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Bellrock Dam Concrete Condition Assessment

1. Introduction

Figure 1-1: View of the Bellrock Dam

Hatch has recently undertaken a global stability assessment of the Bellrock Dam. During the
assessment it was determined that stabilizing remedial actions would be required for the dam
to meet current NDMNRF dam safety guidelines. Hatch performed the design for the
installation of post-tensioned anchors for the structure. Quinte Conservation (QC) would like
the condition of the concrete assessed prior to drilling and anchoring to verify the integrity of
the structure. To do this, Hatch had suggested concrete coring be completed in the three
distinct sections of the dam; the overflow weir, the spillway pier and the gravity section. The
objective of this investigation was to determine if the anchoring program should continue as
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designed, if the anchoring design must be modified to accommodate poor concrete
conditions, or if an alternate approach should be taken.

1.1 Structure History
The Bellrock dam was originally constructed in 1958, in 1982, an effort to rehabilitate the
deteriorated concrete took place. It is assumed that the work outlined on Cumming —
Cockburn & Associates Limited, Drawing Nos. 4014-1 & 4014-2 has been completed,
however, it should be noted the drawings are not labeled as “As-Built”. The scope of the
rehabilitation was to resurface the overflow weir and the right pier and rebuild the left pier.
Passive rock anchors are also included in the drawings between bedrock and the newly
placed concrete. In 2004, Hatch performed a Dam Safety Assessment and determined that
none of the components of the dam completely satisfy the global stability requirements for
concrete dams. In 2010, a new gantry was installed over the spillway bay. It is understood
that the history of the dam may not be complete as limited documentation was provided to
Hatch for this assessment.

111 Concrete Rehabilitation - 1982
The following work was specified on Drawings 4014-1 & 4014-2:

1. Weir — Remove minimum 150 mm of concrete on the crest of the weir and all deteriorated
concrete along upstream and downstream surfaces. Install four passive rock anchors
(25M) on the upstream side of the weir. Install 15M rebar matt on 300 mm centers, and
place concrete over entire weir.

2. Left pier — The existing left pier was removed and replaced with newly placed concrete,
with a passive rock anchor (25M) installed into bedrock. The steel reinforcement used
was a 300 mm x 300 mm matt cage.

3. Right Pier — A minimum of 300 mm of existing concrete to sound concrete was removed
and replaced with new concrete. A passive rock anchor (25M) was installed near the
upstream edge of the pier. A 600 mm x 600 mm dowel grid was used to at the interface
of existing and new concrete. The steel reinforcement used was a 300 x 300 mm matt
cage.

2. Concrete Coring

Concrete coring took place on October 20", 2022 and a total of two cores were drilled and
taken for further testing. The next day, one core was taken from the overflow section and later
sent to Hatch for examination and laboratory testing.

2.1 Site Representation
Hatch personnel was present on site and directed the drilling for October 20" and advised the
location for the final core prior to demobilizing from site. PVC piping (or alternative) for
transporting the cores was not provided by the contractor.
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2.2 Drilling Layout
Three concrete cores were taken during the drilling exercise; a core in each representative
section of the structure that will be anchored to improve the global stability of the dam. Core 1
was taken from the right gravity section, Core 2 was taken from the right pier of the spillway
and Core 3 was taken from the overflow spillway. Since the left pier was rebuilt in 1982, it is
assumed to be in equal or greater condition than the right pier and was therefore not selected
for coring.

The diameter of core samples for compressive strength testing is generally dictated by the
size of the aggregates in the concrete. Given the age of the structure, and no construction
documentation, it is assumed large aggregates were used during the original construction.
Therefore, a 6-in. diameter core bit was used. The desired length to diameter ratio for
compressive testing is around 2 : 1, therefore a target core sample length of twelve inches
was selected.

2.3 Core Samples
Photographs of the samples were taken shortly after they were removed from the dam. The
three samples are shown in Figure 2-1.

1/A ' 2B ' 3/C

Figure 2-1: Three Concrete Cores Taken from Bellrock Dam
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All three of the samples indicate concrete resurfacing had been performed on the structure in
the past. The intention of the drilling program was to retrieve a sample of the concrete below
the rehabilitated surface concrete. However, with varying concrete depths, drill bit/extension
limitations, and concrete cracking, this was not achieved for all of the cores.

3. Bellrock Dam Condition Assessment

An assessment on the quality of the concrete and applicability of the proposed anchorage
program was performed by visual and laboratory results of the concrete.

3.1 Visual Assessment
During the coring of the dam, a visual assessment of the concrete was performed, the
following section outlines observed concrete deficiencies.

3.11 Slurry Deposit
During the drilling of concrete Core 1, diluted concrete slurry was seeping through a joint in
the right wingwall to the leveling slab. Figure 3-1 shows the slurry deposit downstream of
Hole 1 as well a view of the inside of Hole 1.

Figure 3-1: Slurry Deposit Downstream of Core Hole 1, Internal View of Core Hole 1
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The slurry deposit and empty core hole are clear indications that there are seepage paths
from the core to the downstream face of the dam. This will impact on the anchoring program
as the drilled holes must pass a watertightness test prior to the installation of anchors. It
should be assumed that all of the anchor holes will need to be grouted and re-drilled to satisfy
the pressure testing requirements. Procedures and requirements for this are specified on the
anchoring drawings.

3.1.2 Overflow Weir Surface Erosion
The overflow weir exhibits moderate surface erosion as shown in Figure 3-2.

Figure 3-2: Exposed Aggregate on the Overflow Weir

The overflow section has eroded and exposed aggregate along the entire surface of the
structure. A core was taken from the crest of the overflow to help estimate the condition and
strength of the concrete and to reveal the depth of the rehabilitated concrete. The depth from
the sample indicates approximately 14 cm of sound concrete remaining on the surface of the
overflow section.

3.1.3 Leveling Slab downstream of the Right Wingwall
Undermining of the leveling slab downstream of the right wingwall has occurred, shown in
Figure 3-3.
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Figure 3-3: Undermining of the Right Wingwall Leveling Slab

The base of the leveling slab has eroded and undermining has begun. The undermining does
not appear to have occurred beneath the dam proper. Large rocks appear to have been used
in the concrete of the leveling slab, likely a different mix than has been included in the dam

3.14 Concrete to Bedrock Interface

Two notable locations along the downstream toe of the dam have active leakage. The two
locations are shown in Figure 3-1 and Figure 3-4.

G . 1 5 3 4 == KEEP

Figure 3-4: Seepage Points Downstream of Overflow Weir
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Seepage beneath concrete structures does not always indicate a concern for dam safety.
However, seepage should be generally controlled to avoid excessive erosion to the concrete
and foundation of the dam.

3.2 Concrete Laboratory Results
Hatch engaged WSP to perform concrete compressive strength testing of the three samples
obtained from the Bellrock Dam. The Concrete Core Test Report is available in Appendix A.
The three core samples were delivered to WSP as shown in Figure 3-5. Testing was
performed according to CSA A23.2-14c.

Figure 3-5: Cores Prior to Delivery to WSP

Core 1 contains a notably large aggregate and an area of honeycombed concrete or
deteriorated concrete that was not removed and replaced during the deck resurfacing. Core 2
has longitudinal cold joint that runs nearly the entire length of the core. The majority of Core 3
appears to be the remediated concrete surface. The trimmed cores are shown in Figure 3-6
after they have been tested.

,L,

Figure 3-6: Cores after Compressive Testing
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A summary of the laboratory results is presented in Table 3-1.

Table 3-1: Compressive Test Results

Core Sample \ /A 2/B 3/C
Corrected Strength (MPa) 104 6.8 255
Failure Type 3 2 3

The results of the compressive strength testing show significant variability in the compressive
strength of the concrete cores. This is to be expected in cores taken from a structure dating
back to the 1950s that has undergone concrete remediations. Cores 1 and 2 contain defects
that when exposed to unconfined compression tests would be expected to present lower
strength results than the concrete in-situ, which inherently enjoys some degree of
confinement.

The strength of the concrete will have an impact on the mechanism transferring the load of
the anchors to concrete of the dam. Typically, a lower strength concrete will require a larger
bearing area for the anchor head (upper end) to accommodate the same compressive load.
Engagement of foundation bedrock is not expected to present any capacity problems. To
increase the bearing area at the anchor head, a larger steel plate can be specified, or a
concrete pedestal can be formed to distribute the load to a larger area.

4, Conclusions and Recommendations

The following is a summary of the observations and conclusions made from the Bellrock Dam
concrete assessment:

1. The overflow weir has experienced moderate surface erosion with exposed aggregates.
At this time, this surface deterioration is not a dam safety concern.

2. As exhibited during drilling of Core 1, it is anticipated that many of the anchor locations
will have seepage paths or voids within the concrete, which will necessitate hole sealing
(as specified) during anchor installation.

3. Undermining of the leveling slab downstream of the right wingwall has occurred.

4. There is evidence of seepage along the interface of the bedrock and concrete along the
downstream side of the overflow section and between the leveling slab concrete and the
right wingwall. Grout injection at these interfaces may have impacts on the assumed
shear strength parameters of the assumed failure plane. Crack injection may have a
negative impact on the hydrostatic uplift profile if the crack injection does not target the
preferred upstream portion of the dam body and it is possible the leakage will only
migrate to a different location along the downstream side of the dam.

5. The results of the compression test indicate that two of the concrete samples tested
exhibited lower than assumed compressive strength.
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4.1 Recommendations
Hatch recommends the following:

1. The condition of the overflow weir should be monitored over time during annual
inspections. The current surface erosion of the weir does not pose a dam safety concern,
however, should be monitored for possible accelerated deterioration.

2. It should be assumed that all of the anchor holes will need to be grouted and re-drilled to
satisfy the pressure testing requirements. This assumption should be noted in the tender
documents and reflected in the pricing schedule.

3. The condition of the concrete leveling slab downstream of the right wingwall should be
monitored for further undermining. A repair plan can be considered at this time and
should be implemented when undermining of the dam proper begins.

4. Aninvestigation into a grouting program should be performed. The open concrete to
bedrock and concrete to leveling slab crack injection should target the upstream surface
of the dam.

5. The anchor head design will be modified to accommodate for the lower than assumed
strength of the concrete. Revisions to the Bellrock Dam Post Tensioned Anchors Drawing
H368596-0000-220-270-0001 are shown in Appendix B.
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Appendix A:
Concrete Core Compressive Strength
Report

H369335-0000-230-230-0001, Rev. A

© Hatch 2023 All rights reserved, including all rights relating to the use of this document or its contents.



\\\I)

CONCRETE CORE TEST REPORT

Obtaining and Testing Drilled Cores for Compressive Strength Testing CSA A23.2 - 14C

PROJECT #:
PROJECT:

DATE RECEIVED:
LOCATION:

TESTED BY:

OMATB2283.2000

Hatch - Materials Lab Testing
29-Nov-22

H369335 - Bellrock Dam Concrete
Condition Assess.

J. Pasqua

CLIENT:
DATE REPORTED:

SAMPLED BY:
CONTRACTOR:
CLASS:

CONDITIONED:

Hatch
14-Dec-22
Client

n/a

n/a

Dry

Lab No.:
Core No.:

Location of Core:

Date Of Pour:
Date Sampled:
Date Tested:

Age At Test (Days):

= As received

£ As tested

<
%)
C
<9
Diameter (mm)
Volume (cm?)

Mass (g)

Density (kg/m =)

Load (N)

Strength (MPa)

Failure Type

Corrected Strength (MPa)*

Prepared by: J Pasqua

TEST RESULTS

C1806-22a | C1806-22a C1806-22a
A B C

H369335 - Bellrock Dam Concrete
Condition Assess.

n/a n/a n/a
n/a n/a n/a
13-Dec-22 | 13-Dec-22 | 15-Dec-22
n/a n/a n/a
301.3 315.0 3175
2726 | 2444 | 2697
1571 156.9 1441
52841 | 47254 | 43984
N482 9162 10098
2173 1939 2296
205156 135584 415533
10.6 7.0 255
3 2 3
10.4 6.8 252

Note: *If length to diameter ratio (L/D) is less than 1.8

Reviewed by: O.Lazic

%@ Jenko

WSP E&I Canada Limited
3450 Harvester Rd., Suite 100

HA-TEM-MAT-T101A-02
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Appendix B:
Bellrock Dam Post Tensioned Anchors
Drawing
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NOTES:
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