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ABSTRACT 

The methods and procedures used to forecast 
excavation requirements in the Welland Canal By-pass 
Project (Contract 743) are outlined. Comparison is made 
between geolog i cal conditions inferred befor e excavation 
and the conditi o ns actually encountered by the contractor . 
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Figure 1. Location of Contract 743 Welland Canal By-pass Project. 



STRATIGRAPHY AND ENGINEERING DESCRIPTION OF THE SOILS EXPOSED 

ON A SECTION OF THE WELLAND CANAL BY - PASS PROJECT 

ONT ARIO, CANADA 

INTRODUCTION 

This paper, compiled from the r esults of detailed examination of the 
soils exposed durin g the excavation and r ernoval ofrna t e rialsb.ythe contractor 
under the terms of Contract 743, is based on a r epo rt on the We lland Canal 
By-pass project, submitted to the St. Lawre nce Seaway Auth o rity upon com­
pletion of t h e contract. The purpose of the study was to provide the Authority 
with information regarding the actual soil conditions e n counter ed by H1l' con ­
tracto r during excavation should h e, at some futurc time, file claims bascd 
on d iscrepan cies between the pre - excavatio n an d post - excava tion inform.at ion. 

GENERAL DESCRIPTION 

The objective of the Welland Ca nal By - pass p roject is the cons tru c ­
ti o n of an e ntirely new Welland Canal between Port Robinson, Ontario and 
Port Co lborne at the Lake Erie e ncl of th e Canal , a distance of about eigh t 
miles (Fig. 1) . The area of Contract 743, one of several contract·s l e t· by the 
St. Lawrenc e Seaway Authority in the excavati o n for the By -pass, is lo caled 
between c hainages 53 + 2 6 . 5 and 96 + 20 (a distance of 4, 293. 5 fcet) measured 
south along the centre line of the project from bridge No. 12 whi c h c r o s se s 
the existing Canal at Port Robinson. 

Contract 7 43 call e d for remova l of some 6, 000, 000 cub i c ya rds of 
ove rburden and the placing of much of th i s mate rial a l o ng th e sides of the 
excavation as dykes . The data observed a l ong the centr e line during thi s 
excavati on was plotted as a geological profile on St. Lawre n ce Seaway 
Authority sheet No. F-2074 (4) (Fig . 2), and inc ludes: 

the l ocations of test borings put down by the Auth ority in the contract 
area; 
the l ocation of the va rious materials the contractor might expect lo 
encounter during t h e excavati on and of the contacts betwee n them -
plotted o n a geo logica l profile bas e d on data provided by the Engineering 
staff of the Authority from the results of the test b or in gs and oth e r 
sources; 
the geo l ogical profil e as actually obse r ve d during the excavation . 

Manuscript received: Novemb er , 1968 . 
Project No . : 670032. 
Author's address: Geological Sur vey of Canada, 

6 01 Booth Street, 
Ottawa, Canada. 
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DESCRIPTION OF MATERIALS 

T e st borings indic ated that the thickness of th e Quaternary deposits 
in this contract area ranges from 64 to 113 feet . A s the o ri gina l g r ound su r­
face was relatively level, w ith r el ief of about 10 feet, variations in drift 
thickness are due in large part to irre gu larities in t he bedrock surface . The 
maximum depth of ove rburden exc a vate d w as about 65 feet. Bedrock was not 
e n countered in t h e excavatio n - although test borings had indicated that it lies 
about 3 feet b e low g rade (elevation 538. 3) at station 71 + 31 on the centr e l ine . 
The refore, no comple t e ver tical sect i on of the unconsolidated materials was 
expo sed. 

Commencing at ground surface t h e mate rials consisted o f soft, 
glaciolacustrine, c layey silt (unit 11) and sandy silt (unit 9) ove rl ying soft, 
clayey, silty till (unit 8) . This in turn ove r lay a de ns e, stony, basal till 
(unit 8A) . A d eposit of soft, clayey silt w ith sandy b e ds occurred inte rmitt ­
e ntly between the two tills. This was descr ibed as a tran s itio nal zo n e on the 
inferred geological profile. 

Surficial glaciolacustrine sediments (units 9 and 11 ) 

The material expos e d at g round surface thr oughout the entire con ­
tract area consists of soft, brownish grey, g la c iolacustrine, claye y silt . The 
deposit is frequ e ntly stratified and contains scattered varved clay zo n e s. The 
mater ial was constantly b e ing disturbed by construction equipment, and con­
sequen tly , it was diff i cult to trace any varved clay zone accurately for more 
than a few feet. The large st one observed w as ab out 15 feet Jong and 3 feet 
thick. In general, the var ve s are horizontal and ar e about one inch in thick ­
n ess, grading downw ard from a redd i sh brown, clayey m e mber to a dark 
brown, more silty m e mber. 

In the north half o f the c ontract area, the l owe r part of the lacus­
tr i ne, clayey silt b ecomes progressively coarser as one goes down, g rading 
with in a vertical distance of about 10 feet fir st to a buff - coloured, sandy silt 
and then t o a light brown, fine-grained, silty sand dir ec tly ove rlyi ng till 
(Fig . 3) . There is also a late ral c hange in g r a dation in this l owe r zone. At 
i ts south end, near the centre of the cont r act area where it t e rminates against 
a rise in the underlying till, the material consists almost e ntir e ly o f fine ­
grained sand w h ereas at the n o rth e nd of the area, it is essentially a sandy 
silt. The southward gradation into coars e r gra ined material may indica t e the 
shore zone of a glacial lake in w hich these mater ials we r e deposited. The 
shoreline would have be e n to th e south w ith t h e deeper water to the n o rth. 
Consequently, mor e c layey, lacustrine d epo sits c an b e expected in the area 
no r th of Contract 74 3 . The sharp rise in t h e underlying till at station 7 6+00 , 
again s t w h ich the mate rial terminates, may b e a w ave - cut bluff along a tem ­
porary shoreline representing an ea rly sta ge in the formation of the lake . Its 
present e levation is approximately 575 feet above s e a l evel. 

The interpre tation of this area as a lac ustrine shore zon e has far­
reachi ng implications and further corroborative obse r vations would b e ne c ­
essary befor e it could b e acc e pte d . To account for the ove rlying g la c i o la cus­
tr i ne c l ay, thi s inte rpr etation would r equir e a general ic e retre at a nd drain­
age of the Erie Basin, fo llowe d by a glacial advance and ris ing water levels. 
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Figure 3 . Fine - gra i ned, buff- co l ou r e d, sand y silt (unit 9) at bas e of upper 
lacustrine d epo sit, directly overlies upper till (unit 8); station 
6 0 + 00, elevat ion 568 feet, 100 feet east of centr e line. S i x -inc h 
ruler gives sca l e . (GS C photo No . 2-1- 68 ) 

The sandy deposits and bluff-like till surface might also b e interprete d as 
r esulting from ice-contact processes during the ret r eat of the g lacie r ter ­
minus acros s the area . 

According to Chapman and Putman (19 66) these deposits we r e laid 
d own by g lacial Lake Warren w hi c h at one time cove r e d a lar ge part of south­
weste rn Ontario . The east side of the lake w as confin e d by an i ce barrier 
n ear t h e top of the Niagara Escarpment and it is, therefo r e , pos sible that the 
la cust rine materials, observed in the area of Contract 74 3, w e re d e posited 
w ithin two miles o f the ice. 

At t h e surface, soil h as developed to a depth of about twenty-four 
inches . Bel ow this, weathe ring i s eviden t in the clayey silt, a l on g ve rtical 
fractures w hic h extend downward to ten or mor e fee t. In p laces , the frac ­
ture s have extended to the underlying till but in no plac e were t hey ob s erved 
t o have penetrate d into it. T h ey serve as intake conduits through w hic h sur­
fa ce w ater can d rain downward s unde r t h e influence of g rav ity. As a result 
of this inc r e as e in water content, the lacustrine, clayey silt dir ec tly above 
the till was fr e quentl y ve r y soft, especially in areas of numerous vertical 
frac tur es. 

Uppe r till (unit 8) 

A soft, brown to dark g rey, claye y, silty till underlies the lacustrine 
clayey silt. Th e contact b etween the two materials is distinct and ea sily 
r ecognizable. In the contract area, th e surface re lie f of this till is about 
twenty -three fe et , ranging in e levation fr om 567 feet above sea level at 
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Figure 4. Large limestone boulder that was imbedded in the lower part o f 
the upper till; station 67 + 50, elevation 550 feet, 150 feet east of 
the centre line. (GSC photo No. 2 - 4-68 ) 

station 57 + 00 to 590 feet at station 82 + 00. Its thickness v aries from 27 to 
37 feet, with an ave rage of about 30 feet. The t ill consists of silt and clay 
and, in general, contains few stones. In some places, howeve r, numerous 
angular stones are present, most of them being l es s than 3 inches in diam­
e ter . Many we re derived from local Paleozoic sedimentary bedrock forma­
tions, but a few Precambrian granitic erratics are also found. The disturbed 
condition of the till, due to the constant movement of construction equipment, 
pr e vented any accurate till fabric data being obtained. Some of the coarser 
grained, granitic stones were weathered to a soft , friable rock which disinte­
grated readily whe n struck with a hammer. A few lar ge boulders up to four 
feet in diameter were imbedded in the lowe r 4 to 6 feet of the till (Fig. 4). 
Of these, the larger usually occurred singly whereas the smaller, in the 
eighteen -inch to twenty-four-inch range, were in nests containing seve ral 
boul ders, usually all of the same rock type. 

The location of the large boulders in the till was so consistent that, 
during the excavation, their presence could be usedasanindicationofnearness, 
to the base of the till. Many of the larger boulders consisted of fine-grained, 
dense, dark grey to black limestone of local origin. Most were flat - sided 
and were bound by joint and bedding surfaces. Striations were common on 
the surfaces of these stones. In general, the striae had no consistent orienta­
tion but on some, one or more sets of well-developed, parallel grooves were 
observed. Probably the latter were part of the ground surface over which the 
ice had moved. Granitic boulders were more rounded and exhibited fewer 
striae than boulders derived from sedimentary rocks. 

Anothe r criter ia used during the excavation as an indication of the 
proxim i ty of the base of the upper till, was the presence of well-defined 
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inclusions of an underlying dense, red-brown, stony, basal till. These inclu­
sions could eas ily be distinguished because of their contrasting colour and 
difference of stone content. In the lower ten feet of the upper till they occur 
as sharp-edged, irregularly shaped fragments up to 24 inches in their longest 
dimension. Above this, they are less numerous, larger and have usuall y 
b een partly assimilated by the surr ounding till. The largest fragment seen 
was about 5 feet above the base of the till. The ability of the ice to pluck 
large fragments from its surface is an indication of the high density of the 
basal till. 

Inte rtill deposits 

A deposit of soft, horizontally stratified, dark bro,vn, clayey silt 
with thin beds of buff-coloured, sandy silt occurs between the upper and l ower 
tills in the southern part of the contract area. Its maximum thickness is 
about ten feet. Varves ranging from 1 to 6 inches in thickness, are common. 
Except for the sandy, silt layers and the greater thickness of the var ves , thi s 
material is similar to the lacustrine, clayey silt over l ying the upper till. 
Traces of this material occurred between the two tills in oth er parts of the 
excavation but were usually too small to be included o n the accompanying 
geological profile (Fig. 2). The contact with the underlying basal till (unit SA) 
is distinct. On the other hand, a transitional zone, about twenty-four inches 
thick, consisting of a mixture of till and stratified material separates these 
stratified sediments from the upper till (unit 8). The strata are folded and 
crumpled for about three feet below this zone, probably as a result of ove r­
riding by ice. A large part of the overlying upper till probably cons ists of 
material from these lacustrine beds, rewo rked under water . 

Geological and engineering evidence in the contract area indicates 
that ice advanced in a general southe rly direction across a large lake cover ing 
the area. The ice eroded the sedimentary materials deposited on its floor 
and incorporated them into the upper till. Subsequently, the i ce withdrew and 
the area was again covered by lake water from which the upper clayey silt 
was deposited upon the till. This lake is thought to have been glacial Lake 
Warren. 

Lower till (unit SA) 

At the completion of the work, a dense, reddish brown, silty, 
clayey, stony basal till was exposed on the floor of the excavation throughout 
the entire length of the contract area. In general, the surface of this till 
follows the contours of the upper till. At station 60 + 00, at the north e nd of 
the excavation, its surface elevation is about 538 feet above sea level. From 
this point it slopes gently upward to the south to a maximum e levation of about 
560 feet at station 80 + 60. As the elevation of the floor of the excavation is at 
538. 3 feet, the amount of basal till excavated varied from a very small quan­
tity at the north end of the cont ract area to a maximum of 21 feet at station 
80 + 60. The red colour of the basal till is probably due to incorporation of 
shale from the Queenston Formation. The n ea rest occurrence of these rocks 
is about 10 miles to the north. Actual fragments of Queenston sha l e did not 
occur in that part of the basal till exposed in the excavation although a few, 
small, angular fragments of w hite, quartzose sandstone from the Whirlpool 
Formation which over lies the Queenston, were present. Most of the stones 
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observed in the till consisted of hard limestone and dolomite from nearby 
bedrock fo rma t ions. Granitic erratics were rare. Usually, t h e contact 
between the upper and lower tills is distinct, but, as menti oned earlier, a 
transiti ona l zone one to three feet thick occurs in places. 

EXCAVATION PROBLEMS ARISING FROM THE GEOLOGY 

Scrapers and draglines were used by the contractor in excavating the 
various types of overburden encountered on Contract 743. The upper, lacus­
trine , c layey silt, w hich was relatively hard from g r ound surface down to the 
water table or to a point close to the underlying till, was removed by scrap­
ers. As the lacustri ne mater ial be came softer with depth, the contractor 
apparently attempted to remove it by skimming off a few inches at a time w ith 
s c rapers and then allowing the mate rial to dry for a short tin1c b efore making 
another pass with the scrapers. This method was only partially successful 
and, subsequently, the contractor changed to draglines w ith w hich the remain­
ing material was removed to grade. It is believed that, instead of removing 
i t by drag line, scrape rs could have been used to excavate the dense, stony, 
basal till as this material provided good traction for constru c tion equipment. 

During construction of the ramp down the east side of the excavation, 
betwee n stations 63 + 00 and 67 + 00, about ten feet of the fine-grained, sandy 
silt in the lower part of the lacustrine material had to b e removed and 
replaced in order to provide a more satisfactory foundation for the road. 
This l ow -strength material directly overlay the upper till throughout muc h of 
the northe rn half of the contract area . Most of the large boulde rs and nests 
of smaller boulde rs in the lower part of the upper till we re encountered in the 
southern part of the excavation . Many of these boulders were so large the 
contractor had to remove them individually. 

COMPARISON OF INFERRED AND OBSERVED GEOLOGY 

The materials which the contracto r might expect to encounter in the 
excavation were plotted on a geological profile prepared for the centre line of 
the contract area (se e Fig. 2). This information, inferr e d from te st borings, 
was included in the cont ract spe c ificat ions. In general , the geological data 
provided for the contracto r we r e correct . 

The two tills indicated on the inferred profile were identified in the 
excavation. Sufficient evidence was obtained to suggest they were deposited 
by differ ent glaciers and are not facies of the same till sheet. The properties 
of these materials as observed in the excavation agreed with those obtained 
from laboratory studies, made by the Authority, of samples taken by test 
borings. One diffe rence between the inferred and observed profiles resulted 
from the undulations in the surfaces of the tills . Because of this, the volumes 
of the materials excavated differed from the amounts that would have been 
calculated from the inferred profile. A very la rge number of borings would 
have been necessary to contour the surfaces of the tills accurately. Another 
diffe renc e was the presence of lar ge boulders in the upper till. Consider ing 
the extent of the contract area, it is doubtful if the presenc e of these boulders 
would have been indicated even by an extremely large number ofborings. The 
observed thickness of the upper, lacustrine, clayey silt was greater than 
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inferred from the test borings. As a result there was less till and m o r e soft, 
lacustrine material to excavate. The narrow transitio n zone between the tills 
w as found to consist of soft, lacustrine, clayey silt, which is much more 
extensive than indicated on the inferred profile. 

HAMMER SEISMIC PROFILE 

The Hammer Seismic Profile along Carl Road (Fig. 5) w hich accom­
panies this report was prepared by the Exploration Geophysic s Division of 
the Geological Survey of Canada. Carl Road crosses Crowland Township, 
Welland County in an ea st-we st direction, inter sec ting the centre line of the 
Welland Canal By-pass on Contract 743 at station 62 + 20. The seismic 
investigations were made at appr oximately 1, 000-foot intervals along the 
road, commencing at the existing Welland Canal and ext ending west for a dis­
tance of about six miles. 

A comparison with subsurface data obtained from the test borings 
put down by the Seaway Authority suggests that the boundary be tween layers 
Nos. 2 and 3 on the seismic profile represents the groundwater table, that 
layer No. 3 consists of lacustrine materials ove rlying silty , clayey till , and 
that layer No. 4 is a dense, basal till. The results of two seismic inve stiga­
tions along Carl Road within the area of Contract 743 are compared below 
with the information obtained from test borings put down previously at the 
same locations: 

Top Basal Till 
Bedrock 

Test Boring No. P- 6 
(depth in feet) 

Boring 

23 
42 .5 

Seismic 

24 
70 

Test Boring No. P - 36 
(depth in feet) 

Boring 

30 
45 

Seismic 

26 
41 

GEOTECHNICAL PROFILES 

The accompanying geotechnical profiles (Figs. 6 to 17 inclusive) on 
which pertinent properties of the soils e ncountered in the excavation for 
Contract 743 are described, were prepared by the St. Lawrence Seaway 
Authority from soil samples obtained from test borings put down in the con­
tract area. The locations of the borings are indicated on the geological pro­
file (Fig. 2) . 

In general the various soil types can be identified on the geotechnical 
profiles by comparing their properties. The approximate boundaries of the 
soils have been indicated on the profiles. The similarity in the properties of 
the lacustrine materials and the upper till suggests that a large part of the 
material comprising the till was derived from lacustrine deposits. This sim­
ilarity in properties is further indicated on the Hammer Seismic Profile along 
Carl Road. -~Here, in layer No. 3, it was not possible to differentiate between 
the lacustrine deposits and the till, both of which, from test borings, are 
known to occur in the layer. 
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