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INTRODUCTION

LVM | MERLEX has been retained by AECOM Canada Ltd., on behalf of the Ministry of
Transportation of Ontario (MTO), to provide design information for a potential dewatering
system required for rehabilitation of an existing culvert. This culvert is located at Crooked
Creek, on Highway 66, some 8.0 km West of Highway 11, in the Township of Eby, Site No. 47-
003.

The project was specified by the MTO in the RFP/TPM documentation Agreement No. 5012-E-
0025. The terms of reference for the scope of work are outlined in LVM | MERLEX'’s Proposal
P-13-022, dated February, 2013. The factual information for this site was provided in the
Foundation Investigation Report (FIR) prepared in 2008 by Shaheen & Peaker Limited (S&P),
Geocres No. 42A-71. This report on dewatering system is to be read in conjunction with the
Foundation Investigation and Design Report (FIDR) for this project.

HISTORICAL SUBSURFACE INFORMATION

A foundation investigation was carried out for the Crooked Creek Culvert in 2007, by Shaheen
& Peaker Limited (S&P). The factual information from this investigation was provided in the FIR,
Geocres No. 42A-71. Based on the information provided, the surficial geology of the area
consists of glaciolacustrine fine grained deposits (i.e. silt, clay, and varved clay). The
topography of the Site is generally flat.

The highway embankment centreline elevation varies from elevation 301.2 to 301.5m in the
area of the culvert. Based upon the above referenced FIR, the subsurface conditions consist of
a pavement structure overlying granular embankment fill described as sand to sandy gravel, in
a loose to dense level of compactness. A 1.2 m thick layer of rock fill was encountered in the
lower part of the embankment fills at Borehole No. S1. The embankment fills were some 3.5 to
4.3 m in height above original grade, at the culvert location. The boreholes advanced at the
culvert ends, in the area of the required dewatering system, indicate the subsurface conditions
consisted of a granular (sand) fill, some 1.4 to 1.6 m thick, underlain by a relatively thin (0.7 to
1.0 m thick) stratum of clayey silt to silty clay. This stratum was underlain by a relatively deep
deposit of silt. The silt deposit was described as generally loose silt containing occasional firm
to stiff cohesive (i.e. clayey) seams and zones. The silt deposit was encountered to depths of
14.2 to 18.3 m, elevation 285.8 to 283.0 m respectively. The silt deposit is underlain by a soft to
stiff clayey silt deposit which is in turn underlain by rock fragments overlying bedrock at depths
of 23.7 to 31.7 m (elevation 275.7 to 269.6 m respectively). For reference purposes, the
historical borehole logs and borehole plan, by S&P have been included in Appendix 2.

GROUNDWATER DATA

Based on the historical information provided in the FIR, the groundwater level was recorded at
elevations 296 to 298 m. A site review was carried out by LVM | Merlex, during preparation of
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this report, and the water level in the creek was recorded at approximately elevation 298.2 m.
During the site review, a beaver dam was observed upstream of the culvert. It appears that this
dam retains approximately a 1 metre head of water.

DISCUSSION AND RECOMMENDATIONS
GENERAL

The culvert at this location is a 6.3x3.9 m Structural Plate Corrugated Steel Pipe Arch
(SPCSPA), some 26.2 m in length. Flow through the culvert is from left to right (i.e. north to
south) (see Photo Essay, Appendix 1). Based on the borehole data from the S&P foundation
investigation, the soils at the inlet and outlet consist of some 150 mm of organics underlain by
some 1.5 to 1.7 m of sand fill overlying the native soils which consist of a generally loose to
compact silt stratum overlying very soft to soft clayey silts and sands overlying bedrock at
depth.

It is understood that, based on the December 2007 Structural Evaluation Report, the pipe arch
is structurally adequate to carry all loads as per the CHBDC. However the lower zone of the
arch, at and below normal water line, has experienced some section loss due to corrosion.
Present plans propose a culvert rehabilitation consisting of installing a concrete liner (lower half
of pipe) and constructing cut-off walls, which will likely consist of steel sheet piling attached to
the concrete liner.

In order to carry out this work geotechnical information for a dewatering system is required.
It should be noted that the Crooked Creek Culvert location is posted as a fish sanctuary.

DEWATERING

The culvert must be maintained in a dewatered condition during culvert rehabilitation. The
groundwater level, in the fall of 2007, was recorded at approximately elevations 296 to 298 m
during the field investigation carried out by S&P. The water level at the culvert was recorded at
298.2 m during our site review in July 2013. Dewatering, in accordance with OPSS 517 and
518, will be required during rehabilitation activities.

A slow flow was observed through the culvert at the time of the current site review. The water
level in the creek was some 1.9 m above the culvert invert, at the outlet end. A relatively long
beaver dam is present at a distance of some 20 m upstream of the culvert site. It appeared that
the beaver dam was retaining a 1 m head of water. It is imperative that the integrity of the
beaver dam be maintained during construction.

In order to dewater the culvert location a cofferdam will be required at the inlet and outlet. It is
understood that in consideration of the 6.3 m width of the arch it would be possible to construct
a cofferdam along the centre of the culvert allowing work in the dry on one side and permit
bypass flow along the other side. Since the existing culvert is a closed SPCSPA, a gravity type
cofferdam (i.e. sand bag or other sufficiently narrow gravity cofferdam system) could be used
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along the center of the culvert to control flow to one side. Considering the corrugated cross
section of the existing culvert, a seal (i.e. bentontite seal) would likely be required between the
gravity cofferdam and existing culvert, for the dam to effectively contain water. A sheet pile wall
fixed to the interior of the existing culvert could also be considered. Another option would to be
to use a small diameter bypass culvert/pipe inside, and located to one side, to allow bypass
pumping through one half of the existing culvert while work is carried out on the opposite side.

As previously noted, a beaver dam is present a short distance upstream of the culvert. Due to
safety concerns, associated with a breach in the beaver dam at the time of construction, a
complete cofferdam at the inlet and outlet with bypass pumping through a temporary bypass
pipe installed through the existing embankment is the preferred method of bypassing flow.

Considering the hydrostatic pressure associated with a 2 m head of water, a temporary gravity
type or sheet pile type cofferdam would be appropriate at this location. To resist the 2 m
hydrostatic pressure, a circular sheet pile wall will attain structural stability from its geometry
and depth of penetration of the sheets, therefore may require minimal interior bracing. To
minimize seepage below the cofferdam, the sheets should extend to a depth below the inside
base equal to the depth of water above the base. It is likely that the depth of sheet penetration
will be controlled by structural considerations and not seepage.

If a gravity type cofferdam (earth fill with a low permeable core) is considered, environmental
constraints will control, specifically since this is a fish sanctuary. As such, a sand bag/metre bag
or auquadam type dam may have to be used to minimize the risk of earth fines increasing the
turbidity of the natural water course. Depending upon the base width of the cofferdam seepage
may develop below the temporary sand bag wall, specifically close to the existing embankment
slope where a sand deposit, some 1.5 m deep, was present overlying the lower permeable silt
stratum. This may require pumping from filtered sumps within the dewater area.

Conceptual cofferdam sketches have been included in Appendix 3.

As noted above the beaver dam, located some 20 m upstream is holding back some 1 m head
of water. Whichever type of cofferdam system is constructed, the cofferdam capacity must be
sufficient to accommodate an increased sudden flow should the beaver dam be breached.
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STATEMENT OF LIMITATIONS

The design recommendations given in this geotechnical report are applicable only to the project
described in the text and only if constructed substantially in accordance with details of
alignment and elevations stated in the report. Since all details of the design may not be known,
in our analysis certain assumptions had to be made. The actual conditions may however, vary
from those assumed, in which case changes and modifications may be required to our
geotechnical recommendations. We recommend, therefore, that we be retained and provided
the opportunity during the design stage to review the design drawings, site survey information,
proposed elevations, etc. to verify that they are consistent with our recommendations or the
assumptions made in our analysis. It is further recommended that we be retained to review the
final design drawings and specifications relative to the geotechnical recommendations.

If, during construction, conditions in the field vary from those assumed at the design stage, an
engineer from this office must be notified immediately.

Proper subgrade preparation, groundwater control, compaction, etc. are all critical aspects of
the bearing capacity of native soils. It must be noted that different aspects of the geotechnical
design are based on the assumption that LVM | MERLEX will be retained during site
preparation and construction of the proposed works to ensure that both the geotechnical site
characteristics and the construction operations/techniques are consistent with our
recommendations. Should LVM | MERLEX not be involved during the full construction phase,
our liability is strictly limited to the factual information contained herein only.

Section 3 of this reported is intended for the use of the client and the design team only and is
not intended to be included in the tender documents. Inclusion of the factual information
(Sections 1 to 5 inclusive) in the tender documents is furnished merely for the general
information of bidders and is not in any way warranted or guaranteed by or on behalf of the
owner or the owner's consultants and its subconsultants or the consultants' or subconsultants'
employees, and neither the owner nor its consultants or its employees shall be liable for any
representations negligent or otherwise contained in the documents.

13/05/13073-F9
CROOKED CREEK CULVERT - DEWATERING SYSTEM



Appendix 1  Photo Essay

Enclosure No. 1: Photo Essay

LVM | MERLEX



Reference No : 13/05/13073-F9 December 2013

Culvert Inlet — Looking North Photo: 1

Culvert Outlet — Looking South

. Photos Provided By: LVM
Project: Hwy 66 — Crooked Creek Culvert

Date: July 2013

LVM.CA Enclosure No. 1
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Shaheen and Peaker 2007 Borehole Data and Location Plan
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el = z [£°]| @ |e PockeTPENETR X LABVANE | WATER CONTENT (%)
270.0 m 20 40 B0 80 100 10 20 30 kwm3 |GR SA S| CL
Water level in Borehole
Oct 25, 2007 - 152 m
Oct 26, 2007 - 146 m
End of DCPT-26.4 m (El. 273.6 m)
3 3. Numbers refer to 2
e T 155 (04) STRAIN AT FAILURE

Sensitivity




Sensitivity

%n_!g!!‘sgtrp;rog:"un Foundation Design
Ontario
SPT 1201
RECORD OF BOREHOLE No C3 10F3 METRIC
GWP 448-98-00 LCCATION Crooked Cresk Culver - Sta. 13+170 1.5 m Lt G/l ORIGINATED BY
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger & NQ_Coring COMPILED BY
DATUM _Geodelic DATE 10/11/2007 10/14/2007 CHECKED BY
SOIL PROFILE SAMPLES | e D R RO =LA TION it
Hay PLASTIC :gg_ﬁ’;; Liauio e REMA
= o é g 7] 20 40 60 80 100 . CONTENT - % Q B
| % S 1lze| 3 e wp w wi | 38 | cramsize
s g 25| © |SHEAR STRENGTH kPa
ELEV DESCRIPTION Pl S = |£9] E —_————— DISTRIBUTION
DEPTH 2|3 F | 3 |38| £ |0 UNCONFINED  + FIELD VANE ¥ %)
E z z |E9| § |a PockerPeNeTR. X LABvANE | WATER CONTENT (%)
3013 GROUND SURFACE = o & 10 110 20 1020 30 ) kNm? GR SA S| CL
0.0 40 mm ASPHALT 1| as - °
0.18 m SAND & GRAVEL 301 -~
grey to brown, moist 2| AS )
300.5] 0.57 m SAND
gray to brown, maist
3| 85| 28 / o
300
It gravel a| ss| 2 o
some gravel
298
FiLL:sand 5|88 2 °e
brown, moist
compact
lpose 6| S8 8 268
307.0 7| ss 7 o
4.3 297
0 3 90 7
8| 88 10 Q
286
a 55 10 o
10| S8 7 295 1
_F.U
SILT 1| 88 10 b
grey, trace of clay, wet, dilatant
loose with occasional firm to sliff zones 293
12 ss | 9 202 o 0 DS
Non-Plastic
..... s
slightly more clay contanty 12l W | Pm ag o
1
14| SS 10 G
290
5| ss| s 2 3
o
288
with oce. clay ;;e;
16| 8§ B o
287 _'1,0
3|
antinued Nexl Page 20
43 3. Numbers refer to 15_¢5
' : 1 (%) STRAIN AT FAILURE



Sensilivity

‘5$5 (%) STRAIN AT FAILURE

!\rﬂljgﬁlsst;%?lfati - Foundation Design
Ontario
SPT 1201
RECORD OF BOREHOLE No C3 20F3 METRIC
GWP 448-38-00 LOCATION Crooked Creek Culvert - Sta. 13+170 1.5 m Lt C/L ORIGINATED BY
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger & NQ Coring COMPILED BY
DATUM _Geodetic DATE 10/11/2007 10/14/2007 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & I-j::‘J RESISTANGE PLOT sene | NATURAL vl - REMARKS
- g 2 I 20 40 80 80 100 umT i i e = 6 &
I 25 7] CONTENT Zz =
28l | Y9 |2E]| 3 — W w we| 58 | cransize
CELEV. DESGRIPTION & o | a 2|z¢g 8 SHEAR STRENGTH kPa 3 DISTRIBUTION
DEPTH < 2l x| 5135 £ | O UNCONFINED  + FIELD VANE . y %)
A z [£9| @ |e PockeTPENETR X LABVANE | WATER CONTENT (%)
_ m 20 40 60 B8O 100 10 20 30 km?3 |GR SA SI CL
5.0 ,
e 286
with occ.clay zones 171 S8 8 °
_'32
SILT 285
grey, trace of clay, wet, dilatant
loose with occasional firm to stiff zones
18| SS 5 Q
284
3.0
&
283.0) 283
18.3]
A 19| ss | o
r 4
14 +
1/ 282
7
11 - d
/1] 20| Tw | Pm 183 | consolidation test
with soft to v soft clay layers|, |/ 281
with occ. clay zones) /|
V]
%
11 280 N casing and
V] 2 k o wash
% b1 boring was used
/1 T from 21.35m
5/ 279 rom
CLAYEY SILT
grey, wet, with soft to v.soft clay layers A
v.soft to sliff L/
1%
8% 278
/ A
11
LV
277
11
// 22| S8 3 o
9
“ 278 +
2%
%
A
’/é 275
4
/ ]
V]
V
274
// 23| S8 13
4
11 273 -
T
¢4 ™~
/ /
/ 272 /
L1 v
713 / /
ext Page
9 + 3 X 3. Numbers refer to 2



Ministry of
Transportation

Ontario
SPT 1201

Foundation Design

RECORD OF BOREHOLE No C3

30F3 METRIC

End of Borehole

Water level in Borehole
Oct 12, 2007 - 13.1m
Oct 15, 2007 -4.0m

End of DCPT - 317 m (E!. 269.6 m)

GWP 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+170 1.5 m Lt C/L ORIGINATED BY
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger & NQ Caring COMPILED BY
DATUM _Gecdatic 10/14/2007 CHECKED BY
SOIL PROFILE SAMPLES | y e o wm | e
: 2 O LT MOISTURE wr ] E (:5
= 1) 5 173 20 40 60 80 100 CONTENT z <
O | x W 20 I i i i i 5
28| w|3[25| & [sHEaRSTRENGTHKP i 2 Wy g
S DESCRIPTION o O O - = = R a —————— DISTRIBUTION
DEPTH Z12| £ | 5 |33| T |o UNCONFINED  + FIELD VANE Y
L > |gd| @ WATER CONTENT (%)
= z |5 @ |® POCKETPENETR. X LABVANE
718 [m} 20 40 B0 B0 100 10 20 30 kN/m 3 |GR sA Sl
i CLAYEY SILT ¥ , |
grey, wet
270.8 Asu N
— 305 l A >
ROCK FRAGMENTS g 25| RC TCR=3Z% <
in a clayey silt matrix C kaD=0 h
d ™~
269.6
3T 2 ™~ 100/7.6cm DCPT|
26 | RC TOR=4ep%
GRANITIC BEDROCK RAD=0 269
pink
27| RCTER =10
2678 RQD = 10%
335

Numbers refer to
Sensitivity

20

’5{1%5 (%) STRAIN AT FAILURE




Ministry of i .
Transportation Foundation Design
Ontario

SPT 1201
RECORD OF BOREHOLE No D1 10F2 METRIC
GWP 448-98-00 LOCATION Crooked Greek Culvert - Sta. 13+310 11 m Lt C/L / Sta 13+308 14 m Lt C/L ORIGINATED BY _ZI
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Augier COMPILED BY GR
DATUM _Geodstic DATE 10/15/2007 10/29/2007 CHECKED BY z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & w  |RESISTANGE PLOT — . AR
= ‘2 5 ::":,Sr"c MOISTURE L'ﬁ;ﬁ_ (= &
= 0 E 5| @ 20 40 80 80 100 CONTENT z 9
=3 i 5 |z2E]| 3 h e wp w w | 58 | cransie
ELEY Elg| & | 3 |2g| 2 [SHEARSTRENGTHKPa ————i DISTRIBUTION
PEPTH BESCRIEHON [3| £ | 5|33| £ [o wnconeneo  + FeLOvANE y %)
= z |EO| @ |a POCKETPENETR. X LABVANE [ WATER CONTENT (%)
o 40 8 120 160 200 3
300.0 GROUND SURFACE - e 0200 30 k/m 2 [GR 8A I CL
0.0 v
0.15 m TOPSOIL 1] ss| 7 ¢
21| 88 17 299 2
3| ss| 11 o
grey to brown 298
grey
4 88 11 o
207
5| ss| 9 q
! _ﬁ.tl
6| ss| 10 296 b
71 88| 9 °
295
5.0
4
8 S8 6 g
- 294
occ. clay seaj‘:‘f g | ss 1 o
SILT |
wel, dilatant 10| S8 9 293 o
loose to compact
1nf|ss| 7 5 b
3.3
} e
291
12| ss | & S o
3.1
290 +
13| sS 7 ( 4
289
3.0
+
288
14| ss | 5 o
(3.1
267 ! el
15| ss | & 286 [
ﬁ.a
285.0]
o Contnued Next page 20
+ 3 ) 3. Numbers refer to 15_¢_5

Sensitivity 10

(%) STRAIN AT FAILURE



!\rnriQ;\Sstg:ﬁfatio B Foundation Design
Ontario
SPT 1201
RECORD OF BOREHOLE No D1 20F2 METRIC
GWP _ 448-98.00 LOCATION Crooked Creek Culvert - Sta. 13+310 11 m Lt C/L / Sta 13+308 14 m Lt C/L ORIGINATED BY _zI
DIST HWY 86 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR
DATUM _Geodetic DATE 10/16/2007 10/29/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |« . 4 [ResisTaNCE pLOT e MR . N remarks
= ey
= o |$5| 20 4 e0 80 100 | Ghar  wr| 5O &
olEl |4 [3E] 3 T wp w w | 54 [ cransie
FLEV DESCRIPTION & m a 212 = g SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH g|3| F| 5 [88| £ [0 UNCONFINED  + FIELD VANE Y %)
ez z |ES| @ [e PockeTPENETR. X LABVANE | WATER CONTENT (%)
.y i 20 40 60 80 100 10 20 30 kNm3 |GR SA SI CL
T50] 285
occ. clay seams
SILT B[ ss| 2 e
wet, dilatant
26840 40
1800 Eng of Borehole @ 6.6 m on Oct 16, 2007 |
Water level in borehole - 3.7m upon completior]
Borehole was moved and redrilled to 15.7 m
on Oct 29, 2007
+ 3 X Numbers refer to 2

Sensitivity

15*}0’5 (%) STRAIN AT FAILURE



Ministry of . .
Transy%rtation Foundation Design
Ontario

SPT 1201
RECORD OF BOREHOLE No D2 10F 2 METRIC
GWP 448-58.-00 LOCATION Crooked Creek Culvert - Sta. 13+265 11 m Lt C/L ORIGINATED BY _Z|
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR
DATUM _Geodetic DATE 10/18/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E W IRESISTANCE PLOT{ pene | NATURAL - - REMARKS
= @ S MOISTURE = I
5 n |$5| @ 20 4 60 80 100 WM covrenr  MT] Z O &
14 w = z L L L =] GRAIN SIZE
a8 w| 3]|25| & [SHEARSTRENGTHKPa s . L 2
ELEV. DESCRIPTION slS]1 & | 2|55 E . DISTRIBUTION
DEPTH |3 7| 3|38 £ [o unconFmeD  + FIELD VANE y )
5 z [£°]| @ |a PoCKETPENETR X LABVANE | WATER CONTENT (%)
300.1 GROUND SURFAGE . i i L i 1020 30 kvm?3 |GR sa sI oL
0.0} 300
0.15 m TOPSOIL 1 ss 6 °
2 S8 12 500 4
299
grey to browr L 88 “ i 01927
T 298
grey
41 S8 7 o
SILT 41
wet, dilatant, loose to compact 297 =
tr. organics 5 s 4 b
A 4 _Ig,a
tr organics 6| ss| 8 296 N
3.4
_____ +
ir. clay 7 88 7 2
—— 295
be
+
8 S8 4 o
294 23
9| SS 6 o
293.§I
6.6
End of Borehole@ 6.6m _ﬁ.s
283
292
291
290
289 3
288
287
286
Contnued Noxl Page 20
+3 3, Numbers refer to 15_¢5
1 (%) STRAIN AT FAILURE

Sensitivily



Ministry of . .
Trans;r)yonation Foundation Design
Ontario

SPT 1201
RECORD OF BOREHOLE No D2 20F 2 METRIC
GWP _ 448-98-00 LOCATION Crooked Cresk Culvert - Sta. 13+265 11 m Lt G/L ORIGINATED BY _2!
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Augear COMPILED BY GR
DATUM _Geodetic DATE 10/16/2007 CHECKED BY Z0
GYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & W |RESISTANGE PLOT . L
=9 S FMLA:TIC MOISTURE L'S:ﬁ ~ I &
5| o o [£3] 2 20 40 60 8 100 | CONTENT z9
Zl =z GRAIN SIZE
z|W| w | 3 [25]| & [SHEAR STRENGTH kPa g w bt g
ELEV. BESCRIPTION clzl e 2|22 & PR S— DISTRIBUTION
DEPTH 2|3 | >133 < | O UNCONFINED ~ + FIELD VANE y %)
= | z |E°| @ [® POCKETPENETR. X LABVANE | WATER CONTENT (%)
285 1 w 20 40 60 80 100 10 20 a0 kNIm3 GR SA SI GL
785
284
283
262 N
281.4) k""‘--------....._ 100/60m DCPT
87

End of Borehole@ 6.6m

Water level in borehole - 3.7m upon completion|

DCPT was performed from 7,0 m to 18,7 m

+

3

3. Numbers refer to
Sensitivity

20
15$5 (%) STRAIN AT FAILURE



‘IMriQ;\sst;)yo?l;tion Foundation Design
Ontario
SPT 1201
RECORD OF BOREHOLE No D3 10F 2 METRIC
GWP 448-88-00 LOCATION Crooked Cresk Culvert - Sta_13+215 13 m Lt C/L ORIGINATED BY _zI
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR
DATUM _Geodell DATE 10/16/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 74 W |RESISTANCE PLOT T MARKS
Mo =4 pLasTic | D uaup | ':—: RE
= w |S2] 8 20 40 80 80 100 W contenr  MMT| 3 O &
S|e 4132 2 S S 5 GRAIN SIZE
Sl | w S |ak wp w wL E
o © |SHEAR STRENGTH kPa
i DESCRIPTION 18l sl 2|32] & —_— DISTRIBUTION
DEPTH S13[ 7| 3 |338| £ |o uvconrneD  + FiELD VANE . y (%)
elli= z |ES| @ |a PoCKETPENETR X LABVANE | WATER CONTENT (%)
2999 GROUND SURFACE . 49 #0120 180 200 20 30 knm?3 |GR sA I CL
0.0
0.15 m TOPSOIL 1 ss 11
299
2 S8 12
moist / brown
wet / grey
3 S8 " 298
4 S8 10
297
) SILT
dilatant, loose to compact 5 ss 9
At
296 =
3] §8 7
3.4
+
7| ss| 7 205
3.4
£
8 SS [}
294
3.4
+
2933 9 S8 5
6.6
End of Borehole @6.6m %3 ]
292 E
291 «
290 g
289 {
288 (
287 _l
288
285
Continued Nex Page 20
43 X 3. Numbers refer to

Sensitivity

15495 (%) STRAIN AT FAILURE



Ministry of
Transportation

Foundation Design

Ontario
SPT 1201
RECORD OF BOREHOLE No D3 20F 2 METRIC

GWP 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+215 13 m LLC/L ORIGINATED BY 2|

DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR

DATUM _Geodetic DATE 10/16/2007 CHECKED BY Z0

SOIL PROFILE SAMPLES | | w [RYMAMIC GOND EENETRATION
oo e PLASTIC ::rs'frm"E waup | = REMARKS

5 w |$5| B 20 40 60 80 100 | covew WT| Z 0 E
Sl u gl z : A . . L wp w we | 2 g GRAIN SIZE
|8 w2 ]28] & |SHEARSTRENGTH kPa

ELEY DESCRIPTION it & = ol g b1 DISTRIBUTION

DEPTH Z12| £ | 5 133| £ |o UNCONFINED  + FIELD VANE %

4 : z WATER CONTENT (% Y %)
5l < z |[%©| L |e® POCKETPENETR X LABVANE (%)

2849 w 20 40 B0 80 100 10 20 30 Nm3 |GrR sA s cL

284.6| I

5.3 E
nd of Borehole @6.6m
Borehole dry upon completion (not slabilized)
DCPT was performed from 7.0 m to 15.3 m 284
20
+ 3 X 3, Numbers refer to

Sensitivity

’5*1%5 (%) STRAIN AT FAILURE



Ministry of Foundalion Design
Transportation
Ontario
SPT 1201
RECORD OF BOREHOLE No D4 10F 2 METRIC
GWP 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+108 13 m Lt C/L ORIGINATED BY _2!
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR
DATUM _Geodetic DATE 10/17/2007 CHECKEDBY ___ 20
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & ;:‘-l RESISTANGE PLOT rene | NATURAL - - REMARKS
E 9 MOISTURE -
= w |£2] 8 20 40 80 80 100 WMT ovrenr  MT| S O &
Q| a|l=ze I Y S (M 5 GRAIN SIZE
Z|w 5 |lekE]| 3 wp w WL L
ELEY o lm| & 2 |28 © |SHEAR STRENGTH kPa " o " DISTRIBUTION
DEPTH SECCRIFTION 12| £ | £|23%]| £ |o UNCONFINED  + FIELD VANE y %)
[ -2 s lzol| & WATER CONTENT (%)
"7) F4 o B A POCKET PENETR X LABVANE
) o 40 80 120 160 200 10 20 30 3 cL
298.9 GROUND SURFACE kN/m ® [GR SA SI
0.0
0.15 m TOPSOIL 1| ss | s o
2] ss| 1 298 5 0297
[
browr B S8 i 267
grey
4 S8 6 © 02 92 8
298
SILT g
trace of clay, wet, dilatant 5 s3 & no recovery
po
295
3] S8 7 o
Bo
.|-
o
7 88 6 294
_*3.9
8 SS 7
293
0
i
9| ss 8 no recovery
292.3
56 End of Borehole @6.6m .Es
292 f
291 )
290
289 >
288 \
287 )
286 )
285
28404
Coan 20
+3 3, Numbers refer to 15_¢_5
"7 Sensitivity T (%) STRAINAT FAILURE



Ministry of . A
Transportation Foundation Design

Ontarie
SPT 1201
RECORD OF BOREHOLE No D4 20F2 METRIC
GWP 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+108 13 m Lt C/L ORIGINATED BY _zI
DIST HWY &6 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR
DATUM Geodetic DATE 1041712007 CHECKED BY Z0
GYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o w
E = a\ RESISTANCE F'LGT—:""-E._—_ - ;g;:m; _— E REMARKS
5 w |$5| 2 20 40 60 8 100 |"T comewr M o &
o w o 1 1
g |d|w|3|25| & [sHEARSTRENGTHKPa s . wi || SR || IORARESIES
b DESCRIPTION |2l 2| 2|58 E — o DISTRIBUTION
DEPTH E S| £ |35 |33| £ [o unconrmnep  + FiELDVANE y %)
=12 Z |%9| @ |e POCKETPENETR X LABVANE | WATER CONTENT (%)
283.9] ‘" 20 40 8O 80O 100 10 2 30 km3 |GrR sa SI CL
283
282
281
280
279
278
217
276
275
274 \
[~
\-..“'?
273
272} .;
271 \
J/
s |
270.4 I — 4
O0/Eem DCET |
285 End of Borehole @6.6m
DCPT was performed from 7.0 mto 28.1m

20
3 3. Numbers refer to
X Sensitivity 15-?6'5 (%) STRAIN AT FAILURE



Ministry of
Transportation

Foundation Design

Ontario
SPT 1201
RECORD OF BOREHOLE No D5 10F 2 METRIC
GWP  448-98-00 LOCATION Crooked Creek Culvert - Sta_ 13+060 13 m Lt C/L / Sta 13+062 13 m Lt C/L ORIGINATED BY _zI
DIST HWY 86 BOREHOLE TYPE _ Holiow Stem Auger COMPILED BY GR
DATUM _Gsodstic DATE 10/16/2007 10/29/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES B:J ;IJ RESISTANCE PLOT peme | NATURAL . - REMARKS
() MOISTURE = T
= o |$3] B 20 40 60 80 100 "7  cowenr M| 3O &
=1 S1ze| 3 et e wp w we | & | cransize
ELEV &g €| 2|25 & [SHEARSTRENGTHKPa £ an .
DEPTH DESCRIPTION Sl12| F | $|12Z| 5 |o UNCONFINED  + FIELD VANE 0
g2 |28 2 WATER CONTENT (% Y (%)
EilZ Z |5°| © [a POCKETPENETR. X LABVANE (%)
209.8 GROUND SURFACE . g0 o 0 R0 = 10 20 30 knm3 |GR sA I CL
0.0
0.2m TOPSOIL // | ss | s |
SILTY CLAY /
brown, moist, soft to firm 299 ]
o 2| ss| s
17
%
Srown 3 SS 12 298
grey
4| ss| 10 G
207
5 88 6 no recovery
295 24
8| ss| 5 o
33
+
7| ss| s 295 .
3.5
+
6 88 5 no recavery
294
2.8
2
9| ss| s 3
SILT 293 <R}
trace of clay, wet
loose to compact, dilatent 10| SS 5 b
_ﬁ.d
1| ss 8 292
\ ‘.Els
291
tr. clay 12| ss | 4 I o
200 "
\ +
289
13| ss | 7 )
37
+
288
14] ss | 10 \ q
287 {
= 286
15 ss | 7 3
tr. clay
ps
285
Con!muea ius;‘p &
5 +3 % 3. Numbers refer to 2

Sensitivity

1585 (04) STRAIN AT FAILURE



Sensitivily

Ministry of i i
Transg:nrtation Foundation Design
Ontario

SPT 1201
RECORD OF BOREHOLE No D5 20F2 METRIC
GWP 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+060 13 m Lt C/L / Sta 13+062 13 m Lt C/L ORIGINATED BY _ZI
DIST HWY B& BOREHOLE TYPE _ Hullow Sterm Auger COMPILED BY GR
DATUM _Geodetic DATE 10/16/2007 10/29/2007 CHECKED BY ___ 20
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES B W |RESISTANCE PLOT NATURAL - REMARKS
=2 5 PLASTIC  poisTuRE ”ﬁ;’lﬁ - T N
= w |$5] & 20 40 60 80 100 UM conTent z9
9| @ 3; = h h f h 1 we w W :g GRAIN SIZE
EiE Zlg| & |3 [25]| & |SHEARSTRENGTH kPa ; & DISTRIBUTION
DEPTH BESCRIFTION 13| £ | 3|33 5 [o unconrned  + FiELD VANE . y o
sz 2 |£9| @ |e POCKETPENETR X LABVANE | WATER CONTENT (%)
w 20 40 80 8O 100 10 20 30 Nm3 |GR sA sI cL
284.8
SILT
trace of clay, wet alTss 2 N
2841 loose to compact, dilatent
1571 End of Borehole @ 6.6 m - Oct 16,2007 284 0
DCPT was performed from 7.0m to 15.3m -Oct 'fi
18, 2007
Borehole moved and redrilled from 7.2 m to
16.7 m -Oct 29, 2007
+3 3. Numbers refer to 153_5
) ’ 1 (%) STRAIN AT FAILURE



Ministry of

Foundation Design

Transportation
Ontario
SPT 1201
RECORD OF BOREHOLE No $1 10F3 METRIC
GwWP 448-98-00 LOCATION Crooked Creek Cuivert - Sta. 13+137 1.4 m Lt C/L ORIGINATED BY _2I
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger & N-type Wash Boring COMPILED BY GR
DATUM _Geodslic 10/4/2007 CHECKED BY Z0
[ETRATI
SOIL PROFILE SAMPLES | B o o e i SN TIRATIO
[ = pLastic  NATURAL Liauip ’:E REMARKS
= » ':: zZ 8 20 40 80 80 100 LT 'gg'::gsf umiT ’:'Z- o &
=g i 4 [28] z et wp w w | 54 | cransizE
tlm| & |2 5| © |SHEAR STRENGTH kPa
ELby DESCRIPTION = e 12|58 E —_———— DISTRIBUTION
DEPTH S 3| F | 3|38 < |O UNCONFINED  + FIELD VANE y %)
£z 2 |0 @ |a POCKETPENETR X LABVANE | WATER CONTENT (%)
» i ] 40 60 120 160 200 10 20 30 3
301 GROUND SURFACE kN/in® JGR SA S CL
0.0 80mm ASPHALT 1 = o
0.19 m SAND & GRAVEL
brown, moist 2 — 301 o
300.§ 0.48 m SAND
0.8 brown to grey, trace of gravel, moist
3 48 o
FILL:sand 4 i dcr 300 [e)
brown, trace of gravel !
mois
wol
8 48 289
298 8
R 2.8 FILL:sandy gravel
-—‘-95-‘13 % brown, wet EEHE 9 Spoon wet
31m
298 @
FILL:rock 7 Auger refusal @
granite, with some sand & gravel
31m
291'% borehole was
CLAYEY SILT
with some peat, trace of rootlets V] 287 advanced by NQ
trace of sand, with some gravel, wet A ,/ 8 [} of rock coring from
296.5
50 31to4.3m
] 12 208 S 0098
10 8
295
3.0
+
" B o
0094686
294 3
12 8 ]
3.0
293 +
SILT
grey, trace of clay, wet, dilatant
loose with occasional firm to stiif zones
13 6 ]
292
_rl.u
291
- e 7
with soft clay seams 14 3 4
0
290 .
15 7 289 =]
_'g.o
288
with clay seamg 16 10 ©
287
286 51
Contnuod Next Ega 20
Numbers refer to 15 ¢5

Sensitivity 10

(%) STRAIN AT FAILURE



Ministry of
Transportation

Ontario
SPT 1201

Foundation Design

GWP 448-38-00

RECORD OF BOREHOLE No $1

LOCATION

Crooked Creek Culvert - Sta. 13+137 1.4 m Lt C/L

METRIC

ORIGINATED BY 21

DIST HWY 66 BOREHOLE TYPE  Hollow Stem Auger & N-type Wash Boring COMPILED BY GR
DATUM _Geodati 10/4/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & W |RESISTANCE PLOT{ 3 REMARKS
el 3 wr| £ 3 &
= 0 E% » 20 40 80 B0 100 z9
2|5l | 5|3E] 3 e we| 54 | cransizE
ELEV DESGRIPTION & uE: o 2 zg| 2 SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH < t > < O UNCONFINED 4+ FIELD VANE o
g2 c 28| 2 WATER CONTENT (% v %)
- £ |%O| @ |e POCKETPENETR. X LABVANE (%)
60 100 3
286.5 u 20 40 80 30 kvm?3 |GR SA sI oL
5.0
17| S8 9
SILT
grey, trace of clay, wet, dilatant 3.0
loose with occasional firm to stiif zones +
284.7)
16.8|
/; 18| 88 ] o
A 50]
/] ]
CLAYEY SILT //
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Sensitivity 15 (%) STRAINAT FAILURE



Ministry of Foundation Design
Transportation
Ontario
SPT 1201
RECORD OF BOREHOLE No $1 30F3 METRIC
GWP __ 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+137 1.4 m Lt C/L ORIGINATED BY _2I
DIST HWY 66 BOREHOLE TYPE __ Hsollow Stem Auger & N-type Wash Boring COMPILEDBY __GR
DATUM _Geodetic DATE 10/2/2007 101412007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & UT'<J RESISTANGE PLOT Do wma n I
= @ MOISTURE = I
= o[£35 3 20 40 80 80 100 WAIT CONTENT | = o &
Sle uw el z e et wp w wi | 58 | cransize
= lB| B | 2]|25] S [SHEARSTRENGTHkPa L < - DISTRIBUTION
LI 2l 2 <1532 &
DEPTH BESGRIPTION 12| £ | 3 [33]| £ [o unconrned  + FiELDVANE . y o
== z |£S| © |e PocKETPENETR X LABVANE [ WATER CONTENT (%)
2715 [m} 20 40 60 80 100 10 20 30 wWm3 |er sa s1 cL
"“‘\-._‘
270.3
312 End of Borehole @ 19.2m 100/6cm DCPT
DCPT was performed from 19.2 mto 31.2m
Water level in Borehole
Oct 02, 2007 - 3.2 m
Oct 03, 2007 - 1.8 m
3 3. Numbers refer to 2
X7 Sensitivity “”%5 (%) STRAIN AT FAILURE



Sensitivity 10

(%) STRAIN AT FAILURE

Ministry of Foundation Design
Transportation
Ontario
SPT 1201
RECORD OF BOREHOLE No S2 10F2 METRIC
GWP 448-98-00 LOCATION Crooked Creek Culvert - Sta. 13+200 1.5 m Lt C/L ORIGINATEDBY 21
DIST HWY 66 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY GR
DATUM _Geodstic DATE 10/14/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & lé-’ RESISTANGE PLOT psme | NATURAL - — REMARKS
= @ MOISTURE = I
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E z z [£O]| @ |a PocKETPENETR X LABVANE | WATER CONTENT (%)
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brown, moist
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brown to grey, trace of gravel, moist 1 88 61 (o]
300.0
1.2 300
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dark brown, trace of gravel, traceof sand L 1] 5 | ss | 19 b
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299.0 »
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4| ss | 1 298
brown
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6 S8 10 p
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£
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trace of clay, wet, dilatant
loose to compact with occasional firm to stiif
zones -
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287 >
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o il +3 %3 Numbers refer to 1535



Ministry of
Transportation

Foundation Design

Ontario
SPT 1201
RECORD OF BOREHOLE No S2 20F2 METRIC
GWP 448-98-00 LOCATION Crooked Creek Culvert - St 13+200 1.5 m Lt /L ORIGINATED BY _z|
DIST HWY B6 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CGR
DATUM _Geodetic DATE 10/14/2007 CHECKED BY Z0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ['4 W |RESISTANCE PLOT e 3 REMARKS
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E v [$£5] 3 20 40 60 80 100 |"™MT  coewr MT| Z O &
Ol i 2l z L I L L L wp W wi | ° E GRAIN SIZE
(8| w | 3|25 S |SHEARSTRENGTH kPa N EnT
FLEY DESCRIPTION elzs] & | 2|52 E Y ° }
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|z 2 |ES| @ |e PockeTPENETR X LABVANE | WATER CONTENT (%)
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trace of clay, wet, dilatant
Ioose to compact with occasional firm to stiif 15| 88 7 o
285.5 zones
15.7]
_’5.4
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280 \\\
‘\>
279 /
278 \
277.7 T —
TOOTZ 56m DUPT|
=3I End of Borehole @ 16,8 m
DCPT was performed from 16.8 m to23.5 m
* Waler level @ 4.3 m upon completion (not
stabilized)
20
+3 : 3. Numbers refer to 15_¢_5

Sensilivity

10

(%) STRAIN AT FAILURE



Appendix 3 Design Data

Sketch Nos. 1 and 2: Conceptual Cofferdam Sketch

LVM | MERLEX



REF.: 13073-F9 LVM | MERLEX

BEAVER DAM
(APPROX. 1m HEAD OF WATER)

COFFERDAM WITH BYPASS
PUMPING THROUGH TEMPORARY
BYPASS PIPE THROUGH EXISTING
EMBANKMENT

CROOKED
CREEK

15+ 200

EXISTING 6.1 m
SPCSPA CULVERT

; ; ; —

=5

FLOW

Not to Scale

Conceptual Cofferdam Sketch

HWY 65 - Crooked Creek Culvert at Station 13+ 165, Township of Eby SKETCH NO. 1




REF.: 13073-F9 LVM | MERLEX

BEAVER DAM
(APPROX. 1m HEAD OF WATER)

STAGE 1

COFFERDAM WITH BYPASS
PUMPING THROUGH OPPOSITE
SIDE OF EXISTING CULVERT

STAGE 2

COFFERDAM WITH BYPASS
PUMPING THROUGH OPPOSITE
SIDE OF EXISTING CULVERT

CROOKED
CREEK

15+ 200

I COFFERDAM SYSTEM THROUGH
EXISTING CULVERT

f EXISTING 6.1 m
SPCSPA CULVERT |
| | |

Not to Scale

Conceptual Cofferdam Sketch

HWY 65 - Crooked Creek Culvert at Station 13+ 165, Township of Eby SKETCH NO. 2




