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1 INTRODUCTIO\T

While studying a seepage problem adjacent to the west portal

of the Thorold Tunnel in L979, various areas and potential

sources of water were investigated. One of these was the

rock squeeze pressure relief slot which had been excavated

in L973 L974 on the south side of the west service building.

A cursury inspection of the slot, where it, is exposed in two

manholes, indicated that the surface of the slot fill material

(a cLay/bentonite mixture) was below the bedrock surface. In

Acres Consulting Services Limited (Acres) report on the seepage

control works dated September L979, it was recommended that

the manholes be pumped out and the slot conditions carefully

checked to ensure that the slot ftll and plping barriers are

performing in the manner for which they were intended. A

general arrangement of the slot and manholes is shown on

Plate 1.

In August L982, the Ministry of Transportation and Communlca-

tions 04TC) authorized Acres to undertake the slot inspection

under Agreement No. 4242'9082-L24. The terms of reference

for the study were defined as follows, "Inspect the "Rock

Slot'r at the Thorold Tunnel, determine the condition and

efficiency of the bentonite seal and prepare a report

detar^ling findings and containing recommendations for

remedial action. "
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An inspection of the slot was undertaken by Acres' personnel,

the results of which are outlined herein together with

recommendations. In addition to the work related to the

slot, the rate of flow into the west sump and the condition

of rock instrumentation in the vicinity of the slot were

checked. The findinqs from this work are also included in

this report.
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I The field work related to the slot inspection was undertaken
I primarily between August 31 and September 2, L982 and
If included the following items.r
-
-I 2.L Survey Elevations+

I Using the main floor of the west service building as a bench-
I

I mark (el 588.50 ft) , elevations at and in the two nnanholes

were determined as follows.

I
I
I cover el

I 
Water eI

f Bedroci< el

I
By way of reference, the water leve1 in the Welland Canal is

I approximately 569.0t.

I

I,t 2.2 Brass Bolts (T{est }{anhole)

-
I

In Decernber L976, two brass bolts were set in the bedrock

I surface on each side of the slot in the west manhole for the

- Purpose of measuring rock surface movements. At the time of
I

I

East Manhole hiest Manhole]ffi- TTE)--

587.62

566.97

56 3. 82

587.44

553.80

s63.80
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installation the near-faces of the bolts were 10.48 in.

apart. During this inspection program the bolt faces were

10.19 in. apart indicating a relative movement of the

surface rock of 0.29 in. since L976.

2.3 Dewatering of East Manhole

The water in the east manhole was drawn down from el 566.97

to el 554.L2 in 13 minutes using a 2 in. submersible Flygt.

pump. This represents an average pumping rate of approxi-

mately L7 galrlmin.

On compi-etion of the slot inspection, the water level recovery

was noted and it was found that the rate of inflow into the

manhole was quite low and of the order of 3 gaL/h.

2.4 Inspection of Slot F.ill

The probing within the slot was carried out using a metal

fish wire which was pushed along the slot until an obstruc-

tion was encountered. Details of what was found i-n each

manhole area are shown on Plate L, Detail l representing the

west manhole and Detail 2 the east manhole.

In the west manhole, three wooden bulkheads were encountered,

one in the centre, to which instrumentation tubes had been
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fastened, and two others under the manhole walIs. The west

bulkhead prevented insertion of the fish line, however it

was possible to insert the fish over the bulkhead on the

east side and extend it for 13.6 ft. Clay/bentonite adhering

to the fish ind.icated that the slot was full on the east side.

Within the manhole area, the slot fill was about 1 ft below

the bedrock surface in the western half and about 2 fE down

in the eastern half.

In the eastern manhole, only one roooden bulkhead was found

near the manhole centre and it also had instrumentati.on tubes

attached to it. The slot is full of clay,/bentonite on the

west side of the bulkhead, while a t,riangular-shaped void

about 2 fE deep and 5 ft long exists on the east side (see

Detail 2, Plate 1).

2.5 - Flow'in Slot

It was of significant Lnterest to know whether any water

flow exists along the slot. Visual observations of the water

in the s'Iot did not reveal any signs of f1ow.

To investigate this matter further, a Kent Miniflo Type 265

flow rneter was inserted in the water below each manhole and

no flow was detected. Fina1ly, a dye sample consisting of

4 ounces of Rhodarnine 8-500 indicator dye was placed in the
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water in the east manhole on September 2. Twenty-one days

later on September 23, the water in the slot below each

manhole was checked for color. Water in the east nanhole

was pink while there were no traces of color in the west

manhole.

2.6 Instrumentation Tubes in Slot

The j.nstrumentation tubing in each manhole was checked for

identification markers, however none was observed.

fn the east manhole, 3 pairs of tubing exit from the slot,

however 2 pairs appear to have been damaged and d.lscarded.

The other pair were tied up to the top ladder rung. In the

west manhole, 3 pairs of tubing extend up to the top ladder

rung.

Because of the lack of identification tags and the inability

to locate the readout equipment, reading of these instruments

was not carried out.

2.7 - Flow into the Inlest Sump

The mai'ntenance staff have arranged to take readings of the

time for water to rise in the west sump. They record the

t.ime required for the water to rise between depths of 8.50 ft
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and 4.7 ft or a height of 3.90 ft. On August 27, L982 the

time was 9 minutes and 4 seconds while the range of readings

for the month of August varied between 9 minutes and 0 seconds

and 9 minutes and 24 seconds. A time of 9 minutes and 39

seconds was measured on September 24, L982.

The volume of water in the 3.90 ft depth of sump is
70.5 x 13 x 3.90 x 6.24 = 22 300 ga1.

The current range of inflow rate = 2,3!0 to 2,480 galrlmin.

The comparable range of flow rate measured in L979 was 2,L25

to 2,235 gallmin.

2.8 Extensometers Through
Tunnel T{all

A brief inspection was undertaken to assess whether any of
the extensorneters which had been installed through the tunnel

waIl and into the slot area were still in operating condition.

It appeared that all of the instruments were either badly

calcified or had been qrouted over.
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3 - CONCLUSIONS

(a) Rock movement and slot closure are taking place as

evidenced by the movements of the brass bolts in the

west manhole where the reduction in distance between

the bolt faces has been 0.29 in. over a period of

approximately 6 years.

(b) The lowering of the surface of the slot fill material

appears to have occurred only locally at the two man-

holes as shown on PLate I.

(c) No water flow appears to be taking place along the slot
indicating that the seepage control barriers across the

slot and the slot fill material are performing

effectively.

(d) Much of the existing instrumentation in and across the

slot appears' to be no longer srer\riceabl-e. A more

detailed inspection of these instruments would be

required to assess whlch instruments are or could be

made operable.

(e) The rate of flow into the west sump during August and

September ranged from 2t3L0 to 2,480 gal,/min as compared

to 2,L25 to 2,235 gal/min in L979. This indicates a



flow rate increase

3-yr period.

of approximately 10 percent over the
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I 4 - RE.'MMENDATT'NS

I
Since the portion of the slot without fill material is

I relatively small and no flow appears to be occurring along

r the slot' it is not considered necessary to proceed with
- filling the voids at this time. It is recommend.ed that the

I slot be inspected in the future, sdy 5 years from now, toI
assess whether any changes have occurred

I

I There apPears to be an increase in the flow into the west
t sumP of the order of 10 percent over the past 3 years. ft
I is reconmended that the MTC flow records be reviewed to seeI

if this does represent a true flow increase or whether it
I may have been caused by changes in precipitation or variations

I in the methods of taking the flow measurements. It is further
r

recommended that the flow measurements be continued on a

I regular basis.r
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r Ministry of Transportation
I and Communicationsr Highway Engineering Division

Central Building
I 1201 Wilson Avenue
I Downsview, Ontario

M3M 1J8

I Attention: It{r. K. G. Selby
- Senior Found.ation Engineer

I Gentremen:

I
We are enclosing herewith six copies of our report on the

I subject matter. The proposed SLSA works have been reviewed
I in the light of their potential effects on the Thorold Tunnel.

Our report discusses these factors and makes recommendations
r regarding constraints which we feel should be placed on the
I contractor's operations.

If you have any questions regarding our report we would be
-:-I pleased to discuss them with you at your convenience.r

Yours very truly,

Re: Agreement No. 4242-9082-L24
Report on SLSA Proposed Works
Adjacent to Thorold Tunnel

I
Î

 TJB:mjg
I Encr
I

N!,-r"^-n\
t^^l;"9;.1"il3;:n",

I

I

Ir
r ACRES CONSULTING SERVICES LIMITED
I 5259 Dorchester Road, PO. Box 1001, Niagara Falls, Ontario L2EGW1

- Teleohone4l6-354-381i!1 Telex06l-5107
Cab|esACRESCAN NFS

L Toronto, Burlington,Calgary Halilax, Niaga.aFallE,Sl.John's,Vancouver,Wlnnlpeg

I
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1 INTRODUCTTON

In July 1982, the Ministry of Transportation and Communica-
tions (MTC) contacted Acres Consulting Services Limited
(Acres) regarding construction works which the St. Lawrence
Seaway Authority (SLSA) proposed to undertake in the vicinity
of the Thorold Tunnel between December L982 and l4arch 1983.
This work involves an extension to the Upper East Approach
Wall at Lock 7, a portion of which will be located over the
tunnel and will replace the existi-ng Bailey Bridge and sheet
pile cel1s located over the tunnel aL the site of the new

waIl.

Acres was requested to review the proposed SLSA works and to
advise on the effects that the consr-ruction of this'wall will
have on the tunnel

Verbal authorLzation to proceed with the study was given to
Acres by l{r. K. c. Selby of the MTC on August 17, L982. It
was subsequently confirmed by Agreement No. 4242-9A82-L24 as
detailed in a letter dated August 76, 1982.
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2 . BACKGROUND INFORMATION
PROVIDED

During meetings with Mr. Selby on August 13 and L7, 1982 the
following SLSA documents related to the proposed works were

turned over to Acres.

Preliminary full size prints of drawings 3568-l' 3, 4, 5,

61 7,8 and 9.

- A complete set of 28 reduced drawings for SLSA Contract
No. L2-L826 together with 7 other drawings of structures
presently existing in the area.

A complete set of specifications for SLSA Contract No.

L2-L826.
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3 - EFFECT OF PR.OPOSED
WORKS ON THE TUNNEL

3. I General

The drawings and specifications for the proposed new approach
wall were reviewed together with drawings, reports and design
and construction documents related to the tunnel. As a

result, the following factors were identified as requiring
study.

The loads applied to the tunnel and surrounding bedrock
in comparison with the site conditions and tunnel design
criteria.

- A consideration of the amount of additional load which can
be applied to the tunnel by materials disposed of above
the tunnel roof.

The effect of blasting on the grouting which was performed
in the tunnel construction joints for waterproofing
purposes.

The effect of blasting on rock squeeze and subsequent
pressures' on the tunnel.

The effect of the new waIl construction on the tunnel
bentonite panel waterproofing system.

Each of these items is described in detail in the followinq
sections.
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3.2 New Loading Conditions

3.2.I - New Rock Loading Conditions

The existing Bailey Bridge and its foundations on the
east bank of the canalr ds shown on SLSA drawing 3568-4,
are to be demolished and be replaced by a new approach
wall which will span over the existing tunnel rock cut.
The new configuration is sh6wn on SLSA drawing 3568-3.

The implications of demolishing the existing structure
and constructing the new approach wall have been
considered with respect to maintaining the service-
ability and structural integrity of the existing tunnel.

Calculations of gravity loads from the existing Bailey
Bridge and proposed new approach wal1 indicate that
although the total load per pier for the new structure
will be higher than that from the existing Bailey Bri.dge,
the average gravity load per unit width of pier is about
the same for each caser ds shown on Plates 1 and 2. The

vertical prestressing of the anchor rods adds a load of
691 t per pier for the new structure. This will make

the average stress under the new pier approximately
1.5 times higher than the exlsting. The effect of this
additional vertical loading on rock squeeze and bench
stability is'thought to be minor.

Values of ship impact loads are not available from
informatio4 shown on the drawings. However, calcula-
tions for energy absorption based on velocity of
approach of 2 m/sec show that a lateral load of the
order of 5,000 kN could be generated by a large ore
carrier striking the waII. This, in turn, would generate
a load of about 2,000 kN along the length of the wall due
to friction.
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It is unknown if provision has been made in the design
of the wa1l for longitudinal loads. A cursory inspec-
tion of the drawings suggests that the load path for a

longitudinal loadr €rs calculated, would 1ikely be along
the deck, to be distri-buted in some manner throughout
the length of the structure to the bedrock.

3.2.2 Disposal of L[aterial
Over the Existing Tunnel

SLSA drawing 3568-1 indicates a disposal area over the
tunnel to the east of the new walI. The tunnel at
this locatlon was designed for a total uniformly dis-
tributed dead plus live load of 250 ku,/mz which
corresponds to the full canal water load. On this
basisr dny material left on the tunnel roof above canal
grade, after the canal is filled, would result in.an
overstressing condition.

3. 3 - Ef fect,s of Blasting

The SLSA documents indicate that blastlng procedures may be

used to prepare foundations for some of the new wa11 footings,
remove portions of the existingr canal walls and also to
dernolish the abutments of and ramps to the existing Bailey
Bridge. Of concern ls the potential effect that such

blasting could have on rock squeeze and the grout water-
proofing system in the tunnel construction joints. These two
factor:s' are discussed below.'
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3. 3.1 Effect of Blasting
on taiaterproofing Grout

To minimize any seepage through the tunnel construc-
ti-on joints, such areas were grouted using a chrome
lignin based grout. On curing, this material is
reported to have various properti-es depending on whether
it is wet or dry. If d.ry, it can be brittle but if wet
or moist it may be flexible. Since this material
probably exists in very thin films in the construction
joints, there is a possibility that these films may be
cracked and damaged as a result of blast vibrations.
Because of this, and based on blasting experi"rr."4l
it is recommended that the blasting operations be con-
trolled to limit the peak particle velocity to a value
less than 25 mm,/sec at the point in the tunnel closes.t
to the b1ast.

3.3.2 - Effect of Blasting
on Rock Squeeze

In the Acres stud.ies reported. in Ig72 Lg74I , rock
squeeze was confirmed to have imposed significant
load.s on the west and east service buildings to the
extent that it was necessary to construct a relieving
slot on the south side of the west service building.
In additlon, some minor cracking of the tunnel was

observed at the only other location where the space
between the tunnel wa11s and the rock face was filIed
with concrete, i.e., at the west canal bank (station
57+50 ft approximately) which is approximately 105 m

from the location of the SLSA works. .

* Numbers refer to items in List of References
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Although the nature of rock squeeze is still debatable,
it is most likeIy that it. results from slippage of
various layers of rock relative to underlying layers
under the influence of horizontal stress. It is a

time-dependent phenomenon2. The only known reference
to illustrate the effect of blasting on rock squeeze
appears to be the movement records at the Canadj-an
Niagara Power Company l{heel Pit in Niagara Falls when

the two power tunnels were excavated for the Sir Adam

Beck power station between 1951 and 1953. Observations
provided by Ontario Hydro show that in the same general
time as the blasting for the tunnels, the observed
movement of the walls in the wheel pit showed a sudden
increase.

From the time of construction in 1905 to 1953 a move-
ment of about 28 mm occurred, whereas between 1953 and
1955 an additional 8.5 mm occurred which amounts to a

5 times increase in the rate of movement. After 1955,
the rate of movement appeared to return to that which
existed prior to 1953. As reported by Lee and Lo3,
the power tunnels were excavated approximately 150 m

away from the wheel pit at the closest point.

From the experience at the wheel pit, it is apparent
that blasting may have a significant effect on the
amount and rate of development of rock squeeze. No

information is available regarding the vibration lj-mits
on the blasting in the power tunnels although it seems

unlikely that the construction control would a1low
particle velocities to occur in excess of 50 mm to
100 mm,/sec at a distance of 50 m since the tunnels pass
at about that depth below residential areas in Niagara
Falls. Based on the above assumption, it appears likely
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that if the seaway construction resulted in particle
velocities of 50 mm/sec or more at any of the three
concrete bulkhead locations at the Thorold Tunnel,
then a significant increase in the rock squeeze could
occur. The west and east service buildings are located
180 m and 400 m respectively from the site of the
blasting but the west canal bank is only 105 m from the
blasting. If the particle velocity is limited to a

maximum of 25 m/sec, as recommended in Section 3. 3.1,
the particle velocityr ds measured at the west canal
bank, should be quite low making it unlikely that the
rock squeeze problem will be aggravated.

3.4 Effect of New lala1l
Construction on
Tunnel Waterproofing

Based on tests performed by Acres in L972 it was determined
that as long as the existing backfill protection above the
existing tunnel remains undisturbed, it will provide sufficient
confinement and protection for the bentonite waterproofing so

that the bentonite wilI not tend to swel1 or otherwise lose its
effectiveness during the demolition and new construction phases

of the proposed project. Proper precautions during blasting
are, of course, necessary and are discussed above.
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(a)

4 - CONCLUSIONS

The static loads imposed by the new canal wall on the
bedrock and tunnel structure should not cause any
problem with regard to the performance or integrity of
the tunnel. The nature and magnitudes of horizontal
loads imposed.along the canal wall are not known nor
are the methods by which they are resisted. ff they are
sufficiently large that the footings on the rock benches
could be moved in a north-south direction, there is a

possibility of movements in the rock fill over the
tunnel which could result in damage to the tunnel
bentonite waterproofing. Such potential for damage is,
however, considered to be remote.

l{aterials piled over the tunnel above existing canal
grade will result in overstres'sing the tunnel structure
on refilling the canal to operating leve1.

The vibrations generated by blasting operations during
construction of the new canal wall must be carefully
controlLed. to avoid damage to the grout waterproofing
and also additional damase as a result of accelerated
rock squeeze.

Construction operations associated with the new canal
wa1I construction are not anticipated to have an adverse
affect on the main tunnel bentonite waterproofing.

(b)

(c)

(d)
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(a)

5 - RECOIII4ENDATI.ONS

It is recommended that the SLSA be requested to advise
if horizontal loads of significant rnagnitude, i.e.,
greater than 1,000 kN or 100 t, are expected to be

transmitted to the base of the wall footings. If such
is the case, it is conceivable that the ledge of rock
might be in d.anger of failing by sliding depending on

the magnitude of the load.

Materials such as rock fill or gravel may be stored
above canal level over the tunnel to a depth of 3 to
4 m on a ternporary bas:is while the canal is dewatered
but it is recommended that to avoid tunnel overstressing,
materials not be disposed of over the tunnel on long term
basis when the canal water is at operatinq leve1.

The contractor's blasting operations should be carefully
monitored uslng seismograph equipment and they should be

carried out in such a manner as to limit, the maximum

particle velocities to less than 25 mm,/sec in the tunnel
structure adjacent to the wall site. Ir addition,
seismograph recordings should be taken either on the
bedrock floor of the canal adjacent to the west canal
wal1 or inside the tunnel adjacent to the bulkhead to
determine the magnitude of the particle velocities at
this location.

It is also recommended that the tunnel be subjected to
a thorough inspection prior to the blasting operations,
noting such features as seepage through the walls and

construction joints together with the current situation
regarding wal1 cracks at all bulkhead locations. With

(b)

(c)
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regard to the instrumentation installed at the east and

west service buildings, it is recommended that a set of
readings be taken before and after the blasting opera-
tions to assess whether any significant changes in
conditions occur.

Concerning the wal1 footings on the rock bench, considera-
tion could possibly be given to constructing these
footings on the bedrock surface rather than 1 m below
the surface. This would avoid blasting so close to the
tunnel and would also result in a greater thickness of
limestone between the footing and the weaker, squeezing
shale zone in the Gasport Formation. Alternatively, it
could be specified that drilling and blasting methods
will not be permitted for these two footinq excavations.
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1 INTRODUCTION

Following a meeting and site inspectj.on at the Thorold
Tunnel on June L9, 1979, Acres Consulting Services Limited
(Acres) was requested by the Ministry of Transportation and
Communications (MTC) to provide engineering advice and tech-
nical assistance in the investigation of the water problem
under the curb lane tunnel approach slab at the west portal,
south tube. The work included the d,evising of remedial
measures to lower the water levels to permit the placing of
seepage control works under the pavement slab and the super-
vision of the placing of such works. By agreement with MTC

personnel on site, Acres was not involved in the replacement
of the pavement slab.

A program of field investigations was started on June 2L,
L979 and from then until the completion of the seepage con-
Lrol work on July 26, Acres maintained a full-time repre-
sentative on site. The investigation work consisted of
inspection of flows into manholes and the tunnel west sump,

well drilling, pumping, piezometer installations and test
pitting. Remedial works comprised. underdrain systems leading
into the existing storm water system and the reinstatement
of the subgrade. The work was performed by the following
contractors

Dicon Contracting Linited, Niagara Fa1ls
Ray Field, Well Driller, Vineland
G. Hart & Sons, Well Driller, Fenelon Falls.
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2 INITIAL OBSERVATIONS AND I\IVESTIGATIONS

During the site inspection on June L9, L979, it was observed
that nater was flowing from the joint between the eastbound
concrete approach slabs and the west portal structure. When

heavy trucks went over the slabs, the water actually spurted
from the joint and, the slabs appeared to deflect.

Initial investigation on June 2L and 22 included hand excava-
tion behind the south curb and a detailed inspection of
manhole/catcYt basin No, 119 by a d,iver in a wet suit to
determine water inflow from the various drainage pipes and
openings. A d,etailed survey of manhole No. 118 was conducted
on June 26 The results of the surveys in manholes No. 118

and 119 are presented along with a site plan on drawing
5454-8-2 (Plate 1). In electrical manhole No. 6, 3.5 ft of
stagnant water was observed. with no perceptible f1ow. Man-

hole No. L23, located approximately 200 ft west of the portal,
showed no flow in any of the pipes.

On June 26, three holes were drilled by an MTC brj.dge crew
through the curb lane concrete in preparation for the instal-
lation of well points which were to serve as hrater level
observation wells. lhe locations of these holes are shown

on the plan. In the hole closest to the portal, the water
level was 6 in. below the top of the 10-in. thick slab. A

L/2-in. to 5/8-Ln. deep void was found below the slab which
extended from 10 in. to 4 ft away from the hole when checked
by a probe. In the next hole further west, the water level
t^ras 1in. below the bottom of the concrete or L0-L/2 in.
below the top of the slab. No water was encountered in the
most westerly hole. In the latter two holes, no voids were
apparent beneath the slab.
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Dur.ing discussions. with MTC staff, it was learned that
seepage into the west sump had been greatly reduced during
the winter of 1978 L979 while the water level in the
Welland Canal.had been lowered. ft was also reported that
a check with Regional Niagara regard.ing the water mains
crossing the west approach had failed to indicate any
leakage from these lines.

On the basis of the above information, it was considered,
that most of the water at the west portal probably origina-
ted from seepage of canal water around the south end of
the portal. -If this were sor it was likely that the water
htas seeping along or near the portal face. This water
should be intercepted by the. 5-in. perforated C.I.P. sub-
d,rain flowing into the west wall of manhole No. 1I9 (this
pipe was observed to be flowing almost full) . and possibly
in the 5-in. subdrain pipe laid on the bedrock surface and
exiting into manhoLe No. L23 approximately 200 ft west of
the portal (this pipe was dry).

It appeared that the undermining of the pavement slab had
been accomplished, in part, by the erosion of base course
material through the three L-L/2-in. diameter surface drain
pipes, irnmediately below the pavement, which had been in-
stalled to facilitate catch basin repair in 1978.



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

3 - PROPOSED WORKS

On the basis of the previous information, a tentative out-
line of work $ras proposed, by Acres in a letter to MTC on

June 28, L979. It should be noted that only limited investi-
gations srere undertaken to assess the origin of the seepage

water to the extent necessary to eliminate seepage onto the
pavement. MTC personnel advised that any remedial works
should. be carrj.ed out, if possible, while the south lane was

closed. for lighting modifications in the tunnel.

The outline proposed was

(a) instalLation of a pump well behind the south curb,
intended to effect a drawdown of the water level

installation of three piezometers (in the location of
the previously drilled holes through the concrete) to
monj-tor the depressed water levels upon pumping

pumping of the well and record.ing of the water levels
in the piezometers

removal of the south lane eastbound slab after lowering
of the water tab1e, inspection of the north lane slab
base, and some exploratory test pitting as directed

installation of an underdrain system to be designed
when subsurface conditions r^/ere known

reinstatement of the subgrade and pavement.

(b)

(c)

(d)

(e)

(f)
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4. WELL DRILLING AT{D SUMP INSTAILATION

On June 28, a horizontal bench at curb level was cut back
into the south slope fill adjacent to the portal to provide
a platform for a well drilling machine. During this work
a flow of water hras intercepted within the embankment rock
fill at about curb IeveI. Shortly after, the water leveL
at the roadway slab dropped approximately 5 in.

A well drilling cont,ractor from Vineland, Ray Field, attemp-
ted to drill a hole through the rock fill on June 28 using
a Bucyrus Erie 20W drill with a 9-in. chopping bit, however,
he was unable to penetrate below a depth of 4 ft. On July 4,
G. Hart & Sons from Fenelon Falls started Lo drill a pilot
hole using a large Gardner-Danver rotary drill. By July 6,
a L2-L/2-in. d,iametef hole had been advanced to a depth of
20 ft. The hole was backfilled with a pea gravel pack to
15.5 ft and a L2-fE section of 9-3/4-Ln. diameter louvered
well screen and a 3.5-ft long standpipe section was installed
in the hole. The gravel pack was extended to the ground
surface.

A L-L/ -Ln. drive type well point was placed to a depth of
15 ft between the well and the portal on July 9. The well
was flushed with phosphate and air after drawdown tests
showed low water yield. After flushing, there was an
increase in flow but this had no, effect on the water level
in the adjacent well point. On July 10, a pit was excavated
behind the curb to expose the south side of the welI. Free
water flow was encountered 2 ft below the drilling pad ele-
vation to within 2 ft of the wel1, but no hydraulic connec-
tion with the well was apparent due to the relative imper-
meability of the overburd.en and rock fi1l. Pump tests
showed, the flow into the excavation to be of the order of
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60 gal,/min. Photo No. I shows the exposed well standpipe and

screen. The seepage into the excavation, which was maj.nly

at the bedrock surface, can be seen in photo No. 2.

During excavation behind the curb, two 13r800-V Power cables
were damaged as shown in photos No. 3a and 3d. Three cable
ducts srere exposed during the repair work. They extend from
electrical manhole No. 6 to the curb near the portal. One

of the ducts carried, three power cables and. the other two

were empty as can be seen in photo No. 3e. The two empty

conduits acted as drains for the manhole. Electrical repairs
were conducted on July 11 and 12 by G.A.M.S. Ltd. who spliced
the two cabLes (photo No. 3e). Photo No. 4 shows the com-

plete excavation and the relative positions of the portal
(to the left), well standpipe and the repaired electrical
cables.

Test pit TPI was excavated through the curb lane concrete
and to a shallow depth into the granular base on JuIy L2.
The water Level stabilized 4 in. below the base of the slab,
or 1.4 ft above the water level at the well location. This
indicated that the majority of inflow was probably further
west of the portal than originally thought. Excavltion
along the portal wall (photos No. 2 and 4) had intercepted
a sma1l flow of water, but did not affect the water 1eve1

beneath the slab. Since the well was relatively ineffective
in lowering the groundwater, it was removed and a 48-in.
diameter C.I.P..was placed in the excavation near the portal
wall as shown in photo No. 5a to create a permanent sump.

Three 5-in. perforated steel pipes were placed along the
length of the excavation as shown on Plate 1 to collect the
60 gal,/min flow and direct it into the 48-in. sumP. The

sump was connected into manhole No. 119. Photo No. 5b

shows the pipe arrangement inside the sumP. The three 6-in.
C.I.P. rs are all flowing while an 8-in. asbestos PiPe leads

| ''-
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r the water into manhole No.. I19 (the 4-in. plastic pipe

I shown extends back to TP3). It should be noted. that the
I original flow in the 5-in. subdrain connected to the west

I

I the installation of the new sump.
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5 - PTEZOI,TETER INSTAI.LATION
AI{D TEST PITTING

Four piezometers (PZ-L Eo PZ-4) were placed on July 13 at
locations shown on Plate 1. Piezometer 4 was later removed

as it interfered with the excavation oPerations. Drilling
of this piezomet,er is shown on photo No. 6 (manhole No. 119

is in the lower left corner). Piezometer installation
details and water levels are presented in Table 1.

TABIJ 1

PIEZOMETER DETAILS

Piezureter
No.

Elev of
Pavenent
Surface
wRs
c.B.M.
(fr)

95.8

96.3

96.9

97.5

Depth Below
Paveuoent to
Bottom
of HoIe
(fr)

13.0

13. O

L6.4

13.4

-lP.(ft)

L2.5

11.0

L6.4

13.0

lrlater Depth
July 16 July 19 July 24*
(fr) (ft) (fr)

7.5

4.9

3.7

1.3

6.8

4.3

3.4

1.8

9.0

4.8

3.4

2.7

*after completion of underdrain systeur

It can be seen that a significant gradient
levels was established.. Drawdown under the
at the portal was attributed to two factors

in the water
pavement slab
as follows
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(a) interception of part of
sump and it,s associated

the flow by the 48-in. C.I.P.
drain lines

(b) hydraulic connection to a lower, more permeable layer
beneath the slab when the piezometers stere installed.

The results also indicated that a significant portion, if
not the majority of the flow, stas originating from the area
to the west of manhole No. 119.

Test pit 2 was excavated into the side of the south slope
to a depth of about 2 ft to 3 ft below curb level while
the piezometers were being placed. The water level in it
vtas measured at 0.2 ft above that of TPI or 1.8 ft above

the water level in PZ-3, indicating the water level gradient
was essentially flat west of TPl.

A significant amount of water was encountered in the hole
for PZ-3. Pumping at a rate of 50 gal,/min out of PZ'3
established a stable punping level at a depth of 4.1 ft in
PZ-3 and effected a drawdown of 3 in. in PZ-Z, and 1 in. in
PZ-L. Water was aLso drawn down below the bottom of test
pit 1 as evidenced by a dry pit bottom.

Test pit 3 was excavated to a depth of about 3 ft below
curb level on July 15 and intercepted a flow of 50 to
50 gal,/min. Photo No. 7a shows the pit" location with respect
to the portal and electrical manhole No. 6. Upon pumping

from the test pit, flow in the 5-in. pipe lead.ing into the
west side of manhole No. 119 was red.uced to about half its
original volume. A trench was dug south of the curb leading
from the end of the pipes connected to the sump to the test
pit. A 4-in. perforated pLastic pipe was laid through one

of the 6-in. perforated steel pipes (photo No. 5b) along
the trench and into TP3 to collect the flow (Photo No. 7b).
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A slight reduction of flow in the 6-in. pipe leading into
manhole No. 119 was noted with this arrangement, however,
it was felt drainage was incomplete as the pipe was set
higher than desirable due to a bedrock rise and concrete
conduits encountered along the trench.

A piezometer was drilled and installed off Ormond Street on

July L7 to measure water levels behind the portal structure.
Photo No. 8 shows the drilling rig set up over the hole
location. At a depth of 24.3 fE, the drill bit contacted
steel. As the depth corresponded approximately with the
elevation of the tunnel roof, and the hole location was

very near the wall of the tunnel, it was considered prudent
to drill no deeper. A piezometer tip was placed at the
24.3-ft depth. Water leve1 in this piezometer was found
at a depth of 22.9 ft (monitored to July 23) which corres-
ponds to an elevation approximately 3.4 ft below the Welland
Canal water level.
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5 - UNDERDRAIN SYSTEM

The south lane concrete slab adjacent to the portal was

broken out on July L7. Photo No. 9a is a view looking west
across the slab from the tunnel portal. A string line from
the portal to the pavement joint 35 ft west of the portal
indicated that the passing lane slab had deflected from a
straight line by as mueh as L-L/L6 in. measured 6 ft west of
the portal. In this area of maximum deflection it was also
noted that a void existed under the passing lane slab as

shown in photo No. 9b, The slab flexed about l/8 in.
during the passing of transport trucks. Hairline cracks
across the pavement were noted in this area.

During the exploratory excavati.on work, it was observed
that the Granular Base Course Class 'A' (GBC "A" ) hras not
sufficiently pervious to permit the free drainage of the
seepage waters in the area. It was therefore proposed that
pea gravel be used in any drainage zone.

Before excavation for the underdrai.ns began, a fiLter
material was desigmed to protect the GBC rrArr existing be-
neath the slab. This \{as necessary to prevent the migra-
tion of fines from GBC rrArr into the proposed pea gravel
drainage zone when subjected to the flow of water. Any

movement of fines would further undermine the passing lane
slab and curb. To attain the proper gradation, the follow-
ing materials were mixed at the given ratios

pea gravel, Steed and Evans pit, Fonthill
L/4 in. washed stone, Aberfoyle pit

concrete sand, Walker Bros. Quarry, Thorold.
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Approximately 25 tons of the filter mat,erial was prepared

on July 20. Excavation.of the subgrade began at the portal
on July 23 utilizing a backhoe' with digging adjacent to the
passing lane slab and. the curb being done by hand. Extreme

caution was required to ensure the stability of the excava-

tion slopes and prevent any Possibility of undermining the
travelled road slab or the curb which contained the power

cables.

Clean crushed Stone was found at the 38-in. depth adjacent
to manhole No. 119. Good hydraulic connection was found
between this layer and the bottom knockout of the catch
basin (100 percent take at 50 gal,/min) , so that further
excavation of underlying material was d.eemed unnecessary.
It is not known to what depth the clean crushed stone
extends. Large broken rock pieces !{ere noted at the knock-
out elevation from observations inside the manhole.

Elsewhere in the excavationr'GBC nAn material was found to
extend to bedrock. Slopes in the GBC 'rArr along the north
and west walLs of the excavation were cut flatter than 1:1
to prevent undermining of the roadway. It l,fas possible to
attain a near vertical cut along the south wall as shown

in photos No. 10a and 10b. The portal step formed the
eastern waIl of the excavation.

Solid bedrock was encountered at a depth of approximately
30 in. over most of the excavated area (8 ft to 35 ft west

of the portal). Broken rock pieces were removed along the
south side of the excavation to extend the maximum depth to
45 in. This rock had been previously shattered, probably
during trench construction for the adjacent 21-in. storm

drain.
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A flow of 25 gal/min (estimated) hras encountered at the
western end of the excavation flowing through channels in
the broken bedrock (Photo No. 10a). The water, under head,

boiled into the excavation as shown in photo No. 10b.

Filter material was placed in the bottom of the excavation
to a thickness of 3 in. above the bedrock. Six-inch perfor-
ated steel pipes were laid in pea gravel as shown in
Section BB on Plate 1. Two pipes !"ere laid along the south
side to intercept the major inflow of water. Perforated
steel caps, rather than solid caPs, were placed over the
ends of these pipes. Both pipes were connected to manhole

No. 119 by means of a singJ-e 6-in. diameter header. An

existing 6-in. pipe leading across the roadway to man-

hole No. 118 was connected to manhole No. L19.

Once the underdrain system had been installed' a lowering
of the water table was noted, especially in PZ-3 (see Table

1). In addition, the flow in the original 5-in. subdrain
leading into manhole No. II9 was significantly reduced
(L/3 to L/2 flow) .

Ttro raw $tater mains west of the site were shut off for
3 hours on July 24 to ascertain whether the inflow noted

at the west end of the excavation could be due to a broken

line. After no effect was seen on water leve1s or flow
rates in the 3 hours, backfilling procedures were begun.

Filter material was placed for a minimum depth of 5 in.
along the edges of the excavation with the center area

being filled with pea gravel. A vibrating plate compactor

was used for compaction during backfilling. Photo No. 11

shows the excavation with backfilling procedures underway.

Filter material is being placed along the north (left)
side of the excavation. Plywood sheets were used as form-
work to build the filter layer along the vertical south



I
I
I
I
I

14

t
I
l
I
I
I
I
I
I
I
I
t
I
t

(right) side. Six inches of filter material was also placed
over the pea gravel to bring the grade to a level 6 in.
below the bottom of the slab. Thus, the pea gravel was
completely enveloped by the filter material, which blanketed
all sides of the excavation as shorcn in section BB on plate
1.

Three-quarter inch crushed stone was praced over the filter
material to bring the grade to the reguired bottom of pave-
ment elevation. A minimtun depth of 6 in. of this material
was placed over the entire area, wetted and compacted in
2-in. layers by the vibrating plate. A Bomag vibrating
roller was used for compaction once most of the material
had been placed. Photo No. L2 shows manhole No. 119 during
placement of the crushed stone, One of the three L-L/2 in.
surface drains lead.ing into the catch basin can been seen.
Two of these drains lrere removed, and the third one plugged
as it could not be pulled out because of interference with
the portal concrete.

Final backfilling to proper grad,e and compaction was com-
pleted on July 25. Photo No. 13a shows the entire area just
before the final crushed stone was placed and compacted.
Note the piezometer pipes extend.ing above the grade. These
were left in place to permit an ongoing monitoring of the
water levels below the slab. Compaction tests using a
nuclear densometer rdere performed by the Ministry of
Transportation and Communications. Photo No. 13b shows

the western edge of the backfilled area with load transfer
bars extending from the adjacent sIab.
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7 - OTHER WATER LEVEI, AND
FLOW OBSERVATIONS

During the initial phases of the work, various observations
vrere made in addition to those mentioned previously in an

effort to ascertain the source and quantity of the seepage
water. One area investigated was the pressure relief slot
in the bedrock located on the south side of the west service
building. This slot had been backfilled with a cLay/bentonite
mixture to the bedrock surface. Two manholes were constructed
over the slot from the bedrock surface up to grade, one on
the upstream (east) side and the other on the downstream
(west) sid.e of the seepage control dike.

On July 4, inspection of the manholes showed. the following.

West t"lanhole
The water level in the manhole was at the top of the slot
(bedrock surface level) and the c1ay,/bentonite surface
was 24 in. below the bedrock surface. There was no
apparent water flow.

East Manhole
The water level was 3 ft above the bedrock surface (top
of slot) and the top of the claylbentonite was 4 ft below
the top of slot. There was no apparent water flow.

The effectiveness of the pressure relief holes in the west
portal purnp sump, about 60 ft east of the west portal, hras

investj.gated by measuring the rate of flow into the sump.

This was done by pwnping the water leve1 down to the lowest
float level then measuring the time for the water te rise
to the upper float level. The distance between the floats
is 3.75 ft. The weather was dry with no inflow of storm
water. By operating gates on the pumping well, three flow
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I conditions were observed

! (a) total flow into sump for north and south tubes
- combined
I

(b) flow from south tube of tunnel only

I
(c) flow from north tube of tunnel only.

I
The volumes of water in the sump for each of the three

I conditions are as follows
I

f (a) 2L ,447 gaL
I

I (b) 11,103 gal
t
- (c) L2,320 gal.
I

For flow condition (a) , the time required for the r^tater to
I
t rise 3.75 ft in the complete sump, north and south tubes

combined, ranged from approximately 9.6 to 10.1 min indica-
I ting a range of inflow rates from 2,235 to 2,L25 gal,/min.
I

I For flow condition (b), the south tube only, the water inflow
I time was g.75 min indicating an inflow rate of approximately
I L,270 gallmin
I

I !'or flow condition (c), the north tube only, the inflow time

t lras 13.35 min indicating a flow of approximately 925 gal,/min.

I A review of Acres' records shows that on OcLober L9, L97L'
the flow into the south sump was approximately 11300 to

I 1,400 gal,/min which is slightly higher than the rates
I measured in this program

I

I
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In April L974, the technique for measuring the rate of flow
into the west sump was modified. It is believed that this
modified rnethod is the one that has been used to the present,
that is, the time is measured for the water level to rise
3.75 ft in the sump. Mr. F. I. Hewison provided a plot of
the time data for the period from April L974 to March 1977.
These data indicate that the times vary significantly from
approximately 9.5 to 11.7 min, however, the longer times
(lower seepage rates) are consistent,ly obtained during the
winter months. The shorter times are generally obtained
during the summer and fall seasons. There is an indication
of increasing flow rates (shorter sump filling times) with
time between 1974 and 1975, however, there is insufficient
data to be conclusive. The flow rates which were measured

during June and July L979 are generally consistent with
those indicated for the same period in L975.
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8 - CONCLUSIONS AND RECOMMENDATIONS

Flow Under West Approach Pavement

(i) l4TC personnel advised that seepage from under
the west approach slab became apparent early in
June L979. The limited investigative work
carried out during this program failed to deter-
mine what might have happened to cause this
seepage water to appear at this time. However,

it was apparent that even though the 6-in.
diarneter subdrain leading from the west into
manhole No. 119 was flowing to capacity, it was

insufficient to cope with the volume of seePage.

The similar subdrain leading into manhole No.

118 appears to have adequate capacity.

(ii) The investigations indicated that the quantity
of seepage flowing along or near the face of the
portal was only a minor portion of the total flow
entering manhole No. 119. The major portion of
seepage appeared to be flowing under the pavement

towards the portal- from the west, and the permea-

bility of the base course layers and subdrains
was too low to accommodate the quantity of water.

(iii) The underdrain system installed during this
program has lowered the waLer levels beneath
the pavement immediately adjacent to the portal.

. It'is eoncluded that provided no major increase
in flows occurs, then the new subdrain system is
working effectively to intercept the seepage.

If major increases of seePage occur, then it is
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(b)

likeJ.y water may rise to the slab surface level
when both north and south subdrain systems become

overloaded. The system of piezometers (Pz-L to
PZ-3) was left, in place to permit the monitoring
of water levels in the future.

Pressure Relief Slot
(South of West Service Building)

As indicated in a previous section, it was observed,

that the level of the clay,/bentonite had settled below
the bedrock surface level by as much as 4 ft. Although
no flow of water was observed' this settlement could
have been caused by erosion of slot filling material
and if allowed to continue it could create a fLow path
to carry substantial seepage to the west portal area'
It is recommended that this situation be carefully
checked by punping out the manholes and slot down to
the clay,/bentonite surface. Probes'should be made

along the slot to assess whether the bitumen cutoff
wall is still intact. The slot should then be filled
up to the bedrock surface with additional clay,/bentonite
mixture.

Flow Into West Sump

While it cannot be definitely stated that the rate of
seepage inflow is increasing during recent years, the
records do indicate that the flow has significantly
increased since L967 when measurements indicated the
f lows to be 7 40 gal,/min into the south part of the
sump and L26 gal,/min into the north.

The quantity of flow into the south part of the sumP

does not appear to have increased since L97L. It could

(c)
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be however, that the two 6-in. diameter pressure
relief pipes in the south wall of the sump are flowing
at capacity and any increase in seepage has caused the
water level to rise until the water is flowing over
the top of the tunnel and into the north tube sump.

This could lead to increased seepage at the north side
of the west portal.

(d) Overall Seepage Conditions

fndications are that the ground.water level between the
cutoff dike bolding back the canal and the west portal
is probably up to the original bed.rock surface and this
is a prime cause for the seepage conditions observed
at the west portal. It means that the pressure relief
holes in the north and south sides of the west portal
punp sump are operating at capacity. Any increase in
seepage flow will be immediately transferred outside
the west portal.

The seepage is probably derived from the head of water
in the canal, but it may be flowing by a number of
possible routes. These include fissures in the original
bedrock, through or around the concrete plug at the west
service building, erosion passages through the clay
cutoff dike or adjacent overburden, or the pressure
relief slot south of the west service building. In
the first two cases it may be possible to increase the
pressure relief (drainage) capacity and so intercept
more groundwater directly at the pump sump and thereby
keep it away from the west portal. In the last two
cases it would not be as simple as the increased pres-
sure relief would steepen the hydraulic gradient and

could, accelerate erosion of fine material leading
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poss,ibly to rapidly increasing vblumes of seepage and

eventually failure of the dike

Due to the subsurface complexity at the west portal,
it is not possible to assess the prime source of
seepage without a substantial investigatj,on of poten-
tial water paths by means of piezometers and flow
observations. Nevertheless, it is recommended that
such a program be planned and carried out as without
it, it is not possible to predict future changes in
seepage conditions and their effects on the tunnel
opeiation or to plan and install any remedial works
to ensure long-term control of seepage.
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PHOTO NO. 1
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Portal gutter base Bedrock

Well casing

PHOTO NO. 2



Back face of curb

Damaged

concrete cover

cable

ducts

PHOTO NO. 3b Damaged power
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PHOTO NO. 3c

Damaged power

insulation and grounding

PHOTO NO. 3d
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NO. 3e

Ducts broken out

Preparing to repair
damaged cables

Repaired
cables

PHOTO NO. 3f
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Repaired power cables

Well casing

PHOTO NO. 4



PHOTO NO. 5a

PHOTO NO. 5b



Drilling

Manhole No. 119

PHOTO NO. 6
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TP-3

Electrical manhole No.PHOTO NO.

PHOTO NO. 7b L Perforated plastic pipe in TP-3
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PHOTO NO. 8
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PHOTO NO. 9a

Void under slab
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PHOTO NO. 10a

PHOTO NO. 10b



PHOTO NO. L2
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PHOTO NO. I3a

PHOTO NO. 13b
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1. 05
Use of
explosives.

Use of e:<plosives is perrrittecl as follovrs:

-I General

1llre Cont-ractor rnay r:-se orplosives for t]re work where it is safe and
. practical to do so, exce;rt where it is statedl otlhqrvise i-11 the ,"

.specifications or on.tie Drawings or where he is airected othencise ':.

.by the Engineer. ' 
.

,tlfre Contractor sha1l note t$at other Jt" specific requirementa 
- 

':'
related to t]l.e use of e:<plosives lray be includted, i-n anot*rer sestion
of tl:ese specificatiorrs.

.2 Laqs andl'Reg:ulations

Xlre Contractor shal!. be faniliar with and couply with all locall .'
provincial ald Federal. Laws a4d FegUlations regardisg the
transpor:tation, storage, handling and use of e:4rlosiwes.' Ee shall
slfain sudr paanits ac a.re requiredl

. '.3 ' Storage and Eanctling

(he Contractor sba!.l. only store sufficient oplosives for tlre current'l
dayrs'use on the site at arry one ti-rne. He shal-l suitably rnarlc and

. lock tJ:e storage facilities at a1t times. :'

Itre Contractor sha3.J. follow accepted met}rods,.of handling Tdl thawing
frozen o<pl-osives.

.4 Care and Precautiorrs

,tftre Contractor sha}l exercise the greatest.care at aI.J. ti-rres in'
blasting operations. Ee shaLl take all necessary precautions

'. reqrrired to ensure t$e safety of t}re persorurel and operations. It is
essentiaL tl:at no accidentat aanage is caused to st:nrctures or
equipnent.

-5 Powderman ..

The Contractor sha1f employ. an. e:<perienced.' competent p"Eq9Ip8#.,-ot}da.
for tJ' e work. He shall. subnit proof of the powdemanri gdalificationqi,

--.ffi\icelse to'the Engineer for approval, and tJ' e etrqlity of ttre
powa6ffis work as juilgecl by.the rngineer sbal-I. be a conclitLon of '

ttre powclemants continued emplolxrent on tlris ttork. - - :

.-.
-6 Inducedl Currents.'

'Ttre Contractor shall be farnili"ar wit]r ttre Institute of Uakers of
E:<plosives, Safety Li.brary Pr:blication No- 2O' FRadio Frequency
Energ,y'. Ee sha!.L take all. nelcessary pregautions against ttre effects -,.

of jrrduced cunents car:s'edl by radio transmitters ."d receivers e - ;: povler lines, transformersl. cables, radar beanr.. and arry other energiy. .

or rrave force i.rhich night result in the premature firing of ttre
blasting circuits.

-7 'B1asting llats

.1ftre Contractor shal.I havL avajLabie on tJ:e site approved, blasti.rrg
glats. He shall use blasting mats for aL]- b].asting,trgbee<tlre:e!;.e

.8 Eours of B1astilg

,l[he Contractor sha11 note tbat tlle hours vifticfr b1asting operations
,.DEry be uridertaken stralf be subjec* to the apprcval of the Bngineer
andt stra1l noraall.y be between t.he hours of OSOO (8 a-ro.) ancl 1600

W

hours (4 p.ro.) on Erny worlcLng day- ''

. . F _ :- .'i. -

GENERAL
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use of
etq)losives..
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CoNTRACT NO. 1211826

.9 Blasting Requirenerrts

lltre Contractor shall subrnit a blast design prior to the sta:rt of ,.'.i
brasting. 'As blasted'' records sha!-I- be kept by tl.e cpntractor and "-.
submitteil to the Engineer as teguested. 'As blastedo records shal-l .',.
provide hote dianeter; deptb, oqrlosive load per hole, detonator
layout, collar 'srnber of holes, Aime of blastr weathl, etc.

.10 Reslnlsi.bility

I*

Ahe iontractor shall be completely res;nnsi.ble for tbe blasting
operations not*rithstand.ing tlle fact that the met}rods of blasting;
dril.1 patterns; firirrg patternsr naxirum ctrarge per delay; powder
factors, and tlre &i'ze, strength and quantity of erplosives of one
blast; the qualifications a1d work of tl.e powdqroan, etc.l have to
be sr:bmitted by t}e Contractor to the Engineer for approval

-11 No Deviation

' 1(tre Contractor sha1l not deviate frcn the approved blasting
procedures gn1esF sudr deviation is specifically approved by th9

.' Engineer.

. -L2 lilcnitoring

All blasts shal-i. be monitored for blast vibrations and blast
ovet:pressure out of dobrs and, for bJ.ast vibrations only'in doors-'
Records"of all blast monitoring shall be subnitted as =equired,
along with bldst data as specified in.9 above

.13 l"tonitoring Equiprtent

llhe Contractor sball r:se seismographs for monitoringr whiclr are'
capable of providing a filJq record of the horizontal, vertical'
ald tralsverse wavefo::rns as wel1 as a bl-ast overPressure record.'

. The Contractor shall deliver tlle fir.sr record.to the ltrr,gineer as .

soon as it is avail.abJ-e. . :.

Freguencies l-ess than fifteen hertz (15 nz) are, not.acceptablg at
,t{rertp:o1u-1-""t. 

..-.., ...:.'

.L4 Blastigg Consultant

. The Contr.actor shal}, at no-additional cost to the Authority t
.retain tJre se:rrices of a qualified, blasting coniultant who Ls a

mernber of the Associatilr:r of Professional Engileers of Ontario
a'rd, is a designated speciar ist in e>rplosives and blasting
t o - e s t ab{:f,-eh: b l- a s tin g . p?o -ce"drrre s . and -rtcI .morrttor -'the

. -bJ.asting vibrations and-.the"blast overi2resbure.

. @.ftf?
TE;..w;ldg

Ihe @ntrastor shall iiifnft in writing and on drawings the blastilg
'consgltant's subseguent recourencliatjons regarding'the drLlI patterns;
f,iring patterns; uaximum charge per delay; powcler fafure, and, tlre
slzer-strengrt$, and quadtfty of oqflosives of one blast andl qll . .

ot}er pertinent inforoation to the Engileer for apprornl.. .

..f

is a possible.problem
q :-

..1-5 ''Eazards
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