L%
b Y

sbruary G, 198

*@- =
ations

?‘ﬁ%




H. Q. GOLDER

V. MILLIGAN

1. 6. SODERMAN
J. L. SEYCHUK

H. Q. GOLDER & ASSOCIATES LTD.
CONSULTING CIVIL ENGINEERS

2444 BLOGR STREET WEST
TORONTO 9, ONTARID
763-4103
767-3201

REPORT

T0

DEPARTMENT OF HIGHWAYS, ONTARIO

ON

FPEASIBILITY STUDY

PORTION OF PROPOSED HIGHWAY 406 WITHIN WELLAND CANAL

WELLAND

Distribution:

- 8TA, 800+00 TC STA, 1110+00

ONTARIO

15 copies -~ Departmer~ of Highways, Ontario,

Toronto, Ontario

3 copies - H, Q. Golder & Associates Ltd.,

January, 1967

Toronto, Ontario,

65093




CONTENTS

Page
ABSTRACT 1
INTRODUCTION 2
PROPOSE.;: HIGHEWAY AND NECESSITY FOR STUDY 3
SITE AND GEOQOLOGY 4
S0OIL. CONDITIONS &

Section I {Sta. 800+0C to 880+0U) 12)
Section IXI (Sta. 830+00 to 960+00) 7
Section IITI {Sta. 980+00 to 1100-00) 8
GROUNDWATER CONDITIONS 10
PREVIQUS CANAL BAMK PFAILURES 1C
Stability in terms of reported undrained strength 11
EFFECy OF DRAWDOWN OF THE CANAL ON EXISTING SLOPES 15
Stability in terms of undrained strength 15
Stability in terms of effective stress 16
Effect of the rate of drawdown 17
AREAS NOT MARKEDLY AFFECTED BY DRAWDOWN OF THE CANAL 19
AREAS OF POTENTIAIL MAJOR INSTABILITY z0
Retaining walls and canal banks between sta.967+00 and 1054+00 21
Bridge structures and syphon 22
0 . SUGZESTED PROTECTIVE MEASURES 23
CONCLUSIONS AND RECOMMENDATIONS 24
REFERENCES 27
ABBREVIATIONS In order
followin
FIGURES 1 Key Plan Page 2% g
2 Bering Plian and Subsurface Conditions
3 Foundation Details - Bridge 16
4 Foundation Details - Bridge 15
5 Foundation Details - Bridge 14
© Foundation Details - Bridge 13
7 Foundation Details - Syphon
8 Summary Plot of Engineering Properties {Sta,800+00 to 880+00)
9

Summary Plot of Engineering Properties (S£a.890+0D to 960+00)
10 Summary Plot of Engineering Properties (Sta,980+00 to 1110+00)
1l Summary of Canal Failures {8Sta.815+00 to 1110+00)}
12 Canal Bank Failures Related to Reported Undrained Shear
Strength {Sta.805+00 to 1110+00)
13 Summary Results of Effective Stress Stability Analyses
14 to 27 Photographs

GOLDER & ASSOCIATES




ABETRACT

A study to determine the feasibility of locating a
portion »f proposed Highway 406 in a section of the Welland Canal
in the area of the City of Welland and which will not be used for
shipping following completion of a proposed canal re-~alignment is
reported., The section involved is between stations 800+00 and
1100+00 {Canal chainage}.

This report covers, in general terms, the subsurface
conditions and engineering prcperties of the overburden in this
ares and discusses previous canal bank failures and the possi-
bility of further slope failures in relation to the proposed
highway. The report is based on studies of available reports on
the scil conditions and on extant drawings of existing structures,

In general, from the consideration of problems of the
stability of canal banks and foundations of structures, the con-
struction of a section of Fighway 406 within the drained excava-
tion of the Welland Canal is feasible provided that protective
measures, such as partial in.filling prior to drawdown of the
canal, are carried out in areas of potential major instability,
Such areas have been defined and are discussed in the report.
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INTRODUCTION

H. Q. Golder & Associates Ltd. have besen retained by the
Department of Highways, Ontario (letter of authorization dated July
8, 1966} to examine the general feasibility of using the drained ex-
cavation of 2z gection of the existing Welland Canal between Ramey’'s
Bend and Bridge 12, now to be abandoned, as a route for Highway 406.
The féasihility of the proposed highway is largely dependent on what
bhank stability problems there would be in dewatering the existing

canal in this area.

This report covers, in general terms, the subsurface condi-
~tions and engineering properties of the overburden in this area and
‘discusses previous canal bank failures and the possibility of further
slope failures in relation to the proposed highway. The report is
based on stuéies of available reports on the soil conditions and on

extant drawings of existing structures,

Site visits have been made and surveys conducted of pre-
vious‘slope failures of the canal banks, Data supplied t§ us Con-
cerning the soil conditions and such failures, and consisting mainly
of reports and drawings by the St. Lawrence Seaway Authority are ?aﬂv
ferred to throughout the report and listed under "References", HNo
porings or laboratory investigations or testing have been carried

cut for this study.
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PROPOSED HIGHWAY AND NECESSITY FOR STUDY

It has been tentatively proposed (notes on meeting, D.H.O.
Sept. 22, 19686) that, if feasible, Highway 406 within the canal would
have four lanes, which together with a median strip would reguire a

right-of-way of approximately 120 ft, width. The grade of the high-

way would be depressed below the surrounding terrain at aimost eleva-

tion 560, thus facilitating the construction of exit and entrance
S asilie

me 20 ft,

* S SRS TR RO

ramps to the highway. At this grade the roadway.yould,

above the existing canal bottom.
o ©

It is known that, in the past, a number of failures of
the existing canal banks have taken place, 1In some areas the banks’
have been trimmed to improve stability, but in many areas no protec;
tive measures~have beern taken and the slides are still in evidence.
‘It can be expected that further bank failures will take place on de-
'watezing of the canal -~ the effect of the dewatering constituting
an unloading at the toe of the slopes. Since a significant’part of
the proposed route passes through the City of Welland, such bank
failures would endanger existing bridge structures and property
adjacent to the canal., It is therefore essential that the causes
of the previous failures be investigated and examined in relation
to the construction of the proposed highway and further, that arvess

of potential instability be defined.
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; GEOLOGY

The portlon of the Welland Canal ccnSLdered in thls study
Nf 1s between statlons 800+00 and lllO+OO- thls portlon of the canal is’

  1ocated w1th1n the Tcwnshlps of Crowland and Thorold County of

°ff_ Welland~‘and is outlined on Figure l Figures 14 to 27 inclusive
 7show phctographs of typlcal structures and the canal banks within

‘ ,fhe area studled

The‘City of Welland is lccated approximately in the’centré

 0£ the seétion” The canal is cut in é ‘broad, relatlvely flat cl z

's*‘plaln whlch Vnrles in surface elevatlon from about elevatlo%mggﬂ fn e

 6{}0

o 1dth of the caral at the crest and at canai bottom is about 350 ft
'”and 206 ft.,'respectlvely., The water leve¢ ¢n the canal is at about'

 ;elevat1on 569 (some 29 to 3Q £L, cf water} The Welland RlVCI whlch3 '

1f10ws from'west to east ad3acent to the canal is at a normal water

"yflevel of about elevatlcn 962 Wth the nlgh water level belng about

'”elevatxon 569,

From aVailabie gedlcgicai,information {Chapman, Putnam,
 1951) and inspection‘of the area, it is known that the o&erburden
consists of thick depoalts of gilty clay overlying till, physio-
gzagh#cally’known as Haldimand Till. The till deposits which are

459  - of Wisconsin age, were buried by the silty clay, which is a lacus-
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trine deposit laid down in glacial Lake Warren. The glacial lake
phase was possibly dinterrupted by two major retreats of the ice
front which results in distinctively different deposits - non-stra-
tified relatively silty, homogeneous deposits laid down with the ice
front fairly close, and heavily stratified very clayey deposits 1aié‘
down when the ice front had retreated sy me distance., All of the
deposits except the upper 30 to 40 ft, which are desiccated, are
relatively soft and possibly only lightly over-consolidated., The
total thickness of the overburden generally varies from 100 to 120

ft., in thickness,

The broad clay plain is bounded to the north by the
Niagara Escarpment wanich steps down towards Lake Ontario. To the

south the plain is bounded by the toe of the Cnondaga cuesta,

The water shed in the area is provided by the Onondaga
cuesta, which though quite low and lying close to the shore of Lake
Erie, nevertheless forces the drainage to the north and east. 1In
general the drainage in this primarily £lat heavy clay area is quite

poor.

The bedrock in the area is Palaeozoic, the beds of which
dip slightly southward under Lake Erie, The bedrock, which gener-
ally varies in elevation from 460 to 500, is a massive dolomitic

limestone interbedded with siltstore and calcurésus shale of the

GOLDER & ASSQOCIATES |



- Salina formation, Devonian Pericd. This formation contains numerous

- gypsum inclusions from hairline thickness to as much as 12 inches,

. SOTIL CONDITIONS

 Borings put déwn during previousri§Vestigaticns by otﬁérs
héve pﬁQViéed informati&n’on the éubsoil conditiqns along,the‘cénal ,
: (Refer té'Tustin -‘1§66‘a, b). ThE‘locétion of these boreholes and
" the inferreﬁ'soi1 strétigraphy; as well as:the’engineering propertiés’
o Qf‘the Svéfburﬁenkare‘Shown on Figure 2. Sased oﬁ the stratigraphyy
: ‘and~the~repérted,engineering‘éiaperties cf‘the overburden, the’soili
‘i¢pndi£ib§5),be£&eeg stationé~8004&ﬂ ané~ilio+00, can be’grcuped inté
"“"ihfee.ﬁaiﬁfsecti§ns.‘ Aibfief summary of the éubsoil ccnditionsﬁith—w~“
‘~Qin;ea¢h $é¢tio§fis preS§nteé below, Qith;parficalai attention gi#eﬁ‘

",ts°tﬁefnpper\cehQSiﬁe:strata of'the,ovepburden;

. Section I (Sta. 800+00 to 880+00)

The crest of“thegcanaifbaﬁk‘in’this section is at about

 elevation 582,

The,suificialfcover is a very Stiff,ta stiff biown laye:ed
“élaYey silt and silty clay with a trace of sand and gravel. Thé ,
'ﬁhiCkness of this deposit, where encountered) ranges from 14 ft. to"
20 ft. At botehole W-384 the surficial cdver,is a grey-btown sandy.

S silt f£ill with some inclusions of organic matter,
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7.

Directly underlying the surficial deposité in this section
is the predominant overburden stratum, a stiff grey-brown clayey silt
till with occasional lenses of silty clay and which changes to a firm
‘consistency with depth. The thickness of this stratum varies from 30
to 70 ft. extending down to as low as elevation 512, Grading analyses
carried out on the silty till indicate that the clay content varies

from about 20 to 40 per cent, with a silt content of up to about 65

per cent.

The engineering properties of the overburden along this
section are summarized on Figure 8. The average liquid limit and
- plastic limits are 26 and 11 respectively, with an average water
cbnteat of 19 per cent and indicate that the till is inorganic and
of low to medium plasticity. The average unconfined compressive
strength of the stratum, between elevations 520 and 560 (the criti-

cal zone based on slope stability considerations) is about 1.0

ton/sq.ft;

The clayey silt till is underlain by a dense to very
dense sandy silt till which in turn is underlain by dolomitic

limestone bedrock.

Section II {Sta. 890+00 to 960+00)

Underlying a thin surficial mantle of topsoil the pre-

dominant overburden stratum in this section is a grey-brown clayey
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8.

>”s1lt tlll | The ﬁhlckness of thé s11ty Llll ranges from about 28 to
[*f40 ft., extenélng down to as low as elevatlon 550. - The upper‘mottled
' bréwn zone (some 10 to 14 ft in thickness) has been desxccated 1uto
‘ia haﬁd crust and és such is highily flssured Grading analyses carried
'out:On $amples‘from the deposit‘indicate that the compoéition,éf Ehé

till is similar to that of Section I.

Thé engineering'properties of the overburden are summarized
‘On Figute 9g 'TheiAttetbergflimit tests carriea cut on the clayey silt
 t1l1 1ndlcate that the tlll is 1norqan1c and of low to medlum plasti-
g,01ty Wlth the carrespondlng llquldlty 1ndlces varylng fram 0. 3 to 0.6.

:”L The average»measnred unconaned compre351ve strength belcw the crust

Ils abo&t 0 8 tons/sq ft

Underlylng the sthy t¢11 at a few of the boring loca-
  'ti6hs is a dep051t of flrm brown to grey stratlfled or varved Slltj’
.  c1ay w1th a trace of sand and - gravel : The]max1mﬂm*thickne5s'of this

 ”ﬁdepos1t is- about 20 ft

The va ved 311ty clay is in turn underiain by a dense to
- very dense;sandy silt till deposit. Bedrock was not proven at any

of the borings put down in this section.

- fection III (Sta, 980+00 to 1110+00)

The predominant overburden strata in this section are a
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 Gw to grey 1nterbedded 511ty clay and/or stratlfled clay. ]

h,i$;highly:fissﬁied; The thlckness of 1ndlv1dual 1ayers
~w1¢h1 n the sbratlfled clay 'arles w1dely to a maximum of 3 inches
'1mately.‘ Occa510nal partlngs and seams ef s1lt and sand are

esent w1th1n the stratlfled clay. ‘Gradlng analyses carried,

that, in general, the clay

’Underlylng the i w ~bedded 311ty ’lay and stratlfled’
1s a compact to v LY dense ieddlshﬂbrcwn to grey 511t and
‘ép051t=‘ blrectly under;yins thé 51lt and sand ‘is a deposzt
frvery dense’grey 311ty sand tlll.’ Thls Sllt ~sand tzll depo:lt
;céntlnuous along the portlon of the canal 1nvestlgatnd Dolomltlc
11mest§ne bedrock of the Sallna £ormat#on underlles the granuiar tllloy
’thé éurface elevatlon of tﬁe bedrock W1tH1n this section ranges frum

bout elevatlon 462 to 494
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. GROUNDWATER CONDITIONS

The piezometric groundwater conditions were determined
dﬁring the previous investigations by installing piezometers in the
'oyerburdén {mainly along the west bank). The pertinent installa-
tiﬁhs,a;e shown on Figure 2; also included on this figure are the

~results of readings taken in these pie¢zometers.

The readings taken in the piezometers indicate that the
‘piezometric groundwater level within the bank of the canal is
rgenerally betweeﬁ 5 and 10 ft. above normal canal level (which is
apgroximaﬁely at zbout elevation 569). The piezometers further
: inﬁiéatE‘ﬁhat, in general, ﬁhe piezometric’grcundwéter level in-
"crgaSesvin e16vation t§~the’west.‘ Further:, the previous investiga~k
‘»k€i¢ns-sﬁg§est that the giouhdwater seepage is from west to east
fPeCkovér; Ténnéf, 1959) causing ?eriodi¢ wet spots within: the

west béﬁk_of the canal.

'PREVIGGSHCANAL'BAﬂK,FAxLﬁREs,

The lécation and latuoral extent of known and obserﬁed
canal bank failures are shown in plan on Figure 2, From visual
dbééréatidm of the apparent geometry of these failures, the slides
have been divided into two categories, namely:
- a) Shallow slope failures involving c¢nly some 10 ft. to 15 f=,
depth of soil down the face of the slope: possibly caused by

softening of the upper desiccated and fissured zone of the
clay.
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‘11: ,"

Deep rotational slides often causing movement at the base cf
the canal and affecting the whole mass of soil within the
canal bank. ‘

1t has also been observed that:

i) The majozity of the failures have taken place on the west or
higher bank of the canal. Further, where the bank is high,
the failures are of considerable lateral extent,

ii) Relatively few slope failures have taken place between sta,
- 800+00 and 880+00. The greatest number of fzilures have
occurred between sta, 900+00 and 1050+00, particularly
within Section III where the reported unconfined compressive
strength is lowesc {(Fig. 10). Those failures which have
taken place in Section II have occurred where the canal
banks are relatively high (Refer to Fig. 9).

The~faiiures have been plotted in terms of slope angle,
', ,”  (fg), versus the heignt of slope, (H), on Figure 11. From this

4.' !,;  1“datafan'agptbximate limiting boundary condition can be assumed

; 1'fbx Va?ious7coﬁbihations”of slbpe height and slope angle under the
‘eXiSting wafer’levei'conditions; Fdr example,'fcr'a slope angle,
‘ﬁ5='250, é height,'ﬁ = 50 fﬁ.'wou16 be‘unstable; thereas if the
 $169€ héiéht'is :estricteé to 40 ft. +12 bank would be stable.
 §§wever, the important variable not considered in this plnt fs Ege~
iéfluence’of the overburden shear strength on the stability of the

slopes. This point is examined further below.

Stability in terms of reported undrained strength

The slope failures have taken place in banks of clay or

clay till. There is considerable evidence to show that the use of
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ﬁhé‘una?ainéd‘shear strength iﬁ'the‘tqtél stress, orfﬁ =0 &éthsd
~Qf‘§nalysis, cannot be justified ih analyzing the long term stability
Qf’slopés in fi;sured clays or in over-consolidated clays or clay
‘tills: the error in estimating the factor of safety by this method
can Ee extremely‘large.k steverf for slopes in normally conéolidateé
clays, the eﬁrofs‘in eétimatingfthe lcng term stability using the uh~

 dra1n@d shear sitrength and @ = -0 analy51s are not large, and generally

on the safe side.

In‘the~area of study {and particﬁlarly in SecticanII},

: 'belcw a depth of BO ft to 40 f%., the clav dep051ts are elbher Hor-—

"“’mally cansolldated or only 11gh cly overfccnscl'idateda Excep‘t f’m;
'~l the upper 30 £t ;VWhich is fissure&;'thé c;ay*is‘intact. ‘Conéequentiy,
ras'far as rctatlonal sliﬁes areyéohcérﬁeé nype,b} a preliminary
;1evaluat10n ef the stablllty of the cénalibaﬁks cén be‘made usingfthe
‘undralned °hear strength of tﬁe clay and sxnce w1th1n *hé crltlcal
‘,zoﬁe of sl;dlna {40 ft depth or greater} the clay is intact the
1undra1neé strenctﬁ can be determlned from unconfined compre551on
"tests. {In this case, the undrained shear strength, 5y, is taken aé,

cne-half the compressive strength.)

The stability of a slope using the total stress analysis

can be expressed in terms of a dimensionless number, (Ng). (Tay.or,

1948) defined as: Ng = ?;H . F
e ' ' u
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Pt
s
5 k. :.

total unit weight of the soil (1b/cu.ft.)

helght of the slope (£t.)

- undrained shear strength (lb/sqg.ft.)

|
]

yfactor of safety.

Cpmputations carried out using thé totélfstreSS'énQIYSis {Taylor,
1948}'are‘summarized on the overlay to Figure 1l. On this plbt, the
slapé~hei§ht was adjustgdito’consider Submefgence, It éan‘be ap-
preéiated that a partially éubmereeé slope of hei@ht '(H) is
equlvalent in tnrms of Stablilty to a non-submerged slope of 1esse“‘
 he1ght the 5011 we1ght and. shear strength belng identical. | Comparaf
'tlve stabllxty analyﬂes 1ndlcate that for 30 ft of submergeﬁce"
 (takenuas the average 6epth‘or water 1n‘£he canai) a éanal bank sEope‘

_of'helght, (H}, with F = 1, is apprcx1mately egual to afnonasubmerged

Slope of helcht (h - ll £t ) Consequently, this adjusted helght has‘
been used ln ﬁhe preparatlon of the overlay to Flgure 13, Slope
h61ghts with F o= 1, O have been conputeé for two values oL‘shear’
strength, némeii 500 lb/sq.ft.'and 700 1b/sq.ft. It has further
~ been assumed that the depth factor {the ratio of the slope helght to
'the depth of a hard layer on whlch sliding would take place), ng,
equal to 1.5%, It is apparent from the figure that the majbrity of
the slope failures take place at an undrained shear strength between

*This figure is reasonable for an average canal bank height of 46 ft,
= e ' uef’er to eratlaraphlc details on Figures 8, 9 and 10,
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ff4355ﬁfib/sq;ftf_to 700—1b/$q;ft, These values agree qﬁitekwéll with
o ;thé”aﬁérage':eported,measured‘undraineé shear strength in Section
']Iii/(Fig; 10), but are lower than the average in Sections I and II.

(Fiéfs 8, 9).

In‘Figure 12, the canal bank failures are plotted in
terms of the dimensionless parameter, (Ng), for F = 1.0, and the
,rép0rteé shear’strength f0r the‘section in which the‘failure,taok

M:pléCe, It is apparent that for some of’thé’slope failures, the in

yéitu:shearfstrength at‘faiiuie’must be}less than'thatfmeasured’iﬁ
fﬁﬁé§§fingdlgompression;tésts;' The,reaéon fb9 this,gév be,due‘fb‘
‘v;ﬁﬁé:éﬁiséﬁrdpiéanatﬁré‘Of the stratlfled ciay stratum VWhich from
  :prev1oug studles (Regort 6375 July, 1964) ‘1s known to have’dlre»—
onal shear strengtb propertleq Fo:'tn;sfmaterial,‘fhe shear,t |
‘#éﬁgﬁh,mabilized.ét faildﬁé is‘depe§6é§t on’£hé éiieﬁtatiqn:of i
f ;gféfé#rea ?lanes oF apparent weaxness., Tbe averégé undralned shéar’{

';strength along such "weax" layers was measureé to be 500 1b/=q ft

kfConséquéhtly,‘wheré4ﬁhe stratified clay is’présent,‘the
' banks can’be assumed tc be potentlally unstable. From the strati-
 graph1c sectlcn (Fig. 2), the area of stratified clay is generally

' within‘Section III and particularly between sta. 960+00 and 1050+00,
Horth of this area, where ihe reported unconf ined compressive strength

'is high (Section I}, and south of this area where the banks are either
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iasse

‘f;~flatter‘orhha§é been’partlallf unloadéd by excévatlng mateflal‘at
 J7the top ofvthe baﬁks the slopes are relatively stable.’ The effects
:3qu§ewater1ng‘the'canal in these stable areas,is briefly discusSéé
i fb¢loQ anﬁ‘méré detailed éxaminat;on given to tﬁe area of poténtiél

instability.

 EFFECT OF DRAWDOWN OF THE CANAL ON EXISTING SLOPES

- Stability in terms of undrained strength

The result of dewétering the canal is to remove a weight;
of water écting ai the toe of the slopes, ‘Tﬁe total activating
'  force cauSLng slldlng 1s therefore much greater than in the partlally
1fr{submerged case The increase 1n actlvatlng force causes no increase
hlﬂ shearlag strength however 1f therrate’of 6ewatering 1s'éufFicient-' 
'fly iag;d that no water wz?l escape f*om/the poras of the 3011 Ccn;
@sequently,‘the “undralred“ shear strength cf the soil can theﬁ be

“useé in examlnlng stablllty on drawdown of the canal

In an,éxamination of stabiiity, tﬁé’effecfhof &éwateriﬁg
;:‘caﬁ be c0n51aere5’as 1ncrea31ng the bank nelght H, by ‘the removal
; of 30 ft. of water. ,(Thls is comparable to rapidly increasing’the
,QELth of a non-submerged élope by an squivalent height of scil of
 at léast 11 ft.).‘ Frgm Ficure 11, canal banks of average height
I = 45 ft; and sloped at flatter than 209, could be expected to

suffer little instability on drawdown.
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5  Where the bank materlal is strong w;th 1ncrea51ng degth
 and weatherlng has taken place on the upper or exposed surfaces of
‘,thé,clayey‘qvernurden, drawdcwn'slope failures are generally rela-
tivéij:éhailow since the strength is lowest in the zone of weather-
:ihg‘or softéning close to the surface. 5h@ ‘majority of ex1sf1ng
shallow slope failures observed (Type a) have taken place where the
~_averageislope angle was in excess of 259, (Themajorlty of cut‘oi
}natural slopes along the cénal éfe'at an angle of from 25° to 35°.}
' T§ﬁs, shallow slope fallures can be expected along the cxisting
 banks on drawdown The 31gn1f1cant pozﬁt however is that, where
  there are no. structuLes élcse to. the edge or toe of ﬁhe baﬁks {é.g.
  Séct1o§ ;),fsuch Lailures:ar6~cf mincr ;Qn$equence. Where'they occﬁr

‘ v i§ such a£eas they can be treated fcllowing,dEWate:ing.

Where the badk materlal is szgnlflcantly weaker w1th
 ;f§epth as 1n SEuthP ITI‘uue ef:ecf cf drawdown (1n effect 1nc£easxng
' nﬁhe helght of the bank) 1s’markedly more severe élnée deep ;éliuré

f s#rfacesJare alsofcrltlcal'{comparable'to‘Type b). From the data
-pfeéented{in,?ig‘s 1l and 1Z, the section’of the canal where the

' ‘weék stratified clay layer is present is obviously potentially un-

étable‘With réspect to deep failures under the condition of rapid

drawdown.,

Stability in terms of effective stress

_iED T - The use of the undrained shear strength, measured prior
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nffé?dréWdown,,is‘only:Valid where~the rate of deWateriAg is‘such that
; no appreciable drainage is able to tare place in the vicinity of the

~incipient failure surface during the drawdown period. This can be

illustrated in terms of effective stresses.

A summary of effective anélyses of an existing typical

”sedtipﬁ of the west bank in Section III (sta. 9%0+00) is given on

,Figuré;KS. The shear 5trength parameters assumed for the analyses
 \wéreibase6 on previous wofkixlﬁhis area (Report 6375, July, 1964).
'  ,The faétor'of safety, P, with respect to a déép failure thigugh the
 10wer weak“‘layer is crltlcal F, prisﬁ,to drawdown, is approxi-

:f,mately 1.2%, maklng the,assumptiéns concerning the shear parameters.

'anﬁ,pieZGmetric levels given on the figure. On drawdown, if there

 is no dissipation of pore water pressurés'within the bark, the

~phreatié,surface‘coinCiding with the face of the‘slcpe then F is

ﬁf;'reduéeé'by,cveri33 per cent. If the rate of drawdown is slow such
,that‘theré is séme‘drainage therreductién inF is smaller. It is
'.'therefore lmportant to examine what rate of dewateflng of the caﬂai;

can. be consxdered slow enough to effect substantial drainage.

,Effect of the rate of drawdown

Computations‘of stability for sta. 990+00 assuming the

*Conéidering the general assumptions made, the computed numerical
value of F is not necessarily exact, but represents the general
ordexr Qf the stablllty of the slops
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Cpﬁreatlc surface shown 1n Flgure 13 indicate that F, (after

~drawdown}k_s of the order of 0.2 to 1.0, deep fallures through the

[0

bout 20

:Wea " clay layer belng most critical.‘ This value of F is abou
‘per cent greater than F for no pore water dissipation within the

slope.

'The tate’éfadissipation of’drawdown pore p:essuresfcan
 be:éstim§ted approximately by drawing a series of flow nets with a .
:gféﬁﬁallf icwering/ﬁppef phréatic surface, ﬁach flow nét represents
’the‘condition existing in:the bénk'a£ some éefinitertime'following‘
, drawéGwn ofrthe Lanal water ieve; "Uéingﬁfﬁis prcéedéré it is’
‘1*;aésumed that all Lhe water dralns‘oﬁt Of the pores. A‘general prou,

~ ,cedure has been workea out by Relnlus (1955) for earth dams iﬁ

~k whlch drawdswn is ralated to a dlmen51on eas number deflned as

X

"wﬁgté;i  ( k"#3co§ff1c ient of perﬁéabllth §f tﬁe qo11 ft;/dé?
S ’V ’=,£ate oF water level drawdowﬁ ft./dav |
ng = volume of water which can be drained out of’a‘bnlt

volume of soil, in per cent.

'Using,this approach and assuming dewatering complete in 2 years, or
- at a rate of 30/730 ft./day; for =a clay slope (k = 1 x 10~7 cm, /sec.,)
~less than 20 per cent dissipation of pore water dissipation would

have taken place in 2 years. However, this method applies to a dam
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"'w1th 1mpcunded water and ig 1nvalld for the natural ‘banks at the

' ;  1$1te since water ;evela in the slope would be re-charged because

dissipation
' deﬁld théreforefprobabiy be slower than that computed above.,

; ﬁh11e‘the efLects of the‘iayered character of the clay stréta would :
1ncreaqe the permeablllty in a horlzontal direction, on the basis
of our'Present,knowieﬁge of the;permeability of the ciay and the
gfbunéwéter gcnditions;~it'is ccnc1uded that dewatering the canal
éveﬁ Qvet a periocd of’severalryears would not be of significant
valﬁe;in reducing thé'incidegCe of deep drawdown‘é;ope7failuies‘in‘

‘f} areas where the "weak" layer is present'(séction 111},

'\AREAS NOm MARKEDLY AFFECTED BY DRAWDOWR OF THE CANAL
As &1scnsse§ above where the clay, althoagh weathered
iat 1ts surface is relatlvely strong W1th depth {i.e. *here are no

T weak" layers present} any fallures caused by drawdown of the canal

. lfwould tend ta be shallow' Further, 1f there are no SLructures or

 bu1l&1ngs aéjacent to the canal the consequences of occasional deep
(ffal;ﬁresfdurlng’&ewatering{ should they ocour, woald not be of'majcr:
consequence., 'Therefo:é; in the aﬁea north of the eXiSting syphon
structure (sté. 800+060 to 966+00), with the'possible exception of
, fhat part’of the east bank of tﬁe canal where it forms a dyke to
the éﬁjagent Welland River, no ?rotective‘measuresrshculé be re-

- quired prior to drawdown.
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In the,areé between sta. 1050+00 and 1100+00 the soil

conditions are relatively poor (Section III), but because of pre-

vious failures the height of the west bank has been reduced by
»ex¢avation and’the slopes flattened. (Fig. 14 - Photo 2). It is
daﬁbtful if major instability would result on dewatering at this
baﬁk. On the east bank no major structures or property is located

close to the edge‘of the canal and it is likely that this general

area need not be treated prior to drawdown.

The areas generally not requiring protective measures

prior to drawdown are marked on Figure 1.

_AREAS OF POTENTIAL MAJOR INSTABILITY

- chséquehces offsloée‘instébility could~bé extremély serious since
failures ccﬁld:céﬁge the loss of vaiuéble st:uctﬁrés~and'property;:
It is also signifiCagﬁvtﬁat within thé éaﬁeyérea'fhé’séil conditions
VWith teSpect to SIOée stability aré.peory(Fig. 10) and the proba-
"bility’of deep failure$ cn drawdown is high. This critical part of
ihe'praposed rouﬁe is marked on Figure 1 and extends from about sté.,
9@7%60 to 1050+00, ‘Typical cross-sections of the canal are given on
Figure 2 and foundation details of bridge structures and the syphcﬁ
crpssing of the Welland River, as determined from the available re-
cords; are shown on Figures 3 to 7 inclusive., 1Individual areas of

potential major instability are discussed separately below.
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Retaining walls and canal banks between sta. 967+00 and 1354+OO

Retaining walls in this area are generally founded on

timber piles of indeterminate length. Along the wést bank of the
: canalyruns a major transmission line of Ontario Hydro, generally
’within about 30 ft. of the top cf the slope. A number of buildings
‘ ’(excluding the syphon approach works)] are concentrated on the west
baﬁk of the canal and protective measures to prevent major slides
; will have to be taken; however, at certain locations the expense of

protective measures may not be warrantced:

At qta‘ 1061+ on the east bank, the buildings of the United
Qteel Cqmgm;athn Ltd. extend out to the crest of the slope.
@lg 20 - Photo ’&} However since Lhese buildings are com-
paratively old and apparently unused, it is doubtful if the
?expense;of protecting these structures'is warranted

Ne

Between sta's 1007+98 fBrldge 14) and 1020+OO on the east bapk
there is a “;igaggghn?tnﬂ *s+=1 gagwgggl’énanloadlna ‘dock which
exhibits sdhe. signs of str “Gctural distress. (Fig, 18 -~ Photo 10,
Fig. 19 - Photo 11). When shipping in the canal is terminated V?f
this loadlng dock w111 not be used and will probably have to b
 demolished. ‘Consequently, protective measures here prior to aeJ

Wdterlng could be Lestrlcted,tm%aéncllt;o%_

,fAnother pile- s ast bank

between sta. 1947+07 and 1354*00 The Union Carblde Ltd. buil-
dings are located some 200 ft Mback from the. dock. (Flg 14 - )
Photo 1). AE"discissad shove, _Of the dock w1l;ywﬂw,.YE§
inevitabkly be reguired and other protective measures may not be
justified, since tbhe existing factory buildings are sufficiently
far from the top of the slope to be unaffected by slope movements,

Aleong the west bank between sta. 1016+00 and 1033+00, the slope
has been flattened and reduced ir ueight to protect the existing
transmission line and towers. The possibility of deep failures
for a bank of H = 40 ft. and with an average slope of 239 to

240 seems small, (Refer to Fig. 11). Consequently, further pro-
tective measures here may not be justified,
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Bridge structures and syphon

Inferred foundation details for bridge structures 13 to

i6 inclusive and the syphon structure carrying the Welland River be-

~low the existing canal are given on Figures 3 to 7 inclusive,

The bridge structures are apparently founded on timber
?iles driven to practical refusal in the lower till or harder clay
strata;’ The length of piles is not known., There is some evidence
that thé‘bridge abutments and piers haye . at times,

wSuffered move-

,Vment, The most extreme example of this is at Bridge 16 {(sta. 10454+07)

where a concrete strut, 7 to 9 ft. in thickness, has beasn poured

acrcss a 200 ft. width of the canal between the centre piers of the

SRy

 bridge.
PO
o o ' Since traffic must be carried over the bridges while the

canal is being dewatered tne safety of the structures must be as-

- 3ursd and protective measures must be carried out prior to drawdown.

The syphon structure is ¢f massive concrete and founded
on’timber piles apparently driven to refusal on rock, (Refer to
Fig.'7). The possibility of drawdown of the canal causing movement
of this structure seems small, but this is largely dependent on a

structural analysis of the syphon,.

The areas requiring protective or remedial measures prior

0 ‘ to drawdown are marked on Figure 1.
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’ SGGGESTED“ PROTECTIVE MEASURES
| To provide protection in thosekspecific areas above wvhere

yﬁajor slope failures must be prevented, a practical measure would ke
to load the toe of the slopes or at the base of retaining walls or
bridge structures, prior to drawdown, thus balancing the unloading

at the toe by the removal of some 30 ft. of water. Since it has
besn ?roposed that the roadway grade would be about 20 ft. above the
present canal bottom the fill, thus placed, would not be wasted since
it would be used to form, in part, the subgrade for the highway and
‘also in the construction of exit and approach ramps. As such protec-
tive f£111 wéuld have to be dumped through water, its gradation should
be as,coérse as poSsible;  Most ofkthe material excavated in the We1~
"1énd,Canai re—alignmeht Wéuld be silty clay or clayey silt generally
'{at a~m0i§ture content well above the plasﬁic limit, This material
~would be unSuitable for dﬁmping through water, particularly if it
‘were to form the subgraée fcr a future‘highway. ,Hoﬁever a possible,
éoﬁrce Qf,écarse £i1l is‘the spoil ares located on the west bank'of
the canal running north from about sta. 866+00. The epproximate

location and extent of this ars2 is shown on Figure 1,

Representative bulk samples of the material in this spoil
area were obtained and it was found to consist mainly of boulders

varying from 3 irches to 3 ft. in size bound in 2 lean matrix of

silty clay. From a rough survey of the area it was estimated that
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abOut,4G0,00G to 500,590 cu. yd. of material were available for use

as fiii, If, to balance the unloading effect of some 30 ft, of

R

L

waté:, about 15 ft, of material is dumped through water prior to

drawdown between sta's 965+00 and 1033400 approximately and also

between sta's 1033+00 to 1045+00 approximately, then about 760,000

cu, yd., of material is regquired to cover the

to a depth of 15 ft__ If the height of dumped material is reduced

to 12 ft. (which is possibly sufficient to prevent the majority of
deep seated failures) and the £ill concentrated more at the edges

of the cana. rather than covering the full width then the approxi-
:mate amdﬁnts of 'fill required' to 'fill Locally available' corres-
;Pcnd; Consequently, it is‘important that the extent and ¢guvaslity of
the spoil area be investigated in detail because of its availabiliﬁy

~and proximity to the site.

CONCLHSfOﬁS'AND RECOMMENDATIONS

in generél, frdm the coﬂsideraii@ﬁ of prcocblems of the
stability of canal banks and foundations of structures, the con-
struction of a section of Highway 406 withir the drained excavation
of the Welland Canal is feasible provided that protective measureé?
such as partial in-filling prior to drawdown of the canal, are
,kcarried out in areas of pctential major instability. Such areas

have been defined and are discussed above.
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In relation to the problems of earthworks and foundations

- no cost studies have been carried out. It is recommended that, ac-~

cepting the g2neral feasibility of the proposed highway, the follow-

‘ing work be carried out prior to design:

i)

ii)

iid)

iv)

The ‘quantity of available material for in-filling must be
defined. The local 59011 area {sta. 800 to 860 approx.} should,
be surveyed and the guallty of the material examined by test
Pitting. Sufficient testing should be carried out to determine
the properties of the material when placed through water and
later partially drained. t is estimated that about 25 to 30
test pits about 10 ft, Lo 15 ft. in depth and dug by back-hoe
would be required.

To date, no borings have been put down to determine the charac-
ter of the can . bottorm which, for example, if covered by soft
Or organic debris, may have serious effect on the placement of
3111, It is svggested that borincs at 2,000 ft. to 3,000 ft.

Cﬁntres be put dowq along the centre of thp route and varried

down to the +ill. The borings should be supplemented by dyna-
mic cone penetration tests located between the borings. It is

 est1mated that about 10 to 15 borings and 18 to 25 dynamic cone

penetration tests would be requlved

The Welland River closely approaches the existing canal excava-

tion in several areas. (Sta's 817-841, 908-917, 935-947), The

water level in the river varies between elevation 562 and 569,
Thus, if the excavation be completely drained, as much as 29
ft. head of water would act on the dyke separatlng the river
from the excavation. It is essential that the etabll;tv of

dvke sections be assured at all times. Since the banks in

€HEE& specific c-reas are partlally composed of £ill {refer to
Fig. 2) designed for a head of water acting in the opposite
direction (Canal level.. 569 to 570, low river level - 562},
investigations should be carried out to determine the exact
cross-section and quality of materials in the dyke and stability
studies made for the drawdown and final conditions. It is es-
timated that about 10 borings, together with suitable piezo-
metric installations would be required to determine the soil
conditions in the dyke areas.

The available boring jpformation befwesen sta's 960 and 1110 is
scanty. (Refer to Fig. 2}. It is recommended that further
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borings be put down in these locations for two purposes, viz.

{a) to confirm the properties of the clay overburden as .com-
pared to those assumed in the report from existing data, and

(b) to enable further studies to be made of the suggested Pro-
tective measures. It is estlnated that approximately 10 borings
would be required. Cost studies should then be carried out of
the most economical pattern and quantities of £ill to be placed.

v) Some further investigation should also be carried out at the

~ locations of the bridge structures and at the syphon and par-
ticular study given to the details and condition of the founda-
tions, From the existing information and that obtained under
{ii) and (iv) above it is probable that no more than two further
borlngs per structure would be required.

wi) Available data on groundwater 1eVels~1s'1imited. It is parti--
- cularly important to determine the piezometric conditions in
‘;areas of pctentlai'mggcr instability and where the Welland :
Rlver>;$_close to _the canal. Piezometers could readily be inai
~ "B¥alied during the 1&vést1§étloas carried out under (11) to:
(v) above and a Drogramme of obse“vatlon set up.

Sinee step (ii)'can only be,carrieﬁkohtVWhen thefexisting
,canal is closnd to shlpplng, it is recommenﬁed that it be ccmpleted
: durlng thlS‘Wlnter The rema1n1ng steps-would only be taken when b

' fthe character cf thé canalmbottomhhasibeen def1ned,

BT s

B, T, Darch, P.Eng.

BTD:VM:IMB
66093
January 31, 1967
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~Vuew of Umon Cerbade Ltd Factary on easf ‘bank of caha!
at appmxcmafeiy STA.I054 +00. .

PHOTO 2

View of *Transmission Towe'r‘ on wesi"bﬁank of canal ot
approx, fmafeiy STA,IGB0+00 looking south.
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PROJECT No. ..

PHOTOGRAPHS OF SITE

FIGURE 14

approximately STA D80+ 00 jook sguth.
P GULIIER & ATES

PHOTO |

PHOTO 2




PHCOTOGRAPHS OF SITE FIGURE 15

View of east acbutment of Bridge No. 16 ot approximately
STA.1045+07 looking scuth — east.

View of north side of Bridge No.1& at approximately
STA. 1045 +07 iooking south.
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PHOTOGRAPHS OF SITE FIGURE 5

PHOTO 3

View of east gbutment of Bridge No. 16 at approximately
STA. 1045+07 looking south — east.

PHCTC 4

View of north side of Bridge No.18 at approximately
STA 1045 +07 looking south.
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PROJECT No._.

PHOTOGRAPHS OF SITE FIGURE 16

PHCTO 5

View of shailow slope failure on west bank of canal at
approximately STA.I040 +00 looking south

View of south side of Bridge No.15 af approximately
STA. 1033 +03 looking north ~ east.
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PROJECT No. .-

PHOTOGRAPHS OF SITE

FIGURE 16

View of shailow siope foilure on west bank of canal at
approximately STA. 1040 +00 looking south.

View of south side of Bridge No !5 at approximately
STA 033 +03 looking north ~ east,

[ GOLDER & ASSOCIATES |

PHOTO 5

PHOTO &




PHOTOGRAPHS OF SITE FIGURE 17

PROJECT No. ..

PHOTO 7

View of flattened west bank of canal at approximately
STA. 1020400 looking south, with Bridge No.15 in background.

PHOTO 8

View of F.O. Boyle & Sons Buiiding on east bank of canal
at approximately STA.IC25+00C.
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PROJECT No. ..

PHOTOGRAPHS OF SITE FIGURE

View of flattened west bonk of canal at approximately
STA.1020+00 iooking south, with Bridge No.i5 in background.

View of F.O Boyle & Sons Building on east bank of canai
at Gpproximately STA 1025 +00.

ooy
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PROJECT Neo. ,,.,,§i§2‘“3§.-_

PHOTOGRAPHS OF SITE FIGURE 18

PHCTC 9

View of fiattened west bank of canal between STA.IOI5+00
and Bridge No.|5.

PHOTO 10

View of retaining wall on east bank of canal showing
structural cracks in wall at approximately STA. 1012+00
looking south.
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PROJECT No.

PHOTOGRAPHS OF SITE FIGURE 18

PHOTC S

View of flartened west bank of canal between STAI0I5+00
and Bridge No.i5.

PHOTO 1O

View of retaining wail on east bank of canal showing
structural cracks in woll ot approximately STA 1GI2+00
iooking south.
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PHOTOGRAPHS OF SITE FIGURE 19

PROJECT No. ..

PHOTC 11

View of coal locding dock and retaining wall on egst bank
of canal af approximately STA.1010+00.

PHOTO 12

View of deep slope failure on west bank of cana!l at
approximately STA.1005+00 loocking north — west

| GOLDER & ASSOCIATES |




PROJECT No.

PHOTOGRAPHS OF SITE | FIGURE 19

PHOTO 1

View of coal loading dock and retaining wall on east bank
of canal ot approximarely STA 1010 +00.

PHOTO i2

View of deep slope failure on west bank of canal at
approximately STA 1005+0C looking north — wes?

[ GOLDER & ASSOCIATES |
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PROJVECT 'No. .=

View of Trdﬁsmissib’n TdWér'dt ayppr,ox’immely STA.1006+80
and Bridge No. 14 looking south.

fViéw of United Steel Cdrpo’rcﬁon Ltd. Buildings on egst
bank of canal at gpproximately STA. 1001+ 50.
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PHOTOGRAPHS OF SITE FIGURE 20

PHOTO i3

View of Transmission Tower at approximately STA I0CE+80
and f3ridge No. i4 jocoking south.

View of United Steel Corporation Ltd Buildings on sost
bank of cana!l gt approximately STA 1001+ 80,
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S PHOTOGRAPHS OF SITE FiobRE 21

PROJECT No. ..

PHOTO i5

’

B , View of shallow slope failure on west bank of canal at
& approximately STA.993+00 looking south with Bridge No.i4
' in ‘background.

PHOTOC 16

g ‘ View of retaining wall on east side of canci at approximately
STA.98C+00.

| | GOLDER & ASSOCIATES |




PROJECT No. ..

PHOTOGRAPHS OF SITE FIGURE 2!

View of shallow sicpe failure on west bank of canal at
approxnately STA 993 +00 looking south with Bridge No.14
in background,

PHOTO 15

PHOTO Is

view of retaining wall on 2ost side of canal of approximately

STA . S80+00C

i“(;i}é,niiﬂ & 4w=mOCIATES |
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PROJECT No, .. 5860

|

PHOTOGRAPHS OF SITE FIGURE 22

View of west side of Bridge No. 13 at approximately STA.
S77+ 94 looking north—west.

PHOTC 18

i it TR e i G

View of north side of of Bridge No.i3 and west retaining
at approximately STA. 877 + 94 looking south- easf.
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PROJECT No .. °

PHOTOGRAPHS OF SITE FIGURE 22

. PHOTO 17

i

View of west side of Bridge No i3 at approximately STA.
Q77+ 94 looking north—west.

PHOTO I8

View of north side of of Bridge No 13 and west retaining
at approximately STA S77 + 94 jooking south—~east,




PROJECT No.._8

PHOTOGRAPHS OF SITE FIGURE 23

PHOTO g

PHOTC 20

YView of east branch of Syphon af approximately STA.266+00
Iooking north.
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PROJECT No. ..

PHOTOGRAPHS OF SITE FIGURE 23

PHOTO 19

View of Syphon ut approximately 3TA966+00 looking north

PHOTO 20

View of east branch of Syphon of approximctely STA.268+00
fooking north

GOLDER & A== 41k |
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PHOTOGRAPHS OF SITE FIGURE 24

View of east bank of canal showing dyke at approximately
STA.839+00.

PHOTO 22

View of deep slope {ailure on west bank of canal af
approximately STA. 832 +50.
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PROJECT No. ...

PHOTOGRAPHS OF SITE

FIGURE 24

A
4

PHOTO 21

View of sost bank of canal showing dyke ot approximately
STA 838 +00

5

View of deep siope failure on
approximately STA 23 :

B g
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PHOTOGRAPHS OF SITE FIGURE 25

PROJVECT No...

PHOTC 23

View of shallow siope failure on west bank of canal af
approximately STA. Si4 + 00 looking south.

PHOTO 24

View of fill on east bank of canal ot approximately STA 899+00

| GOLDER & ASSOCIATES |




PROJECT No. .

PHOTOGRAPHS OF SITE FIGURE 25

PHOTO 23

View of shallow slope® failure on west bank of canal at
approximately STA 814 +00 looking south.

PHOTO 24

View of fill on east bank of canal af opproximately STA 899400

| GOLDUER & A~=GCIATES |




PHOTOGRAPHS OF SITE FIGURE 26
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PHOTOC 28

View cf deep slope failure on east bank of canal ot approximately
STA 868+ 00.
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PROJECT No. ...

PHOTOGRAPHS OF SITE FIGURE 26

View of bermed west bank of canal at approximately STA890+00

PHOTO 26

View of dc2p slope failure on east bank of canal at approximately
STA 868+00.
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PROJECT No

PHOTOGRAPHS OF SITE FIGURE 27
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PHOTO 27

View of deep siope failure on east bank of canal ot approximately
STA.868+00.

View of spoil rock fill areg on west bank of canal ay
approximately STA. 860 +00.
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PHOTOGRAPHS OF SITE FIGURE 27

PHOTOQ 27

| View of deep slope failure on east bank of canal at approximately
STA 868+00.

PHOTO 28

‘ View of spoil rock fill area on wes? bank of conal at
approximately STA 880 +00.
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~ BABSTRACT

. The results of an 1nvestlgatlon to detem:.ne the
nditions w:.thln the Welland canal in &tne v:.clnlty
y‘of Welland, Gntarlo ('between statlons 850+00 and
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‘:INTﬁOﬁUCTIOﬁ
| H.Q. Golder & Associates Ltd. have been retained

by the'Department of,HighwaYS, ontarié, (letter of authorization
~da£ed March 2, 196?) to carry out a soil investigation within

the Welland Canal in the vicinity of the City of Welland, ontario,

namely between STA. 850+00 and STA. 1,100+00.

Our report No. 65093, dated January 1967, presented
1thekresu1ts of a study on the generél feasibility of using the
arained excavatiénzof,the section of the existing Wellaﬁd‘canal

: bétWeen'Ramey*s Bend and Bridge 12, now to'be abandoned’a$ a
I"" f ?butelforﬁﬁighway'406;‘ in,thisytepor£~it was recommended that
borihgs bé put doﬁﬁ»ﬁithin,the canai section specifiedkabove.
‘Tﬁe pu#pose of thi§ present in#esﬁigaﬁion isftwofold;'
”i i} to,aeterminé;ihelcharacter of the éanal bottoﬁ which,
| for e#amplé, if COVeredyby,Soft or brganié debris, man’
‘héve' a seridtis reffeé:t on the placement of fill.
and ii}) to confirm the vertical”and lateral extent of the
overburdénfdeposits inferred on Figﬁre 2 in report

No. 66093,

This report should be read in conjunction with

the previous report.

GOLDER & ASSOCIATES




PRO¢EﬁURE
The field woxk for this investigation was carried
out between March 6 and 30, 1967. A total of 7. cased boréholes
{(No. c-1 to C—?) were put down in NX size, on about 5,000 foot
centres; by 2 drum raft mounted diamond drill rigs. The borings,
each of which was accompanied by a dynamic cone penettation test,
were put down to depths ranging from 28 to 45 feet below canal
bottom. In addition 20 dynamic cone .penetration tests {No. C-8
- to €-27) were’put down between the borings on about 1,000 foot
 centrés. The dri11ing equipmert, inclﬁding drillrigs, drum
rafts,fmotor ants,'anChors and steelkcabie, etc,, were supplied-‘

and ¢perated by the F.E. Johnston Drilling Company Limited.

The overburden’was'sampled'with either a twoyinch,
"diameter spliﬁyqpoch'sampier or thin walled tube sampler. In
situffiélé’vane testing was -also carried out within the cohesi?e,
sfrat&.lkTheffield work was sﬁpervised throughout by aﬁ engineer

from our staff.

A detailed log for each of the boreholes andé
dynamic cone penetration tests is given on the Record of Bore-
hole sheets following the text of this report. The location

of the borings and penetration tests, together with the inferred

E;OLDER & ASSOCIATES |



4.

stratigraphy at borehole locations, are shown on Figures 1 and

Samples obtained during the investigatibn were
brought to our lavoratory for detailed examination and testing.
The results of the laboratory testing are shown on the Record

of Borehole sheets and on Figures 3 to 9, inclusive.

The borehcle and penetration test locations were
'f,determined by our éngiﬁeering persoﬁnel‘by’reference to canal
.‘ P éhainages marked on various éoncrete pro'tective slabs ~andibrié§e
'structures,flaﬂking’the cahal, The elevation of the canal water
. 1éve1 ‘at thé time of the ir;vestigation s provided by the St.
‘Léwrégce,Seawéy Autﬁority.‘fThese elevations are referred +o
the same,GéﬁdetiC'datﬁﬁ as‘usea in-the previous investigation
(regort No. 66093). It is’understood that a revised Geodetic
daﬁum will be introduced Ey the St. Lawrence Seaway Authority
cdn ﬁhe near future. DPrecautions, therefore, should be taken
t§ ensure that the revised datum is not confused with the datum

uséd in this report.

| GOLDER & ASSUCIATES




i} Conditions During. Drilling Operations

At the beglnqlng of the investigation ice sheets
Wezé located within the portion of the Welland Canal under

g investigation; the ice conditiorns were particularly severe

in ﬁhe‘northerly portion. Removal of ice was therefore required
to pésitiﬁn the rafts on the predetermined boring locations.
Oﬁce the rafts'were in place an effort was made to secure them
with anchors glaced within the canal bottom deposits., e
flowing ice, hewevér, made it impossible to steady the rafc

iﬁ fhis manner~durin§ the casing and sampling opefatisns.
Addltlonal f*x1ty was provided by seﬂurlﬁg the raft with stzel

‘cables running from the corners of the raft to shore: this

anchorage proved satisfactory. During the first part of the
- wéek of March 13 the temperature dropped abruptly causing
, addltlcnal quantltle of ice to be formed. Th s ice greatly
hindered the drilling operaticns;SO much,that it was necessary 
to,teﬁminate Samplingfoperétion on March 15 and again’on March

18,

ollowing the above pericd the weather turned
milder and the ice disappeared from the portion of the canal

under investigation. The drilling programme was then compieted.

[GOLDER & ASSOCIATES |




6.

® SIfE AND GEOLOGY o \ , ¢

The portion of the Welland Canal under invastigation
is between Stations 850+00 to 1,100+00; this portion of the canal

is 1ocated within the townthps of Crowland and Thorold, County

of Welland.

The city of Wellanéyis located approximately in the
centre of the section. The canal is cut in a broad, relatively
flat cléy plain, which’varies in surfacé elevation from abo&t
kelévaﬁion1580 to 600. The bottom of the cana1 along this reach
was found to be at about’eievétign 536,~i.e.‘the,canal banks

',age'aéproximéteiy,44 to’64 feet'hiqh The Wlﬁth of' the canal
‘at the crest and at canal bottom is about 350 £t. and 200 ft.
 réspeLt1ve1y. The water 1eve1 1n the canal is about elevatlon,
'569«(90me,31,to 34 ft. of water),' - The weiland River;'whiéh
V ’.flows from west to east acjaceht to the canél, is at a normal

water 1evel of about elevatlcn 562 with the high water 1eve1

belng-about 569.

From available geological information (Chapman,
Putman, 1951} and inspection of the area, it is known that the
overburden consists of thick deposits of silty clay and clayey

8ilt overlying till, physicgraphically known as Haldiman =il1l.

| GOLDER & ASSOCIATES |



The till which is of Wisconsin age, was covered by the silty

clay, which is a lacustrine deposit laid down in glacial Lake
Warren. The glacial lake phase was possibly interrupted by

two major,retreats of the ice front which resulted in dis-
tincﬁiveiy different deposits, hon—stratified relatively silty
kh@moganecus‘deposits laid down witﬁ‘the ice front fairly close,
and heavily stratified very clayey'deposits laid down when the
ice frcnt had retreated some distance. All of the lacustrine
dep051ts are relatlvnly soft and bQSSlbly only lightly precon-—
solldated, chept the upper 30 to 40 feet Of the overburden
outsflde the canal proper which ;s des:.ccated. The. total thick-

~ness of the overburden génerally Variés from 100 to 120 feet.

: The broad clay plain is'bounded to the'north by
the Nlagara Escarpment which steps down towara Lake Ontario.

- To the south the plaln is bounde& Dy the toe of the Ononéaga

cuesta.

The water shéd in the area is controlled Ly the
Onondaga cuesta, which though gquite low lylng close to the shore
~of Lake Erie, nevertheless forces the drainage to the north and
east. In general the drainage in this primarily flat heévy

clay area is guite poor.
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Thekbedrockﬂin the area is Palaeczoic. The beds
dip'slightly southward under Lake Erie. The bedrock, which
generally varies in elevation from 460 to 500, is a massive
~dolomitic limestone of the Salina formation, Devonian period.
- There are numerous siltstone and calcareous shale interbeds
wiﬁhin the beérock.' In addition the bedrock contains numerous

gypsur‘inclusions from hairline thickness to as much as 12 inches.

SOIL CONDITIONS

The detalled soil stratlgraphy encountered bg the

”borlngs is glven on the Record of Borehole sheets The inferred

:e  stratlgraphy along the 90rt10n af the canal lnvesﬁlgated is also,

:showa on Flgure 1 (DTA 850+GG to 970+00) and on Flgure 2 A{8TA,
970+00 to 1, 1@0+00).f The enq1neer1ng propertles of the. subsoil

-~ are presented on Flgures 3 to'gyinclusive;

» The subsoml condltxons encountered in this 1nvestm
'lgaflon can be sub—dlv1ded lnto two dlstznct zones, namely ﬁhe
northern section where the upper deposit is a clayey silt till
and. the southern sectien,Where'the’upper deposit is an inter-
bedded silty’clay. Tﬁe two sections will be discussed separately

below.
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i}). Noxthern Section {approximately STA .850+00 to - 920+00)
(BOoTing coverage BH's C~5 and C-6, Pen Test C-22 to €-27)

a);g}ayey Silt Till

Directly underlying the canal bottom in this
section is a deposit of relatively homogeneous reddish-brown
clayey silt till with some sand and gravel throughout,the upper
1 or 2 feet of which are in a softened condition. The makimum
encountered thickness of the deposit was 26 feet (BH C=6).
Occasional sand and silt partings and seams up to 1/2 inch
fthick oecur randomly throughout . the deposit. Typical gradlng
- curves for the clayey silt tzll are shown on Flgure 3. The
;total’unltywelght of the tlll, as determineé,from,two lebor-

atory tests, was found to be about 138 1b/cu, ft.

' Atterberg llmlt tests were carrled out on samples
‘eof the t111 These results are shown on- the Record of Borehole
‘fsheets apd are summarlzed on Flgure 8.H Ehe test results 1ndlea£ek
that the lquld limit varies from 17 to 27 while the plasticity
,ylndlees vary frOmfG to 12; the corresponding natural water
centent ranges from about 2 pereent below to 3 perceﬁt above
the plastic limit. These results areytypicel of inorganic glacial
clays and silts of low plastieity. Baged on the laboratory test-

ing the activity of the deposit was found to range from approx-
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*'imately‘O,B to 0.6 being generally about G.4. Activities of

this order of magnitude are indicative of inactive soils.

‘Standard cone penetration tests were carried out
within‘the’deposit;’the resultsyare summa:ized on the Record
of‘Bofehble'shéets. The regglts inéicate’that the  'N' values
rangé from about 10 biows/ft;'td 33 blbws/ft, being generally
: about ZC blows/ft. Basea'on;the NS vélues it is estimated
that the conszstency of the deposmt varies from Stlff to very

stlff - Two undrained triaxial tests carrle& out on samples

v :~“of the tlll corroborate the range in cons1stency glven above.

,Unaérijing‘the éléyey éiltitill-ét'bcreholé C-S
yils a dep051t of Stlff reddlshubrown to grey layered sxlty clay
,w1th some sand and a trace of gravel- the thlckness of thls‘
'dePQSLt is about 10 feet A gradlng curve fOr,arrepresentativé 
’{sample of the deposxt is showﬁ on ngure 5. ’The té5uité Cf'an
Atterberg limit determlratlon 1ndlcates that the silty clay is

o:ganlc and of,med;um'plastlcxty with the natural water content

atuabbut the liquid limit.

b},sandy'silt mi1]

Underly ng the layered silty clay or the clayey

silt till, is a dense to very dense sandy silt till with some
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T ,’ i

gravel and a t:éce'of clay throughout;, Both borings were
'terminatedfwithin this éeﬁosit. From previous experience
in;the_area it is‘known that boulders occur within this deposit
pérticuiarly ﬁitﬁ aepth.k Lécalizéd seams and 1nvers'of»si1t
—.and sané up to 1 foot'in,thicknéss Oécur throughoué, Grading
éurvesyfor representative éampiés of the £111 (obtained using
l%' inch I.D. Sampling,equipmeﬁt} are given on Figure 7. The
in 51tu water content of the tlll aep051t was fﬂund to be about

12 percent

' 11) _S_g}_l_y_;g_gg_fectl‘aoxa.mate'SA
(boring coverage BH's CL;]'Céz,';-3.
Tests Cc-8 to Cf21)

f—?uand Pen,

U

& a) Interbedded Sllty Clag?

| Dlrectly underlylng thn éanal bottom in thls
; sectlon is a stratum of reddlph-orown to grey 1nterbedéed~
511ty clay and/or stratlfled clay,v the upper 1 to 2 feet of 4

whlch-ls 1nfavsoftened COHdlthn. The th1cknﬁss of this stratum

varles from 22 feet at borehole C- 2 to 42 feet at borehole C-~ 3
‘The lower portlonycf the stratum,at some. of the boring locations,
was'ﬁOtéd tQ be vérved. The ﬁhickness of individual layers
within.thevStratified clay‘va:ied widelyyto a maximum of,3:iﬁchés~

approximately. Occasicnal partings and seams of silt and sand
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12,

‘up to 1/2 inch thick are present throughout the stratum.
,GradingLanaiyses,fbr representative samples of ilae 'silty clay

_are shown on Figures 4 and 5.

Atterberg limit tests were carried out on samples
, 6f theainterbedded silty clay. The»results‘are shown on the
~Record of Borehole sheets and'are'also summarized on Figure 8.

The test results are summarized in tabular form below:

T w | CAIpY o |
[ Range (Average) Range (Average) - Range (Average}
28 to 68 (44) 7 to a4 (24) i eus to 1.3 (0.7)

These resuité, whlch are £yp1cal of 1norgan1c
 g1ac1al clays, 1ﬁdlcate’that tbe 511ty clay stratumkrangesﬂ
: from low to hlgh plastlclty general y Delng\WLtth the medlﬁm 
 ,piast1c range.' The act1v1ty of the szlty clay’sfratum vaileé
,,from about 0. 3 to 0.6 belng typlcally about O. 35.‘ Values of
this ordev of magnitude are represeﬁtatlve of 1nact1ve silty
  c1aysfi The total unit welght of the silty clay was found ho

'vary from zbout 115 lb/cu £t to 130 1b/cu.ft. being typlcally

about 120 lb/cu.ft.

The undrained shear strength of the silty clay

was measured by in siﬁu'vane testing in the field and by
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I’ SO 1aboratory undrained triaxial tests. The results of these
tests are plotted on'the Record of Borehole Sheets and are
‘summarized on Pigure 9 as a plot of shear strength vs. ele-

vation. The undrained shear strength in the silty clay varies

E

from about 700 1b/cu.ft. near the surface to 1,500 lb/cu.ft,

With depﬁh. In general the triaxial testéygaVe lower shear
strength values than the in situ field vane ﬁéstsa This is
pfcbably aue to unavoidable disturbance'during the sampling
operations. ‘The’relatively high strains to failﬁre during
7 test1ng (gréater than 15 percent) were a deflnlte 1nd1cat10ﬂ
'i that some of the samples were dlsturbed to some degree It
Ihxr ;,  ‘ is; therefore. concluded that the 1n 51tu vaﬁe test results
:  prov1de a better 1nd1cat10n of ihe in éltu éon51sﬁency of the
' ' st;atum. Based,on;the abo?e it is eét;matedfthat the consistenéy'

of the silty clay varies from firm to Stiff.

The sernsitivity of the Silﬁy clay, as measured

by several field vane tests, is about 2 to 4; the stratum is

thus moderately sensitive to disturbance.

The previous investigations in thefvicinity
indicated that the silty ciay stratum is normally consolidated

“to lightiy oVerconsolidated'below about elevation 535 (canal bottom).
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The'laboratory test results indicate thet the averagekplast—
1c1ty index of the stratum is about 24; for this value the

Cu’Po ratlo is about 0.2 (Reference Skempton, 1957). Based

on -the undrained shear strength profile shown on Figure 9

and a2 CU/pg of—o.z, it is‘estimated that the silty clay stratum
{o

elow canal bottom) could be preconsolldated in excess of

existing overburden pressure by as much as 1 ton/sq.fta

b} silt
v In thekso#thé:h;éﬁd;of the~pgrti6n of»the5canaly
| “uxider,invesﬁi'gation‘ (apprbxiiﬁaéelysoutﬁ\ of STA. ,L020+00)
‘  the 511ty clay stratum 1s underlazn by a dep051t of loose to
compact reddlsh—brown sxlt w1th some sand and a trace of clay
—~and gravel : The encountereé’thlckness of this dep951t at’
: bcrehole c-1 and C- 2 was 10 feet and 13 feet, respectlvelyo
Occa51ona1 layers of clayey 511t up to 1/2 1nch thlck are

located randomly throughout the dep051t Gradlng«curVes for .

two samples of the sllt are shown on Figure 6.

¢) Sandy Silt Till

Underlying the interbedded silty clay and/or the
silt deposit is a dense to very dense reddish brown to grey

‘brOWn,silty sand and gravel till. This till sheet is the same
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deposit encountered in the northern portion of the canal section
and as such is the only deposit that is continuous along the.
section investigated. The physical description and engineering

properties of the deposit were discussed in detail above.

COMMENTS ON SOIL CONDITIONS

o T

The bcrlngé put down did not enccuntér any undesir-
able surflrlel canal bottom deposxts, such as 0eposxts of
orgaﬁlc origin. The upper leor 2 feet, althouqh compcsed of
‘the ﬁatural subsoil, is 1n a séftened condltlon. ‘It is éons16ereﬂ

' however, that sub-excavatlon w111 not be requ;ggg'g;&g;m;g“

'placement of £ill on tne ‘canal bottgg;“

In general the borlngs corroborate the stratlgraphy
,1nferred from the St Lawrence seaway'AuthorLtv bcrlngs pre-
'kv1ously put down along the west bank of the canal. There'isa,f

fhowever, one area where a significant deviation occurs as

;dlscussed below

In report No. 66093 the section between STA. 890+00
and 960+00 was designated as section II; it was in this section
that'some,discrepanciés were noted. The present investigation

indicated that the upper interbedded silty clay extended as far
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nérth as about STA”k930+OO. The borings put down pre&iously

on the west canal bank indicate that the Siity clay pinches

out somewhere in thé vicinity of STA. 960+00; it is encountered
again, however, nérth of about STA. 930+00 ({refer to Figure 2,
report 66093). There is alsc a variation in the vertical extent
ofrthe deposits as encountered in the canél banks and beneath
the cznal. The boundary between the surficial deposits and the
basal granular till occurs at a higher elevation on thE'canal
banks. This would seem to indicate that the subsoil, pa“tlcularly $
the tlll, dips. steeply from the west to the east over the major
portlon of thlq ectlon It should be noted that the con51stency
’and/cr 1elytive density.of the depoéits are withinkaﬁout the

same range as presented in the previous report.

IMPLICATION OF PRESENT INVESTIGATION

As discussed in report 66093 the area of potential
major instability of the canal banks, following drawdown, will
be within that portion of the canal located in the downtown part

of the city of Welland {STA. 967400 to 1,050+00). This area

is located within section III where the interbedded silty clay
is present. The vertical and lateral extent as well as the

engineering properties of this stratum previously assumed were

corroborated by this investigation.
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The area north of this section, namely sections
I and II are not as critical with respect to stability since,
(8} the subsoil is more competent; , ;
{b) no important structures are lccated immediately:
‘adjacent to the canal banks.

~This investigation, however, pointed out the fact that some

variation in the‘subsoil conditions occur in section IT {sTA.
890+00 to 960+00). In this section the till beneath the canal

was encountered at a lower elevation than previously assumed.

The cohesive surficial deposits beneath the canal, although

- not as competent as the till, do have an average consistency

‘in the stiff range. Based on this consistency and taking into

account point (b) above it is considered that the conclusions

' draWﬁ'infthe,previous report still apply,fhamely that the

stability of the canal banks in thisfsection.folloﬁing drawdown

should not markedly be affected.

In summary it is considered that this investigation
-generally confirms = the conclusions presented in the prewvious
reporﬁ’regarding'thé feasibility of placing a highway within
‘the confines of the drained canal. If the scheme is adopted

it would be advisable to put down 2 additional borings between

i
BSTA.'890+00 and 960+00 to further confirm the variation in

‘ the till elevation along this reach. This could be carried
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out as part of the additional boring programme outlined in
section (iv) of the "Conclusions and Recommendation® section

of report 66093.

fu

BTD :VM:ie
67028
Juane; 1967.

[GOLDER & ASSOCIATES |




. REFERENCES

CHAPMAN, L.J. and PUTNAM D.F., 1951 - The Physiography of
. ”'Syyi‘o‘uthe;lrn’ Ontario. University of‘,'Toro’fn‘,to Press,

 Toremto.

' GOLDER, H.Q. & ASSOCIATES LTD., 1967 - Report - "Feasibility

, Portion of Proposed Highway 406 within Welland

. Canal". Departr:




£
H

A4S
-GS
DO drive open
DS
ES

1. SAMPLE TYPES

auger sample
chunk sample

Denison type sample -
foil sample

RC " rock core

ST slotted tube

70  thin-walled, open

TP thin-walled, piston

WS wash sample

: H PE‘EETRATIGN LKEI:ISTANCES

Dynamic Penetmuon Resmtance ’I‘he number
" of blowsby a léﬁ-pound hammer dmpped 3¢
mches required: to drive ‘a’ 2-inch dxameter, -
60 degre'> cone oae foot, where the cone is -
T atmched to ‘A’ size dnﬁ rods and casing is not

- Standard ?enetratlon Rwstance, ‘N: The num-. o
‘ ber of blews by & 14ﬁ-pound hammer droppea '
8%inches. reqmred to drxve a 2—mch drive open

mmpler one foot.

i WH sampler advanced by static wexght—-’,

© U wreight, hammer

PH sampier advanced bv pressure——pr&ssure
© hydraulic

“PAM sampler advanced by pr&ssure—-—pressure

manual.

~.Nortgs:

LIST OFVABBREVIATIONS

o The abbreviations commonly employed on n eack “Record of Borehoie," on the ﬁgur& and in the text
" of the report, are as follows: :

I11. SOIL DESCRIPTION
(a) Cohesionless Soils

Relative Density N, blows/ft.

Very loose . Oto 4
. Loose : 4t0 10
Comipact 10 t0 30
Dense : 30 to 50
Very dense ' over 50

{b) Cohesive Soils

Consistency - iy 10,730, L
Verysofit Less than 250
Soft . 9250to 500
Pirm 500 t0 1,000
St . 1,00002,000
Verystif 2,000 to 4,000

~Hard : S ‘over;4,{}00'

v, SOIL TESTS

c ,consoizdatwn test :
H . hydrometer anaiys;s

M sieve analys:s
MH"comomed 3nalysss, s:eve :—md hydron‘tete':rI Lo

" nndrained triaxial? -

drained triaxial

(0} , L
‘R 'consohdated undramed tmx:al’ ‘
S.

U

7.

uncorfined compression .

V. - {ield vane test

- ICombined analyses when 5 to 95 per cent of the material péss& the No..200 sieve.
_*Undrained triaxial tests in'which pore pressures are measured are shown as @ or .
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LIST OF SYMBOLS

. L. GENERAL
- w = 3.1416
¢ = base of natural logarithms 2:7183
Iog, @ or in ¢, natural logarithm of @
- logisa or log a, logarithm of ¢ to base 10
time

: acceleratmn due to gravxty
“volume "

weight

‘rmoment

factor of safety

Cmp g™~

- 1L STRESS AND STRAIN

pore pressure
normal stress

normal effective stress (¢ is-also used)
shear str&s

i }m&r sttam

shear stram

- Poisson’s ratio ( (# is also used):

~,yymadulus ‘of hnear deformatxon {Young's
] moduius)

. moduius of shear de’formai;xon
‘ modtﬂusyqf compressibility
coefficient of viscosity

a a »

RO mrgom o

III. SOIL PROPERTIES
(a) Unit weight
¥ unit weight of soil (bulk density)
Y. umit ‘weight of solid particles -
Yo . unit weight of water
v¢  unitdry weight of soil (dry density)
¥ unit weight of submerged soil
G,  specific gravity of solid particles G,=v,/v,
e void ratio
1. porosity
w  water content
S, degree of saturation

" D, - relative density =

L;\-N&\’i4&m _

C.
T, time factor = c/d*
g

(b) Consistency
wy - lHquid limit
wp- - plastic limit
Iy plasticity index
wy _shrinkage limit ,
I liquidity index = (w — wp)/I»
fe - consistency mdex = (wy ~ w)/Ip
emss  void ratio in loosest state
éutn void ratio in densest state.
(bmax — €)/ (Emax —emm) o

{c)  Permeability

hydrauiic head-or potential
rate of discharge

velocity of flow-

‘hydraulic gradient

coefficient of permeability ,
seepage force per: umt volume

() Comoiidatioﬂ (one-dimensional) -
m, coefficient of volume change
= -—Ae]{l—i—e)éa’
~compression index = —Ae/A logig a" :
,caeiﬁcxent of consohdamm
, drainage pat‘h}
' degree of consolidation

() Shear sirength
s shear strength
¢ effective cohesion
intercept 1in terms -of eﬁettive A
¢’ - effective angle of ¢ stress '
shearing resist- {7, = ¢ 4 o' tan ¢
" anice, orfriction
¢y apparent cohesion*
$. --appavent angle of
shearing resist-
ance, or friction
i coefficient of friction
S; sensitivity

in terms of total stress
Tr= €y + e tan gy

*For the case of a-saturated cohesive soil, ¢, = Q0 and the undramed shear strength Ty cg is taken

‘as half the undrained compressive strength

[coipex
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RECORD OF BOREHOLE C-l
STA, 1099+ 60 - & TANAL
LOCATION See Figure | BOMING DATE MARIH IS H, 19077 SATUM GEODETIC :
BOREHOLE TYPRE WATH  BORING

SAMPLER HAMMER WEIGHT 140 (8 oROS ,
SO PROFILE SAMPLES % R ‘
- o 3 E! eiEZOMETER Z
LEVN :‘, & < e OR :

ELEVN, DESCRIFTION — g, = ;A STANDPIPE

DEFTH =120 F INSTALLATION
e & ’

T3] CcanAL  LEVEL 5o -
0.0 -

; { i j
- L I e ol
I
i
» H H
i
534 o) CANAL BOTTOM : §
.9 b o M
f 3 =117
i .
FIRM To STIFF }
REDBISH ~ BRSWHR :
INTERRELDED SRIY
ICLAY . TEACE OF SAND :
AND GBAVEL. i i
VARVED BELOW ABOUT —
i 514 3 ‘ H _qus
VOPPER & To € FEET iN ;
A SOFTEMED ConDITINY ) : i
: |
=07 9 : J
[N
Lk REDDISH - QROWN ;
SILT WITH SOME SARD H o LM
At A TEACE OF SRAYEL : i
4982 ;
1.2 i
4945 _ % : e
M. END  COF HOLE : .
i
vERY DENSE GREY- ~ : : :
BROWN ST SAND T R
AND GRAVEL WiITH A : : : :
ITTRACE T SoME LAY : i : i
[GRISH] ] : : : :
L P L
i i i ! :
] i I
Qi oac farjurs ; i &
i I ! ~
i H H
VERTICAL SCALE . . SRAWN
e I IR O A wme AR
{ NCH TS - COFRER & vmaUivirS enEcKED . F .




PROJECT No, . 7.0B& 1.

BOREHOLE C~-2

STA- G
LOCATION See Figure

BOREMGOLE WASH BCRING

SAMPLER HAMMER WEIGHT |48

SQIL  PROFILE

Al

ELEVN,

SCRIPTION
sepTH| 0% o

TESTING

ALDITION

NUMBE R

ELEVATION SCALE
LAB.

STRAT PLOT

PIEZOMETER
OR
STANDPIPE
INSTALLATION

cogal CANAL LEVEL

n
v}
A

ol
Uiap

FIEM TO STIFFE
KEDDISH-BROWN INJER-

TEACE OF SAND AND
ESRRVEL
{UPPER 2 FEET IN A

BESBDED SILTY QLAY 1

CAETENED ConbiTiam} 3

ISRAVEL AND & Y%CE o
oo ™hT  (Tt)

72.4] END OF HOLE

5

15143 2]

PACT REDDISH- B

o SILT TO i3

SiLT AND SAMD wid E

5 TEACE oF CLAY L

Anp GRAVEL 5

5070 |

TERS! :

cadinaE REDBISH ~ é’eavym h\‘. I
SAND WiTH

O I

1
1

Percant ax:af sirgin

VYERTICAL SCALE
¢ inoH To 10~




RECORD OF BOREHOLE C-3
STA 1000 +00 - & cAaNAL

LOCATION See Figure | BORING DATE MIARCH 15-17 13577 CATUM GEORETIC

CIAMETER NY CTASING

BOREHOLE TYPE WA S BORING

SAMPLER HAMMER WEIGHT 140 LR DROP DO INCHES TEST HAMMER wEicRT 140 18 DROP 2O INCHES o

SOIL  PROFILE OYNAMIC P OTOEFFICIENT OF PERMEABILITY Kk, ©
- f - MG %7 PIEZOMETER
Stel Q) : . : 2 g OR :
ELEVNY  pescmipTioN o1 ? o cr YS:“’“’DPEPE :
DEPTH g § Z (VANE -+ NAT BEIM, { - W 8o INSTALLATION
@ £a5 L0 ¢ o) I 40 -
* H i H
N B 2 : f
; : i
H ]

5089 CANAL LEVEL L I S e S S
QO ! H

H el
i i i
i
i i
- ; ; ; :

i !
i ¢ H
H i ]
! : :
CANAL BoTIGM ; i : !
: S @ [H
T OF HAMMER |
_,»MH
S 4 izl
| i
: !
i
: ]
Fikm To STIFF
REDDISH - BROWN i
INTERBEDDED SiLTY !
ICLAY WwiTi A TRACE } :
OF SAND AND CRAVEL ) !
: i@ ! |
SEAMS OF ST WP T . N -+ ‘ i
= 4 o CR § S o] H § e
Reborsn Bas. el & F o— -1z
(PER 2FEET 18 A ¥ L
[neTEEn QONBITION i : e
T P R 1
’ (O LMY
b n T N e — - SR S,
A 3 {:ij. 4 20
& :
4945 i
7N i m‘;%i:{%i& 8 ‘
SRRSO - {
) o) & R AN GBS e é
Ti4] Exp oF HOE A90 L S R
END OF PEN, TEST €8, 459.8
1OQ BLOWS FOR CLAST (€ 1MHES
; i :
2 :
r8 Percent axa
S : :
B i L i
VERTICAL SCALE f —— - . orRawWN ___3hA.
4% o 0 3 ST £y A R
| INCH TO to-O" (OLDER & AS-GUIRTES § CHECKED . LT A2 .




- PROJECT No . ST7OE

RECORD OF BOREHOLE C-4

LOCATION See Figure BORING DaTE MARCH 16-17, 12507 JATUM GEOQRETIC
BOREHOLE TYPL WASH  BORING WX CASING

vewsT 1400s DROP 30 INCHES

prey

SO PROFILE 1.
: 1 PIEZOMETER
@ OR
ELEVN, : S
w5l DESCRIPTION Sur L. s g
: TALLATION
B -+ MAT. B FEM P @ LLATIO
4

Ego Looo 150e £

585 CANAL LEVEL 51O
[oRe B : :

.8 CambL, BOTTOM
! Tt - MH

i | . e, f 4 %’;BE

3 Yoo STiIFF
HCREY |
tOED SHTY
CJJ.Y TRACE T2 SOME
SaND AND BRAVEL

QUTATIGNAL THIN
CEAMS OF FiNE SAND

BEL.N ABSUT ELEDR
;..?‘*‘E?. g FEET N
P CABTENED COMDITION

i
R e SO S O
7 % P :
o8 5 O ool 1799 T
COVRRCT o vERY peitE 1 B 3 ! j }

7‘\‘45 DOITH~ a&?y&» S ;E'“”&‘D‘ H

D WITH SoME qN\vt» % . H :
49350 Y (rua)y  (HET 50 9 ; | : o i , ‘ HiaH

756, END  OF HOWE ! : ] : i :
ol END OF PEN.TEST @Ew.4 ‘ f
0 120 5@\;\?3 FoE LAST mgm‘:xﬁ

B
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Suggested revision to Department of Highways, Ontario, Feasibilit
‘Report, BEast Main Street Crossing of the Welland Canal.

To go on Page @ under Ground Water Conditions: Paragraph 2.

At the present time it appears that the bedrock/till
aguifier is in direct communication with a large external ground-
overlying relatively impervious overburden. Lowering of the
piezometric groundwater level in the aguifier may however,
result in a minor downward migration of groundwater from the

fect,

th

any, of this

}...t .

h

‘relatively impervious depcsits. The e
downward movement of groundwater on the plezometric water level

in the clayey material will be established after pumping tests

jol)

are completed.
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. MEMORANDUM

To: Mr, A.G. Stermacy , Fram: Chemical Section? : :
o ‘Prineipal Founda%ion Engineer, Materials and Testing Office.
- Foundations Office. ' S ; ;

s ArrEnTion: Date: August lQ, 1971.
Qur yfFeLs iésr. 11_?..3 k I REPLY TO
. BuBJECT: Slag Samgles

Attached are the test results of three samples of slag
analyzed at your reguest, :

Fo heat loss could be determined for the silico-manganese
and the chromium slags due toc an increase in weight upon
ignition. This weight increase was caused by oxidization of

. certain metallic compounds present in the slag, such as manganese
~and chromium. For the same reason the ignition loss of the :
~ lime slag is indicative only, as the actual figure was most ‘
- brobably somewhat higher {(oxidation of the chromium in this
sample would alsc have caused a certain gain in weight result-
ing in a somewhat lower total ignition weight loss).

Our laboratory does not believe that any "unfavourable"
- reactions would take place by using any of these slag samples
with the water analyzed previously (report of July 21, 1971,
~ Chemical File #11-7-5}. = : ; S

A.C.Suter,
Principal Chemical Engineer.

R, Sterk,
RS/mm Chemical Engineer.
Atten,
co.cefile



‘; Agggndix

~ Test Results of ml_g Samples

Type of Slag

Lab, No, it

% Silica (810p)
Z_Alumina (A1p03)

k % QJ_} ‘{Fég()?})‘ o i
Z Cgraml (Cr203/ L

S s i LAY g R

% Magnesia (MgO)

% Manganese <Mno)

% Hegt Loss at 900°C

~~ Li§éiSlag‘, '3 ~Silic§l§§éga?eSe
71-5-9989A 71-5-99904
s 3556
879 22,5
’1_0;81 : e ND
:3f58 o trace
oz 20.12
ko 8.5
| ‘7;47‘1 o o

NOTE: D = Not Determined

Chrome Slag

71-8~991A
35.52
L0455
3.63
5438
3.26
10,30
tré¢e 7

-



DEPARTMENT OF  HIGHWAYS ONTARID

MEMORANDUM

A Gs Sterﬁac, : From: D24y Sterx,
Pr1n01na? Foudation Engineer. "Chemical Engineer,
‘ Chemical Section, ‘
Materials and Testing Cffice.

. Tn

ATTENTION: DATE

o ‘July 21/71.
DuaF’n.Eéer. i1'7“5

N REPLY TO

susseer Water Sample
, ; : welland‘Canal

Attached are the test results of a sample of water obtained
from the Welland Canal and received on July 19/71. The sample
was analybed at your reguest to check on the presence of any

compounds that Lay possibly T&aCu with the types of slag ?iste
in the ﬁppena

The test results showed that the water was quite'pure'.
~ For comparison, the chemical analy es of tap Water from our
"Laboratery'are alSO 11 Ted.

%s can-be nsflced,the Welland Canal water showed cu1£e si
'mllar conceentrations Tor all the compounds tested. The ;llgbtly

?1ghe§ pH vaiue was caused by the presence of carbonate ions.
(co," : ; o

The test resulis 4id noi indi catp that anyﬁunfavou blé“
reactions would occur by the use of this water w1th any’e& the types
slag listed. : :

A.C. Suter,
Principal Chemical Eng nesy

3 ,
RS/mb ' Chemical Engineer.
ceC.Tiles ' '



o ‘*’ell Owner:

0{3478 nduct1v1»z (mﬂos/cm) Fu“ﬁ" 1.801x 10

 Iocation: -

m Chloride

ggearance

 APPENDIX

 TEST RESULTS OF VWELL

%iﬁ]?’}:ﬁ"ﬁi}:i‘l :

| 71-5-9769A
July 19/71
L3

(éx'y

"EDﬁg’f
ess (as Cacoy) 2

clear

e

’—1~2 u Lot

tap water

e,

| ‘76 =

"V*Tear

1 96? 10

f Total hardness of tap wa»er in the Chemical Labcratory

is apprcxlmately ZXX. ppm CaCO3

747 ND‘ﬂ ot Determzned,




_~GHWAY 406
,,,EASIBILITY STUDY

j¢_;Tab1e41,;’siag cﬁémicaikContént‘

f }i}'— lee Slag* {Grey - Whlte)

rjsioza | 35
Aoy
e Cac , LBy
Feo

zzcrzas

NRI00 U1

o

28 per ceht~“:

6 per cent
57 per cent
9 per cent
S per cent
6 per cent

Slag* (Green)

“ *123i-iSi1ico Maﬁganese
:  “$£??!?  "’?36L
31203;’ ",720i
. caC 18
. MgoO - 2
Bao O

- th,i‘f 1o

ii'MgO "1“ ’  25 ’,

- ca0 . 3
-FeOo 2
Ao, 2

 *:‘4Q per cenL  ; ,: p“  

ey  24,per cent~

e

g-,_zoiper,cent 7 o

5 per cent

\

 :~U?{unrome Slag* (Black)

f—»,27,p¢rlcen£p~

= 4 per cent
S f3§ per/ cent.

- 5 per cent

= 3 per cent
= 23 per cent

‘7:* Percentdges 1nd1cates yvearly average chem;fal content as

supplled by Unnon Carb:de.

1 per cent
i ,15,pe:&centuyy




Tnree samples of slag were tested in the labor esults are tabulated as follows:

: {' Quality Tests  ‘3:;:€,{“’f7§hysi¢aigchéra¢té?iéfiss
Sl s e

ﬂecific Gravity e ~
' ~ Apparenk  Sra1n‘S1ze

»]16060?
~a0<¢L1me olag

: 2 922 Vgrushad o
A Fatepisl P
'«;, 2n fhun&q ta
= “u@t s

'f;‘fj;l?é';?' ‘vrusned
o gﬂ&t@”ial
O BY to o 4m
‘~;;chunxé/“

-~ 13.035 . o} crus stied
AR 'Vaterial
3’ Chunks
Some Bu“t)
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F ST -84 B : :
PRM OB-M DEPARTMENT OF HIGHWAYS ~ ONTARIO I

PIT-NAME, .
. iy , :
DATE ;_._,ﬁlu,"it\' 2170 FRACTION &~ 7= s ANALYST_D- Summes r

MATERIALS AND TESTING OFFICE

COARSE AGGREGATE PETROGRAPH!C ANALYSIS

LAB. NO.. 7B~

booéq

LD

TYPE
NQ.

(A—
TYPE:

WEIGHT

o

TCARBONATES { hord)

CARBONATES {sandy, hard)

SANDSTONE { hard )

GNELSS [ hard)

JQUARTZITE [ coarse grained ! : .

GREYWALKE — ARKOSE

VOLCANIC { siightiy weathered }

GRANITE ~ DIGRITE

’Omyﬂomuwwv&'

IRAP

HARD S{AG

755

20

CA?BONATES (slightly weathered )

SICARONATES (sandy , medium hard)

LMNDSTONE (medium hard)

JCARBONATES CRYSTALLINE (hard)

CARBONATES CRYSTALLINE {slightly weathered )

GINEISS (soft)

CHELRT - CHERTY CARBONATES

GRANITE { brittle)

VOLCANIC [soft }

HARD « SAIGHICy PiT76) SLAS

7z

{ 7.2

[T

40

CARBONATES [ soft, slightiy shaley )

- [an

TCARBONATES { sandy, soft]

42

CARBONATES ({deeply weathered}

43

CARBONATES { shaley orclayey)

44

CARBONATES { ochreous) -

45

CHERT - CHERTY CARBONATES { light leached )

46

SANDSTONE | scfi friabie}

47

GUARTZITE {Ffine grained }

48

VOLCANIC [ very soft, porous )

49

CARBONATES CRYSTALLINE [sofr)

'1.50

GNEISS [frickle}

51

GRANITE {{riable)

152

ENCRUSTATION

53

CEMENTATIGNS

54

CEMENTATIONS {total)

35

SCHIST {soft}

MODERATELE piirEd PORIGS £L AL

Ead
é
s

60

OCHRE

61

SHALE

62

CLAY

63

VOLCANIC { decomposed }

HEAviay PIT7ED  FReABLE PoROus SZAG

S{AG

¢ b

ESTIMATED PERCENT CRUSHED fg?(j}

TOTALS

008

iso. T

BASIC PETROGRAPHIC NO g

ESTIMATED PERCENT FLATS AND ELONGATED /5T

JULZ31971



TR T2 98 B S | Y EN 3 BT Ame Y ¥ o6 Ner s oAE T w owoToms T
DECEMBER, 1964

MgSOq4 TEST — COARSE AGGREGATE EXAMINATION

SAVPLE Ne /0 bsvd 7 oIt NAME P.N.
RUN N2 =& BASKET Ne___ /! ANALYST DATE __AUG - g 197
MgSOs SOUNDNESS TEST 2. CYCLES
SIEVE SIZE] oefinmep. | WEIGHT GRAMS LOSS % LOSZ j WEIGHTED % LOSS
IGRADE - R BEFORE | WEIGHT AFTER GRADING -
PasSIRET.IDH.O 1asTM] ~oms. | ams. D.H.0. | asTmM. | DO, | ASTM. DH.O. | ASTH.
8 % | % | % | /ot L ooohl© oo | o0 137
'3 R 7 7, " 3 ; -
c (W |7e | " | 75 | Zop|258 A Ol 0.7l =012t 4
‘ S TOTALS| tow-d4 &) @@
g PORTION . ngh PORTION ED
TOTAL WT. BEFORE RESIEVING_/CTT.__gms| TOTAL WT. BEFORE RESIEVING 2 UU_ gms.
‘w }EST. % AFFECTED ‘
§ | E5T. BREAKDOWN [LIGHT: MED. sevene] ROCK TYPE LIGHT| MED. jsEvere ROCK . TYPE
z.
w2l BY SPLITTING
s CRUMBLING
R 7)
g;g : CRACKING
el FLAKING
aw
zg DISINTEGRATION!
Ei
<8
tad
EST. % SEVERELY
AFFECTED
:w #
& ] PRINCIPAL MATERIALS |35 i
APPARENTLY o
N ad
£ RESPONSIE..E a z
c FOR  LOSS S b
xro 5 [
g MATERIALS i w
L RESPONSIBLE
Ea FOR HIGH. PH.
zZe BUT UNAFFECTED
pali) BY Mg50.
W
- 1 EST. % OF SOUND g -
L= MATERIAL s %
z W |PARTICLE smpg.gsr%ig o-10 | 10-20 | 20-30 |ovEr 301wl 0-—i0 16—20 | 20-30 |OVER 3077
Q = =
5% FLAT 8 ELONGATEQS =
za ANGUL AR & w
j ROUNDED OR tRREGULAR ;«5“_ N
* 2 2
g N

REMARKS:




DEPARTMENT "OF HIGHWAYS — ONTARIC

LABORATORY REMARKS

COARSE -AGGREGATE
© OVER
ABRASION TESTS
TYPE EST. %cRuUsH | 6RADE RET.NO.i2 | PASS N®12 | %LOSS.
LOS ANGELES (500 REVS) /00 A /77
- _ABSORPTION % BULK $.G.{DRY) JBULK SGSAT. SURDRY)] APPARENT S.G.
e b L) b g b g b
B B 8 [
A c c c
B4 8-C 8-C A-C
{ Bxioo | 0 -8Sh% ;;'-»?"0 % % R ?o’f 2970 ) &% B |2.052]32 &3(
2 AVE. £ i7ed Yol . AVG. G L AVG. a6, |
- ' PERCENT COBRSE_AND FINE_AGGR C‘ATES UNIT wT  |=00SE
N Loy CAnSsED | we=navent® |LAB. CRUSHED | ) COMPACTED K7}
| WT.TOTAL SAMPLE (DRV}W,; [ XA {.§ CLAY LUMPS %
1 WT.SAMPLE RET.*4 (DRY)W, 3 g{ﬁ LOSS BY WASHING PASS #: 200 %
W, SAMPLE PASS¥A(DRVIW: | 4.7 FLAT 8 ELONGATED PARTICLES %
%, COARSE AGGREGATE 78 CRUSHED PARTICLES %
% FINE. AGGREGATE S0 ‘PASS #2745 IR #270 (TOTAL SAMPLE) %
Wz WZJZ’ C"/f’é&ﬁ’@ Wz LAB. CRUSHED
- DEPT. CUMULATIVE DEPT. ~ CUMULATIVE
siEve | INDIVIDUAL % RETAINED sigve | NOMIDUAL % RETAINED
Asesionation) WEIGHT | WEIBHT sET®a | ToTAL Joesienarke] WEIGHT | WEIBHT g T FOTAL
e - :
3 2%
2" 2"
2" 1"
%" 15"
. ! 0 ' 11
%" 0.k [ [ 2
% Lodt iz L] Fa"
" 4.1 175 [ 2 %"
R" 29 o7 | 22,4 k!
¥ 2.7 734 | 558 ¥e”
_¥3 LS Fp.2 | 72,2 #3
¥4 3.8 jep.0 e o *q
e ~ ‘ TOTAL
"FINE GGREGATE D
Wiz AS RECEIVED - Ma S04 SOUNDNMT CYCL &
DEPT, CUMULATIVE ] JHUL&TW& 1~f‘~ WE!GHfT WEIGHT:
~}siEve [weioHT | % RETAINED T 1 O RETAINED FORE | AFTER L’Z‘:;s PE%(;ESNT GRADING %‘f_g? ;
‘DESIG. | GM. PASS#s ] TOTAL TOTAL: | Sob o BMe T
e : ; ; o
#16
1% 30 -
#50 . :
"¥100 L Looio o i TOTALS T
, :zoo S B oss BY AB Rﬁ§l0t§_‘ : %1
#2970 L.00SE i, Aouft.
s Ta] UNIT WEIGHT | COMPACTED 1b.Zcutt.
a9 I8 EINENESS MMODULUS ’ ~
DECANT._ ORGANIC IMPURITIES
TOTAL o PASS #200 OR¥270(Pns5# 4 FRACTION) %
A%ORPTiON I% - J %EULK S G. (SAT. SUR . APPARENT S.G.
oFib 5 T bl pios -] b
=B \ ::; R AN VW
Y W LW B—-A
(S=4 V=V VW (v-w)-{B-A}
EE 100 2 %] Tow = v
AVG. ol | AVG. BNG. L AVG, |




726 0067

JuL 191971




July 14 1971

P2223 00
f, HIGHWAY 406
! FEASIBILITY STUDY
‘ ~Table i - Slag Chemical Content
(1) - Lime Slag* (Grey - White) booe RS
: SiOz L 25 - 28“pér cent
~A1203 ‘ 5 - 6 per cent
Ca0 55 - 57 per cent
- MgO 8 - 9 per cent
FeO 2 - 5 per cent
cr203 2 - 5'per;cent,
f{g}f? Si1icc Manganeée slag*f{creen) oo bE R A
e si@zlﬂ,‘ 36 -~ 40 per cent
.~ AL,0. 20 - 24 per cent
kﬁf'QCaO"‘ : 8 - 20 per cent
- MgO -2 = 5 per cent
- BaG 6 - 1 per cent
oo Mn0: ’ 10 = 15 per cent
o ~ {3) - Chrome Slag* (Black} oo 69 rlise :Lt <
MgO b 25 - 27 per cent |
Socau 3 = 4 per cent
‘3102 34 ~ 36 per cent
,Crz 3 3 - 5 per cent
FeO 2 - 3 per cent

,31293 21 - . 23 pexr cent

% Pércentages indicates yearly average chem;pal -content as
suppile& by Unlon Carbide.







FORN OQMT~E4E
REV, JULY 1368 »

OVER
MORTAR . STRENGIH P.S.1.
SPECIMEN T oBY 14 DAY 28 DAY ‘
STANDARD| SAMPLE | <SANELE. % STANDARD| SAMPLE | soliies %| STANDARD| SAMPLE | soametis %
l ANC
2
3
AVERAGE
e i o R =~ i~y —=> e et .
% 1 0SS BY WASHING OF COARSE AGGREGATE MOISTURE CONTENT
(o) Y FASS #4 (TOTAL SAMPLE) a ]
(b) % LOSS BY WASHING PASS ®* 200 (TOTAL SAMPLE) WET WT. & DISH
(c) PERMISSIBLE % PASS ¥ 200 (PASS ¥ 4 FRACTION) DRY WT. 8 DISH
1G] PERMISSIBLE %% PASS® 200 (RETAINED # 4 FRACTION) WT,OF MOISTURE|
{e) CORRECTION FOR PaSS ¥ 4 FRACTION (9X578) WT.OF DISH
9%, LOSS BY WASHING PASS ¥ 200 (RET. ¥ 4 FRACTION) {b-¢) DRY WT.
Y MCIS TURE
COMPACTION RESULTS ATTERBERG LIMITS
MAXIMUM WET DENSITY LB./CU.FT. LIQUID LiMIT %
MAXIMUM DRY DENSITY LB/CU.FT. PLASTIC LIMIT %
OPTIMUM MOISTURE % PLASTICITY INDEX A
FIELD WET DENSITY — LB /CU.FT
FIELD DRY DENSITY LB./CU.FT. GROUP INDEX
FIELD MOISTURE %

Y% COMPACTION

SPECIAL. TESTS

OFFICE ENGINEER’S RECOMMENDATIONS

DATE SIGNATURE

LEGEND:

A.S.C.— ACCEPTABLE FOR USE AS SAND CUSHION.

N.AS.C.— NOT ACCEPTABLE FOR USE AS SAND CUSHION.
AG. — ACCEPTABLE FOR USE AS GRANULAR BORROW.

N.A.G.— NOT ACCEPTABLE FOR USE AS GRANULAR BORROW.
M-~ SAMPLE IS FOR USE AS 6.B.C. CLASS "B"
K = SAMPLE 1S FOR USE AS G.8.C. CLASS "A"
X — ACCEPTABLE
N — NOT ACCEPTABLE
A — SAMPLE OF FINE AND COARSE AGGREGATE IS
B — COARSE AGGREGATE PORTION OF SAMPLE IS
C — FINE AGGREGATE PORTICN OF SAMPLE IS
D — SAMPLE OF COARSE AGGREGATE IS
€ — SAMPLE OF FINE AGGREGATE IS




WP NS,

 CONT.N®.

LAB. N2, ‘7/,/,3 ConC (:;




;I"

: FORM OB-MT=84

OEPARTM‘NT oF HIGH\’IA\‘S ONTARIO
MATERTALS AND TESTING OF‘FICE

COARSE AGGREGATE PETROGRAPHIC ANALYSIS

LAB NO.

7r&—50068fp

'p S At EREIEL D

i/t praction - FE aNALrsT

S

TYPE

WEIGHT |

\%’/u.‘,‘

“TCARBONATES { hard)

"> |CARBONATES (sandy,hord]
[SANDSTONE (hard]

IGNEISS [hard)

5 |QUARTZITE Teoarse grdmed) b

& |GREYWACKE — ARKOSE.

SIVOLCANIC {slightly weorhered] k

fGRANITE D!OR!TE

‘TRAP

g 35

{/Aﬁ‘b - BaAé6

 ICARBONATES (slightly weathered )

1 [CARBONATES [sandy, medium hard)

TSANDSTONE: [ medium hard}

CARBONATES CRYSTALLINE {ba-d )

CARBONATES ‘CRYSTALLINE (shghﬂy weothered )
GNEISS [ soft) St ¢

“‘CHERT CHERTY. \CARBONATES :

7 [GRAMITE: {bnfﬂe) G

8 [VOLCANIC [ soft)

157

ﬁf”ﬁ) “'> SA!&ﬂfix 'iHTTg,} 'S{ Al

""CARBONATES (soﬂ shghtly shulay)

JCARBONATES [ sandy,soft]

5 [CARBONATES (deeply weathered ]

 |CARBONATES { shaley of clayey):

44 |[CARBONATES /[ ochreous)

HIERT — CHERTY CARBONATES { light leached)

6 ’SANDSTONE {soft friable]

TQUARTZITE (fme grained

VOLCANIC [véry soft, porous)

49 |CARBONATES CRYSTALLINE (soh )
HCMEISS {friable) :

5 1GRANITE {friable}-

) IENCRUSTATION:

3 ICEMENTATIONS

- [CEMENTATIONS (total )y

5 [SCHIST (soft)

THIOPER ATELY  PiT7ED  TPoRous  SLAG

77

T30

GCHRE.

BT

SHALE

1.62

CLAY

e

VOLCANIC | &ecomposed A

Sias

ESTIMATED PERCENT CRUSHED /OO

TOTALS

WLE

fep. o

BASIC PETROGRAPHIC 'NO

ESTIMATED PERCENT FLATS AND ELONGATED | /5~

JUL 231973




FORM OB—MT-294
'DECEMBE®, 964

MgSO, TEST — COARSE AGGREGATE EXAMINATION

SAMPLE Ne _7/5 6evE Y pIT NAME
RUN N _2( BASKET Ne__ /O ANALYST

DEPARTMENT

OF HIGHWAYS ONTARIO

P.N.

DATEAUG - 3 1o

MgS0s SOUNDNESS TEST |

9 _ CYCLES

JGRADE!

SIEVE SIZE

PASS{RET.|D.H.0. |ASTM:

WEIGHT .

BEFORE
gms.

WEIGHT AFTER
gms.

GRAMS LOSS % L.0SS

D.H.Q. ASTM. 0.9, ASTM.

!GﬂADENG

WEIGHTED % L0SS
D.H.O. § ASTM.

P

3 S/BN

s %s

[ oo IS L

% &4

/%€

i
a

‘,3/3 #4 g

&
&0 o0

2% .2

S0 120 o

TOTALS

S

: "8 PORTION
TOTAL WT. BEFORE RESIEVING

LBD D gma

"C" PORTION
TOTAL WT. BEFORE RESIEVING

Boo

gms.}

SAMPLE

RESIEVING

EXAMINATION © OF

| EST. % AFFECTED

BEFORE

EST. BREAKDOWN

LIGHT

MED fszvene] - ROCK T YPE

MED. |seveRe

LIGHT

ROCK .. TYPE

“BY SPLITTING

CRUMBLING

CRACKING

FLAKING

ISINTEGRATION

OF

EXAMINATION. 'OF RETAINED. PORTION

SAMPLE AFTER RESIEVING

EST. % SEVERELY
- AFFECTED

PRINCIFAL MATERIALS
APPARENTLY
RESPONSIBLE
FOR ~ LOSS

MATERIALS
RESPONSIBLE
FOR HIGH PN.
“BUT UNAFFECTED
BY  ‘MgSOq

RETAINED " 3/g"

RETAINED #4

EST 9% OF S0UND
MATERIAL

PARTICLE SHAPE -EST %

0~10 | w=-2b

20~30 JOVER 30 Q=10 10— 20

20-30 {OVER .30

FLUAT 8 ELONGATED
ANGUL AR
FOUNDED OR 1RREGULAR

PASS ¥y RETAINED S/ig"

PASS %4 RETAINED *5

REMARKS:




FORM ONIRY -84
REV. JULY 1988 . [y

OVER
MORTAR_ ' STRENGTH P.S.1. ; R
' STANDARD| SAWPLE | <3tk %] STANDARD| SAMPLE | sSANCLE: %] STANDARD| SAMPLE | cPatiils |
! N
2
3 . :
AVERAGE N 3
' o
~1.9%_LOSS -BY WASHING OF COARSE AGGREGATE MOISTURE CONTENT
{(c1 % PASS 4 (TOTAL S&MPL&QT"_____E A
1(b) 86 LOSS BY WASHING PASS ¥ 200 (TOTAL SAMPLE) WET WY, & DISH i e 5
1 (c) PERMISSIBLE % PASS ¥ 200 (PASS ¥ 4 FRACTION) {DRY WT. & DISH '
{d) PERMISSIBLE % PASS® 200 (RETAINED ¥ 4 FRACTION) WT.OF MOISTURE|
{c] CORRECTION FOR PASS ¥4 FRACTION (ox&d) , WT.OF DISH
% 0SS _BY WASHING PASS # 200 (RET. * 4 FRACTION) (b-e) DRY WT,
: ’ S MOISTURE
COMPACTION RESULTS ATTERBERG LIMITS
MAXIMUM WET DENSITY o .. LB/CUFT LIQUID LiMIT %
MAXIMUM DRY DENSITY. . . . _IB/CU.FT PLASTIC LIMIT %
OPTIMUM MOISTURE % PLASTICITY INDEX %
CFIELD WET DENSITY i LB /CU.FT.
FIELD DRY DENSITY - . LBJ/CU.FT GROUP INDEX
FIELD MOISTURE i Y%

%o COMPACTION

SPECIAL TESTS

OFFICE ENGINEER'S RECOMMENDATIONS

DBAT SIGNATURE

LEGEND:
A.S.C.— ACCEPTABLE FOR USE AS SAND CUSHIOM.
HAS.C.— NOT ACCEPTABLE FOR USE AS SAND CUSHION
AG.— ACCEPTABLE FOR USE AS GRANULAR BORROW.
N.AG.— NOT &3EPTABLE FOR USE AS GRANULAR BORROW.
M— SAMPLE iS FOR USE AS G.B.C. CLASS "8
K — SAMPLE IS FOR USE AS G.B.C. CLASS "&"
X — ACCEPTABLE
N - NOT ACCEPTABLE
& — SAMPLE OF FINE AND COARSE AGGREGATE IS
8 — CCARSE AGGREGATE PORTION OF SAMPLE IS
C— FINE AGGREGATE PORTION OF SAMPLE IS
D — SAMPLE OF COARSE AGGREGATE IS
£ — SAMPLE OF FINE AGGREGATE IS

~
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DEPARTMENT .OF HIGHWAYS — ONTARIQ

COARSE -ACGREGATE
OVER ‘

COMPUTATION FORM GRANULAR MATERIALS

ABRASION TESTS
TYPE £ST.%CRUSH |~ GRADE RET.NR. (2 | PASS N%12 | 9%L0OSS
LOS ANGELES (500 REVS) lo0 fa) /7.9
0 ABSORPTION % BULK S.G. (DRY) TBULK SGISAT. SUR.DRY)] APPARENT S.G.
Sk T b a NN b o ] b
B 8 8 A
T c c ¢
fBmA 8-C 8-C A~C
BT -7r~% 0 I70%| g | 3706 |3c73] % & |z d/ =200
_AVS; 770 %l AVG 5. loo AVG. AVG. 3 /7
;
PERCFNT COARSE AND FINE ~AGGREGATES UNIT WT LOOSE ~ib/cu.ti.
LI ORNSSED — | Aemiaetws |LAB. CRUSHED " | COMPACTED in/eu. 1.
f‘iw*r.mTAe. SAMPLE (DRY)W, £7.0 CLAY LUMPS ‘ %
‘WT.SAMPLE RET. ¥4 (DRY}Wp B LOSS BY WASHING PASS % 200 %
{WT.SAMPLE PASS ¥4 (DRY) W3 -9 FLAT 8 ELONGATED PARTICLES %
L Y% COARSE AGGREGATE £7 L. "CRUSHED PARTICLES %
Yo FINE - AGGREGATE f R PASS # 200 OR *270 (TOTAL SAMPLE) %
We McREOBNIY L5, CAUSHD, Wz LAB, CRUSHED
" DEPT. . CUMULATIVE DEPT |, CUMULATIVE R
OEE INDIVIDUAL ; o RETATNED SIEVE INDIVIDUAL : S RETAINED
loesicnaTion| WEIGHT | WEIGHT e wa T ToTALJorsionaTIoN WEIGHT | WEIGHT o™ To7AL
48" 3
‘3 2‘/2“
i zyzu 2"\ .
2 ) i;yg"
k" %"
ot i
75“ 0‘3—’ f: (7 f'-f!‘r‘f’ ?‘"
N %n i‘5 li'/‘ o ‘4’!(? y‘u
%" 4.2 2o 2 1.5 "
" | 437 37 2"
%" A, i 4.5 &f 4 3"
w3 A Jo. 2 | 73.3 *3
#s 2.9 A Vi b g
TOTAL ) i j TOTAL
o ”,;REGATE S 10 08 IO
Wz AS RECEIVED J Eg SOQSOUNQNESS TEST CYCLES |
“FDEPT. CUMULATIVE ; JMULATWE : T PWEIGHT. . ,
CESIEVE . |wEiGHT | % RETAINED T1  oRETAINED - RE, | AFTER G“%%ngs : Pf_%csim GRADING '{.z'f_g"s?
DESIG. | GM.  |PASS®4] TOTAL IpaSS# 4] TOTAL S, o p T T
= e ErE ;
%16
#30
¥*50
*100 N © TOTALS g
r:zoo RS LOSS BY. “ABRASION sé ;%‘:
#270 : Vs 00 1b. Feuft.
PR UNIT WEIGHT COMPACTED 1b./cutY,
sleaza [B FENENESS MODULUS 3 :
ipEcauTl. .- ORGANIC IMPURITIES | ;
TOTAL |- = _PASS #200. eaﬁzmmsstc FRACTION) %
B QRPTEON Yo BULK S G (SA? Sl
= Tal oFip] OF - !
TR
.y W
(S=A Vi T )R
B8 100 o Yo Py o hvw-teeA
.ET;Q—VG, AN _AVE. ek AVE. i

LABORATORY REMARKS




FORM OBMY.243

:




FORM 0B~-MT-294
DECEMBER . 1264

DEPARTMENT OF HIGHWAYS ONTARIO

g

MgSO, TEST — COARSE AGGREGATE EXAMINATION
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July 23,1971

P2223.00
. Department ofyTrénSpOrt &
Communications
<Highway 401 & Keele Street
Toronto, Ontario
Attention: Mr. A. G. Stermac, P.Eng.
Principel Foundation. Engineer
Materials & Testing Division
Gentlemen: Welland - Hidhway 406

Functional Planning Study

Further to our recent conversations and the delivery of samples
of Union Carbide slag and canal water ‘to your office on July
43, this: leétter confirms that your depariment will carry ‘out
tests to establish the physical and chemical p*opertles of
these materials with a view to assessing their suitability as

= flil for use in the disused section of the canal.

The f£illing procedure presently envisaged is the dumping of the
bottom:15 feet of material through the water before any de-
watering takes place.

Should vyou regquire any further samples we will be pleased to

obtain these for you.
Yours ;zfy truly, :
/‘} - ,r""
Qﬂiévquééﬁmwéi. ¢

o

STM:gs A, L. McKechnie
Executive Enginheer

L

C. C, - Mr. R. W. Oddson, P.Eng.
- M. M. Dillon ILimited




TELEDHORE 688-1B7Y: . &

THE REGIONAL MUNICIPALITY OF NIAGARA

PUBLIC WORKS DEPARTMENT
. P.0, BOX 504
5,0 BER® ¥YMAN AVENUE. ST. CATHARINES, ONTARIO

March 25, 1971

Department of Highways.
Highway 401 & Keele Street,
Downsview, Ontario.

Attention: Mr. A. G. Stermac,
Principal Foundation Engineer,
Materials & Testing Division

Dear -Sir,

Highway 406 - Functional Planning Study
Wellarn(. Canal Alignment = City ofWelland

I have been directed to advise you that the Technical Advisory
Committee for Highway 406, Welland Section, hasg authorised the
Consultants, M.M. Dillon Limited, to proceed with the detailed
investigaticn of three alternative highway corridors. As you
are aware, study of the céntral corridor entails additional
s0il investigation along the banks of the present route of the
Welland Canal and the -Committee has fuosther approved the Con-
sultants® proposal in this matter subject however, to your
approval of the precise nature and extent of the work to be
undertaken at this time.

This letter should have been sent to you some time ago and I
wish to apologize for any inconvenience or delay which may
have been occasioned by my oversight.

Yours vexry truly,

CHRF/ss C.H.R. Foster,
Secretary,
Technical Advisory Committee



April 5, 1971

" P2223.00
Department of Highways, Ontario
Highway 401 and Keele Street
Downsview, Ontario
Attention: Mr. A. G. Stermac
Principal Foundation Engineer
Materials Pesting Division
Gentlemen: Highway 406 - Functional Planning

Report — Welland Canal Alignment

At meeting 71-3 of the Technical Adv1sory Commlttee, nghway 405 -
Welland, on Tuesday, February 23, 1971, H. G. Acres Limited was
avthorized to proceed with a soils investigation; subject to
approval by Mr. A. . G. Stermac. This letter confirms Mr. Stermac's
approval. for the program outlined Below in accordance witii the
telephone conversation between Mr Stermdﬂ and Mr. Conlon, on
'Monday, April 5, 1971. '

As & result of Mr. Stermac’s letter of March 24, 1971, and his
discussion with Mr. R. J. Conlon on Rpril 1, 1971, we reviewed
‘our proposal for nine boreholes along the bank of the existing
Welland Canal between Stations 850 + 00 and 1100 + 00. We were
aware of the repsit on the DHO test shaft at Station 985 + 00,

as pointed out by Mr. Sterma¢. In addition, there is a shaft

and 5-incl: ‘diameter holes in the vicinity’éf-the Towriline Road/
“Rail Tunnel, a 5~inch diameter hole at the south end of the.
‘Weliand Canal Relocation, as well as S5-inch diameter sample data
at the 1 .cation of each of two ¢cld landslides just north of the
DHO tesi. shaft.. The shear strengths obtained at these locations
show a definite tendency “ur a decrease in shear strength to the
south of the DHO test shaft, particularly in the Iower Stratified
¢lay layer. From these trends it is anticipated that an increase
in shear strength may exist in the northern part of the study
areaz. It was our intention to investigate fully the variability
of shear strength along the éxisting Welland Canal with the pro-
posed nine 5-inch dizmeter boreholes.




e

~Mr. A..G. Stermaé;,(éontinued}
April. 5, 1971 :

- However, in accordance with our discussion we agree that the
investigation work should be divided in two; the first stage pro-
viding sufficient information for preliminary analysis of stabil-
ity problems and preparation of approximate cost estimates for the
central alignment; the second stage pro¥iding more detailed infor-
mation at specific locations, if indicated to be necessary, after
completion of Stage 1.

The first stage places considerable emphasis on utilizing the
available information. = The investigation work which we consider
essential for completion of Stage 1 includes a minimom of three
3-inch diameter boreholes. Two of these borecholes wiil be located
on the dike between the Welland River and the Welland Canal where
no information is known to exist (borehole locations near Stations
930 4 00 and 950 +00). The third boxehole will be located near
Station 890 + 00 on the west bank of the Welland Canal and will
serve to complete the stratigr:phic picture in this area.

The 5-inch diameter holes will be eliminated from the Stage 1
‘program. =~ However, we consider that some 5-inch diameter holes
may still be required for Stage 2; the sxtent of the Stage 2
program being entirely dependent on the Stage 1 program,‘influding
the results of analyses determining the significance of variation

in shear strength parameters for the. stability of camal banks during
partial or total dewaterina.

Yours wvery truly,

e

ALMCK:gs " A. L. McKechnie
Executive Engineer
Cl.C. — Mr. J. R. Crosby

Mr. C. Foster

H. G ACRES LIMITED




‘;MCKEChnie

‘ ‘ Camng 10T
TECBNICAL ADVISORY COMMITTEE ,ﬁ%&%

HIGHWAY 406 ~ WELLAND

MEETING 71-3

Minutes of meeting held on Tuesday, 23 February 1971, at the
Regional Municipality of Niagara Offlces, 150 Berryman Avenue,
St. Catharines, Ontarioc.

COMMITTEE MEMBERS IN ATTENDANCE

Representing Department of Hicghways, Ontario

Mr. C. R. Robertson ~ Digstrict Engineer, District 4
. Hamilton

Mr. J. J. Regan ~ Construction. Supervisor,
District 4 Hamilton

Mr. G. K. Hunter ~ Regional ‘Road Design Engineer,

: Toronto

My. M. ¥W. Robinson - Regional Services Manager,
Central Region

Mr, R, G. Burnfieldy - Regional Functional Planﬁing

{(alternate for Engineer

Mr. R. W. Oddson)

Representing Regional Municipality of Niagara

Mr. M. Holenski
{CHATRMAN) .

Project Engineer

Mr. N. Dodd
falternate for

Mr. A. Greaves}

Mr. C; H. R. Poster T-affic Coordinator
{SECRETARY) -

Representing City of Welland

Mr. D. E, Landells

" City Engineer



Others in Attendance -

Mre. R. Doctorow - Socxaloglst Planning Department, -

D.HLO.

Representing Consultant

Mr. J. R. Crosby - Project Director, M. M. Dlllon
Mr. F. Z. Scbolak. - Project Manager;

Mr. W. Gleis -~ Recording Secretary, "

Mr, £, T, Maitland - Project Engineer, H. G. Acres Ltd.

The Chairman called the meeting to orxder at 10.07 a.m.

1.

Minutes of Meeting 71-2 were reviewed and the following
corrections were suggested by the Consultant regarding
Item 3. The second paragraph should be replaced by:

"Mr. Stermae, Principal Foundation Engineer, D.F.0., con-
firmed the need for soil investigations as requested by

“Acrez, in order to compile data required for establishing

the economic viability of the route. He considered hovw-
ever that these investigations should be deferred pending
a-decisicn estabiishing the centre route as a valid align=-
ment,  The Committee agreed and deecided not to proceed
further with the soil investigations at this time,

Mr. MeRechnie expressed the wview that even though the
centre alignment was ruled out from a planning or polztzcal
reason, it may be necessary to prepare capital cost est-
imates o6f the eenire route in order to properly evaludte
the economiec viability of alfernative routes.”

The above was suggested in a letter from Mr. McKechnie
to Mr. Crosby and confirmed in a letter from Mr. Stermac
to Mr. Crosby. Copies of the letters are attached hereto.

The Secretary reported no outstaading Committee corres-
pondence.

Tcems held over from Meetings 70-1 and 71-2 and informat-
ion arising from the N.R.H.C.C. meeting.

(a) Mr. Foster distributed a new list of Committee
membexs. Distribution of agzndas and minutes of

-2 -



(b}

{c}

meetings will be made to Committee members only.
HMr. Robertson suggested that telephone numbers

of each individual should also be added to-the
list.

Because of postponement of the last N.R.H.C.C.
meeting, no decision has been reached relating

to the procedures foxr submission, review, approval
and payment of ~the Consultant's. Monthly Progress
Claims. : :

-Ho decision has been reached on the Technical

Advisory Committee's Terms of Reference for the
same reason as in (b} above.

The Consultant's Monthly Progress Report was reviewed and
the follow1ng comments made:

{a}

(b}

{c}

The Consultant noted that very little work has
been done on item 4 because ¢of delays in Committee
decisions.

~Mr. Robinson enquired about item 8 and how soon
- will property evaluation be required., The Con-

sultant advised that item 8 as well as 9 and 10

fcould be considered to be at lsast two months
“behind schedule,

Mr. Burnfield expresséd concérn that the Con-
sultant's monthly fees have fallen behind the

‘estimated fees. The Consultant stated that the

estimated total fee is still guite valid and as
soon as decisions ‘are made by the Committee re—

‘gardlng certain work items, the schedule and the

resulting work and expenditures would be brcught
up to date.

The Consultant briefly reviewed the Committee report
entitled: “Method for Evaluation of Freeway Location
Alternatives™. This report was compared with "Proposals
for Ewvaluation of Alternative Transportation Schemes®
which was deveYoped by the inter-disciplinary committee
of the Department of Highways. The twec methods of eval-
uvation are very similar in scope and both methods will
be considered in establishing the evaluation procedure
and the measures to be used in the evaluation.




&)

(b}

The report to the Committee entitled "Engagement
of Proctor, Redfern, Bousfield & Bacon for the -
Planning and Environmental Aspects of this Pro--
ject® .was reviewed.

Considerable discussion took place regarding the
acceptabilizy of Proctor, Redfern, Bousfield &
Bacon to participate in this study and the method
of engaging them for this purpose. The Committee
accepted the estimated cost of $21,700.00 Ffurnished
by Proctor, Redfern, Bousfield & Bacon as being
within the limits estlmhted in the overall project
cost.

It was moved by Mr. Foster, secondad by Mr.
Robertson, that the Committee agree to M. M. Dillon
Limited engaging Proctor, Redfern, Bousfield &
Bacon for the purpose of evaluating the community
effect items in the evaluation of freeway location
alternatives.

CARRIED,

Mr, Burnfield regquested that M. M. Dillon write to
Mr. W. Bidell, Director of Planning at D.H.O. and
reguest authozlzatlon to. engage Proctor, Redfern,
Bousfleld & Biacon as associate-consultants for

is study.

Coumittee report entitled "Assignment of Respon-
sibilities for the Evaluation of Alternative
Freeway Locations. A table attached to. the re-
port - listed various factors as proposed-in the
H.R.B. publication. On this table an attempt was
made to’ identify the firm{s) or other agencies
who will be respons1ble for the data and analyses.
Certain factors require multiple ‘input. In these
cases, all those responsible have been identified.

The contents of the table were reviewed by the

Committee and the following modifications auggestad-,‘

(i} “ Item 1l(a) - should read "Fun~tional Planning®
instead of "Planuing”.

{ii} Item 1(b) - Right-of-way evaluation would
be handled through the Property
Sub-committee,



{cl

Pl
e
) ald

] Item 7(a) = Property Values: Change in
resale value -~ this will be
handled through the Proparty
Sub—-committee,’

{iv) Item 8(a] -~ Effect of tax base -~ this work
to be handled through the Pro-
perty Sub~comm1ttee.

The Committee extensively dlscﬁssei whether any
of the corridors should be dropped at this time.

The Chairman asked the Committee members and ad-

visors as ‘to their opinions on which of: the 3
corridors could be eliminated. The results were
that four were of the opinion that all 3 corridors
should be evaluated further, three felt that
corridors "B" or "C" could be dropped, and the
remaining three made a choxce of one allgnment,
either "a" ox "C%,

Mr., Landells informed the Committee that new
sub-division plans have been registered in the
area north and south of Fitch Street in the path
of corridor "B® alignment., This development will
have to be seriously considered in the evaluation
of corridor ”B“

As a resuli of the above discussion, the Committee

agreed that it would be premature at this time to
drop any of the 3 aligmment corrldors.

As a result of the above a decision was required
regarding -authorization for the consultant to

proceed with additional soil investigations which

are required for the evaluation of corridor "aA"
alignment.

It was moved by Mr. Robertson, seconded by Mr.

i Burnfield that the Consultant be authorized to

procead with soil investigations proposed by him.

. This authorization is subject to an approval by

Mr, A. Stermac, Principal Foundation Engineer,
B.H.O. The Secretary was directed to communicate
with Mr. Stermac in this regards,.

" .CARRIFD,




The Committee repdrt entitled "Correspcndence and the
Resolutions of City of Welland Council” was-reviewed
and considerable discussion took place regarding the

“opposition of City Council to locating Highway 406

within the canal bed. It appears that Council is very
much concerned with the method of disposing of the
old canal and the assurance that the present supply of
canal water ‘to indusiries and the City water treatment
plant is maintained. - If the supply of canal wateér is
interfered with in any way, this interference should be
rectified at no cost to the City of Welland. The City
Council is also opposed to the St. Lawrence Seaway
Authority's proposal-to leaving the water in the old
canal and using mechanical and chemical means to treat
the water to prevent it from stagnating,

_Mr., Burnfield suggested that the Committee should meet

with representatives of the St. Lawrence Seaway Authority
in order to determine the most up-to-date status of the
disposition of the old canal. It would be advisable to
boid this meeting as a joint meeting of the Tachnical
Advisory Committee for the Highway 406-Welland project

ar  the Highway 3 & 406-~Poxrt Colborne project.  Mr.
Burnfield will request Mr. Oddson to arrange for such-a
meeting. h :

Mr. Burnfield alsc informed the Committee that the Fro-
vince was approached by the St. Lawrence Seaway Authority
about disposing of some of the lards on either side of
both the old and new canal and the use of this land as
parks. This matter is now being considered by the Ontario
Parks Integration Board. Mg, Burnfield will arrange a’
meeting with Mr. €. R. Pilt, the Secretary of the Board.
The meeting will be attended by Mr. 0ddson, Mr. Holenski,
Mr. Landells and Mr. Crosby. ;

The Consultant reported that Mr. Oddson reguested from

the D.H.O. Photogrammetry Division an updated photomosaic
and 200 scale contoured plans sufficient to cover the

area which would be affected by either of the three. cor-
ridor alignments. A photomosaic based on 1970 flying is
already available. This photomosaic will be extended and
updated this Spring when new photography becomes available.

Wo other business,



9. The next meeting is scheduled for - Tuesaay, April 6,
1971, at 10:00 a.,m. and will be held at 150 Berryma1
. Ave.,, St. Catharines.

10, Meeting adjourned at 4:00 p.m.

Enclosures:

Letter from A. L. McKechnie 5/2/71
Letter from A, G. Stermac 9/2/71

Distribution:

211 Committee membexrs

“H. G. Acres Ltd. {2}

M. M, Dillon Limited (3}

Committee Secretary - 2 extra copies

Project No, 6513-01
We?n 100"'68

Mo M. DILLON LIMITED

4 March 1
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M, M. Dillon, Limited
P.0. Box 21% iy
Station K ' |
Toronte 315, Ontaxrio

3
ot
§ i,
——

Attention: Mr. Jobn R. Crosby, P. Eng.
Project Director

Dear John: Hwy. 406 — Functional Report

Minutes of Meeting -~ January 19,1971

This will confirm my telephone call of this morning expressing
my disagreement with the wording of Item No. 3, Soils Investi-—
gation - Welland Canal Route - 2nd paragraph, of the above
minutes. Perhaps the following alternative wording could be
suggested to the ¥.A.C. No. 2 Welland, for inclusion in a revi-
sion to be sent to all previous recipients of these minutes:

"My, Stermac, Prinmcipal Foundation Engineer, D.H.O., conflrmed
the need for soil inwvestigations as reguested by Acres, in order
to conmpile data recuired for establishing the economlc viability
of ‘the route. He considered however that these/lnvestlgatlons
should be deferred pending a decision establishing the centre
route as a valid alignment. The committee agreed and decided not
to proceed further with the soil investigations at this time.

Mr. McKechnie expressed the view that even though the centre align~
ment was ruied ou: from a planning or political reason, it may be
necessary to propare capital cost -estimates of the centre route

in order to properly evaluate the economic viability of alternative
routes.”

Please feel free to modify the above as you see f£it, as your notes
of the meeting may-be fuller than mine on this point.

H. G. ACRES LIMITED

Consulting Enginears

1254 Dorchester Aosd )

Niagara Falls, Canada o —

Telephone 416:354.3831




M M. D:.llon, Lm:n.ted (cont"d)

,February 5, 1971

. I also talked Wlth Tony Stermac this moxning and he con.‘.:u:med :
“‘that the mlnutes msqznoted him.

Committee on this point and I am. eend:.ng Tony a copy of thls
ylette... and the mmutes 1n questlon.

AIMcK:gs

c.c. - Mr. A. G. Stermac B

 H.G.ACRES ummED

“He too will be wrltlng to the .

Yours ver'y', truly,

Lok

AL L. McKechn:x.e
E‘xecut:.ve Englnee’”




.

L o P, St ;;‘.u R 1:”r.‘"1. Ly H‘ﬁy . 2‘!’01 & Keele St. 4

. ‘Tela ' 22}8-’-3282

“Douwnsview A6k, Ontario,.

{area Code 416)

DEPARTMENT OF HIGHWAYS February 9, 1971
Materials and Testing Offlice 'W;m,;h.mthMMg“wuww
;Fwi_\w@fEE'I’L

_‘«Bﬁui ._,,...ozr.’;w

M. M. Dillon, Limited, o -

Consulting Englneers,

P.0. Box 219, T

Station YK,
Toronte 315, Ontario,

Attention: ¥r. John B, “rosby, P. Eng., st :

Project Director

Re: Hwy. %06 -  Functional Report
Minutes of Meetlng - January 19, 197«

Dear'John:

I am in receipt of s copy of the letter Archie
NMeXechnie wrote to you on February 5, 1971y regarding the
2nd paragraph of Item No. 3, Soils Investigation - Welland
Canal RBoute, Sirce I d3d not recelve the minutes of the
meebing of January 19, 1571, I cdon't think I can write o
" the Committee, but would like to take this opportunity to
. advise you that I concur with Archie’s statement. I nust
have been misunderstood, and therefore, misguoted, Archiels
proposed revision records, in essence, what I have said and
I would ceriainly be in agreement that the wording of ihe
minutes be changed as proposed. , '

Sincerely yours,

g
ey
AG3S/MieP 4, G, Stermac ,
. : Principal Foundatlon Englneer

ccs Mro A, L. MeKechnle, ,
Exscutive Enginser, R‘ECUVEB
H, G. Acres & Co, Ltd, : i
W, . DiLLOR 1S
TORONTO, ZFICE: |




Hwy. 401 & Keele St.,

Tel, 248-3282
{4rea Code L15)

DEPARTMENT GF HIGHWAYS
¥aterials and Testing Office Marech 24, 1971

Mr. A. L. McKXechnle,
Executive Engineer,

H. G. Acres Limited,
Consulting Engineers,
1259 Dorchester Hoad,
- Nisgars PFalls, Csanads,

Re : Highway 406 - Functional Planning
Report - Wellend Canal Allgnment

Dear Mr. HBceKschnle:

This is to confirm recelpt of your letter of Mareh 18,
1971 regarding the above mentlioned sublect.

o I would like to draw your attention to the following
‘report prepared for the Department of Highways by the Consultent,
H, Q. Golder snd Assoclates Ltd, in July, 1964, -

Trial Shaft at Proposed Tunnel Site
Execution, Sampling and Test Results
Welland Cntario

The shaft was put down st the approximate Statlion 995+00,
The report ccontains a great deal of information that is, I belleve,
~directly applicable to your work. If my memory serves me right,
one copy of this report should be 1n the possession of your
Mr. B, Conlon.

It seems to me that the testing of the shalt samples
has adeguately defined the properties of all layers that ware
encountered {the upper and the lower stratified zone), These
properties, I believe, could be assigned to all locations where
such two zones ars either known to exist, or would be encountered
through the additional work ito bs carried out,

LR 2R S 2

Downsview 464, Ontario,



“Mr. A, L. McKechnie, » 2
£zecutive Enginser,
‘B. G, fcres Limited,
Niagara Falls, Cansda, March 24, 1971

Re: Highway 406 - Functional Pianning
Report - Welland Csnal Alignment

L2

In the light of the foregoing, I would suggest that
you reconsider

{a} the necessity of having to put down nine
additional holes, and

(b} the necessity to recover S5~inch diameter
samples,
Should you wish to discuss this matter further,
piease Teel Tree to contace me,

Yours very traly

A, G. Stermac
Principal Foundation Engineer

AGS/MdeF

cc: Mr, J. BH. Crosby, P. Engz.
7
Poundations Files»f/

Gen. Files
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March 18, 1371

P2223.00
Devartment o¢f Highways, Ontario
Highway 401 and Keele Street
Downsview, Ontario
Attention: Mr. R. G. Stermac

Principal Foundaticn Engineer

Materials & Testing Division
Gentlemens Highway 406 - Functional Planning

Report - Welland Canal Aljignment

Further to our recent meeting in St. Catharines, the technical
advisory committee has agreed to proceed with the detailed in-
vestigation of three corridors for the new hlghway, whlch
1ncludeﬂ the central alignment.

 The scope of the study necessitates that the stability of the
‘existing canal banks ﬂux;ng either partia l or complete unwatpr—
lng be analyzed., '

In oraer to. carrv out thls ‘work, we must have a mocze compleue

picture of the regional geology and, in partzrular, “the exlst—
- ence and extent of stratlfled clays. Our previous experience
at the Townllne Road/Rail Punnel has shown the 1mportance of
these prer and lower stratlfled zZones on stability analyses,

. As a result, we have reVLewed the available information re-
“_lated to stratigraphy and shear strengths in the area to deter-

mine whether additional drilling is required. Much of the avaﬂl—':

- .able informaticn on overall stratigraphy is contained in the
- Goldex and Associates reports.

1 - Feasibility Study of Portion of Proposed Highway 406
with Welland Canal, January 1967.

2 - Soil Conditions within Welland Canal, June 1¢67.

Based upon the proposed central allgnment for Highway 406, the
canal bank stability must be reviewed between Stations 850400

and 1100+00 (Welland Canal Chainage). Within this area, addi-~

tlonal information is considered necessary in the Eollow1ng '

zones and for the Lellcw1ng rEeasons:

Q”ﬁﬁ E%ﬁ?”%




Mr. A. G. Stermac, {cont’'d}
March 18, 1971

1 - EaSt bank of Welland Canal

Stability of the dike between the Welland Canal and the
Welland River should be investigated, and, & present,
there is no information within this dike. Three bore—

holes are prorosed and would be located near the follow-
ing canal chainages:

910 + 0O
8935 '+ 00
956 + 00

2 - West bank of Welland Canal North of the Welland River
Siphon

Three additional boreholes are required in this area to
check for the existence of stratified clays, both in the
canal bank and at the depth. These boreholes would be
“located near the following canal chainages:

890 + 00
935 + 060
950 + 00

3 - WeSt bark of Welland Canal South ‘of the Welland River
Slghon

Theré are several unstable sections of bank to the south
of the Welland River Siphon and it is necessary that the
three additional boreholes be drilled in this area to
obtain good undisturbed samples fox testing purposes.
These boreholes would be located near the following canal
- chainages: '

270 + 00

i0io + 00
1070 + 0O

G.ACRES UMITED
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Mr R.kG. Stermac,  {(contid)
March 18, 1971

As ‘shown on the attached sketch, we are recommending that a total
of 9 additional bereholes be drilied. These holes should be large
enough to allow the recovery of 5-inch diameter Shelby tube sam~
ples.  The reason for requesting the large samples is to enable
trimming of triaxial samples at 45 degrees to the bedding plane

in stratified clavs, and allow deterxrmination of the shear strengths
parallel to the bhedding plane.

We enclose two copies of sketch showing the approximate location
of the boreholes.

If you wish to discuss further, any of the foregoing, please give
us a call.

Yours very truly,

o

? . : ;
i

STM:gs : ; A, L. McKechnie
encls.. ' Executive Engineer

C.c. — Mr, J. R. Crosby, P.Eng.
‘ - Mr. C. Foster ‘

H. G. ACRES LIMITED
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. TO:  HWY. 406 - WELLAND, SUBCOMMITTEE NO. 2

- RE: ~ ‘METHOD FOR EVALUATION OF FREEWAY LOCATION’ALTERNATIVES

We were reguested by the Chairman to prepare an evaluation
form for alternative alignment proposals within the City of

Welland.

Numerous methods and evaluation procedures are available. We
’have sélected the method proposed by Oglesby} Bishop' and

-~ Willeke in their pépnr, "A Method for Decision Amonq'Freeway
7fLocat10n Alternatlves Based on User and Communlty Consequences

4 {chhway Research Record Number 303, Washlngten, D.C., 1979).

;To~familiarize,the,Committee'with the app:cach propesed by"
 éﬁ£hQrs,'we atﬁachkheretc Tables 1, 2,éhd 3 which were’excerpt—
:éé”fromythe papér.’ Tables 1 an& 2 tabulate the factors to be
‘evaluated and the suggectea unlts for measurment. Table 3 pre— ,
 sents ‘the results of a survey undertaken by the authors in an  ' 
attemp+ to determlne the lmportance of each factor in route
'1ocatlon, in the opinion of sample groups_of highway engineers

 and planners, community officials and citizens.

Wefalsokattach Figure 1 taken from the article, whichiidenti—
fies the "community factor profilé“ which may be used to fate
the~altetnativé highway prcprals. It is to be noted that in
order to reduce the complexity’of,the diagram and, in ﬁurn, cf

the deCisibn—making process, the full set of community factors




, 15. Li“uf' ~‘ ' "' g ’ :{ilpff
'shauld be reduced whenever 1£ is possxble to do. s0. Two guideQV
,llnes ave suggested for accomplishing thls-~ {a) ellmlnate all
factors that are not relevant or important to the particular
decision; and (b} eliminate all factoxs ﬁhose values are sub-

stantially the same for all alternatives. These tests must

be acceptable to all parties involved in the situdy.

A tab1e listing all ava;uation factors is also attached. We
- have made a preiiminary assessment as to the relative merits
or demerits attributable to each of the three_considered pro-
posals. It should also be noted that a fourth alternative is
'consxaerea -= assuming that ne freeway is bullt. Due to the
time limitation and the currenv stage of the progect, only
’certaln factors could be assessed and the evaluation can only

be considered a "guesstimate”.

As the study procee‘s a .more meaningful evaltation may be'made,
of the factors whlch were 1ndlcated as unknown. We hope it
’w1ll be possible to reduce the number of factors by ellmlnat—
1ng those that are not relevant or 1mportant to the parhlcular
decisions, and ellmlnate those whose values are substantlally

the same for all alternatlves,

. Action Items

1. TReview and approve the proposed evaluation methodologv
’ for use on this project.

2. Eliminate, if possible, all factors that are not rele~
vant orlimportant., :

3. Eliminate all factors whose values are substantially the
same for all alternatives.



Allccate the wcrk requlred to quantzfy the remaxnlng fac— ,f -
tors to' , oy S
~ the Cbnsultant'

- the Sub»Commlttee
- gthers.:

File es13-01 - M.M. DILLON LIMITED
15 January 1971 fht : . B e




mr OF WELLANDV

e e CORRIDOR
FACTORS ' kiwff‘f:‘t;A ~fr' ‘

B fC"

‘*[rgFEWAYW~'"

. REMARKS

Quantlflable Market Values

l Cost of- nghway S
(a) Planning Lol
{b) nght~of—way<9a,
(c) Construction
(d) ‘Maintenance
(e) Operatlon '

;yé}fCosts (Beneflts} to
. Highway User S
- (a) Vehicle Oper. Cast,~~

o 1nc.;Congest10n Cost
by Travel ‘time sa“1ng
~Commercial
'f(c) ‘Economic cost of
Accxdents

i Quant1f¢ab1e Non—MaIREt values

3 Costs (Beneflts)to nghway

-User - Travel Time Savings, 7}T*»~ 5 s
: Max1mum

‘jkaon~Commer01a1 .

High ' Moderate -
Moderate -

~ High
. High ;
‘Moderate = Moderate

Lowest  Moderate
jnHiQhéstk"

:ffLowest   fModérété';

Moderate

N0n~Quant1flable Non—Market Values jf'”

4, Costs (Beneflts) to nghway

i User

{a) Motorist Safety

(b} Motorist Comfort: and
Convenience

(c) Aesthetics from -

- Driver Viewpoint

Good

nghest g;'High,
"'msébdf"\

vyGondﬁy-Q,“]Gdcd*

High
Unknown

- Moderate

High
High . Moderate.

 ‘Moderate  Lowest

High
Moderate
Moderate

Moderate
Mpdgfaﬁe‘fyModeratefﬁf

 M6defaﬁék

Moderate

‘ f ﬁigh* aFy‘fLoweSt‘

.

C}Highest*;} f  :

Minimom

V;Probdbly ngh ;'"

W €

‘" )

"

~ Saving

‘Guesstimate only

SPOOY e e

]
”

Guesstxmate on;y - Need $ Cost‘




FACTOR A

B

Community Effects

5. Local Transportation Effects

&}

{b)

{c)

Traffic service to

community by freeway-
highway capacity,

O~D of trips, major ;
traffic generators Highest
Effect on local
transportations

City Street circul-

ation and public

transit ~ Unknown

Access to Regional
facilitiess Recrea-
tion, education,
culture, business and

employment e Unknown

Highway Design

Standaxds: grades,
alignment and -inter-

change location . . Good .

6. Community Flanning and
Environment

(a)

(b)

{c)
{d)

Land Uge:- develop-

ment, changes in use,
multiple use separat-

ion of uses : Unknown
Aesthetic impact of

freeway on communitys:
depressed or elevated,
landscaping, structures n
Noise ; Soon
Air pollution Less

Moderate

Unknown

Unknown

Good

Unknown

- Less

Lowest

'Unknowh

: Unknown"

'Good‘

Unknown;

Less

 FREEWAY

RN

‘Unknown

Unknown

A

Inknewn

Most.

£ n
] Cw



'FACTOR

CORRIDOR

NG

7. Neighbourhood and Social
Structure :

Ta

Property Values:
Change in resale
value

(b) Neighbourhood

{c)
(d)

(e}
{£)

impacts: displace-
ment and relocation
cf people, environ-
mental gualities,
neighbourhood co~
hesiveness and
stability

Parks and recreat-
ional facilities
Cultural and
religious instit~
utions - ‘
Historical sites
and unique areas
School system:

attendance boundaries,

school environment

Community Economic and

Fiscal Structure

{a)

{(b)

{c)
{a)

Effect on tax base:

Unknown Unkncwn‘

Unknown ‘Unknown

net change in assessed

value of property on
tax rolls

Community servicess
police and fire pro-

tection, utility services,

water ‘and garbage
services ;
Commercial activity:
wholesale, retail
Employment: e
creation of jobs,

displacement of jobs

" Clew

Unknown

Unknown

 FREEWAY

 REMARKS

Unknown "To be Quantified

‘Unknown

W

¥

S

8
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TABLE 3
B . DIRECT EFFECTS OF FREEWAY CONSTRUCTION AMND USE
Factor Description Units Time Pericd, Years
Quantifiable market valves -
L. Cost of highway ;
2 Planaitg . : : 1 Dollars CNA
b, Right-ef-way Capitalcost and annual cost of planning, con= Dollars 2010 40
<. Construction structing, maintaining, and emmtng the Dollars 206
.. Maintenance ireeway Doliscs Ansnal
e, Operation Doliars Annual
@ Costs {benelits} to hxghwas neer : . :
#.. ¥ehicle operating cost, Net inci-ase {deerease) in coste of vehicle Dollare Annual
incliding congestion cosis Opt. AL.On per year
b, Travel time savings, com~ Hev .oreas. Suecrease) intravel time multis Doliars Anpal
mercial Phreu oy achiar value of commercial travel
time -
[ =1 watety, ! Net change in ber of d maultl  Doliars Annual
cost of accidents plied by averags cost per {d.
Quantifiable nosmarket valees
3. Costs {penelits) 1o highway vser
‘Travel time ings, saved per vehicle txip Minutes Apnuil
-_noncommereial ‘ or bougs
Nooquantifiable nonmarket values L
‘4. Costs (denefits) 1o highway, upar ’ .
2. Mowrist salety Accxdem €088 of pain, eullering, ami deprivatios . ? Anpual
b, Motorist comiort and con~ -.. Andnmmoa' ? Annuat
ST wenitnee
o % hueathetics iroe driver ? . howuad
~wiewpoist -

Mudpﬁmﬂmﬂmmmmm
road
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D T . e TADLE R :
LA L . N SN g : CDMMUH}"‘Y EFFECTS OF FREEWA‘I WCA'HON A
et » oo 808 Yk M, ot Tise Period
. Factor, - Ehort
) ; ; Desc;ipﬂon U#(g ; meﬂl Ry
Local Transporiation Effects -l :
Trallic gervice (o community by x. Percent. reduction of through trailic on'city < Percemt. e 3
{reeway-highway capacily, O~ atreets [ (vehicien belon vehicles axter)/ : :
of trips, major teadlic generators yehicles beforel T :
v i S o oBeDistanceiof {reowny access trom mujor Miles . I |
Lraific g 8 (0. g
; . culmral ddmintstrative centera) or-as mer=
B i surcd-by Tond user oF transportation cosls . ‘ - ;!
- 3. Covridor miles compatible wit.h present or Mliles X
BT {uture public transportalion development
- BIfect oi local trangportation? TCosts {savings) for Improvement to city Dollars &
ity street circulation and Blreclé to provide for projeciod mmc
. public transit - i voluimies if fredway 18 not bullt
. 3 Netshange {n parkiag apace avaﬂzble e No.-Hpaces. %
_reguitel Iraway : :
ber-of:

“Aceess o reg!mai tncmtles.
recreation, education culture,’
busineas, and eraployment

< Bighway véslgn aunﬂzédu. .
grades, alignraent, and:
lnterchange location .

- Plannl
Land uses

~-multipie use, Separation of uses

Aesmetic impact o! freaway m
community?
depréssed:or eievat«!3 Tonde
‘geaping, structures :

. Nolse

e = Au pouuhon

Nexghbcrhood ami Socixl su-\mture
<. Propeyty values: :
changes in resale vn.lus

Nexghberhood impacts. g
displacement and reloeation of
- pecple, eaviroamental quailties, -

soatability

 Parks wed re:’reaﬁonﬂ tacski’mkes S

and Bavireamont’

-jand development, chnngec in \aa;, :

U4 Ineredse’in dB lével wex;,hted by miles’

: peighborhood coheywma snd i

-

-

3 N
loss strests ¢losed

1 Travel Unie savings fe regional activity
centets [(mtnuics per vehicis) x {vehicles

. per day)] for each facility

2. “Numiber of irips ¢ commumly generated

from . outside 1.

Miles icss than x percent grade

Mites of curvature less than y. radiug

K Avemge inter

15“ wilh the

e Lnd lor potential developmem to which accese

i erested’
.- Miles of freeway ~eparalmg incompauble tand
use minus miles dlviding compaiible uies

‘ 3. Miles adjacent to-or uamugh land undergolng

“:changein uge”
1."Miles depreased in residential areas plas
miles élevated m «.emmercmx Arvas lesa mlieg
at grade:
2. Additional ‘costs of aes&henc impwvemem in
‘siructures and landscaping

ideatial, and b 1§; thurches,
a»d similar buildings adjacent to frecway

.._'~ X

Minutes per T

dRy:
Velilcles por X R
day. B : :
Miles B
Miies. X
mm, X
Acren X
Miles x
Miles per b 3
Ldere v
Miles S
*‘Dollars . X

" dB{welghted) - x

“Dollars =

7 “Bletorical sites and uniqus Aress ..

" Behool system: :
< atendance boundaries,
" achool environment

Community Economicand Figeal Siructure

Effect on tax base:
Net changein unsessed mine
Yool property on tax Tolis.

‘Community services?
police.and fire protection, -
ntility services, water and
garbage services

Commercial activity:
wholésale, velail

Empleyment:
creation of jobe,
dispiacensient of [ 13

cassed by expasded commuting area lcss jobs
oot for P :

Additicnal cosy.of nmse Rnrriere innoige -
probiomiareas o LS ;
1. Net-chiage in noxious exiaust emissiona for Percent R
: projecmd wraific wﬁth and without uxe Irecway - : . .
"1 Increase or decreaae {net) over normal trend Dollars- x
in properly yalue classified by type of uu . "
“and d.s‘ancc from {rceway. ; Tha .
ok ing units. displaced (or) Number . ow %
o number dlspiaced a8 percen& of commumty’ Percent . i . 3
total stock’ - : : e
2. Nember of people ¢ ‘r' od far) b dis- x *
: ‘placed as percent of 1 : L x
. ‘Net losg of huusn;;-unlts taken .eﬁs vacam : - No, units . s X
“‘replacement hodsing fn'same price range with < :
‘comparable finahging leas tew. construciion :
.platned ‘on vacani Tand with: !inancing v R Sk
Colersive neighborhivods severed by freeway ho. people CEX
{as delermined by mapping neighbornocd . 7 F
“*'boundaries and social chiaracteristies) -
5. Neighkorhood stabitity: (14, pp-33-42) Index Now x x
X Acres ol parks {08t xgmned) ag percent of Percent’. VR
yui chotal avaﬂabia acres: g s : e
2; Cost of park repl t ieoa P tH Dollars: - ES
3. Number, of ‘parks affected : Number FRE T 3 X
gt “of churehes taken {or) - N0, churches. M x5
“eotal attendance alfected . Xo. peapin %
3. ‘Additional cost of reiocauon. exeess over Dollars X “
<" Aaking price. " L :
. improved accass o 1ocauon for. new chureh Minates . G
: facilities RN .
‘1. Bumber of historical arsas lost {total Numbeér x
sifected less those relocated) Sl
L. Vahie'of monument measured by &:\nuxl Visilapar X
S visiie per year year B
1. het loss {gam) m tax b.'zse fcr srhool sysiem T Dollars’ x x
3. Number of schoale totaily o partially taken Number : o
{or affected)
3, :Number of school aitendance argas with No! pupih x SEREE 4
- atcesa to school derigusly: impaired wheére ] :
g cannot be adj :
4 Increase {decrease) in cost of provicing Dollars - = =
. schuol § [rvices because of changes in busing i
5, ‘Net agdditional cost 16 the community of ' Dollars x
relocating schools affected bv freeway (paus) E
cost-of noise ¥ in 1 t o .
s fTeeway :
1./ Loss of assessed valuation in right~of-way as .- Percent o X
percent of community total ¢ : .
. .Lo68 of asseased valuation in right-of~way Dolizra X X
lesg ipeverse of land vaiues \assena) caused
by freeway {mpact . g -
3. Net loss (gain) in tax revenue caused by {res~ Dollars % X
way lmpact :
1. Net increase {decrease) in costa of providing Doilars x
fire and police protection and water, sewerage,
and garbage service -
3. Neiincrease {decrease)over normal trend in Dollars x
gross wholesale and retail sales X
2. Net ber of tocated {d ) Numb x
by freeway v
i Net ber of jobs located {dispi jasa Number 3
resuli of freeway -
2. et gain {ioss) in grogs earnings from jobs Deliars X %
located or displaced by the freeway
3, Net inorease {decrease; in job opportusities Nunber x =
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TABLE ¥ ~

mmm-mcs OF FACTORS IN RGUTE LOCATION. TO 54 HIUHWAY E‘iGB‘IEERS AND PIJ\NNERS,

160 COMMUNITY OFFICIALS, AND 133 CITIZENS:

Percential .7 Percent of :
2 - Bighway Englaeers - Community . Pg-;:::‘ ‘
N Facter i and Planners - Qificials ; ; ’
- : oo Majer o Minor o We o Major - Miner o MNe' Major o Minor " No
Direct costs and benefite - ’
of {recway S .
Cost of highway : ) ) 1 86 12 1 ) - 18 X
Motorist galety snd comfort -~ - 85 3 R84 i2 2 87 3 e
Travel time savings 52 43 - 08 8% 40 2 81 31 k4
‘Vehicle operating cost 41 G4 5 29 .48 21 is 50 8
Liocal transportation elfects o -
Traific sesvice o city 86 4 o 89 ] 1 7 26 i
g Local transportation T4 20 g1 081 - 7 2 63 3 4
‘ SR Regional kocess 50 45 -] §5° 33 2 55 37 -3
e S i Highway design standards K 8 H 2 87 1% %, 81 15 R
: ; Community planpicg asd N
environment, . : i o
iand uee plans 65 32 3 % 17 2z -7 37 8
Acsthetics of [reewsy : ’ 69 26 13 ki 2i b1 42 51 SR
‘Noiss 24 68T 8 87 . 28 3 51 42 4
Air poilution . 33 52, % 58 33 8. T 22 2
E Nesghbnrhoed and socm : Lt :
siructure ’ i 2 : . i’ el
Properiy values o 1) 28 ki 72 R 2 59 33 &
Neighborhood impact LT 54 41 5 58 330008 40 41 37
Parks and fecreation 82 18 G 88 34 § 37 51008
Caltural.and religious centers . 54 43 - 3 38 5T w4 APk AR
Historical 2nd unigue areas 69 130 1 ] 32 2 a7 48031
Behowl system 88 37 ki 8% 43, § 430430 13
Gnmmunxﬂ ‘econonic and mm L
structure: ; - ; E
Effect on tax base [ f:3% g 43 - 42 <R 4B AL
Community servites. . . 3T 6e 3 71 2% 2 61734 a3
- Commercial wogiviky . 00U BY 0 60 23 56 238 PR BB v 43 g
Employmest 3 ; 4R 48 14 580 3% v T 8 L 35 3.
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Figure 1. Community factor profile: Numbers in cicies ndicate the 4 starmatives.




Hwy. 401 & Keels 8t.,
Downsview 4564, Ontaric,
Tal., 24B-3282

{arsa Code 4156}

February 9, 1971
Materials and Testing Office

B, ¥. Dillon, Limited,
Consulting Engineers,
?ort BOX 2}‘?9

Btation XY, :
Toronte 315, imtaric.

Attention: Mr. John B. Crosby, P. Eng.,
© Project Dirsctor

Re: Bwy. %06 - Punctional Report
Hinutes of Meeting - January 19, 1971

Daay Jobhn:

I am in receipt of a copy of the letter Archise
¥ocKeehnle wrote fo you on Febriaasry 5, 1971, ragarding the
2nd paragraph of Item Neo. 3, Soils Investigation -~ Welland
Cznal Route. Since I d1d no% xreceive the minutes of ths
meelting of January 19, 1971, I don't think I can write to
the Committes, but would like to take this opportunity to
advise you that I concur wilth Archie’s statement. I must
have been misunderstood; and therefore, misguoted, Archis's
proposed revision records, in esssnce, what I heve gaid and
I would certainly be in agreement that the wording of the
minutes be changed as proposed,

Slncerely yours,

ACS/HieP he G. Sternac
Principel Poundation Englaesr

cc: ¥r., 5. L. HMoKeebnie,
Ezacoutive Euglneer,
H, &, dores & So. LEd.



February 5, 1971

PIR23.00
. 9, Billon, Lindted
F.0, Bow 219
SBtation X
Teronko 215, Ontario
Attention: ¥r. Johm &, Trosby, P, Ing.
Mrodect Dirscbor
Bear John: ey . 406 -~ ? unctional Report
Fimmten of 7 eting - Jenusrv 19,1571

Thiz will confire my televhone cal) of %hag worning expressing
ry disagresvent with the wording of Item Xo. 3, P%ollzs Investi-
gation - Welland fenal Route - 2nd maragr&y“. of the above
nizgtes. Perhaps the following alterpative wording could be
suggested to the T.5.C, ¥o. 2 ¥ellsnd, for imclusion in 5 revi-
#isa 2o be szent to all mrevious recipients of these pinutes:

“¥r. stermaec, Principel Poundation o wineer, D.H.2.,, confirved
the need for soil iﬁ?&gt?gﬂtaﬁn% sz raegessted by Bores, in ordey
to compile data teguired for ishinc the economic viability
o the route. D¢ considered %awa?ax that thess in rwestigetions
should be deferred pending = decision establishing the egntre
route as 2 velld =ligheent. The eosmities zgresd and Jdocided znob
to procesd furxther with the soil investigstions at this time.

Hr. %ﬁﬁ%ﬁﬁn&& sxpressed the view thot even though the centre 2lign-
moent was ruled out frowm a2 plsnning or political reason, it wayv be
nEvessayy Lo pEepare capital cost estimates of the gcentre routs

in order to properly evaluate the econswic viahility of alternarive
rogteg.”

Plezsze feel free Lo madify the above s you sees fit, as your notes
oL the mesting may be fuller than wmine on thiz poink.

H. G. ACRES LIMITED
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Februsry 5. ﬁ?l

1 alsc talked wiﬁh Tony Stermsc this morning and he confirmed
that the minutes wisguoted him. ¥e too will be writing to the

Committee on thiz point and I am sending Tony & copy of this
letter and the minutes in cuestion.

Yours very tru iy .

O /%

B L ¥e¥echnie
s , B , Executive Engineey
L. o HEL B ;&.‘gmmc/ ‘ . ,

BIMCH:gs

' H.G.ACRES LIMITED




-

Mu sz:cx?m_!*? o.— IN!.&GARA

usur o) axs DEPARTM:.NT e O LR LR Lo 6 s

NIAGARA REGIONAL HIGHWAYS CO-ORDINATING COMMITTEE

TECHNICAL ADVISORY COMMITTEE NO. 2 WELLAND . Rivgyey
MINUTES OF SECOND MEETING R FEB 4 1971
DATE: January, 18, 1871 PLACE: 150 Berryman Avenue,

PRESENT: Members: Mrs. Doctorow, Messrs. Holenski (Chairman)
Robertson; Landells, Saltarelli, Oddson,
Robinson, Regan, Hunter Foster

- Guests: Messrs K@rgemagl Stermac, Dodd

Consultants: Messrs. Crosby, Sobolak, ’.\ﬁaitland
McKechnie

I. Minutes of First Meeting

: Aﬁbpte& as presented.

© 2, Cbmmittee Z&*’ame

The Cba;.rman outlined the decisions made by the N.R.H.C, Commlttee :
with respect to committee names, organization and procedures. Hence-

forth this commitiee #ill be known as the Technical Adv&aory Commzttee
for nghway 408 (% enand Section}.

3. "Soxls Investlgatron - Welland CanalxRo'ute'

4

he Consultants again ragsed the guestion of further investigation of
soil conditions along the Welland Canal Route pointing out that they

are already 1n possession of ah the available data but need further
mnformation as to the precise depth at specific locations of a stratified -
layer which has been found at several points along the route but appears
to vary in depth. The exact depth and extent of this layer will have
considerable bearing on the design and cost of structures,

A DHO representative agreed that this was a problem, bt pointed out
that sufficient work had been done to determine that the central route
was in fact economically feasible. He stated that any further work =~
would be for the purpose of Iinal design and suggested that no action
be taken until such time as the highway route has been decided upon.

Y
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-2 - ~ Munutes of Second Meeting

The Committee agreed and re-affirmed its previous decision not io
proceed at this time. '

4, Wedian Allowzance for Rapxd Transit

'I'he Chairman advised the Committee that the N.R.H.C.C. had

‘approved the provisicn of additional median width in the expressway
for future rap:d transit.

5. Consultant's Presentation - Alternative Alignments

The Consultant’s made a further pres entation to the Committee with

s

espect to the background of the study, the examination of the .
alternative corridors and the projected traffic assignments to each.
Most of this information is contained in the memorandums entitled
“Interim Report on Alternative Corridors through Welland"; and
“Traffic Assignments for three Aliernative Alignments”, forv&axaeu
to Committee members early in December, 1970,

It was agreed that the Commiitee members would give further con-
~sideration to this matter and that 1t be discussed at the next meeting.

6. Plénnmg Aspecis

The Committee discussed the question of participation by outside
planning agencies, in particular the City of Welland's Staff and the
Consultant’s engaged by the Cxty‘ to prepare theiwr Official Plan.

It is apparent that the planning mformatxon required for the 3 tudy
fall mto two categories:

{i) Land use and other general information developed by the City's
Consultants in preparing the Official Plan.

{ii} Additional information specifically relating to the alternative
corridors and the implications of each. This aspect will have
- to be dealt with as part of the route studies.

With respect to item (i) it was agreed that the Welland representatives
would discuss this matter with their City Council and endeavour to
obtain authorization for their Consultants {Proctor & Redfern) to

supply the necessary information to this Committee or to M. M. Dillon
Limited.

B &
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With respect to ttem {11} the Consultants recommended that in view
of that firm's background and experience in the area that M. M.
Dillon approach Proctor and Redfern to see if they would be
interested in carrying out the planning atucileh, required for the
purpe.,ea of this study

The Committee agreed with this recommendation and instructed
the consultant to discuss the matter with Proctor & Redfern, and
determine the scope of the work, costs and personnel to be assigned:

The consuliants will report on this matter at the next meeting.

- Evaluation of Freeway Alternatives

The Consultanis presented a memorandum exlitled "Method Tfor
Evaluation of Freeway Location Alternatives', which outlines a
proposed procedure for use in this study and itemnizes the factors

to be analyzed and taken into account in deter mmmg the best highway
route.

It was agreed that this matter would be considered further after the

appointment of consultants to carry out tl;c p’mnn-ng work.

Photc Grammetric Mapping

- The Consultants informed the Committee that while adequate mappmg
15 available for the proposed central cormdor there 1s little or

none for the two alternatwe corriders,

The DHO représentath}es agreed to request their Photogrammetric
Section to include the required areas in their Spring aerial mapping
program. -

The next meeting of the Comm;ttee will be held at 150 Berryman
Avenue, St. Catharines, at 10:00 a.m. Tuesday, February 23rd and
will be an all-day session if required,

,&ﬁtés’ of Second Meeting
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March 30, 1970
P2223,00

Department of Highways, Ontario
Foundations Office

Room 107, Laboratory Building
Downsview, Ontario

Attention:  Mr, A. G. Stermac
Principal Foundations Engineer

Gentlemen: Highway 406 -~ Functional
Planning Report

We enclose herewith a copy of the notes from the meeting
held in the Deépariment of Highways Offices for your in-
formation.

Yours very truly,

[ Y

sgt ' 8. T. Maitland o
Encl, S Project Engineer o

H. G ACRES LIMITED
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March 30, 1970

P2223.00
HIGHWAY 406 — FUNCTIOBIAL PLANNING REPORT
Notes from a Meeting held in the
Depariment of Hicghways Downsview Qffices
Present: Messrs, A. G. Stermac } Principal Foundations

Engineer, Materials and
. Testing Division,
Department of Highways

Isaacs } H. G. Acres Limited
. Maitland }

o
b

Purpose of the meeting: To discuss the need for additicnal

boreholes in the area of the old Welland Canal north of the
city. : =

Requirement for Extra Drillholes and Testing

Acres tabled a drawing indicating the stratigraphy as inter-
_pretated from existing Geotechnical Reports and indicated
that in the area north of East Main Street the location and/
or existence of the stratified clays was in doubt. ‘Mr, Ster-
mac agreed that for the final report it was necessary to
undertake some drilling in this area, but that he would pre-
fer that this drilling be delayed until after the April 2
meeting with the Department of Highways, Ontario, at which
an overall presentation of three alternative routes would

be given by M. M. Dillon Limited,

The number of drillholes involved is six northaf East Main
Street and three between East Main Street and Townline Road.

Exscution of the Work

Mr, Stermac indicated that he would be satisfied if Acres
control the contract for this drilling work, as the Depart-

. G. ACRES LIMITED




ment of Highways had not the facilities for doing this work
and would have to let 2 Contract themselves, He indicated
that Acres chould alsc do the testing and interpretation of
the results which should then be forwarded to him for re-
view and approwval, :

Feasibilitv

From a general discussion, it was agreed that the feasibility
of either filling the canal completely or locating depressed
‘highway within it was pot in doubt althougl. the cost would be
high compared with normal highway construction. A great
variety of solutions to the problem of routing a highway
through Welland in the central aligmment exist, and the most

- economical is not necessarily the best or the most accept-
able to the local authority.
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T e figure was similarly projected, howeve
felt that these figures may also be slightly. low.
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Althouch the 1990 population is forecasted to be

distributed as-
mentioned, the labour force dlStributiOn is such that about 83%
211l be working cast of the old canal wi ith about 17% in the :

estern DOIthu, It wow ol aer;*QVOuanLe, therefore, that fhae:

home/work travel pattern will be predominately in 2 north-south
direction o" the east side and in an east-west direction for
‘those 11?1@3 on the wist sides. This of course raises the ”uart* 
‘ion-of the degree to which QQCF of the Highway 406 corridors
,willifnncticn in-the capacityv of a looal distributor route.

It would seem that corrlder "Cct would not provide this service
uncarlv as well as either corridor "A" or "B” Purthermore,

. =
“kthis point in time, the western part of the Citv vi
abkic. to ac Ommoaaue more growth and the centroid of ,
‘?0§nLakLuw will ultlﬂmte;" shift ko cme*npze west of the old -

fos 1

m

urbanization of the eastern part of the City will be almost
“complete: arocund 1999, 'thh the Seawaw Authorltv,hridfv

¢ an effective barrier to any further extensic

canal. Just when the City becomes completely urbanized, and

-what kind of a density distribution pattern mi CaEn
“not be determined onythe:basis‘of present infermation.
towould: aynear that the'w.ﬁ D.ralll continue to be more. or
ess central to the populat;oa area  for the next 20 to 30 vears.
Ayain, insufficient information is éﬁfre‘tlv'avai}able Erom
which adeguate analeLS can pe nade of any effect on the C.B.D.
LRt ois fal¥y to say, however, that corridor "A" affords the most
convenient and @irect access for the regional shopper destirned
to the Citv®s C.B.D., In 1964, the‘*aclonql movenment to and
from the two C.B3.D. zones, during the three hour survey oeriod,
armounted to 17.8% of the total movements generated bvothis area.
ince not all movements are served by the Claﬁaav, tiiis does nst
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~ What considerations recarding noise deterenus?

~ Can the axpressway create an oppertunity for construct
i¥e changs, 1. e. the development of well-landscaped 1
parks with useable open space either along side of the
reguired right~of-wav or beneath the elevated rortions

2. Commeree and Trade

F

.

- What the dominant social attitude towards EHEPress-
wayvs in Welland?

4. Socio~fcononic

= Woat benefits acrue through cost-benefit analvsis, i.e.
nome/work driver time, accident reduction, Droparty
values, ete.?

As stated earlier, the above questions reguire the apolication
£ valued judcements and therefore *he answers are not fullwy
uantifiable. It is, however, POSSibil to astablish a svstem
f weights as a basisg for evaluating and comparing answers in

thhe various areas of concern. These answers would then be

used as "support material” to be analyzed in conjunction with
the usual land use and transportation data,
CONCLUSIONS AND RECOMMERDATION:
t is apparent that the conclusions reached can only be consic-
red as tentative ones. Although certain potential advantages
nd disadvantages for each corridor have been suggested, the
enth of analyvsis doss not Justify the development of final
onclusions - this is unfortunate.
ears, most areas of North America have bacome
TC exXpressway proposals put forth bv road
The change in thinking is probably best
g1s 1962 Report of the “Organization for
& Development®™, as excerpted below:
Lo







HIGHWAY 406 :U\CTIO NAL RQPOR"’
{Marritt Poad to Porit Colborne)

AGENDA FOR PROJECT MANAGEMENT MEET Il\.’S 9

e held at 10:00 a.m., Wednesday, 18 arcn 1970, at the
ral Reqgicnal OFffice.

iscuss rejgue itional soils dinvestigation
within Corridor "A" {central route)}

a} . Consultant also requests a copy of seils dnvest-

‘ igations carried out rmaantlv for the Lincol
Street crossing of th ¢ Welland River {this inform—
ation should be of walus ln IC;ale ‘ton Corrzdar
"B" proposal). Parmos ﬁfhm g

Rt lew ‘Consultant's lMonthly Progress Report for the

'ﬁentu ending 28 February 197 Q ,

ive Qesian Criteria for the iligh-
vised 17 March 1970).

urre;t WaCk of nrogrgss-in-detailed analvsis -
ithin the Welland Canal. The specific
awrad,far thig analvsis was }letédfunder*
ct Management Meeting #B. N
i dara and traffic capacity calculations
nleted due to lack of information from
Seavay Authority essential to thi :




.~ Consider tentative date for next meeting and in
ation to be develcoped for this meeting

B

Dther business,

M. M, DILLON LIMITED




, r@neﬁm F%amﬁag mem
 Central Begion.
Downsview 164, Onterlo.
July Bth, 1968,

Telephone: 2i8-3581

Mr. Y. &»’Eﬂ%&pcn Eng. .
The St. Lawrence Teaway &ﬁtﬁovii?s
P,0, Box 200, St.-Laureat,

, ',%mtrmi 373, & uehec,

. Re: Highway 468 - Clty of Wellond,
Your File: 50-17~180C ‘

L :eer $:r* :
S ""izas xs to acka@wiwg: vour letter of June 23&. &ﬁﬁﬁg in which
g ,f you sdvized that you have now avsilable the Water Quality Treatment ﬁwéy
~ for the future decommissloned dectinn of the Wellang Canal, ancghis =
Sl mfarmatma is now avwaiggie for future meetings of the Taﬂ%mﬁeai &mmit&%;. v f g

ot Az the, oresent uf 12, the egxartmai is emiﬁarizgg asgigai&g Pl
G iﬁe preaaratim of = funciforal redort to a cmsu%:saz and, merefm, ae dmigﬂ o
- we:am: iq Dow underway b by rey afuce. , e ;

£

R :fm soon as 2 consultsat hos been ﬂeiecteé amj is commeneing

- work, I w;ii call @ meetiag of e lechaicel Commiltee in order thot this
: mfﬁrmatiﬁn, end other informution that hag been grezgar@e} by my own giasf,
can ve discussed snd passed oo (o the cmaniia@t. :

Yours very i:rﬁi:%

1¢, {a‘ ,meieiés ) :
Legional Fam‘:il&ﬁai i’iamﬁz&g Eagiaeer.
RiiBfamn, ,
ST S : ; . : {S L "}’A }Ei‘i E Rﬁhmano :
Menbers of Committes.- namelvi- (S, 1.8.4, } ¥. Leblanc and ¥, v, Jackaaa,
S e (LLH.CL) R Tregaskes. .1, Hewson,
; : , , : . D, Garner, A, Rutks, A, ﬁsez
- , . y 3]
OEFECTS 1M NEGATIVE DUE TO : , L gmﬂw (Qhﬁﬁrman,ﬁ G Euxaﬁ@l&}
i ;Qm ’E‘ ON OF JP%G%ML DQ"HME’\&? S : %




' CDEPARTMENT OF HIGHWAYS ONTARID

MEMORANDUM

Ta: FILE : From: L. Schwabl,
' Project Planning Engineer.

AxreEnTion: Dave: August 2nd, 1968,
Cur Fie Rer.

In rEPLY TS

Suveusow: Minutes of the 1st Meeting,

Jighway 4068, Welland Technical
Commiitee, Disti. #4, Hamilton.

Meeting held July 31st, 19686 from 10:00 a.m. to 12:00 noon
jn the Downsview Beardroom E-1.

P.rsent wera: " R. G. Burnfield, Chairman,
"H. A. Tregaskes, D.H.O.
Y. LeBlanc, S.L.S.A.,
“P. Jackson, S.1.S. A, , :
M. H. Rehman, S.1L. 8. A.,; i
¥. 1. Hewson, D.H.QO.,
D. Garxrer, D.H.O.,
A. Rutka, D.H.0O., /
A. Stermac, D.H.O., ¥
Li. Schwabl, D.H.O.

Terms of Reference:

To study the feasibility, determine possible problems, recommend
economical solutions, prepare preliminary design schemes, and estimate
construction cost for:

A new Highway 206 - presently proposed to run in a north - south direction,
utilizing much of the existing ship canal bed where it passes through the
built-up area of the City of Welland.

I. introduction by the Chairrnan:
1. Review of the pruposed new route of the ship canal and the so-required

changes of the road network.



“g-

Brief presentation of the presently proposed Highway 406 between
the Q. E. W. {St. Catharines) and Highway 3 (Pt. Colborne}.

Brief review of the iraffic demand within the City of Welland as
prepared by H. G. Acres and iis recommendation to.place a new
Expressway along the canal.

Summary of discussion followed the introduction:

1

The presentily proposed alignment for Highway 406 consists of four
lanes divided, with access facilities at Thorold Stone Road, and
Lincola Street, underpasses, existing lift bridges at Main, Lincoln
and Ontario Streets and the New York Central Railway. The canal
bed will be utilized by this highway between approximately Quaker
Road and the railway crossing, a distance of about 3 1/2 miles.

The vertical alignment is proposed to be under the existing siructures
at a depth {0 allow proper clearances. -

Water Supply:

-

Seaway Authority reported that some 68 industries, private property
ovmers and public utilities use, at present, the canal water. Although
there is no written lease agreement with the users, the Authority
feels obligated as a goodwill gesture to have this service continued
after the relocation of the ship canal.

The section of the canal along which Highway 406 will be placed, will
logically be dewatered and filled with earth material to about half of
its present depth. To supply water to the users, it was suggested:

{a) to lay a pipe from the remaining {but unused} canal south
of Lincoln St. dowasiream to the users of the southern
half, and

{b} to build a small stream from the remaining canal north

of Quaker Road in a southerly diversion up to the Welland
River crossing for the users located on the northern half.

The drain of the propesed highway would then be an Vinternal”
design problem.

Much was said about how such facilities could be provided, but they

are considered at present as a secondary problem.




® @

o Existing Sccuctures:

Both the Seaway Authority and the Depariment’s Bridge Oifice
believe that the existing 1ifi bridges are sound and can remain, providing
that some minor repairs only are carried out.

Particular attentio~ 'would have to be given o a proper stabilizing
of the abutments, again a secondary problem at present.

IIT. Material:

A fair amount of soil investigation had been carried out already with
the conclusion that no particular problems are expected.

Conclusion of the Meeting:

1. Functional Planning will prepare design schemes for Highway 406
within the City of Welland taking into account a westerly shift of the-
most northern portion of the present proposal.

2. Copies of the revised propasal should be forwarded to the:
Seaway Aunthority,
Material: & Testing Dwv153o*1, and
Bridge Design Section,
for studying purposes,

The St. Lawrence Seaway Auwthority are fo use this plan to develop a

system with costs, for supplying water to the present users, or
alternatives.

The Materials & Testing Division are to determine locaticns of
materials to be placed in the Canal, and to develcop a method for
construction.

3. The representatives will meetf again with comments and recommendations
concerning the designs. Problems will then be reviewed and furiher
investigations, to be undertiaken, assigned.

2N
// rww k’;’»(i - - ’///(///

R. G. Burnfield, | L. Scnwabl,
Regional Functional Planning Engr. Project Planning Engr.

LS/mw
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T‘HE ST LAWRENCTE SEAWAY AUTHORITY
ADMINISTRATION DE LA VOIE MARITIME DU SAINT-LAURENT

P.0O. Box 200, St-Laurent
Movireal 308, Quebec.
Noverher 22, 1968

File: 50-17-150C

)

Department o
Downsview,
Cntario,’

Highways of Ontario,

Attention: Mr. R.G. Burnfield,
’ Regional Functional Planning

1
)
i8]
[N

neey

Gentiemen:

RE: Highway 406, Welland Technjcal Committee, Dist. #4, Hamilton

Since our meeting of July 3ist, 1968, we have not besn further informed
of your progress on the plamning of the section of Highway 40¢ using the
future decommissioned Welland Canal.

At this time we are specially interesied in the timing of your project
because the size and location of some structuves may thereby be affected
in their design. Hence we will appreciate your informing us of your
progress to date.

Yours very truly,

| THE ST. LAWRENCE SEAWAY AUTHORITY

Y. Leblanc, Eng.
rianning Division

YL/3d
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 Telephone: 2%8*32&6;

Haterials & Testing Division,
Downsview, intario, - ,
March 2, %‘?’. :

H, §. Golder & Asspciates,
24kl Bloor Street wWest,
mararta 9, Gntar‘ﬂ.

uiﬁ&ﬁ%lﬁﬂ ﬁr.y?.,ﬁlzi*ﬂgr

' Ee: Welland Canal
e beasibility Stu

ﬁ%ﬁrf ﬁi 2:

~ Furthe“ to e&r t&lé?hﬁﬁ@ aeﬁveraaﬁia& of .

. Febraary 28, 1967, 1 wish to advise that 1 have now mads

arrangements with Mr. W. 4. O'Neil of the St. Lawrence
Seawasy Authority, pemitiing the E@yartaen% to pndertake

an- investigation of the aétariala alaﬁg the canal | Gttﬁms

& copy of m¢ le+ter ta ﬁ 9*%@111 in tﬁis rﬁgara% is '

lattaﬁh@é, » : o , ,

: PL“&&? cunslasL tﬁis additional work to bﬁ
nar*ﬁrmeéyay rour Tirm, ae an sxtension of the work

: _aés&gnwé Lo your agm;aﬁg on the feasibilily of 7acatiu§
o Bighway 400 in the aana@, in accﬂrdance with my i&iiar
; 0¢,aaiy 8, 1966.

Eaars traly,

L A. Hutla,
ARspa = Haterials & feuﬁiﬁg Anginesar.
Lttach. ' '
¢.c. Messrs. 4. Stemmac,
: “ Hes Ronings.



~Jo Walter,
T. Hewson,
A. Stermae,

T. ,?{G?iﬂbg

G Tustin - 8. Z S‘&a
H.,Q Gclﬁer ét Assoe.

%&2&2&&13 & m&sﬁiag ﬂ&yzgiang,
Mwma? Gntarie,
Harenh gzg l%‘?,

L ese. Messrs,

gf@ "l 5»& {;Fl 1‘@&2‘
Projeet Dir @atar.
Construction ﬁfﬁie&i
- Bt. Lawrence Seaway ,
Bt ﬁﬁﬁﬁ&f@iﬁﬁg ﬁﬁtaz

 Dear. Hro ﬁ‘wag.},z |

?%is will aﬁﬁ,aam ous @éﬁ?ﬁfﬁ&£¢$ﬁ of Maren 1. 1@&?

,rﬂgaxﬁiﬁﬁ the shaliow borings ané ;rﬁﬁ*ﬁga we wish to place in

 ihe sxisting scanal through #elland, Tor the purpuses of decig-
ing the a&&uﬁt of soft materisl in the canal bottom. This

work will commence immediately, and we will be finisie é with

~i£ before ia@ zanal ig'raqair»é for améagiﬁg DUTpESEs. S
s Ge Golder & Aszociates ﬁas @@aﬁ rﬁiaAzeﬁ uy tﬂe Depariment

   "fEr i%*s *&5egtlgatiana

= ' ’ %&:ﬁa@ au? ﬁ&f?%?%&%iﬁﬁ ya& aﬁﬁiﬂat%ﬁ ﬁi@”ﬁ %as B
a aassz%z;itg thal you mey be piacing a sbaft to obtain seil
samples, a.ﬁ to observe the ®oll conditions on the new canzl

alignment. Wue are very mueh ;ﬁﬁ%?@ﬁi&d in this shaft. If it

s &&?%ﬁé&@ in the vicinity of ths & propossd wﬁﬁrawag‘ﬁv ﬁ&é%

f'iika to 2o ﬁﬁ%& furtber %&an wﬁa@ fﬁﬁ,piaﬁ; 

: S e aia %l&ﬁ@ & sﬁaf% down E Y oin the t? of :
séagzaxé along the &ﬁi&iiﬁg sdnel, & agmgle of y%ara BEG. lmr
'“@aart on this was given za Seorge Justin, but 17 you would
iiks aay furthsr specific i zfﬁ“aatiﬁﬁ regaraing var test

e ?1&asa let m2 know. 4lso, | recsntly sent George &
209y of & soils r8port presared by H. fﬁ4vﬁ1aa~»“ szsociates,
?@g&?é¢§& the f@aszaiiity,ﬁ¢ ﬁgiﬁ% the exisiing &&ﬁﬁa oz
cour Buwy. 06, 1 have an extya copy of 4%, which 1 ap szendin ny
tg ya& aﬂ&@r separate cover. 1 am surs that yanz YUr. Zark
:1d ma%e use of it. Parhaps Hi. Gesbit Uu&& ksep

B me aﬂvia&ﬁ of the progress af your sz&z% plannir

2&@r& truly,



| Hatertals and Testing Division

%ﬁwﬁsvi@w, Qﬂ’%ﬂ*ri@
3211% 53 lgﬂ"

',,E. Yo ﬁaiésr am& aammiates
2hlk Bilcor Strest West o

. ‘?Jramts E?,‘ ﬁmarie;

o @egtlamm -

kﬁﬁﬁf* 3113,5',3,

r&wiw %iws@ m, I azil;, %aa t?m on m ymz.: g

“Zezm's ?@r? t’ruiy v

Bnel, o ﬁstamalz & ‘E‘%tiﬁg ‘gr;gz‘zeer :
AE/re ' , ,
c.c. ?x’essrs. Ja %aluer
, ¥W. Bidell
Ao BStermac

~T. Kovich













ved that besauss ef the highway £ill, the leng

problex of the siepes doss net exist. Bowever,

mdasions should be made regerdisg the final alopes,
SRpOYATY EOALMXES 16 astire slability wer:

8
during the iraw-down or eonmtruetien periods.

. espeeially







W W& Mﬁ@%ﬁe wf‘e'%y ﬁaﬁ
:g_min&mam SR ,
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Haterials and Testing ﬁivisign

%wnwieﬁ, {}ntaria,
Jﬁb"‘ i3, l%é

Mr. G. Tustin,
Bt. lawrance Segway aﬁthem ty,
: 525@ ?arrmz- ﬁtmat,

o ‘I}ear,~ ﬁeex’ga*

1 aeatimeé that I wcmé be semizzxg to yeu ihes

~ foundation reports we had in conneation with oz
- investi g&tﬁ.ms”algng ths pressnt Welland m,a}. ‘.’;’h&ae ;
~ars heing senit tc you under ss}aarata cover. 1 amder i

 further field work should be done. I will pass

stand that you aira&dy ‘have the fmzzda%;zsm Trsport
_ prepaved by B. G, Acres at ihe Thsmz site, afa& i a@
%:hamfsam ‘not mﬁa 3@1 ar ‘z;?y ei’ S . :

vl ,’{ aa% Jues mee;weé &11 a8 -
. me on June 4»33:,%%5 These reparta & v
tous, and I weald 3.ika to thank you very much
We will review all of Four ragem and then deci

rayaz‘ta ym sem
‘be of o

. ¥@ any further iﬂf@m’him we z‘%eaw j%n cmctien wz.,zh
L wz‘ mvaztiga’aim. o .

?ﬂﬁrs 311}391:&3.3,

oy
-y ‘»?/\ '

AR/pa E o , , ,ﬁaizerials & Testing Engineer.






° ,3a ka,~

June 2., 1966
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laterials & Testing Engineer.
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20 DLK E DEPARTMEINY OF HIGHWAYE ONTART
MEMORANDUM ol L - 16
GEOCRES No.

To:  Mr. B. B, Davis From:  Poundation Scction o

Bridge Enginesr Materials & TestingDiv.

Bridge division Room 107, lLab. Bldg.

Attn: Nr, S. HcCombie Dat:  June 9, 1967 .. .v

IR R

QOun Fux Rer. in mEPLY TO

SussxcT: 801l Conditions within the Welland Cansl
‘ Sta. 850 £ 00 to Sta. 1,100400

Attached please find the report for the above mentioned site prepared amd
submitted by the consultant H, Q. Golder & Associates L1td.

We have reviewed the report and found the contents sstisfactory and self-
explanatory., It is believed that this information is adequate at this
stage of the project. Should the presently proposed scheme be adopted,
some additional exploratory work will have to be carried out as guggested
in the attached report. However, the proposed work is very 1imited and

it is believed that it will not change the present concepts but will rather
provide the information that should ultimately be required,

Should you have any queries in comnection with this report, please fesl
free to contact this office.

aud

AGS:mt A. G:‘ Stermac
sttoch. Principal Foundation Engineer

cc: Messrs.: B.R.Davis (2)
H.A.Tregaskes
D.W,Farren
G, K., Hunter {2}
H.G
Y

B.A.Singh
+ Lawrence Seaway Authority

Foundation Files (2)
General Files
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ABSTRACT

The results of an investigation to determine the
subsoil conditions within the Welland Canal in i:he vicinity
of the City of Welland, Ontario (between stations 850400 and
1,1004+00) is reported. The need for this investigation was
discussed in our report 66093, dated January, 1967. This
previous report presented the results of a study on the general
feasibility of using the drained excavation of the section of
the existing Welland canal between Ramey’s Bend and Bridge 12,
now to be abandoned, as a route for Highway 406.

The water level in the canal along this reach
is at about elevation 569 with the depth of water being about
30 to 33 feet; the top of the canal banks vary from elevation
580 to 600. In the northern section (north of about STA. 920+00)
a stiff clayey silt up to 26 feet thick is encountered; this
deposit is underlain in turn by layered silty clay (at some
locations only) followed by a dense silty sand till. South of
about STA. 930+00 the canal bottom is underliain by a firm to
stiff interbedded silty clay up to 40 feet in thickness:; in
the southern portion of this section the silty clay is under-
lain by silt. Directly underlying the silty clay and/or the
silt is the dense silty sand till encountered in the northern
portion of the reach.

This investigation in general, confirms the
stratigraphy along the west canal banks inferred from previous
borings carried out by the St. Lawrence Seaway Authority, with
the exception of the section between STA. 890+00 and 960+00.
In this section the till surface is higher along the canal
banks than beneath the canal, i.e. the subsoil seems to be
dipping in an easterly direction.

| GOLDER & ASSOCIATES |




INTRODUCTION

H.Q. Golder & Associates Ltd. have been retained
by the Department of Highways, Ontario, (letter of authorization
dated March 2, 1967) to carry out a soil investigation within
the Welland Canal in the vicinity of the city of Welland, Ontario,

namely between STA. 850+00 and STA. 1,100+00.

our report No. 66093, dated January 1967, presented
the results of a study on the general feasibility of using the
drained excavation of the section of the existing Welland Canal
between Ramey's Bend and Bridge 12, now to be abandoned as a
route for Highway 406. In this report it was recommended that
borings be put down within the canal section specified above.
The purpose of this present investigation is twofold;

i} to determine the character of the canal bottom which,
for example, if covered by soft or organic debris, may
have a serious effect on the placement of fill.

and ii) to confirm the vertical and lateral extent of the
overburden deposits inferred on Figure 2 in report

No. 66093.

This report should be read in conjunction with

the previous report.

[ GOLDER & ASSOCIATES |




PROCEDURE
The field work for this investigation was carried

out between March 6 and 30, 1967. A total of 7 cased boreholes
(No. C-1 to C-7) were put down in NX size, on about 5,000 foot
centres, by 2 drum raft mounted diamond drill rigs. The borings,
each of which was accompanied by a dynamic cone penetration test,
were put down to depths ranging from 28 to 45 feet below canal
bottom. In addition 20 dynamic cone penetration tests (No. C-38
to C-27) were put down between the borings on about 1,000 foot
centres. The drilling equipment, including drillrigs, drum
rafts, motor boats, anchors and steel cable, etc., were supplied

and operated by the F.E. Johnston Drilling Company Limited.

The overburden was sampled with either a two inch
diameter split spoon sampler or thin walled tube sampler. 1In
situ field vane testing was also carried out within the cohesive
strata. The field work was supervised throughout by an engineer

from our staff.

A detailed log for each of the boreholes and
dynamic cone penetration tests is given on the Record of Bore-
hole sheets following the text of this report. The location

of the borings and penetration tests, together with the inferred

[ GOLDER & ASSOCIATES |




4,

stratigraphy at borehole locations, are shown on Figures 1 and

2.

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

of Borehole sheets and on Figures 3 to 9, inclusive.

The borehole and penetration test locations were
determined by our engineeriig personnel by reference to canal
chainages marked on various concrete protective slabs and bridge
structures flanking the canal. The elevation of the canal water
level at the time of the investigation was provided by the St.
Lawrence Seaway Authority. These elevations are referred to
the same Geodetic datum as used in the previous investigation
(report No. 66093). It is understood that a revised Geodetic
datum will be introduced by the St. Lawrence Seaway Authority
in the near future. Precautions, therefore, should be taken
to ensure that the revised datum is not confused with the datum

used in this report.

GOLDER & ASSOCIATES |




i) Conditions During Drilling Operatiocns
At the beginning of the investigation ice sheets

were located within the portion of the Welland cCanal under
investigation; the ice conditions were particularly severe

in the northerly portion. Removal of ice was therefore required
to position the rafts on the predetermined boring locations.
Once the rafts were in place an effort was made to ~.ecure them
with anchors placed within the canal bottom deposits. The
flowing ice, however, made it impossible to steady the raft

in this manner during the casing and sampling operations.
additional fixity was provided by securing the raft with steel
cables running from the corners of the raft to shore:; this
anchorage proved satisfactory. During the first part of the
week of March 13 the temperature dropped abruptly causing
additional guantities of ice to be formed. This ice greatly
hindered the drilling operations so much that it was necessary
to terminate sampling operation on March 15 and again on March

18.

Following the above pericd the weather turned
milder and the ice disappeared from the portion of the canal

under investigation. The drilling programme was then completed.

| GOLDER & ASSOCIATES |




SITE AND GEOLOGY

The portion of the Welland Canal under investigation
is between Stations 850+00 to 1,100+400; this portion of the canal
is located within the townships of Crowland and Thorold, County

of Welland.

The city of Welland is located approximately in the
centre of the section. The canal is cut in a broad, relatively
flat clay plain, which varies in surface elevation from about
elevation 580 to 600. The bottom of the canal along this reach
was found to be at about elevation 536, i.e. the canzl banks
are approximately 44 to 64 feet high. The width of the canal
at the crest and at canal bottom is about 350 ft. and 200 ft.
respectively. The water level in the canal is about elevation
569 (some 31 to 34 ft. of water). The Welland River, which
flows from west to east adjacent to the canal, is at a normal
water level of about elevation 562 with the high water level

being about 569.

From available geological information (Chapman,
Putman, 1951} and inspection of the area, it is known that the
overburden consists of thick deposits of silty clay and clayey

silt overlying till, ophysiographically known as Haldiman Till.

[ GOLDER & ASSOCIATES |




The till which is of Wisconsin age, was covered by the silty
clay, whicl is a lacustrine deposit laid down in glacial Lake
Warren. The glacial lake phase was possibly interrupted by
two major retreats of the ice front which resulted in dis-
tinctively different deposits, non-stratified relatively silty
homogenecus deposits laid down with the ice front fairly close,
and heavily stratified very clayey deposits laid down when the
ice front had retreated some distance. All of the lacustrine
deposits are relatively soft and possibly only lightly precon-
solidated, except the upper 30 to 40 feet of the overburden
outeide the canal proper which is desiccated. The total thick-

ness of the overburden generally varies from 100 to 120 feet.

The broad clay plain is bounded to the north by
the Niagara Escarpment which steps down toward Lake Ontario.
Tc the south the plain is bounded by the toe of the Onondaga

cuesta.

The water shed in the area is controlled by the
Onondaga cuesta, which though quite low lying close to the shore
of Lake Erie, nevertheless forces the drainage to the north and
east. 1In general the drainage in this primarily flat heavy

clay area is quite poor.
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The bedrock in the area is Palaeozoic. The beds
dip slightly southward under Lake Erie. The bedrock, which
generally varies in elevation from 460 to 500, is a massive
dolomitic limestone of the Salina formation, Devonian period.
There are numerous siltstone ané@ calcareous shale interbeds
within the bedrock. In addition the bedrock contains numercus

gypsum inclusions from hairline thickness to as much as 12 inches.

SOIL. CONDITIONS

The detailed soil stratigraphy encountered by the
borings is givea on the Record of Borehole sheets. The inferred
stratigraphy along the portion of the canal investigated is also
shown on Figure 1 (STA. 850+00 to 970+00} and on Figure 2 (STA.
970+00 to 1,100+00). The engineering properties of the subsoil

are presented on Figures 3 to 9 inclusive.

The subsoil conditions encountered in this invest-
igation can be sub-divided into two distinct zones, nam:ly the
northern section where the upper deposit is a clayey silt till
and the southern section where the uppe:r deposit is an inter-
bedded silty clay. The two sections will be discussed separately

below.
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i) Northern Section (approximately STA.850+C0 to 920+00)
(boring coverage BH's C-5 and C~-6, Pen Test C-22 to C-27)

a) Clayey Silt Till

Directly underlying the canal bottom in this
section is a deposit of relatively homogeneous reddish-brown
clayey silt till with some sand and gravel throughout,the upper
1 or 2 feet of which are in a softened condition. The maximum
encountered thickness of the deposit was 26 feet {(BH C=6).
Occasional sand and silt partings and seams up to 1/2 inch
thick occur randomly throughout the deposit. Typical grading
curves for the clayey silt till are shown on Figure 3. The
total unit weight of the till, as determined from two labor-

‘atory tests, was found to be about 138 1lb/cu. ft.

Atterberg limit tests were carried out on samples
of the till. These results are shown on the Record of Borehole
sheets and are summarized on Figure 8. The test results indicate
that the liguid limit varies from 17 to 27 while the plasticity
indices vary from 6 to 12; the corresponding natural water
content ranges from about 2 percent below to 3 percent above
the plastic limit. These results are typical of inorganic glacial
clays and silts of low plasticity. Based on the laboratory test-

ing the activity of the deposit was found to range from approx-
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imately 0.3 to 0.6 being generally about 0.4. Activitizs of

this order of magnitude are indicative of inactive soils.

Standard cone penetration tests were carried out
within the deposit; the results are summarized on the Record
of Borehole sheets. The results indicate that the 'N' values
range from about 10 blows/ft. to 33 blows/ft. being generally
about 20 blows/ft. Based on the 'N' values it is estimated
that the consistency of the deposit varies from stiff to very
stiff. Two undrained triaxial tests carried out on samples

of the till corroborate the range in consistency given above.

Underlying the clayey silt till at borehole C-5
is a deposit of stiff reddish-brown to grey layered silty clay
with some sand and a trace of gravel:; the thickness of this
deposit is about 10 feet. A grading curve for a representative
sample of the deposit is shown on Figure 5. The results of an
Atterberg limit determination indicates that the silty clay is in-
organic and of medium plasticity with the natural water content

at about the liguid limit.

b} sandy silt Till
Underlying the layered silty clay or the clayey

silt +ill, is a dense to very dense sandy silt till with some
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gravel and a trace of clay throughout. Both borings were
terminated within this deposit. From previous experience

in the area it is known that boulders occur within this deposit
particularly with depth. ILocalized seams and layers of silt
and sand up to 1 foot in thickness occur throughout. Grading
curves for representative samples of the till (obtained using

1% inch I.D. sampling equipment) are given on Figure 7. The

in situ water conts: . of the till deposit was found to be about
12 percent.

ii) Southern Section (approximately STA. 930+00 to 1,100+00)

{boring coverage BH's Cc-1, Cc-2, C-3, C-4, C-7 and Pen,
Tests C~8 to C-21)

2) Interbedded Silty clay
Directly underlying the canal bottom in this

section is a stratum of reddish-brown to grey -interbedded
silty clay and/or stratified clay, the iupper 1 to 2 feet of
which is in a softened condition. The thickness of this stratum
varies from 22 feet at borehole C-2 to 42 feet at borehole C-3.
The lower portion of the stratum,at some of the boring locations,
was noted to be varved. The thickness of individual layers
within the stratified clay varied widely to a maximum of 3 inches

approximately. Occasional partings and seams of silt and sand
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up to 1/2 inch thick are present throughout the stratum.
Grading analyses for representative samples of the silty clay

are shown on Figures 4 and 5.

Atterberg limit tests were carried out on samples
of the interbedded silty clay. The results are shown on the
Record of Borehole sheets and arz2 also summarized on Figure 8.

The test results are summarized in tabular form below:

Liguid Limit Plasticity Index Liguidity Index
(%, ) (Ip) (I;)
Range (Average) Range (Average) Range (Average)
24 to 68 (44) 7 to 44 (24) 0.3 to 1.3 {0.7)

These results, which are typical of inorganic
glacial clays, indicate that the silty clay stratum ranges
from low to high plasticity generally being within the medium
plastic range. The activity of the silty clay stratum varies
from about 0.3 to 0.6 being typically about 0.35. Values of
this order of magnitude are representative of inactive silty
clays. The total unit weight of the silty clay was found to
vary from about 115 1lb/cu.ft. to 130 1lb/cu.ft. being typically

about 120 1b/cu.ft.

The undrained shear strength of the silty clay

was measured by in situ vane testing in the field and by
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laboratory undrained triaxial tests. The results of these
tests are plotted on the Record of Borehole sheets and are
summarized on Figure 9 as a plot of shear strength vs. ele-
vation. The undrained shear strength in the silty clay varies
from about 700 1lb/cu.ft. near the surface to 1,500 1b/cu.ft.
with depth. 1In general the triaxial tests gave lower shear
strength values than the in situ field wvane tests. This is
prohably due to unavoidable disturbance during the sampling
cperations. The relatively high strains to failure during
testing {greater than 15 percent) were a definite indication
that some of the samples were disturbed to some degree. It
is, therefore, concluded that the in situ vane test results
provide a better indication of the in situ consistency of the
stratum. Based on the above it is estimated that the consistency

of the silty clay varies from firm to stiff.

The sensitivity of the silty clay. as measured
by several field vane tests, is about 2 to 4; the stratum is

thus moderately sensitive to disturbance.

The previous investigations in the vicinity
indicated that the silty clay stratum is normally consoclidated

to lightly overconsclidated below about elevation 535 (canal bottom).
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The laboratory test results indicate that the average plast-
icity index of the stratum is about 24: for this value the
Cu/po ratio is about 0.2 (Reference Skempton, 1957). Based

on the undrained shear strength profile shown on Figure 9

and a ®%/po of 0.2, it is estimated that the silty clay stratum
(below canal bottom) could be preconsolidated in excess of

existing overburden pressure by as much as 1 ton/sq.ft.

b) silt

In the southern end of the portion of the canal
under investigation {approximately south of STA. 1020+00)
the silty clay stratum is underlain by a deposit of loose to
compact reddish-brown silt with some sand and a trace of clay
and gravel. The encountered thickness of thi  deposit at
borehole C-1 and C-2 was 10 feet and 13 feet, respectively.
Occasional layers of clayey silt up to 1/2 inch thick are
located randomly throughout the deposit. Grading curves for

two samples of the silt are shown on Figure 6.

c} Sandy Silt Till
Underliying the interbedded silty clay and/or the
silt deposit is a dense to very dense reddish brown to grey

brown silty sand and gravel till. This till sheet is the same
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deposit encountered in the northern portion of the canal section
and as such is the only deposit that is continuous along the
section investigated. The physical description and engineering

properties of the deposit were discussed in detail above.

COMMENTS ON SOIL CONDITIONS

The borings put down did not encounter any undesir-
able surficial canal bottom deposits, such as deposits of
organic origin. The upper 1 or 2 feet, although composed of
the natural subsoil, is in 2 softened condition. It is considered
however, that sub-excavation will not be required prior to

placement of £ill on the canal bhottom.

In general the borings corroborate the stratigraphy
inferred from the St. Lawrence Seaway Authority borings pre-
viously put down along the west bank of the canal. There is,
however, one area where a significant deviation occurs as

discussed below.

In report No. 66093 the section between STA. 890+00
and 960+00 was designated as section II; it was in this section
that some discrepancies were noted. The present investigation

indicated that the upper interbedded silty clay extended as far
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north as about STA. 930+00. The borings put down previously

on the west canal bank indicate that the silty clay pinches

out somewhere in the vicinitv of STA. 860+00; it is encountered
again, however, north of about STA. 930+00 {refer to Figure 2,
report 66093). There is also a variation in the vertical extent
of the deposits as encountered in the canal banks and beneath

the canal. The boundary between the surficial deposits and the
basal granular till occurs at a higher elevation on the canal
banks. This would seem to indicate that the subsoil, particularly
the till, dips steeply from the west to the east over the major
portion of this section. It should be noted that the consistency
and/or relative density of the deposits are within about the

sameé range as presented in the previous report,

IMPLICATION OF PRESENT INVESTIGATION

As discussed in report 66093 the area of potential
major instability of the canal banks, following drawdown, will
be within that portion of the canal located in the downtown part
of the city of Welland (STA. 967+00 to 1,050400). This area
is located within section IIT where the interbedded silty clay
is present. The vertical and lateral extent as well as the

engineering properties of this stratum previously assumed were

corroborated by this investigation.
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‘ The area north of this section, namely sections
I and II are not as critical with respect to stability since,
{a) the subsoil is more competent;
{(b) no important structures are located immediately
adjacent to the canal banks.
This investigation, however, pointed out the fact that some
variation in the subsoil conditions occur in section II {STA.
890+00 to 960+00). 1In this section the till beneath the canal
was encountered at a lower elevation than previously assumed.
The cohesive surficial deposits beneath the canal, although
not as competent as the till, do have an average consistency
in the stiff range. Based on this consistency and taking into
. account point (b) above it is considered that the conclusions
drawn in the previous report still apply, namely that the

stability of the canal banks in this section following drawdown

should not markedly be affected.

In summary it is considered that this investigation
generally confirms the conclusions presented in the previous
report regarding the feasibility of placing a highway within
the confines of the drained canal. 1If the scheme is adopted
it would be advisable to put down 2 additional borings between
STA. 890+00 and 960+00 to further confirm the variaticn in

the till elevation along this reach. This could be carried
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out as part of the additicnal boring programme outlined in

section (iv) of the "Conclusions and Recommendation® section

of report 66083,

o

é;;, B.T. Darch, Pp. Eng.;{

s .

BTD:VM: je V. Milligan, P. Eng.

67028
Juna, 1967.
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LIST OF ABBREVIATIONS

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

of the report, are as follows:

I. SAMPLE TYPES

AL auger sample

€S chunk sample

DO  drive open

DS Denison type sample
FS foil sample

RC rock core

ST slotted tube

TO thin-walled, open
TP thin-walled, piston
WS wash sample

II. PENETRATION RESISTANCES

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

Standard Penetration Resistance, N: The num-
ber of blows by a 140-peund 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

NortEs:

I11. SOIL DESCRIPTION
(&) Cohesionless Soils

Relative Densiiy 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 Cu, Ib./50. f2.
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. SUIL TESTS

C  consolidation test

H  hydrometer analysis

M  sieve analysis

MH combined analysis, sieve and hydrometer!
undrained triaxial?

consolidated undraine:. triaxial?

drained triaxial

unconfined compression

V  field vane test

S RZIE K ef

e

1Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
2Undrained triaxial tests in which pore pressures are measured are shown as @ or &.
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LIST OF SYMBOLS

I. GENERAL {(b) Consistency

» = 3.1416 wr  liquid limit

e = base of natural logarithms 2.7183 wp  plastic limit

log, a or In g, natural logarithm of Ip  plasticity index

logie @ or log a, logarithm of a to base 10 ws shrinkage limit

: time I liquidity index = (w — wp)/7»

g  =cceleration due to gravity I consistency index = (w, — w)/Ip
vV  volume émsz voOid ratio in loosest state

W  weight %mtn  voOid ratio in densest state

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

(c} Permeability

IL. STRESS AND STRAIN k hydraulic head or potential
q rate of discharge
%  pore plressure v velocity of flow
L normai stress ; : H
v ] ) hydraulic gradient
¢’ normal effective stress ( is also used) z coefficient of permeability
T shear stress i seepage force per unit volume
€ linear strain
:W ;lj)?zgoit’;af;tio (s is also used) (d) Consolidation (one-dimensional)
E  modulus of linear deformation (Young’s ™o coefficient of volum? change
modulus) = —ae/(1+ohs
G modulus of shear deformation Ce  compression index = —Ae/Alogu o’
K modulus of compressibilit ¢,  coefficient of consolidation
coefficient of Vis'zosit‘ Y 7T, time factor = ¢/d? (4, drainage path)
K - Y U degree of consolidation
III. SOIL PROPERTIES (e) Shear strength
(a) Unit weight 77  shear strength
¥ unit weight of soil (bulk density) ¢ eﬂfective cohesion
1ntercept in terms of effective

s  unit weight of solid particles
Yw  unit weight of water
Ys  unit dry weight of soil (dry density)

¢’  effective angle of } stress
shearing resist- |7, = ¢’ + ¢’ tan ¢'
ance, or {riction |

¥ unit weight of submerged soil ¢  apparent cohesion*

G:  specific gravity of solid particles G, =1./7, ¢.  apparent angle of [in terms of total stress
¢’ void ratio shearing resist- (7, = ¢, + o tan ¢,

n porosity ance, or friction

w  water content u coefficient of friction

S:  degree of saturation S;  sensitivity

*For the case of a saturated cohesive soil, ¢4 = 0 and the undrained shear strength 1, = ¢, is taken
as half the undrained compressive strength.
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PROJECT No.

RECORD OF BOREHOLE C-7
STA. 275+ OO~ ¢ CANAL

LOCATION See Figure 1 BORING DATE MARCH T9, 1967 DATUM CECDET!
\ T -
BOREMOLE TYPE WASH  BoRING BOREHCLE DIAMETER NX CASING
SAMPLER HAMMER WEIGKT 140 LB DOROP 30 HCKES TP TEST HAMMER WEIGHT 14T L6 DROP 30 INCHES
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PROJECT NO,

RECORD
STAVGFC+00 - T Cataal,

LOCATION See Figure BORING DATE WIARIH 25

DATUM GEOSDETIC

BOREHOLE TYPE

BOREHOLE DIAMETER

SAMPLER HAMMER WEIGHT —--- LB. DROP—-- INCHES PEN. TEST HAMMER WEIGHT ;403L8.  DROP 30 INCHES
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e
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YAV UR L

S e? Mt aamman )

LOCATION

BOREHOLE

TYPE

SAMPLER HAMMER WEIGHT — LB.

PEWNETRATION TE

DROP —NCHES
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BORING DATE MARCH E'i-;;‘:?;—,"

DATUM

BOREHOLE DIAMETER
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= Y o ] s
- 13 BLOWS/FT CM./ SEC. <§ PIEZOWMETER
5 ol o= fts 4.0 e o OR |
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FROJECT No. ko LW LS

|
b

) e

PEN.TEST
RECORD OF EBERERDLE C-1O
STAICTC + 20 - & TanaL
LOCATION See Figure | BORING DATE MARTM 2T/ 1 DATUM SEGUETIC
BOREHOLE TYPE FENETRATION  TEST BOREHOLE DIAMETER R——
SAMPLER HAMMER WEIGHT — LB. DROF — iNCHES PEN. TEST HAMMER WEIGHT [40QLB.  DROP 3O INCHES
. SOIL PROFILE sampLES{ X DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY K,
< I c iz
— -1 2 o BLOWS/FT. e - cM./SEC. § Z| rizzoMeTER
el detl z S S s AU . : . 29 OR
ELEVN [ W S :
i‘r DESCRIPTION eleisigl & SHEAR STRENGTH C,, LB./SG.FT WATER CONTENT, PERCENT = STANDPIPE
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PROJECT No. @ Lo s o0
PEN. TEST
RECORD OF iREHOTE C-11
STA IGE0+O0- € CanaL
\ LOCATION See Figure ! BORING DATE MARCI BT DATUM GEODETIC
BOREHOLE TYPE PREMETRATION TEoT BOREHOLE CIAMETER e
SAMPLER HAMMER WEIGHT — LB. OROP - INCHES PEN. TEST HAMMER WEIGHT 140LE.  DROP 20 INCHES
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PROJECT Neo. S 70&8 100
PEN.TEST
RECORD OF sEEEBgsE (C-1i2
STA. 547
\ LOCATION See Figure i BORING DATE MARDH DE DATUM SESDETIC
BOREHOLE TYPE PELETRATION  TRST BOREHOLE DIAMETER E—
SAMPLER MAMMER WEIGHT — LB DROP — INCHES PEN. TEST HAMMER WEIGHT 14O L8 DROP 3O INCHES
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3 -
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PROGECT No. e flom i

. RECORD OF C-13
; STA . ICTO+0OT - £ TAMHAL
f\ LOCATION See Figure | BORING DATE 1257 DATUM GECDETIC
BOREHOLE TYPE PENETRATION TEST BOREHOLE DIAMETER —_—
SAMPLER HAMMER WEIGHT —~ LB, DROP — INCHES PEN. TEST HAMMER WEIGHT 140LB. DROP 3O INCHES
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'LOCATION

BOREHOLE TYPE

STA 1020+00 - & CANAL
See Figure

FENE TRATION

RECORD OF

BORING

GATE

TEST

_SAMPLER HAMMER WEIGHT ——- LB DROP —— INCHES
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PEN. TEST
RECORD OF S|EREHESEF C-15

| STALICOS+50 - ¢ CANAL

3 ~LOCATION See Figure f BORING JATE MARCH '—:'VO‘I'?&;'? DATUM GEQDRET!IC
BOREHOLE TYPE PEMNETERATION TEST BOREHTLE OIAMETER ——

© SAMPLER HAMMER WEIGHT —— LB, DROP — INCHES o TEST HAMMER WEIGHT 140 LB DROP 30 INCHES
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PEN.TEST
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15-0O-s Percent axial strain at failure
e

RECORD OF £ C-le
ETA SO CL - TANAL
{ {\ LOCATION See Figure ' BORING DATE 12 DATUM GEODETIC
3
: BOREHOLE TYPE PENETREATION TEIT BOREHOLE DIAMETER ———
]
]
§ SAMPLER HAMMER WEIGHT — LB, DROP —— INCHES PEN. TEST HAMMER WEIGHT i40 LB. DROP =3 INCHES
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RECORD CF C-17
TTA . SBO+ S0 f raliaL
\ LOCATION See Figure ! BORING DATE MARTH T DATUM SEODETIC
BOREHOLE TYPE FEMNETRATION TEST BOREHOLE DIAMETER ——
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PROJECT No

[
!
i RECORD c-i8
b STA. Se5+70 - £ CANAL
\ LOCATION See Figure | BORING DATE MARCHM 21,1907 DATUM SEODETIZ
BOREHOLE TYPE PERETRATION  TEST BOREHOLE DIAMETER ——
SAMPLER HAMMER WEIGHT —— LB. [ROP — INCHES PEN. TEST HAMMER WEIGHT |4CLB. DROP 30 INCHES
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PROJECT No. o LM 2 =

e ® &®

i
’ RECORD OF C-1i°
STAL PLO+50 - ¢ SAMAL
LOCATION See Figure | B8ORING DATE DATUM CECDETIC
BOREHOLE TYPE PENETEAT 214 BOREHOLE DIAMETER
SAMPLER HAMMER WEIGHT — L8 DROP —— INCHES PEN. TEST HAMMER WEIGHT |40 LB, DROP R INCHES
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PROJECT No.

PEN. TEST .
RECORD CF sgFEEmm.£ C-20 |
STA, 341 - 2 TRRAL I
LOCATION See Figure ! BORING DATE MAFCH 2T 1567 DATUM GEODETIC |
h
BOREHOLE TYPE PEMETEATIZN TEST BOREHOLE OIAMETER —— g
!
SAMPLER HAMMER WEIGHT ~—— LB, DROP —- INCHES PEN. TEST HAMMER WEIGHT {4GLB  DROP 3o INCHES :
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+ h PRUCELH NO. Lol Sl D
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