLY
FIRM TO STIFF

SEI.ISITIVE SILfi CIAY

n

v1tl
n
n

vItl
v]

t) \

155 <
?35 --r
E5o--'|

79.o END OF PEN.TEST

VERTICAL SCALE

I tN. TO lO FT. Golder Associates
DRAwN -----J.'-Ar--
.HECKED -E-a----



F,'u.t_,.r r - r t r r r r r r r r ?-i""|f_:zftil

LOCATION

SAMPLER

See Figure ?

HAMMER WEIGHT I4O

RECORD

BORING DATE

L8., OROP 30 lN.

OF BOREHOLE 
"?7

JAN. a-3/ 1975

PENETRATION TEST HAMMER

DATUM GEODETIC

WEIGHT t4O LB., DROP 30 lN.

coEFFrclENT OF PERMEABTLITY, T
k"r cM,/ sEc. I

lr lO lr tO lrlO lrK) I
SOIL PROFILE

:HEfl :IlEilGrH NAr. v. - + o.-o
Crr., LB./SQ.FT. oa".u.. g u.-O

5oo l,ooo 1,590 qooo

WATER LEVEL IN
STANDPIPE AT
eu. ?r5.9 0N
JAN. lO,197.5

=l0Z

GR,OUND SUR

6

P.H.

IM

P.H

:H.

P.H

7?o

zt5

zro

?o5

?oo

r95

190

r85

l8c>

gLACK OR6ANIC
SILTY CLAY

FIR,M, SEN5ITIVE
GREY AND RED.GT,EY

SILTY CLAY,
OC<ASIONAL fuCKETS
OF BIACK ORGANIC
CLAY.

r 84.9

'.P.

:P.

.p.

END OF HOLE

Percenl oriol strain ql failure

VERTICAL SCALE
IIN. TO 5 FT.

lA
DRAWN ------'L'J! - --,-

--cHEcKED -.94.------Golder Assoeiates



III
Form G.A.-O-1.

I III rI I I II r r ti".,F"-:tEq-=

RECORD OF BOR EHOLE ??3

LOCATION See Figur€

SAMPLER HAMMER WEIGHT

BORING DATE

30 rN.

DEC. 13, t9-74 DATUM

PENETRATION TEST HAMMER WEIGHT I4O

6EODETIC

LB., DROP 30 lN.

coEFFtctENT oF PERMEABILITY, T
l1"r cM. / SEC. I

lxlO lxlo txlO lxK) I

WATER, LEVEL IN'ANDPIPE AT
EL.Z30. I oN
AN. lo, t975

GRAVEL
FILL+i

BENTONITE
SEAL 

-

= lt6

f,=gs

tl

-c^'

T.0.

J'

is.

t6

P.L.

P. L.

RM.

P.M

?3s

23o-

?as

E?O

?15

?lo

?o5

zoo

GROUND SURFACE

STIFF WEATHERED
AND FiSSURED

GREY.tsROWN SILTY
CLAY, NUMER,OUS
SILT AND SAT.IDLAYEPS

DESIC<ATED CRUST

SOFT TO FIRM
SEN5ITIVE 6REY
AND R,ED-6R.EY

SILTY CLAY,
SIONAL PO<KET

BLT.CK ORGANIC

7?.1

eoo
END OF HOLE

t Fercenl otiol stroin ol lqilure

VERNCAL SCALE
ltN. To 5 rr. Golder Associates



I-! I I I I I I I I I I I I I t",F_-1fGS_FForm G. A.-O -1,

RECORD OF BOREHOLE 
"?4

LOCATTON See Figure Z BORING OATE DEc. l?t 19-74 OATUM GEoDETIC

SAMpLER HAMMER WEIGHT l4O LB., OROP 30 lN. PENETRATION TEST HAMMER WEIGHT l4O LB.' DROP 30 lN.

coEFFrcrENT OF PERMEABILITY, Tk, cM. / sEc. I

lx lO lx lo lrlO lxlo I
OYNAMIC PENETRATION ....
RESISTANCE,EI-OWS/FT. (.

20 40 60

SOIL PROFILE

DESCRIPTION :HEll ?nqi:crH NAr.v.-+ o.-c
Cu., LB./sO.FT. ieuv.- eil U.-O

=96

=93

WATEE. LEVEL IN
STANDPIPE AT
EL.?34.4 0N
JAN . lO,, 19 7 5

GRAVEL

?40

?35

230

"?5

aao

?15

? ro

zo5

zoo

GROUND SURFACE

et'
T.P.

t?

P.H

P.H.

P.l1

P.H

{
o
l-

5TIFETO VERY STIFF
WEATHERED AND

;URED GREY.BROM.I
SILTY CLAY,

<ATED CTUST)

FIRM. SENSITIVE
YATD RED.GREY
5|LTY 6tAY,

ILT iLAYER.S

o.5

izt. +
9.o

?or
END OF HOLE

5 Perc€nt oriol stroin ol fcilure

VERTICAL SCALE
IIN. TO 5 FT.

oRAwN ------lA.-----
cHEcKED -Ed------Golder Associates



'i

I I I I I I I I I I r I I I I lt""F__7-G9_F
Forrn G,A.-D-1.

RECORD OF BOREHOLE ?E5

LOCATION

SAMPLER

See Figurc 7
HAMMER WEIGHT I4O

BORING OATE

oRoP 30lN.

DEC. le / 1974 DATUM

PENETRATTON TEST HAMMER WEI6HT

GEODETIC

r4o LB., DROP 30 lN.

coEFFrcrENT OF PERMEABILITY, T
k"r cM./ sEc. 

IlxlO lrlO lxtO lrlO

OYNAMIC PENETRATION 
....

RESTSTANCE,BLoWS/Fr. (
20 40 60 80-'--

SOIL PROFILE

?HEl! 9IlE-lIGrH NAr. v. - + e.:o
Cu., LB./SO.FT. ner*V.- ri U.-O

WATER LEVEL IN
sTANOPIPE Al-
EL. aEo.6 oN
JAN. l',o, t9?5

GRAVEL

tr=log

30

"e

ra

3

P.H

P.tl

?60

a55

a50

245

?40

?75

e30

e?.5

e7o

GROUND SURFACE

tU,-
lt1

;
9
Jo
:r.

{o
|-.

:OMPACT TO DENSE
BROWN STRATIFIED
SAND TO SILTY
FINE SAND

FIRM. SENSITIVE
;REY i\ND RED€REY

stLTY CLAY, 
.

TRACE GRAVEL,

9AND LAYERS

?-72.r
END OF HOLE

: Percenf oxiol slroin ct. foilure

oRAwN -----J.4.
VERTICAL SCALE
ilN. nc 5 FT. Golder Associates CHE.KED -fu-



I I r r I I r r r I I I I I r ril--.F7z*ol
Forn G. A.-O -1.

LOCATION See Figuro ?

SAMPLER HAMMER WEIGHT I4O

RECOR D

BORING DATE

LB., DROP 30 lN.

OF BOREHOLE 7?6
DEC, 15 t t9'74 DATUM GEODETIC

PENETRATION TEST HAMMER WETGHT l4O LB., OROP 30 lN.

coEFFrcrENT OF PERMEABILITY, I
k{ cM./ sEc. 

I
lxlO lrlO lrlO lrlO

SOIL PROFILE

:HEll :IlEilGrH NAr. v. - + o.-o
Cu., LB./SO.FT. nerrtv.- <i U.-O

BENTONITE

DtA. pLAsTr<
TUBIhJG

STANDPIPE_

WATER LEVEL IN

EL.e3?.7 0N
JAN.lo, r975

:104

X'99

?50

"45

?40

?35

?p

??5

?70

?rs

GROUND SURFACE

1

P.t.

6

P.M

P.H

IOOSE TO COMPACT
BRoWN SILTY SAND

STIFF RED-BROWN
SILTY CLAY

BECOMING STIFFTO
FIRM SENSITIVE
GREY SILTY CLAY,
OCCASIONAL THIN
SILT LAYERS WITH
DEPTH

?16.
END OF HOLE

Percenl oriol 3train ot toilure

VERTlCAL SCALE
IIN. TO 5 FT.

DRAwN -----=,.4------/)-
cHEcKED -tq?------Golder Associates



r r r r r r r r r r r r r ;.",F__7_!!13_ilForm G.A.-O-1.

LOCATION

SAMPLER

See Figuro Z

HAMMER WEIGHT I4O

RECO R D

BORING OATE

LB., OROP 30 lN.

OF BOR E HOLE 
"71

Dec. 14, 1974

PENETRATION TEST HAMMER

DATUM GEODETIC

wEtGHT t4O LB., DROP 30 lN.

coEFFtclENT OF PERMEAEILITY, T
k., cM./ sEc. 

Ilxl0 lrlO lrlO lrlO

:HEll :IlEilcrH NAr. v. - + o.-o
cu.; LB./so.FT. iEmv- ri, U.-O

t"
4a Dh Pl,rASrl<

;RAVEI-
FILL _

WATEF. LEVEL tN
NDPIPE AT

L.?"S.e oN
.lAN. tO, t97S

EM

"35

?30

?75

eeo

et5

ato

eo5

aoo

r95

GROUND SURFACE

COMPACT TO VERY
I-OOSE.BROWN SILTY
SAND TO SAND

r98.7

FIRM. SENSITIVE
Y AND RED-GREY
stLTY CLAY,

OCCASIONAL POC

OF BLACK ORGANIC
CLAY,

ND OF HOLE

Percenl oriol strain ol loilure
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RECORD OF BOREHOLE EA8

LOCATION See Figure Z BORING OATE DEC. ll,l9-74 DATUM GEQOETIC

SAMPLER HAMMER WEIGHT t4O L8., OROP 30 lN. PENETRATTON TEST HAMMER WEIGHT l4O LB., DROP 30 lN.

CoEFFICTENT OF PERMEABILITY, r
k, cM./ sEc. 

I
lx tO lr lO lxtO lxlO -

WATER CONTENT, PERCENT*f-6-lt.
?o 40 @' 80

WATER LEVEL IN
SIANDPIPE AT
EL. a53.6 0N
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SUP.FAcE

CLAY
BACKFILL

bIA, PLASTIC

'N= ll4

X'tol

3lOl
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rl

3tt
.P.
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?o
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P.Ll
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S]LTY CLAY,
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I-AYER5 AND POCKETS
OF BLACK ORGANIC
CLAY

END OF FIOLE

tr*r Percenl oriol slrcin ol fcilure

VERTICAL SCALE
IIN. TO 5 FT.
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LOCATION See Figure

SAMPLER HAMMER WEIGHT

DEC. t" + t3 ,t9-74 DATUM

PENETRATION TEST HAMMER WEIGHT

GEODETIC

r4o LB., OROP 30 lN.

coEFFrcrENT OF PERMEABILITY, Tk, cM./sEc. 
I

lxlO lrlO lrlO lrlO '

SOIL PROFILE DYNAMIC PENETRATION ....
RESTSTANCE,EtOWS/FT. (

?o 40 60
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BENTONITE

;fER, LEVEL lN
STANDPIPE AT
EL. 
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P.Vl
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END OF HOLE

*: Percent otiol strdin ot lqilure

VERTICAL SCALE
I IN. TO 5 FT. Golder Associates
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RECORD OF BOREHOLE E3O

LOCATION See Figure

SAMPLER HAMMER WEIGHT

? BORING DATE

t4o LB., DROP 30 tN.

Dec.lc,l9-74 DATUM

PENETRATION TEST HAMMER WEIGHT I4O

GEODETI C

LB., DROP 30 lN.

coEFFrctENT OF PERMEABILITY, r
l$, cM./ SEc. 

I
lrlO lrlO lrlO lxlO -

OYNAMIC PENETRATION ....
RESTSTANCE,EI.oWS/FT. (
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GREY CLAYEY SILT
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RECORD OF

? BORING OATE

t4o LB., OROP 30 lN.

BOREHOLE E3I

LOCATION See Figure

SAMPLER HAMMER WEIGHT

DEC. t7, 19'74 DATUM

PENETRATION TEST HAMMER WEIGHT I4O

G EODETI C

LB., DROP 30 lN.

coEFFrctENT OF PERMEAEILITY, I
k., cM./ sEc. 

I
lr lO lx lO lr lO 1r hC
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P.L.
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SILTY CLAY
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,R,FT AND RED-GRE'

SIUTY CLAY

F BIACK OR,6ANIC

3t.51 END OF HOLE

Fercent oriol 3troin ol foilure

VERTICAL SCALE
IIN. TO 5 FT.
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RECORD OF BOREHOLE ?3A I

LOCATfON seo Flrst. 7 aORtNG DAIE DEc. 13,1974 OATUM G€ODETIC

SAMPLER HAMMER WEtcHT t4O LB., DROP 30 tN. PENETFAIION TEST HAMi,IER WETGHT l4O LB.' oROP 30 lN.
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k., cM./ sEc. I

lrlO lrlO lxlO lrlO I
OYNAMTC PENETRATION \..
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DIA. PLASIIC
TUBt NG

WATER LEVEL IN
STANDPIPE AT
EL. ?30.3 0N
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T.P.

RH.

P.H
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3
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'f

i
:
f.
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SAND LAYERS AND
POCKETS OF BI.AC.K
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lN UPPER aFr.)

VERTICAL CROSS -
SHAPED SAND DRAIN
BETYI'€EN EL.?E3
AND EL.??4.

7.O

?oo.3
END OF }IOLE

l Percenl oxiol stroin ol lcilure

VERTICAL SCALE
1N. ltc S FT.
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FIGURE 77GENERAL PATTER,N OF

UNDR,AINED SHEAR STR,ENGTH V5 ELEVATION

uNDRA|NED SHEAR STREN€TH, LB/sq. FT.
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FIGURE 30DISTRIBUTION OF UNDRAINED SHEAR STRENGTI{

IN UPPER Io' oF UNWEATHERED CLAY
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EFFECT OF FILL HEIGHT ON ALLOWABLE BEARING
PRESSURE OF SHALLOW STRIP TOOTINGS

FIGURE 36
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