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Enclosed please find the complete foundation investigetion report
for the above-mentioned project. The report has been prepared

for us by H. Q. Golder & Assoclates Ltd, —

3 ~We believe you will find the factusl information contalned in the
ﬁ - report and the recommendations relating to the design and construc-

tions of the proposed structure and approaches, sufficient for your
purposes. We would like to advise you, however, that in regards

to plle capaclty and calsson capacity, we feel that the Consultant
S - has been too conservative, We would recommend that the maximum

3 - allowable load for H piles (i.e., 95 tons for 12 BP 74), .and a

ol design pressure of 50 t,s.f. for calssons installed in bedrock

be used rather than the 75 tons, and 25 t,.,s.f. that the Consultant
 has recommended
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ABSTRACT

The results of a subsurface investigation carried out
at the proposed river crossing for line 'K' of controlled access
Highway No. 403 near Brantford, Ontario are presented. The
investigation has indicated that:

a) along the west river bank there is a shallow cover
of recent river flood plain deposits and glacial till overlying
the bedrock of the Salina Formation, and

b) within the river channel, the bedrock surface has been
eroded to about 3 ft. below the bedrock surface on the adjacent
banks, and has been covered by a deposit of sand, gravel, cobbles
and boulders, and

c) along the east river bank there is an extensive, deep
deposit of interbedded, stratified glacial till, which is about

70 ft. thick at the location of the proposed abutment.

The bedrock of the Salina Formation consists of inter-
bedded greyish-green shale and vuggy dolomite with inclusions and
precipitates of gypsum. The bedrock is fractured throughout and
highly permeable to water.

It is recommended that either spread footings or
caissons drilled into bedrock be used for the pier foundations.
Tn either case, it will probably be necessary to construct the
foundations in the wet using tremie concrete.
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INTRODUCT ION 2.

H. Q. Golder & Associates Ltd., have been retained by
the Department of Transportation and Communications to carry out
a subsurface investigation at the site of the proposed river cross-
ing for Line 'K' of controlled access Highway No. 403 across the
crand River near Brantford, Ontario. It is understood that at the
present time consideration is being given to the choice of either

a four or five span twin bridge structure at the site,

The purpose of the investigation was to provide
sufficient geotechnical information so that the foundation require-
ments for either bridge alternative could be considered in con-
junction with the overall estimated costs, and to provide addition-
al geotechnical recommendations, as may be necessary, for the cut
slopes which will be considered along the eastern approaches to

the proposed structure.

This report presents the results of our subsurface
investigation, and includes our geotechnical recommendations with

regard to the foundation requirements.

SITE AND GEOQOLOGY
The site is located in Lot .16, Conc. II of the Township

of Brantford, Brant County. At this location, the Grand River is
about 350 ft. wide and flows southerly in a channel which is
generally 3 ft. deep or less, (as observed at the time of this
investigation) near elev. 690. The western bank of the river is
generally flat within the vieinity of the proposed bridge structure
(about elev, 700) or about 8 to 10 ft. above the present river
level. The river terrace on the west bank is approximately one

quarter of a mile wide. On the eastern bank, the land surface
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3.
rises sharply at about a 2 (horizontal) to 1 (vertical) overall
slope to a high terrace or plateau which is about 135 ft. above

river level (i.e. about elev. 825). The centreline for the proposed

Hwy. 403 follows the line of a previously excavated gulley which

was constructed to drain a relatively shallow pond about 800 ft. to

the east of the crest of the bank.

Available geological information indicates that the
principal soil deposits were laid down while the Grand River served
as a major glacial spillway, and that some of the surficial deposits
were also formed as glacial beaches. The soils along the east bank
are unevenly sorted, stratified and cross~bedded sands and gravels.
The geological information suggests that the typical boulder size
ig about 12 in. However, boulders up to 4 ft. in diameter have
been excavated from the adjacent gravel pit to the east, and
occasional large boulders are present on the surface of the slopes
upstream of the site. The water table on the east side 'is reportedly

about 40 to 50 ft. below the ground surface.

The drainage gulley at the crest of the east slope is
about 20 to 25 ft. deep, with side slopes of about 2 (horizontal) to
1 ( vertical ) . The material from the drainage gulley has been
bulldozed down the slope so that some oversteepening and surficial
slump movements have occurred. In addition, some surface erosion
has exposed the soil, and cut relatively steep channels down

stream from the gulley.

Approximately 160 ft. south of centreline Sta. 458+00,
groundwater under slight artesian pressure was observed to be

seeping out of the slope at about elev. 754. The zone of softening
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44:
due to the seepage is about 30 ft. in diameter, and extends up the

slope to about elev. 760,

published geological mapping indicates that the bed-
rock consists of interbedded grey and green, irregularly bedded,

soft, calcareous and argillaceous shale of the Salina Formation.

This formation algo contains layers of hard dolomite, and small

quantities of anhydrite and gypsum are present within the grey

shale beds. The general dip of the rock surface is from west to

east, and the bedrock surface is reportedly about elev. 725 or lower

along the east bank of the Grand River.

Detailed subsurface investigations have been previous-
ly carried out by the Foundation Section of the Department of
Highways, Ontario along proposed line 'H' for Hwy. 403, approxi-
mately 250 to 300 ft. south of the present site (W.J. 63-F-14B-~

W.P. 159-60, May 1965). This investigation indicated that the

bedrock surface was at about elev. 685 in the vicinity of the

west bank, and within the river, rising to about elev. 720 on the
east bank. The surface was generally level below the west bank,
with minor variations in rock surface of about 5 ft., possibly due

to earlier erosion of some of the softer layers of the shale.

PROCEDURE
The field work for this investigation was carried out

between Oct. 28 and Nov. 26, 1971 using three diamond drillrigs
supplied and operated by F. E. Johnston Drilling Co. Ltd. During

this period of time, a series of 27 boreholes were put down at the

proposed alternative pier and abutment locations for the east and

westbound lanes, as well as along the centreline of the route at

the piers and abutments. In addition one borehole was put down on
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5.
the centreline near the crest of the slope to the east of the pro-
posed east abutment. With the exception of B.H. 28 (at the crest
of the east slope), each borehole was taken down to the top of the
bedrock. Because of the numerous larde boulders which were observed
at random locations along the river, and the fractured nature of the
bedrock, the boreholes were carried down in a majority of cases
into the bedrock for a depth of five ft. or until sound bedrock

was observed.

A detailed log of each borehole is given on the Record
of Borehole Sheets following the text of this report. The location
of the borings is shown on Fig. 1 and Fig. 2, along with typical
cross-sections giving the inferred stratigraphy. Longitudinal
sections through the boreholes on the eastbound and westbound lanes

are given on Fig. 3.

The samples obtained during the investigation were
brought to our laboratory for detailed examination and testing.
The results of the laboratory tests are shown on the Record .of

Borehole Sheets, and on Figs. 4 to 7 inclusive.

Following completion of selected boreholes, standpipes
or piezometers were installed to determine the groundwater regime.
The observations in the standpipes and piezometers, as well as
the water levels in the open holes upon the completion of drilling,

are given on the Record of Borehole Sheets.
The ground elevation and location of the boreholes

were given to us by the Department of Transportation and Communica-

tions, and elevations are referred to Geodetic Datum.

Golder Associates



6‘
SUBSURFACE CONDITIONS

The site may be divided into three general areas, and,
for convenience, summarized subsurface conditions within each of

these areas are discussed separately.

East Bank of Grand River

East of Sta. 459400, the subsoil consists of a complex
series of glacial till deposits which presumably were put down
during late: Pleistocene times. At the location of the proposed
east abutment (Section A-A, Sta. 457+35), these till deposits
may be roughly divided into three zones. The upper zone consists
of compact to very dense sandy silt till containing gravel, cobbles
and boulders, and which extends for a depth of about 30 ft. to be-
tween elev. 738 and elev. 722. This upper till, in turn, overlies
a very stiff to hard silty clay 'till' with some sand and gravel
which is between 10 and 20 ft. thick. Samples of the 'till' indi-
cated stratification or layering indicating that portions of this
deposit were probably laid down during short interstadial times.

However, the layering was not evident in all samples. Underlying

the silty clay till is a complex lower sandy silt till which con=-

tains layers of sand and gravel, and which overlies the bedrock.

With the exception of the upper surface, the complete
till sequence is in a very dense state. Although no large cobbles
or boulders were cored within the till deposits, it must be pre-
sumed, based upon the surficial exposures on exposed slopes, that

such cobbles and boulders will exist within the till.

At the proposed abutment. location, the bedrock is at

about elev. 697, while closer to the river, the bedrock surface is
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7.
about elev. 693 (Section B-B), and about elev, 688 (Section C~C).
The difference in bedrock elevation at the above proposed pier
locations is probably due to river erosion of the shale bedrock

during earlier river stages.

The bedrock consists of horizontally bedded, fractured,
laminated greyish~green shale and vuggy dolomite (salina Formation).
The fractures tend to be vertical or steeply inclined, and gypsum
inclusions are noted within the dolomite. In some cases, gypsum

precipitates have been formed within apparently old fractures, and

in one case a breccia-like sand conglomerate was noted within a

shale layer The rock quality of the core and the percentage core
recovery were low, and it must be presumed that fractures and/or

small cavities are relatively numerous.

Piezometers within the bedrock and above the river level
were dry. The upper piezometer installed in B.H. 28 indicates that
the piezometric surface is about elev. 777, about 25 ft. below the
bottom of the gulley, and about 50 ft. below the crest of the bank.
This piezometric surface is slightly above the zone of seepage

which exists to the south of the proposed alignment at about elev.

760.

River Channel Section

Between about Sta. 459400 and Sta. 462+40, the subsoil
consists of a very shallow cover (about 6 ft. thick) of compact to

dense silty sand and gravel with cobbles and boulders.
The average bedrock elevation is about elev. 683, but

there are variations of plus or minus 3 ft. approximately, at

specific borehole locations. The upper surface of the bedrock
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8.
consists of a dolomite layer which extends down to about elev. 678,
and which overlies interbedded greyish-green shale and vuggy

dolomite with gypsum inclusions. Occasional shale or dolomite

boulders were noted in the overlying river deposits and it is probable

that river erosion has occurred along fractures in the upper bedrock
surface. Clayey material is present in the deeper portions of the
bedrock, and this probably represents mudstone layers which have
been reported at other locations within the Salina Formation.

The core recovery from the bedrock samples was low, although
samples of the core weré sound. The low recovery is probably due

to an appreciable number of fractures within the bedrock.

Wegst Bank of Grand River

From about Sta. 426+40 westerly, the subsoil is com-
posed of a thin cover of recent floodplain deposits which typically
consist of compact to loose brown silty sand with some organic
matter and shells. This deposit is about 5 ft. thick and represents
recent material deposited from various flood stages and earlier
channels of the Grand River. At the western end of the site near
the proposed west abutment, the river deposits overly a hard brown
clayey silt to silty clay till which contains some cobbles and boul-
ders. The till layer is about 6 ft. thick at the location of the

proposed west abutment.

At the two proposed pier locations (Sections G-G and
H-H), the bedrock surface is about elev. 685.5, while at the loca-
tion of the proposed west abutment (Section I-I), the bedrock
surface is about elev. 690. The upper surface of the bedrock
consists of grey shale and overlies interbedded shale and dolomite

with gypsum cavities. The bedrock surface under the west bank

Golder Associates



9.
of the river is higher than that exposed in the river channel, and
suggests that the present river channel has been the main channel

of the Grand River for an appreciable period.

Piezometers and standpipes installed within the bed-

rock indicate that the piezometric surface is at river level.

DISCUSSION AND RECOMMENDATIONS

It is understood that it is proposed to construct a
multi~span twin bridge structure to carry controlled access
Highway 403 across the Grand River at this site. The total
length of the structure will be in the order of 720 ft. The
west abutment will be located at about Sta. 464450, with the
grade of the pavement at about elev. 754, or some 55 ft. above the
present ground surface. The east abutment is proposed to be at
about Sta. 457+20, with the roadway grade at about elev. 767, or
some 5 to 15 ft. above the existing ground surface. Between
the abutments, the bridge structure will be on a 2 per cent grade.
At this time, it is understood that the choice of a four or five

span bridge has not yet been made.

For convenience, the various geotechnical aspects of
the proposed project with regard to the foundations are dig-

cussed under separate headings.

West Abutment

At this location, there is about 9 to 10 ft. of top~
soil and dense sand and gravel. The abutment should be constructed
within the approach fill, and should be supported on steel H-piles
driven to bedrock. The steel piles should be equipped with a

Golder Associates



10.
reinforced driving tip to ensure proper penetration of the pile
through the cobbles and boulders at the bottom of the natural
deposits. Considering a heavy saction, driven to practical re-
fusal on the bedrock, a max:imum capacity of 75 tons per pile

should be used for design purposes.

Since the west approach embankment f£ill will be in the
order of 55 ft., high, it will be necessary to remove all loose
surficial soil prior to placing the embankment. Standard slopes
of 2 (horizontal) to 1 (vertical) may be used, but particular
attention should be given to the provision of surface treatment
to prevent erosion, and for protection of the lower part of the

£ill from high water conditions.

Pier Locations

gince the choice between a four and five span bridge
has not yet been made, the recommendations which are given below
are of a general nature. Cross sections at each of the proposed
pier locations are given on Fig. 1 and Fig. 2, and the founding
elevation at each proposed pier will vary in accordance with the
specific conditions. Two possible foundation types should be

considered; a) spread footings, and b) drilled-in caissons.

Spread Footings Within the river channel there is about

6 ft. of sand, gravel, cobbles and boulders overlying the bed-
rock surface, while along the west river bank, there ig about 10
ft. of recent sand and gravel river deposits overlying the bed-

rock. It is recommended that;

a) for those footings within the west river bank, the

footings should be founded on top of the sound bedrock, in which

Golder Associates



C11.,
case an allowable bearing pressure of 10 tons per sg. ft. should
be used for design purposes. The upper approximately 2 ft. of the
bedrock has been weathered and fractured, and should be removed
by blasting if necessary, prior to placing the concrete. Provision

should be made for mass concrete to replace any inferior rock.

b) for those footings within the river channel, the foot-
ings should be founded at a depth not less than 5 ft. below the top
of the bedrock in order to minimize the potential for scour. An
allowable bearing pressure of 10 tons per sg. ft. may be used for
design. The bedrock within the river channel tends to be more
fractured due to the continued erosion and provision must be made
for the use of mass concrete to replace any inferior rock at and

below founding level.

) in all cases, a detailed inspection of the bedrock

surface must be made prior to the placement of any concrete.

d) provision should be made in the contract documents
for the construction of the footings in the wegt, if found neces-

sary, by the use of tremie concrete.

i+ should be noted that the piezometers which were

installed on the west river bank reflected the river level, and
that the bedrock surface below the river bank is about 5 to 6 ft.
pelow the river level. The overlying sands and gravel, as well as
the fractured bedrock, will be pervious. Control of the ground-
water will be difficult due to upward flow through the fractures.
For footings within the river section, it will be additionally
difficult to construct a dry foundation since the overburden soil
is more pervious than on the river bank, and the fracturing within
the bedrock has been more developed due to stream erosion. On

LA Golder Associates



12,
the east river bank (Sections B-~B and C-C), the water in the bore-

holes reflected river level.
Because of the shallow river flow, it will be possible
to construct earth cofferdams to control water inflow above the

bedrock, but sealing of the bedrock will be difficult.

Drilled-in Caissonsg The same overburden and piezometric

conditions as noted above are applicable to drilled-in caissons.
However, because of the restricted area of excavation which may
be exposed at each time, the total guantity of inflow will be
less than that for a larger spread footing. It is recommended
that:

a) the caissons should be drilled to a depth of at least
3 diameters into the sound bedrock, i.e. for a 3 ft. diameter
caisson, the bedrock should be drilled to a depth in the order of
9 ft.

b) for design purposes, an allowable end bearing
pressure of 25 tons per sq. ft. may be used.

c) provision for the placement of tremie concrete should
e made in the contract documents, and a positive hydrostatic head
should be maintained within the caisson at all times during the

placement of the concrete.

The presence of gypsum inclusions and/or precipitates
was noted in all boreholes which penetrated the bedrock. Tests
carried out on our behalf for the sulphate content of the ground-

water indicated the following results:

B.H. 10 550 ppm.
B.H. 15 1000 ppm.
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These samples, taken from boreholes in the river channel section,
may have had some dilution from the river water during the drill~
ing. It is recommended that sulphate resistant cement be used

for all concrete in the footings or caissons.

Fast Abutment

At this location, the abutment will be located in a
short shallow fill section (approximately 5 ft. of fill near B.H. 1,
and 15 ft. of fill at B.H. 3). To the east of the abutment, the
proposed grade changes into a cut section which will be about 50 ft.

deep at the crest of the present river bank (i.e. near Sta. 456+50).

The upper portion of the subsoil is loose at the loca-
tion of the proposed abutment, and becomes compact to dense about
10 ft. below the ground surface. It is recommended that the abut-
ment be founded on steel H-piles driven to practical refusal in
the underlying dense till strata. In view of the anticipated
hard driving conditions, it is recommended that all piles be
equipped with standard reinforcing tips. A design load of 75
tons per pile may be used for 12 BP @ 74 steel H-piles driven to

practical refusal.

The present east bank has local slopes steeper than
2 (horizontal) to 1 (vertical), while the exposed, untreated
slopes in the drainage gulley are standing at 2 (horizontal) to
1 (vertical). It is anticipated that there will be no overall
stability problems with the cut and fill sections in the vicinity
of the abutments provided that standard procedures are followed
utilizing 2 (horizontal) to 1 (vertical) slopes for all sections.
However, the following points should be considered in the design

details:
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14,
a) At B.H. 28, an upper piezometric surface is present
at about elev. 777, which is above the proposed grade line in the
cut section. Granular drainage blankets should be provided within
the cut section to prevent surface erosion, and to minimize erosion

and damage to longitudinal ditches.

b) At B.H. 28, a lower piezometric surface is present at
about elev. 728, and seepage is presently occurring on the east
bank about elev. 754, It is probable that the upper piezometric
surface at B.H. 28 is associated with the observed seepage on
the slope. Continued uncontrolled seepage through the fill adjacent
to the east abutment would lead to surface instability, and it is
recommended that a coarse drainage blanket be extended up the
final slopes for groundwater control. It will also be necessary
to provide surface protection against run-off water from the long~
itudinal ditches, and scour protection on the lower portion of the

fill.

) Prior to , or during, the construction of the east
approach cut, additional piezometers should be installed to the east
of the east abutment so that the extent and continuity of the upper

piezometric surface can be defined.

d) Drainage control and granular backfill must be pro-
vided adjacent to the east abutments to control possible seepage

flow in this vicinity.

— S

. L . Townsend, P. Eng.

DLT: jb M“Vﬁ{

71122 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:

1. SAMPLE TYPES

AS auger sample

CS chunk sample

DO  drive open

DS Denison type sample
FS foil sample

RC  rock core

ST slotted tube

IO 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 diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods nd casing is not
used.

Standard Penetration Resistance, NV: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-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,
manual

NoTEs:

I1I. SOIL DESCRIPTION

(a) Cohesionless Sotls
Relative Density N, blows/ft.

Very loose Oto 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50

{b) Cohesive Soils

Consistency Cuy 10./5. fL.
Very soft Less than 250
Soft 250 to 500
Firm 500 to 1,000
Stiff 1,000 to 2,000
Very stiff 2,000 to 4,000
Hard over 4,000

IV. SOIL TESTS

C  consolidation test

H  hydrometer analysis

M sieve analysis

MH combined analysis, sieve and hydrometer?
Q undrained triaxial?

R consolidated undrained triaxial®

S drained triaxial

U  unconfined compression

V'  field vane test

ICombined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
®ndrained triaxial tests in which pore pressures are measured are shown as Q or R.
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LIST OF SYMBOLS

1. GENERAL (b) Consistency

r = 3.1416 wy, liquid limit

¢ = base of natural logarithms 2.7183 wp  plastic limit

log, @ or In @, natural logarithm of e Ip plasticity index

logea or log a, logarithm of ¢ to base 10 wg  shrinkage limit

) time I liquidity index = (w — wp)/I»

g  acceleration due to gravity I¢  consistency index == (w, — w)/Ip
Vv  volume ¢max void ratio in loosest state

W weight e VOId ratio in densest state

M  moment D, relative density = (€ner — )/ (€max — €mm)
F  factor of safety

(c) Permeability

II. STRESS AND STRAIN h hydrauh(.: head or potential
- q rate of discharge
u pore pressure v velocity of flow
¢ normal stress 1 hydraulic gradient
o normal effective stress (¢ 1s also used) E coefficient of permeability
v  shear stress i seepage force per unit volume
€ linear strain
Eay she:lar strain ) . (d) Consolidation (one-dimensional)
v Poisson's ratio (u is also used) .
. ; , m, coefficient of volume change

E  modulus of linear deformation {Young's = —Ae/ (1+€)Ad’

modulus) . ,

) C. compression index = —Ae/A logi o
G modulus of shear deformation : . N
s e ¢, coefficient of consolidation

K modulus of compressibility

T, time factor = ¢.t/d* (d, drainage path)

coefficient of viscosit A
T Y U  degree of consolidation

I1I. SOIL PROPERTIES (e) Shear strength
(a) Unit weight 7,  shear strength
Il effective cohesion

v unit weight of soil (bulk density)
¥,  unit weight of solid particles
vw  unit weight of water

intercept in terms of effective
¢’ effective angle of ¢ stress
shearing resist- |7, = ¢’ 4 ¢’ tan ¢’

ve  unit dry weight of soil (dry density) P

¥ unit weight of submerged soil o ap?)r;::;l(t)i g}‘l‘::icc”’; K

G,  specific gravity of solid particles G, =7v./7» é. apparent angle of [in terms of total stress
e’ void ratio shearing resist- {7, = ¢, + o tan ¢,

n porosity ance, or friction |

w  water content i coefficient of friction

S,  degree of saturation S;  sensitivity

*For the case of a saturated cohesive soil, ¢4 = 0 and the undrained shear strength r, = ¢, is taken
as half the undrained compressive strength.
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Project No. .. JLLZZ o

RECORD OF BOREHOLE |
LOCATION  See Figure | BORING DATE OCT. 28 o NOV. 9 , 197! DATUM BEODE T L
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 14018., DROP 30 IN.
g SOIL PROFILE SAMPLES DYNAMIC PENETRATION "~ COEFFICIENT OF PERMEABILITY, °
& 5 S w 20 40 6 80"~ IXI0  Ix10  IxI0  1x10 g OR
5 E TN snmn‘s*rnam‘;m ) wm:m CONTENT r:mcem 21| STANOPIPE
LEVN!  DESCRIPTION ‘{m 1 - . o
z L ¢ 5|z > 3 W3 | Co,LB/SQFT. 2&:’{: -9 w w' T m 5a INSTALLATION
2 HEAE o zo 2o 40 |23
TTO
785, 7 |GROUND SURFACE
®
v 760 < MH
!
z COMPACT T VERY [
- DENSE REDDISH[ M
BEROWN SANDY
SILT TO SILTY
SAMD TRACE T e o
SOME GRAVEL & | v 1 750 - MH
LAY i
SANDY SILT TLL)] ||
(SANDY ) e o
CIED ] 140
727,77 ;-
U 28 CAERE
219
oo VERY ENFF Te RARDLANG T« 119 }
Wig THINLY LAYERED 730 '
v BROWN AND GREY
L SILTY CLAY TilL.
Vil o 180 O
<15
< §
| IR LN e JE PEL | FR)TEO © * H
iy
afTEl v pes
VER' BENSE SANDY
SILT SONME BRAVELY A1y Mal 710
AND TRACE CLAY ol :
INCREASING GRAVEY' - [Tg Bx| - 1 1Z oo o FMH
— CONTENT WiTH DEPTH] -, ¢ %
o (SILTY SAND TILL)| - E
g \‘ »\ oy 4 g
Vi T beedr s 1894
< ‘ ﬁ' g}%ﬁ Tooyx e | 5o
elese 8o % W §
SU5,
£t - IO é: wi-3
TG N M ESF ,
3 e M X §
B HORIZONTALLY BE DDEL " w = 21
7 SLEENISH GREY "1~ legp { %802
= SUALE AND VUGGY 9
! ;
-t 8 TE WITH s - G | O
218 PEUM INCLUSION 21—t
ol AND PRECIPITATES 0 vies|Bl o
rix { BEDROCK - SALIN ; Wt g
é» m mmﬁa’q\\) L1 i 6%@ k : &m W
Ehelcrce N x| - 25 g
| 835]END OF HOLE |
LE TOEL.688 7 ~{—
THEN DOLOMITE WITH
SE YOIOS @ EL. | il
86 To&8Z THEN —
SHALE & GYPSUM. Y ta Percent axial strain of foilure
¥
VERTICAL SCALE
LIN.TO 10 FT. Golder Associates
e




Project No. A B

LOCATION See Figure |

SAMPLER HAMMER WEIGHT i40 LB, DROP 30 IN.

BORING DATE

RECORD OF BOREHOLE 2

NOV. 10— 16, 1974

DATUM

SEODETIC
PENETRATION TEST HAMMER WEIGHT 140 LB., OROP 30 IN.

VERTICAL SCALE
FIN.TO O FT

o SOIL PROFILE SAMPLES DYNAMIC PENETRATION “~. COEFFICIENT OF PERMEABILITY, ®
g z RESISTANCE,BLOWS/FT. <~ K., CM./SEC. S 2| BIEZOMETER
= E 12y 20 4 60 80" XI0 110 1XI0  1x10 - oR
° SAHMNEE SWEAR STRENGTH ) . WATER CONTENT P:EﬁC!EﬁN'!: 2| STANORIPE
ELEV'N] DESCRIPTION o o1 > % G- : ol B
£ [oePTH iz > 2| wd | culassarT hAT.Y.- % 08 w " 5a INSTALLATION
S Elzimial @ o 20 20 40 <3
T
757, 1 {GROUND SURFACE REBTF S
& 8 SURFECE
Ty SEAL
COMPACT BROWN |1
SANDY SILT WITH I 750
W THINLAYERT OF |1
2l SIUT AND FINE SAND) | g - M
2% SOME BRAVEL. |
Ola (SANDY SILT TILL)
< . : GRANULAR  **1,
r3L% 740 BACKFILL —w | |
e ix736.8 N & w A
K = . ﬁw; at ;""‘: e . %:
3 205 leompacT T CENTE] v & ® L
SILTY SED SOME |- b s
erhvel (SILTY [Y.TET. laz f
SAND TiL s 2
T N e
2N G e
i . 2'.”“
HAPD KEDIDISH *" i
BROWR To BROWN
SILT, BOME SAND, ZRLN -1 N
ERAVEL AND TLAY 1203
0 (SILTY CLAY Tl <,
= i’{ A2 5 MARD RELDISH BROWK 2o 196 [ 158
VL SIOY QAY SomE e 4% & BENTONITE
2. 708 Alzant (TILL) . & 2 SEAL
o) (m“) 2 ] D g ¥ o g} R
\; VERY DENSE BROWN | 4 TS0, %% o - i
> SILTY SAMD, somel ] wy |« L
% § CEELES & BOUUERY W @ mwmmw.wﬁ
» THROLIGH OUT (e ol E: R
§“’“ Tt L w n o €% FE«A GQAVGL P
ol (SWTY SAND TILL)| -} 11 (B - | 7O 0] 5 14 10 E
vl ks b - % BENTONITE (%5
S AL " z ,
Tl e o \ 2w |- iLs 100 e
1 SO Ogunp srep GREY a U by
S SHALE (BEDROCKIE 1= |, |- g %6 || ©
SE3[END OF HOLE 890
/ B IPIEZOMETER DRY
LAZOMES OF BRESCIA- TO ELEV. 701+ |
LIKE CONGLOMERATE ov. 29,1971
IN OLR YOIDS. Noy- 29,19
BEO
m-%-s Percent axial strain at failure
§

Golder Associates

DRAWN _.colia: »l.:,.
CHECKED ...

i
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Project No. ,.,MZ.QM.“:”‘ZMWM

LOCATION  See Figure |

RECORD OF BOREHOLE 3

BORING DATE
SAMPLER HAMMER WEIGHT (40 LB, DROP 30 IN.

NOV. 18 1971

DATUM

SEODETIC
PEMETRATION TEST HAMMER WEIGHT 40 LB, DROP 3() N

o SOIL PROFILE SAMPLES DYNAMIC PENETRATION “~ COEFFICIENT OF PERMEABILITY, °
g z RESISTANCE, BLOWS/FT. ¢~ K., CM.7/SEC. S Z | PIEZOMETER
b 5 el 2 20 40 & 807~ 0 k10 1xi0 110 ik OR
o AN T sumnlsme:uc‘am ) ' WAT‘Eﬂ CONTENT p‘mimu':: S ¥ | STANDPIPE
ELEV'N. PTION : Ll B - - v -,
z [ELECH  OESCRIPTIO SIZ S 2] w® | cuLassarT NAT.V.- + G.-@ w W " = i | NSTALLATION
x eisl-191 4 REMV- @& U-0O e O ¢ S«
g 5,; 2z oy ow o .
Teo
‘ [}
152 8|GROUND SURFACE | ) ’ R gg
SO t‘:.
0 ' 150 FENTONITE H
¢ gt SEAL, e
§ Lh 20 AL
\-§ 'Y
o COMPACT To DENSE
o S&}LW ShMNT Tﬁ:} " ‘ﬁ; ‘-;(2*
vl SANDY SILT SOME [, 240 A
217 GRAVEL, COBELES] o
g AND BOULDERS [ bt v lag S
d (SANDY SILT TILL) ||
L e A
X . *ﬁ s % S
z i TR0 GRANULAK
e ik L,
“ﬁ y m}é} \ Pl L,
y it ‘M‘
< S Co7a% AU KU WU SN NS S— S S —
35 To SOME ‘,Ss,fmvn::s o 1o
ot oo CRAEL B COBBLET ,
T35 (CLAYEY SILT TILL
pa i VERY DENTE FROW 110 SN S R
= SILTY FINE SAND 0
{: " (SITY SANOTILL) .
2 R ERERIE
w ”?W
<1 V$WVQ ELSE BROKNY N -
g« 54, é b . $2° : FIEZOMETER -]
@ WEATHERED e ke o , BENNTE
e SHALE W DALMY o B “l o0 s=AL
& FANDS ( BEDROCK. = Ot '
5 |0 0 s SALINA FORMATION ho 29
£2.5] END OF HOLE SI0 T 4 A Free o -
L gSTIMATED PERCERT DRILL WATER RETUR PIEZOMETER ORY
TO BELEV. 6968
HERTENT CogE REFOVERY NOVY. 29,1971,
[ ,
&80 .
1

VERTICAL SCALE
PN TR 1O FT

3
;s-t-s Percent axiol stroin of tailure
) )

Golder Associates

DRAWN _ -
CMECKED m..@..-.—,...
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Project No. ...

P —

LOCATION See Figure |}

RECORD OF BOREHOLES 4 & 5

BORING DATE
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN.

NV, 4 E88: 9

PE T

Tt

DATUM

SEOLETIC

PEMETRATION TEST HAMMER WEIGHT 140 LB, DROP 30 IN.

VERTICAL SCALE
TINGTO (O FT

Golder Associates

o SOIL PROFILE SAMPLES DYNAMIC PENETRATION “~._ COEFFICIENT OF PERMEABILITY, o
4 z RESISTANCE, BLOWS/FT, :” K., CM./SEC. 2 Z | pezoMETER
A, - .

o 5. ol - 20 40 60 8o~ XI0 1210 IO Ix10 e oR

b3 el e i | 2 o Y 'y A & A & & A o bl

© . S puwiwi g S | gHEAR STRENGT WATER CONTENT, PERCENT S| STANDPIPE

£ [ELEVN)  DESCRIPTION clelalg] 2 | Sasorr H NaTve-+ o-@ . w ' [ ERCE E | INSTALLATION

% i 191 e REMYV.~ @& U-0O Pl e s ﬂmﬁ o«

S . Elz B W ol oS S-SR T a .

— H
TS
IO, GROUND SHRFACE o G,

o) i o B
el T Clsmer o very strepILLE & , ey us
=12 KEDDITH GREY BRIWN w2z loo gackFILL
< < CLAYEY SILT (TILL) ‘

Pl " )
Y S5 '8 MY
N L] Yy e ; o
¥ i 8 2IGREENISH GREY SHA Pl - X o
ol WITH DOLOWITE & | 160 GRANEL  }1
i GYPSUM LAYERS - loo ) iy«
£ 101689 1 (BEDROK~S.F) &30 e sTNEPPE T

LB ERD C . N i - ] .

!i Wgﬂm‘mgva o ELGok %‘ tw- HET AMTED ijff:&am‘ BRI WERTER RETILEM N STAKDEIPE
THEW SHALE WITH || . PERCENT oRE Remnvegy ' AT ELEV. 69 1.9 on
CLAY INTLUSIONS NOV. €197
@ EL. 68 STAMOPPE
BERO DESTROYED
‘ NOY. 29 1971,
\\\\\\\\\\\\\\\\\\\\\ o P -~ VU YOO SURPTY AR et ey o i v e b+ s v e
O
2 SUREACE o
T vt TH P &
CORBLET & BOULLUERT 1 5 "
" a1 9 . i e Bt 44
FIEn TO HARD ToO -

Lo BERCH N SANDY . o

i CLAYEY SILT sove A9 Y

BRAVEL (TILL) A1 - ety =
- WEATHERED GREEN .

i BHALE = FRACTURED BT~ Jeaod 74 | 160
g0 VLIGEY DOWOMITE )
BV (BEDROCK ~ SALINA|
Sk FORMATION i - -
el P ‘ - ‘ e .
e f s Wk AN OPEN
LT EMD OF HOLE ‘ HOLE AT ELEV.
Z Ea0 b S S i £96.2 5 NOY. aln
. SRTEHA TR WERCERE o e g L
SHALE TOEL. 887 EHETMATED FERCENT DEIL WATEE RETUEM
OVER HIGHLY FRACT= - - L ‘
FED  DOLMITE | PERCENT COfE RESOVERY
AND SHALE . :
&0
¥
.
B -t-s Percent axiol strain ot failure
¥
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Project No. . L1275 ..

RECORD OF BOREHOLES e &7
LOCATION  See Figure | BORING DATE NOV. 3 ~ 11 12771 pATUM  GSECODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN:
o $OIL. PROFILE SAMPLES DYNAMIC PENETRATION s COEFFICIENT OF PERMEABILITY, °
g z RESISTANCE, BLOWS/FT. +~ K., CM.7/SEC. « Z 1 PIEZOMETER
= E v o 20 40 60 807~ 10 1z10  1xi0  1x10 z- oR
S AHMNEE sumnis*mem‘s"m ) . wm-'zn con"rsm p‘snce:m: 212 | STANDPIPE
ELEV'N. . ® - . . ' .
z ’BE'F’?"T DESCRIPTION L A x 28 | cu.LB/SOFT. NAT.V.- + G-@ we w " g o | INSTALLATION
T afsi|{9 REM V- & U~0O B e @ S 24
S Elz B w 1 BO RO 40 o
e G -
700, TIGRAUND SURFACE
0.0NMERY STIEF T HARDE ! T00
> EROWN CLAYEY SILT,
Kl 1595.7 |SOME SAND ’
0 5.0 lcoMPACT SANDY |, M s - MM
wlzl891.7 SRAVEL, SOME SILT [, v
Zia1 20 THERED AND 3 g ""”“"‘“
- ij L L
Il RACTURED GREEN | = |evo RE
& Y HALE AND VOEEY O 40 1100 Wi 1N OPEM
S B% OLOMITE WiTH _ . HOLE ATELEY.
i YPSUM INCLUSIEN " B . €317 NOY.9, 1971
Y3 EDROCK~SALIN T oY) \ ,
S FORMATION ) o
. ECORMING SOUN j o)
& g‘éﬁmm BELOW ELEY. 8 - |88 %2
23,0 END OF HOLE L
ESTIMBTED PERCENT DRILL WATER RETURN
FERCENT CORE RE[LOVERY
&770
BROUND SURFACE oM v
AND 7710 GRAVEW 1) 1 DS 890 , ‘ =
Vol % WeATHERED crecns lac] ~ A ,
iy REY SHALE AnD w |- &
e OLOMITE, BEOMIN 10
glg D RELOW ELE
Qig 679 BUT WITH w |- 16
> lig GYFRLM INCLUSION . 680, ,
¥ (BEDROCK-SALN |z R | | W.L. AT GROUND
i Mﬁ* FORMATION ) - sg | 100 ﬁgg “.f ﬁaﬁ?s
v 1y [ f C
16.6/END OF HOLE t‘
ermsammw .y 670 | = iﬁﬂmm‘ﬁm Pﬁmim? DRILL WATER RETURMN —
AND DOLOMITE TO PERCENT CORE RECOVERY
EL. 879
-
mts Percent axial strain ot tailure
: T
VERTICAL SCALE - ORAWN oL.flodeddvan
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A Projgct No.m:zf,ﬁ%%“w*m

RECORD OF BOREHOLES 8 & 9
LOCATION  See Figure | BORING DATE NOWV. |- 3 (& 7] DATUM GEODRETIC
SAMPLER HAMMER WEIGHT 140 LB, DROP 30 iN. PENETRATION TEST HAMMER WEIGHT 140 LB, DROP 30 IN:
o SO PROFILE SAMPLES DYNAMIC PENETRATION <. COEFFICIENT OF PERMEABILITY, *
% & RESISTANCE, BLOWS/FT, ;‘: ¥, CM.7SEC, ...‘J T eETOMETER
E P N - 20 40 60 80" K10 IxI0 IKIO  1x10 z oR
,‘z af o &: z o 'y . i r A & A i 3 ‘3 ?j 5TANDP'P€
2 IELEV'N|  DESCRIPTION y Eﬁ Wil 32 ﬁ:%gg’émﬂmw NAT.V.- + q-@ | WATERCONTENT, PERCENT =" 1 INSTALLATION
& DEPTH &:x = x § ﬁ L4 “r . " N REM Y.~ & U'..Q ol _-C”\ " g oy
g 5; z 0o w @ .
T .
"‘;}Q m 4 PRI W—— S——— ey Sl i i S S
|
S22 5 BROLND BURPALE
T aO0bbENSE FINE T |,
ARy MBI SAND WITH | o .
: iy - B b g & o '
a7 gvi 1
U WEATHERED SEEY | 'S =°
i~
w8 SHALE WITH LIGHT 3 - W.LIN OPEN Hove
vl GREY DOLOMITE 2103 ﬁmﬁhg"* Soos
e ITH GYPS L SR NV NN NUNUI NUNUDU SRS SIS AP C B
b b INCLUSION S (8 IR R Ll BN
e o SALINA FORMATION i 20 ) ‘
W; ¥ )
. @ {%?%”(9 o
19 TVEND OF HOLE 42
A VOEET DOLOMITE o b - BSTIMATED [PERCENT DRILL WATER RETURM
LAYER BETWEEN - PERCENT CORE REFOVEHY
BL.GE4 B EL GRO :
Moo
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AN SAND, SOME SRAVEL | Fo | g2l 5 a0 '
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\\\\\\ =2 BT
. W@g 100
9 WEATHERED SHALE | " gISe WL, M OPEN HOLE
Z BEOMING SOUNDL 1771 4 | - 2123 w25 AT ELBY, €917 7
WG SHALE EELOW ELEV. i can g y NOV. B 1971 |
=& cs Wi polomiTE Bl g | | - 159 18 lar
wil LAYERS (CNTAINBG [ gkl o
ol INCLUSIONS AMD BREoTT  o % 110012
('3<m o g g g e iy g i - ‘ a
L PEECIPITATE S OF (L o i
> SV LUM(BEDROCKE 10| = | - EES
518 / o gi—i2
&1 v / T g o 1
HI J : “ t
e / 1218 | OO0 i}%
mibed R - _ w ’ ‘
23 HEND OF HOLE | ’ : \ ‘
L DOLOMITE T E 8 4 ,
EL. S84, THEN
SHALE TOEL.&77
OVEELYING THIN
NTERBEDDED
SHALE AMD
DOLOMITE . ‘
] .
mts Percent uxial stroin ot tailure
H ! )
VERTICAL SCALE | DRAWN o ..
LN TO 10 FT , Golder Associates ! CHECKED o JFToee.
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Profct NO. (ol i d Tl i oo

¥

RECORD OF BOREHOLES (O &¢I

. !
LOCATION  See Figure | & 2 BORING DATE  NOV. 11,12 & 24,1971 paTUM  GEODETIC
SAMPLER HAMMER WEIGHT 140 LB, DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140LB., DROP 30 IN.
o SOIL PROFILE SAMPLES 1 " 'DYNAMIC PENETRATION “~ COEFFICIENT OF PERMEABILITY, @l
¢ “ RESISTANCE,BLOWS/FT. ¢” K., CM./SEC. 2Z | PIEZOMETER
i 5 N I 20 40 60 80"~ W0 1x10 110 Ixi0 zh OR
o [ELEV'N SAFIMNEE snmnlsrnauérw ) ‘ wn'::an connmm" s;mct:m: 2| STANDPIPE
L ; SCRIPTION @ Al B - " » b
z [etete| O ¢ 212 5121 wa | cu.tB/saFT NAT.V.< + G-® w w w L o | INSTALLATION
x o B I ST B I REMYV- 8 U~0 Y sl gq
o S ot el a
1®)
| |520HRIVER LEVEL
TS WATER &20
i Z g m@“.;‘%) , ]
L |2 Pes K.
2 3 '
SV E BO )
= LS o el ) - %(,, i -
. S GYRSUM INCLUSIIN'S § &580. ;
P [BEDROCK - SALINA | nof- 27 | 850 ‘
¥ FORMATION )
o Vv
V4 2 \ 5] 48 | 850 ‘
B (-3 I
19.9{END OF HMOLE 1§ &70 +—
DOLOMTE TOEL&HI> ESTIMATED PERCENT DRILL WATER RETURN
EYPSUM NTLUSIONY S 4 pERdENT CORE RECOVERY,
BEGIN AT EL. 876,
700 k!
i
) PENSE SLTY SAND | L o ey

ARD GRAVEL W ITH
_CORELES B BDULLE

LTED HERCEST DRINL WATER RETURM
B BRCDVER

870

n.n-u% - X

18 ts Percent axiol stroin of foilure
[}

LIS V. VI

VERTICAL SCALE | _ DRawN P d
LIN.TO 1O FT. ' Golder Associates CHECKED oo e




_ﬂroiuf No. ....-.Z.ﬁwmg....-.. -

RECORD OF BOREHOLES 12 & I3
LOCATION See Figure | 5 2 BORING DATE KOV, 910,11 & 22,1971 DATUM SEDODETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN:
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION "~ COEFFICIENT OF PERMEABILITY, »
g x RES‘STAN&E,ELWFT. ::‘ K., CM./SEC. wd § PlEZOMﬁTER
" k w124 20 40 60 80" 110 k10 ixi0  1xI0 it OR
2 HHMREE snmn‘smené.m ) ' wm:e:n con‘*rem p‘mcen; Q)| STANDPIPE
©  ELEV'N » . - » -
z PW DESCRIPTION ;:‘. g & % z g Cu., LB./SQFT. NAT. VAﬁ 4 a,“ﬁ wy W g Z o INSTALLATION
« gl |9) u REMV.- 8 U0 AP W S o
g e Bl w o« .l
o
|2
gl O wWATER b &S0
JED POoMpAcT To VERY | o 56
% <4 PEMNSE SANDY | 24
1 M WITH COBELES] 4
wg ©leaz b BOULDERS '- s :—;f-gmm‘ﬁ @
e 8 OpRACTURED GREY e L5 |~ 821 20
& Y VUIGESY DOLOMITE 804 = -
b1 BECOMING SOUNDIGE B | — &0
R RY BELOW ELEY. 880
Q1 WITH SYPSOMINGUSONY )
o ( - SALINA 7 |- 27
‘87 END OF HOLE ‘ ) !
670 - EeTiiATEY PERCENT DRILL WATER RETURN
b PERCENT CORE RECOVERY.
13
el
S0 RIVER LEBYEL
folul 18 covnet sonn SANDY Poj2!
B EAr IGRAVEL WITH COEBLES
] 51 C gz 2 PND SMALL BOULBERS A - 2 4
| peg I S TP e " ' )
A O e TTE T b
- SOUND GREY DOLOM rye)
Ak WITH SEAMS IR LAYES 410 [ =597 3
<18 OF SHALE, 0CC. SEAM ]
2| 6 74 S Salinm FoRMATION 2k 54
6. 21 END oF HOLE L
BSTIMBTED RERCEMNT DRILL WAJTER RETURN
i RERcENT ORE REJOVERY
|
|
|
|
i 560
|
\
\
1
‘ -
|
1
\
|
| : "
\ uta Percent axial strain of failure
l L
VERTICAL SCALE )
% [IN.TO 1O FT. Golder Associates
‘ A




Project No, .,.M-..:?J ,%%wm

RECORD OF BOREHOLES 14 &/ 15
LOCATION  See Figure 72 BORING DATE  NOV. I8 & 24 25 197 DATUM GBEQPETIC
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION - COEFFICIENT OF PERMEABILITY, o
¢ z RESISTANCE, BLOWS/FT. ¢~ K., CM./SEC. 2 Z | PIEZOMETER
- k w124 20 40 & 80"~ X0 ixl0 IxiD  Ix10 2k oR
ff. JELEV'N SFMNEE snmn‘smtngsm ) ‘ wm“en con‘rt«:m F;ERQE:N‘; 2§ | STANDPIPE
ELEVIN!  DESCRIPTION o 1 IS . . ' -
Z [SeFth 512 X|Z| wd | cu.lassert NaTV-3 08 w ' m =@ | (NSTALLATION
x - HEHEEIE REM.V. . il O " 8
@ wl® @1y o .4
*7 {:3 “‘:} S s
CIOBIRKWER LEVEL
\\ 30 WETER o =0T
>0 13ense wvery pense el | POI35
I r BROWN SITY SAND |
<7 AND GRAVEL WiTH P .
B Olcan (|COBELES =1 les
2]gfssy e | [Be s
10.2] END OF HOLE N T
EAIRLY SOUND Q*;'g;g - ESTIMATED HERTEMT DRILL WATER RETURR
ISHALE & DOLOM HERCEINT CORE RECN
BEDROCK ~ SALINA, \ RE¥ ERY
RMATION ) :
S70
i
1=
1630 8| RIVER LEVEL :
OB AT EE P 20
i :
& 2 COMPALT B DENSE be 18
2 BANDY GRAVEL WiTh '
W ﬁ% CUBELES & BOULDERSE w14y
ZivViea s
o o \
;jg WZ 2.0 TR ¥y - Gbﬁ{:}a !
& < tgfmmv BREEN
v ALE AND YUIBRSY exll —
w8 POLOMITE B CoriN Re -1
o SOUND RELOW ELE N
iy 72 (BEOROCK = Siv=t 2T oo '
A 19 SALIND FORMATION) &70 4
Q{ wf . * - ﬁﬁ:}
Flees.t
250l END OF HOLE L
STIARTED PERCENT DRILL WATER | RETURK
580 4~ L AERCENT CORE RECOVERY
' I
s
mta Percent axiol stroin ot foilure
[
VERTICAL SCALE DRAWN .. 2t —
LIN.TO 16 £T Golder Associates CHECKED weee e
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Project No, .,,.....m%m..,,..m,,.w, -

LOCATION See Figure

[+
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN.

RECORD OF BOREHOLES 16 & 17

BORING DATE

1

NOY. 12,15 &, 25,1
PENETRATION TEST HAMMER WEIGHT 140 LB, DROP 30 IN.

871 CATUM

GEQDRTIC

VERTICAL SCALE
PIN,TO 1O FT

Golder Associates

g $0Il. PROFILE SAMPLES DYNAMIC PENETRATION “~. COEFFICIENT OF PERMEABILITY, @
F z RESISTANCE, BLOWS/FT. ¢~ K., CM./SEC. 2Z | piezomeTer
W 5 . ElCw 20 40 60 80" X0 k10 1&10 Ix10 zh OR
« y X ‘ : . * . . Ow | STANDPIPE
o [ELEV'N] DESCRIPTION Sfwiw] gl $4 1 SHEAR STRENGTH N N WATER CONTENT, PERCENT el
= [t 12 > 3 W | Cu,LB/SQFT. NAT.V.-+ -9 we w ", % @ | INSTALLATION
% il ok REM V- & U~0 [ < it 8«
@ b; z W oW prJ
16
, G| RIVEE LEVEL
a0 P i ;’("t’ ‘W@’,\'“}"\ﬁ“ﬂ{_ : M. g’ e @%{:}
-4 ;;5: IVERY DENSE SANDY Eni 58
5% GRAVEL Wik (0BBLES _ . A
E?”f xles4 3 AND BOLLDERS ‘ ngwz;/ P O M 1.5 A
T s A3/ S 117 I B
0y €5 WeATHERED R .
r ¥ INTEREEDDED SHALE ol > | s0
¥ § ANE DOLOMITE W/1TH 4 &R 4 ee
&5 E;tw SEAMS ' \
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RECORD OF BOREHOLES 22 &/ 23
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LOCATION  See Figure 2
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RECORD OF BOREHOLE 28
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DEPARTMENT OIF HIGHWAYSE ONTARIO

Bliyvieion. .

MEMORANDUM
.m Ve, h. M. Toye, \ From: M‘I'. Al. G f‘i'f.,FET’r‘HaC, B
: o Bridre Uneineer, XTlﬁijmlxunnﬂatwwnzhwwu,
Priope Division. Foundation “ection,
Materials o legearch
Atiention: lir, O, McCombile, Dare:  February <7, 1965

Cur Fie Rer. ' In RePLY TO

DJELC. PRELIMINARY FOUNDATTON INVEST

DusJECT!

TGATTON ROPURT -

Proposed Grand River Crossing, Hwy. #403, Paris,
W.J, 63-F-14 -~ District #2 -- W,P, 159-60,

ot
UL .,

b W 7’Aéﬂ;{\él

As reqguested, attached we are forwarding to you, the
recsults of our foundation investigation carried out at the

above site on four separate lines, in order to es

most favourable crossing location.

This report contains, under separate headings, a
description of the existing subscil conditions ‘
of the four lines, as well as borelogs and Dwg. lNo. 63~ =1HA,

found at

tablish the

each

We believe the information contained therein, will
. serve your immediate needs: however, if there are any gueries
\ in connection with this project, please do not hesitate to

contact our Office,

“\) . 4 , W . ‘ \
Z@“;vwﬁzfvww«&w@%ﬁw#

, K
KGE MAeR A, G. Stermac,
fttach., PRINCTPAL FOURDATTON  BNGTNRR

ce: Messrs. A. M. Toye (2)
H. A. Tregaskes
H, D, MeMillan
A, Gater
W, L, Fraser
J. Foy
A, Watt

W, Kinnear- Functional Planning Zner.,
London Region,

Foundations uffice
Gen. Files.

R



PRELIMINARY VOUN%ATXUNHENVESTIGATTON
For

Progosed Grand River Crossing,
Hwy. #403, Paris, Ont., District #2.

W,J. 63-F-14 -~ W,P, 159-60.

A memorandum, dated January 31, 1963, was received
from the Bridee Location Section, requestine a preliminary
subsoil investigation at the site, on four separate lines,
~in order to establish the most favourable crossing location.

The field investigation consisted of 8 samblea
boreholes, two on each line, and on opposite banks of the
‘river. 3amp1es were recovered by means pf a 2-inch split-spoon
sampleg, driven into the soil with an energy of 350 foot-pounds
per blow. Rock samples were obtalned using S-foot long AXT
and BXL core barrels.

\ The locations and elevations of all boreholes are
sphown on the attached Drawing No. 63-F-14A, and were established .
by a D,H.O. survey crev prior to the drilling operations. All
elevations are of geodetic origin.

The subsoil conditions, as plotted on the Urawing No.
63-F-1L4A and on the attached vorehole logs, were found to be as

follows:

Frown Line:

On the west side of the river, a very dense brown sand
and gravel with boulders was found to a depth of 13.0 feet below

ground level, or to elevation 682.0. Underlying this eranular

conttd. /2 ...



Brown Line: (cont'd.) ...

- overburden, a weathered green shale with bonlders extends to

©21.5 feet, or elevation 673 ¥ wherelan interbedded bedrock of
irregular shale and limestone bands was found, alternately grey
and green'in color.

On the east side of the river, no overburden was found
above the weathered green shale at elevation 692.0, save for a
foot of ice and loose sand. The weathered zone extended to
elevation 686.0 where, again, interbedded shale and limestone
bands, alternately green and grey, were found. ,

In general, the bedrock consists of softer and relatively
harder bands, with some of the softer portion washing and grinding
up while coring, as indicated by a poor recovery of only 404 - 60%.

,&‘}

Uriginal Line:

In borehole #4, on the west bank of the river, a compact
to very denﬁy deposit of sand and gravel with numerous boulders
was found from ground level, elevation 692.9, to elevatilon 6.5,
some 18 feet below the ground., Traces of weathered green shale
were also encountered in places. Below this overburden, a grey
limestone - dolomite bedrock, was encountered.

In borehole #3, located on the east side, weathered
sreen shale with grey limestone boulders, was found from ground
level, elevation 692.0, to elevation 684.5 where grey 1ihestone-

~dolomite was again encountered.

cont'd. /3 ...




Ted and Blue Line:

Similar subsoil conditions as on the previous lines
WQre encountered on this line. On the west side, a compact,

_ brown sand and eravel was found from ground level, between
elevations 690.0 and 684.5, from where weathered green shale,
completely decomposed in places, extended to elevation 672.%.

The above strata were underlain by dolomite - 11meé§one
hedrock with gypsum seams. The bedrock was sound, but Tissured,
“and was grey to white in color.

On the east side, the weathered green shale starts at |
eround level and extends from elevation 690.0 to 676.0, where the

‘dolomite - limestone bedrock was encountered,

8laceriné:

This was the most southerly line investigated, and the
sﬂbﬁoil conditions were found to be considerably different from
the other lines.

On %oth sides of the river, sand, gravel and boulders
comprised the overburden between elevations 687.0 and 663.0.
Nolomite - limestone bedrock, with gypsum seams was found at
‘elevation 663.0, in both cases, and 100% recovery was achieved
in a S5-foot, BXL core barrel.

No shale stratum was encountered or this line, save for

traces of weathered ereen shale in borehole #7 on the east side

- of the river. 1In borehaole #8, on the west side, numerous boulders

consisting of shale, limestone, dolomite, conglomerate and occasional

(.' ‘.‘)ﬁ t.: 'd * /N e



Black Line: (cont'd.) ...

iprneous fragments were found in the overburden. At elevation
673.0, some 17 feet below the ice level, and 1k feet below ground
lpvel artesian water was found, rising to 8 feet above the ice,

or to elevation 698 0.

Summary:

Sound shaley - limestone and dolomitic - limestone was
fournd on all lines investigated; Varying depth of sand, gravel
and boulders, or a badly weathered shale, or both, comprises the:
overburden.,

In general, sound bedrock was found at elevations 635 T
and 674 ; and the east and west banks of the river, respectively,
,’on'the Brown and Originally proposed liﬁes.

On the Red and Blue lines, sound bedrock was encountered
at elevations 676 7 and 672 * |, on the east and west sides,
respectivelRs

" Bedrock on the Black line, was found at elevation 663 T .
The depth of overburaen was the preatpst on this line, and artesian

water was encountpred on the west side.

From the above, it is evident that the bedrock 1s generally

', deeper on the west side of the river and dips in a southerly
direction. Depth to bedrock, from ice level varies from 8 to 27
feet at boreholes #1 and #8, respectively.

Further investigation will be required for the proposed

structure once the most suitable crossing 1s chosen,

conttds /%

L]



Miscellaneous:

The field work, carried out durihé the period of

| January 31, 1963 to February 1lh, 1963, together with the
preparatior. of this report, was performed by Mr. G. Mierzynski
uﬁder the general supervision of Mr. K. Selby of the Foundation
Cection. FRquipment was owned and operated by the Johnston

Drilling Co., of Ottawa.

February 1963
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_REMARKS .
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GeM,

Godhe
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ALSN3Q
WINg

COUNDATION

ORIGINATED BY
CUMPILED BY |
THECKED 8Y .

3
PLASTIC LIMIT oo WP

LIQUID UIMHT e W

Wy

w
O

WATER CONTENT s W
"

i e

BLOWS / FOOT

RECORD OF BOREHOLE NO

DYNAMIC PENETRATION RESISTANCE

- s

SHEAR STRENGTH P.§.F.

T

FEFICE wspom.’ SOIL EXPLORATION

Original Line - east side

BOREHOLE TYPE Nhshboring - BX Casing.
SAMPLES
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o)
Recovery
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ABBREVIATIONS USED IN THIS REPORT

PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCE 'N'i - THE NUMBER OF BLOWS REGUIRED TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

DYNAMIC PENETRATION RESISTANCE ‘=~ THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, 60 DEGREE CONE, FITTED
TG THE END OF DRILL RODS, |2 INCHES INTO THE SUBSOIL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW.

DESCRIPTION OF SOIL

THE CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COHESIONLESS S0ILS ARE DESCRIBED
IN THE FOLLOWING TERMS : -

CONSISTENCY 'N' BLOWS/FT, ¢ LB./ SQ.FT. DENSENESS ‘N' BLOWS / FT,
VERY S0FT 0 -2 0 - 250 VERY LOOSE 0~ 4
SOFT 2 -4 250 - 500 L.OOSE 4 - {0
FIRM 4 ~ 8 500 ~ 1000 COMPACT 10 - 30
STIFF 8 ~ I5 1000 - 2000 DENSE 30 - 50
VERY STIFF 15 - 30 2000 - 4000 VERY DENSE > 8D
HARD > 30 > 4000

TYPE OF SAMPLE

8.8, SPLIT SPOON T.W.  THINWALL OPEN

w.5 WASHED SAMPLE T.B THINWALL PISTON
8.8 SCRAPER BUCKET SAMPLE 0.8, OESTERBERG SAMPLE
A.S. AUGER SAMPLE F.8. FOIL SAMPLE

C.5. CHUNK SAMPLE R.C. ROCK CORE

5T SLOTTED TUBE SAMPLE
P H SAMPLE ADVANCED HYDRAULICALLY
P.M.  SAMPLE ADVANCED MANUALLY

SOIL TESTS
Qu UNCONFINED COMPRESSION ..V, LABORATORY VANE
Q UNDRAINED TRIAXIAL A FIELD VANE
Qeu CONSOLIDATED UNDRAINED TRIAXIAL C . CONSOLIDATION

Qd DRAINED TRIAXIAL s SENSITIVITY




3

S,
WL
Wp
Ip

Cy

$u

SOIL PROPERTIES

ABBREVIATIONS USED IN THIS REPORT

UNIT WEIGHT OF SOIL (BULK DENSITY)

UNIT WEIGHT OF SOLID PARTICLES
UNIT WEIGHT OF WATER

UNIT DRY WEIGHT OF SOIL (DRY DENSITY)

UNIT WEIGHT OF SUBMERGED SOIL

r'f
SPEGIFIC GRAVITY OF SOLID PARTICLES G = ?L

VOID RATIO

POROSITY

WATER CONTENT
DEGREE OF SATURATION
LIQUID LIMIT

PLASTIC LimiT
PLASTICITY INDEX
SHRINKAGE LIMIT

LIGUIDITY INDEX * W

P
GONSISTENCY INDEX » -"i‘kll-»‘ﬁ
P
VOID RATIO IN LOGSEST STATE
VOID RATIO IN DENSEST STATE

DENSITY INDEX = Smex” €
€ mox ~ €min

RELATIVE DENSITY D, IS ALSO USED
HYORAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE

VELOCITY OF FLOW

HYDRAULIC GRADIENT

COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UNIT VOLUME

w

- Ae

COEFFICIENT OF VOLUME CHANGE = (—5---'r

COEFFICIENT OF CONSOLIDATION

COMPRESSION INDEX » D8
Alogw o

I+e)Ao

TIME FACTOR = .9_.?:3_. { d, DRAINAGE PATH )

d!
DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COHESION
INTERCEPT

EFFECTIVE ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

APPARENT COHESION

APPARENT ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

IN TERMS OF
TOTAL STRESS

TeeCg+ 0 tan ¢

IN TERMS OF
EFFECTIVE STRESS

Tee ¢+ ¢ ton ¢

W
e

logeo or Ina
log.ea OR log @

,:s.xc:smeg:»qq.:;:

Z2 0w

Ks

lw)

GENERAL

= 31416

BASE OF NATURAL LOGARITHMS 2-Ti83
NATURAL LOGARITHM OF &
LOGARITHM OF g 10 BASE 10
TIME

ACCELERATION DUE TO GRAVITY

VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE

NORMAL STRESS

NORMAL EFFECTIVE STRESS (O IS ALSO USED )
SHEAR STRESS '
LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO { Ji IS ALSO USED)

MODULUS OF LINEAR DEFORMATION { YOUNGS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

GOERFICIENT OF VISCOSITY

EARTH PRESSURE

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF WALL FRICTION

GIMENSIONLESS COEFFICIENT TO BE USED WITH VARIOUS
SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS
ON WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY. DEPTH AND COHESION ETC. IN THE
FORMULA FOR BEARING CAPAGITY '

MODULUS OF SUBGRADE REACTION

SLOPES

VERTICAL HEIGHT OF SLOPE
DEPTH BELOW TOE OF SLOPE TO HARD STRATUM
ANGLE OF SLOPE TO HORIZONTAL



"»m Mro h. M, Toye,

Bridpe Rrplnpmr,
Bridee Divigion.

DEFPARTMENT OF MIGHWAYS ONTARIO

MEMORANDUM o éﬁﬁg OéU%’

From: TFoundation ¢ pctlon
Materials & T@stlnv Niv.,

Room 107, Lab. Bldg.
McCombie

fttention: Mr, S,

mgn Fire Rer.

Dare: May 20, 1965

In REPLY To

Susseet:

G

FOUNDATION TNVEQTIGATION REPORT

For : _
rand River and Hwy. #403, Line 'H',
Fens
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FOUNDATION INVESTIGATION FEPORT
For

Grand River and Hwy. #403, Line 'H',
Co. of Brant, Twp. of Brantford,

Lot 16, Con. II, District #2 (London).
W.J, é63-F-14B -~ W.P. 159-€0

1. INTRODUCTION:

A preliminary foundation investigation was carried out
during January 1963, at the site of the proposed Grand River and
Hwy. #403 crossing near Paris, Ontario. Four possible lines were
under consideration at the time and the subsoil conditions existing

at each line were subsequently reported in Foundation Report No.

W.J * 63"?“114‘.

/! Following this investigation, it was declided by the Bridge

Office that the most suitable line, taking into account foundation

and other considerations, would be the line referred to as the

'Brown Line', which is now designated Line 'H'. The Foundatlon

14

%
- Section were then requested to carry out a complete investigation

to determine in detail, the subsoil conditions existing at this
location,

The present report contains the results of the complete
field investigation for the 'Brown Line', together with recommenda-
tions pertaining to the foundations for the proposed new structure

tp be built at this location.

cont'd, /2 ...




2. DESCRIPTION OF SITE:

2.1) Topography:

The site is located in Lot 1€, Con. II, Brantford Twp.
in the County of Brant. At this location the Grand River flows
in a north to south direction being some 300 feet wide and one to i
two feet deep under normal conditions. During flood conditions,
however, levels ten feet above normal have been recorded.

On the west side the nature of the terrain may be described %
as rolling with a general slope downwards to the river. On the east ;
side, an embankment some 120 feet high, rises at an approximate
angle of 25° immediately from the river's edge. The face of the
embankment 1s intersected by numerous gulleys and waterways and the

whole a;pa is covered with thick bush.

2.2) Geology:
A description of the site peology has been made by
Mr. B. K, Glassford, Materials and Testing Geologist, after
 examination %y him of all the rock core samples and a visit to the

bridge site on April 5, 1963. This description is as follows:

"The bedrock encountered in the drilline for this job
belongs to the top of the Salina formation of the Silurian (age)
system. Part of this section may be seen in the river bed of Paris
and at several places upstream above that town. This rock may be

~described as follows:

cont'd. /3 ...
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2. DESCRIPTION QF SITE: ({(cont'd.) ...

"The top of the Salina formation consists of grey and

“éréenish, thin and irregular bedded, soft calcareous and argillaceous

" chale which weathers concholdally. Interbedded with the shale are

thin beds of brown and grey, hard dense dolomite. Some of the beds
show traces of gypsum and white anhydrite. The brown beds consist
of fine grained to dense dolomite with some bituminous streaks present
whereas the grey beds may be described as a dolomitic shale or an
argillo-calcareous mud rock."

"The rock at this location is, therefore, more or less

;

calééréous with true shale being in the grey greenish zones of the

7
P era

soft argiliéceoﬁs rock. This type of rock appears to weather badly
on exposure, and as shown in the drill core recovery breaks up and

disintegra%es rapidly under abrasion".

3. FIELD WORK:‘

A total of nineteen boreholes was carried out durlng the
course of this,investigation. Boring was achieved by means of a
conventional diamond drill adapted for soil sampling purposes. Soill
samples were obtained by means of 2-inch 0.D, split-spoon samplers
driven into the soil by a 140-lb. hammer having a free fall of 30
inches. Rock core samples were recovered in BXL type core barrels.

The entire investigation was completed just prior to the

spring thaw, thus enabling the borings in the river to be carried

" out from the ice.

cont'd., /4 ...
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3. -FTELD WORK: (cont'd.) ...

The locations and elevations of all boreholes were ’
established in the field by London Region Engineering Surveys Section.
These are shown on the accompanying Drawing 63-F-14B, which is in-

cluded in the Appendix of this report.

Lk, SOIL TYPES AND SOIL CONDITIONS:

Subsoil at the site consists of deposits of river alluvium
and glacial till overlying shale and dolomite bedrock.
| West of approximate Station L59+50, the overburden consists
wholly of alluvial deposits of sand, silt, gravel and boulders
directly overlyfng the bedrock, and ranging in depth from zero to
25 feet. These deposits have a relative density which varies from
loose to very dense, but are generally in a compact state.
| Fast of Station L59+50, the subsoil consists of a dense
to very dense deposit of placial till of a predominantly granular
nature with a maximum depth in excess of &0 feet. This material
1s mainly asilty sand with some gravel and occasional boulders

with 'N' values ranging from 27 to more than 100 blows per foot.

*Bedrock encountered in the drilling for this bridge site
belongs to the top of the Salina formation of the Silurian (age)
system, |

The drill holes in rock encountered the same types of

formations in all holes; all closely related as to elevations,

037 ol W i B i

classifications, thickness and descriptions. The exception to this

was hole no. 10, which did not correlate with the other holes with

* .
Description by B. K. Glassford, Geolopist.

cont'tda, /5 .,
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b, S0IL TYPES AND SOIL CONDITIONS: (cont'd.) ...

with respect to elevatlons of specific formations. Reasons for
:this might possibly be folding or faulting in the bedding strata _
in this immediate vicinity. The first rock type in the holes shows

a weak interbedded shale, shaley dolomite and dolomite horizon.

- This appears to be irregularly bedded, thin layered, soft argillac-

eous greenishugrey coloured shale and shaley dolomite. OSome of the
dolomite interbedded stratum are quite hard, but thin bedded.

Drilling has broken up the strata so that recovery of core has been

‘limited, broken and missing sections, thus making the section

disjointed. ©Omall nodules of gypsum are present. Some of the

shale and shaley &olomite beds resemble a calcareous mud stone.

The type of rock in this section weathers badly and would probably

have a p?gr bearing capacity. Below this horizon as described above,

approximately at or near the 680.0 elevation mark, the rock type is

a hard dolomite, pitted In texture, buff to light grey colouring

and appears to have a homogeneous structure and thick bedding.

This rock tyge has good physical properties and should have excellent

bearing capacities.

Ground water level in all borings located on the west

bank of the river was observed, to range from el, 693.0 to el. 698.0

and on the east bank, the corresponding range was el. 710.0 to

élo 7)“4‘1"‘.0.

cont'd. /€ ...
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5. DISCUSSION AND BECOMMENDATIONS:

£.1) General:

It is proposed to construct a multi-span twin structure
to carry C.A.H. #403 over the Grand River at this site. The total
length of the new bridge will be in the order of 700 feet and the
height about 70 feet above river water level. The west approach
to the sﬁructure will involve the construction of a &£0-foot high
embankment and the east approach will be formed within a cut some
50 - 55 feet in depth. For reference purposes, the proposed piers
of the structure are designated, from west to east, as Pier #1 ~
Pier #4, and for convenience, the various aspects of the proposed

{
"project are discussed below under appropriate headings.

5.2) West Abutment (Section F - F):

At this location about 15 feet of loose to compact silty

sand and sandy silt overlies bedrock. The abutment should be

constructed within the approach 111 and should be supported on ﬁtnai

H-piles driven to bedrock. Design loads are dependent on the pille

LY
section and may be as high as 75 ton/pile in the case of 12 BP at 74
H"“pi les -

5.3) Elers:

Up to 15 feet of loose to compact sand, pravel and
boulders overlies bedrock which consists of weathered shale and
dolomite underlain by hard dolomite, It is recommended that the
propoged footings be founded within the hard dolomite stratum in
which case, an allowable bearing pressure of 10 t.s.f. may be

assumed for desien purposes. The recommended Tooting base elevations

cont'd., /7 ...
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5, DISCUSSION AND RECOMMENDATIONS: (cont'd.) ...

£.3) Pilers: (cont'd.) cee
are as follows:
Pier #1 (Section F - L) -~ El, 678.0

Pier #2 (Section D

i

n) -~ El., 670.0

Pier #3 (Section C -C) -- El. 679.0

t

Pier #4 (Section B - B) -- El. 677.0

Although the surface rock has been described as 'weathered', E
it will be necessary to use blasting techniques in order to excavate
down to the recommended foundation levels. Local conditions may

show some variation'frcm the general picture and gﬂgxigignwgpgald'ba

e e A 5 b

made in the conftract for mass congrete to replace any inferior ruck

L E———

b e

It will be necessary to dewater the excavations in order

é
to pldbe concrete in the 'dry'. In consideration of any dewatering
scheme, it should be borne in mind that the overburden is highly

permeable and that the rock, itself, is likely to contain water-

bearing flssures.

L%

5.4) Fast Abutment (Section A - A):
At this location, the south end of the abutment will be

located in a fill section and the north end in a cut section.
Subsoil consists of up to 60 feet of compact to very dense glacial -
ti1l overlying bedrock. It is recommended that the abutmenh be
perched within the partial cut - 111l section and be founded on
steel H-piles driven either to bedrock or to practical refusal in
the very dense till stratum. For éstimation purposes, it can be

assumed that the final tip elevations of the piles will range

cont'd, /8 ...
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¥, DISCUSSION AND RECOMMENDATIONS: (cont'd.) ...

5,4) East Abutment (Section p = A): {eont'd.) ...

from el. 700.0 on the south end of the abutment to el. 725.0 on
the north end. In view of the hard driving conditlons, it 1is
recommended that 12 BP at 74 steel H-plles be adopted and be
fitted with standard reinforced tips. Driving should be carried
out by means of a Delmag D 22 hammer or equivalent, and in the
event that some piles do not reach bedrock, driving should be
continued for at least 4 feet with the condition that the penetration
resistance is in excess of éoorbldws/foot. The capacity’of the
pile should be checked finally by means of the Hiley Formula
according to D.H.O. Standards DD 1218 and DD 1219, utilizing a

- safety Tactdr of 3.0. A desipgn load of 7% tons per pile is recom-

mended if the above conditions are complied with,
i

5.5) Structure Approaches:

No-étability problems are anticipated with regard to the

proposed cut and fill sections in the immediate vicinity of the

abutments pPovided standard D.H.0. procedures are followed, utilizing

2:1 side slopes for both types of section. It will be necessary
to provide surface protection agpainst run-off water and scour

protection up to high water level.

£.6) Ground Water:

Attention is drawn to the fact that ground water in the
vicinity of the proposed structure might possibly have a high
sulphate content due to the gypsum and anhydrite minerals present

R—E

in the sedimentary rocks underlying the area, This might influence

cont'd., /9 ...
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5, DISCUSSION AND BECOMMENDATIONS: (cont'd.) ...

5.6) Ground Water: (cont'd.) ...

the type of concrete and cement to be used to avold sulphate

reaction on the footings.

€. SUMMARY:

| A foundétion-investigation at the site of the proposed
C.A.H, #403 and Grand River crossing near Paris, Ontario, is
reported. Within the river bed and on the west bank of the river,
subgoil consists of shallow (zero to 25 ft.) alluvial deposits of
silt, sand, gravel and boulders, overlylng shale and dolomite
bedrock., Un thé east bank of the river, subsoll consists of up to
60 feet of dense to very dense granular type glacial till overlying
shale and dolomite bedrock.

It is recommended that the pler footings be founded within
the hard dolomite bedrock with an allowable pressure of.lo t.s.f.
Dewatering may present some cpnstruction problems due to the
permeability of the overburden and the possibility of water-bearing
fissures in the bedrock,.

For the abutments, piled foundations are recommended,
utilizine 12 BP at 74 steel H-piles driven to bedrock or to
practical refusal in the till stratum. In this case, a design load
of 75 tons/pile is recommended. Further detalls are given in
Section 5 above.

No stability problems are anticipated for the proposed
cuts and fills in the immediate vicinity of the abutments.

Protection against scour and run-off water will be necessary.

cont'd, /10 ...
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7. MISCELLANEQUS:

The field work for this project was carried out during
the period January 31 to April 12, 1963, under the supervision of
Mr., G. Mierzynski, Project Foundation Fngineer, and Mr. B. Kliem
of this Seétion.

Bquipment used was owned and operated by Johnston
Drilling Co. Ltd.

This report was prepared by Mr. K. Selby, Senior
Foundation Fngineer, with the assistance of Mr. A. K. Barsvary,

Project Foundation Engineer.

May 1965
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ABBREVIATIONS USED IN THIS REPORT

S0l PROPERTIES

UNIT WEIGHT OF soiL {BuLk DENSITY)
UNIT WEIGHT OF SOLID PARTICLES

UNIT WEIGHT OF WATER

UNIT DRY WEIGHT OF SOIL {DRY DENSITY)
UNIT WEIGHT OF SUBMERGED S$SOIL

Y,
SPECIFIC GRAVITY OF SOLID PARTICLES G = m‘?&..
. w

VOID RATIO

- POROSITY

WATER CONTENT

DEGREE OF SATURATION

LIQUID LIMIT

PLASTIC LiMIT

PLASTICITY INDEX

SHRINKAGE LIMIT

W Wp
P

LIGUIDITY INDEX ¢

CONSISTENCY INDEX = -"-‘-'JT-'-M“L
p

VOID RATIO IN LOOSEST STATE
VOID RATIO IN DENSEST STATE

DENSITY INDEX = —Mex—8

. @mox ~ €min
RELATIVE DENSITY D, 15 ALSO USED
HYBRAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE
VELOCITY OF FLOW
HYDRAULIC GRADIENT
COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UNIT VOLUME

GOEFFICIENT OF VOLUME CHANGE » ——D8 —
(I1+e)Ao

COEFFICIENT OF CONSOLIDATION

COMPRESSION INDEX » —DB€.

Aiog,, &
TIME FACTOR = -‘%&L ( d, DRAINAGE PATH )
DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COHESION
INTERCEPT

EFFECTIVE ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

APPARENT COHESION

APPARENT ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

IN TERMS OF
EFFECTIVE STRESS

Tps ¢ 4 O tan ¢

N TERMS OF
TOTAL STRESS

T=Cyt+ o ton g

it
-]

loge,o or In o

GENERAL

= 3-14{6
BASE OF NATURAL LOGARITHMS 2-7183
NATURAL LOGARITHM OF &

logoe orR l0g @ LOGARITHM OF @ TO BASE 10

SR oMLY » a4 Gqg c

2 U row

Lo e

TIME

ACCELERATION DUE TO GRAVITY
VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE

NORMAL STRESS

NORMAL EFFECTIVE STRESS (O IS ALSO USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO ( W 1S ALSO USED)

MODULUS OF LINEAR DEFORMATION (YOUNGS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOSITY

EARTH PRESSURE

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED WITH VARIOUS
SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS
ON WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY. DEPTH AND COHESION ETC. IN THE
FORMULA FOR BEARING CAPACITY

MOBDULUS OF SUBGRADE REACTION

SLOPES

VERTICAL HEIGHT OF SLOPE
DEPTH BELOW TOE OF SLOPE TO HARD STRATUM
ANGLE OF SLOPE TO HORIZONTAL



ABBREVIATIONS USED IN THIS REPORT

PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCE 'N': - THE NUMBER OF BLOWS REQUIRED TO ADVANGE A STANDARD SPLIT SPOON SAMPLER

I2 INCHES INTO THE SUBSOIL,

DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

DYNAMIC PENETRATION RESISTANCE : » THE NUMBER OF BLOWS REGUIRED TO ADVANGE A 2 INCH, 60 DEGREE CONE, FITTED

TO THE END OF DRILL RODS,

THE CONSISTENCY OF COMESIVE $0ILS AND THE

IN THE FOLLOWING TERMS : -

CONSISTENCY

VERY SOFT
SOFT

FIRM
STIFF
VERY STIFF
HARD

s.8.
W.S
&8
A.S8.
Cs
S.T.

Qu

Qeu
Qd

i2 INGHES INTO THE $SUBSOIL,

DESCRIPTION OF SOIL

'N' BLOWS/ FT. ¢ LB,/ SQ FT,
0o - 2 0 - 250
2 - 4 250 - 500
4 - 8 500 -~ 1000
g - 15 1000 - 2000
15 « 30 2000 -~ 4000
> 20 ke 4000
TYPE_OF SAMPLE
SPLIT SPOON T.W.
WASHED SAMPLE T.P
SCRAPER BUCKET SAMPLE 0.5,
AUGER SAMPLE F.5.
CHUNK SAMPLE R.C.

SLOTTED TUBE SAMPLE
BH.
M

SOIL TESTS
UNCONFINED COMPRESSION Lv.
UNDRAINED TRIAXIAL V.
CONSOLIDATED UNDRAINED TRIAXIAL ¢
DRAINED TRIAXIAL 8

THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW,

RELATIVE DENSITY OR DENSENESS OF COHESIONLESS S50ILS ARE DESCRIBED

DENSENESS 'N' BLOWS/ FT.
VERY LOOSE o -4
LOOSE 4 - 10
COMPACT 10 - 30
DENSE 30 - B0
VERY DENSE > 50

THINWALL OFEN
THINWALL PISTON
OESTERBERG SAMPLE
FOIL. SAMPLE

ROCK CORE

SAMPLE ADVANCED HYDRAULICALLY
SAMPLE ADVANCED MANUALLY

LABORATORY VANE
FIELD VANE

CONSOLIDATION
SENSITIVITY
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