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Memo   

To: Barbara Robinson, City of Cambridge File no: TP111118-26 

From: Derk Meyer/Aaron Brouwers/Ron Scheckenberger   

Date: December 23, 2014 

c.c.: George Elliott, City of Cambridge; Leo Sanchez, Sanchez 
Engineering Inc. 

 

Subject: Riverside Dam 
Structural Investigation & Review of Repair Feasibility,  
City of Cambridge 

 

1. Background 

 

The City of Cambridge retained Sanchez Engineering Inc. to carry out an evaluation of the 

Riverside Dam in 2008/9 (ref. Riverside Dam Structural Evaluation and Detailed Design, Sanchez, 

2009).  The dam is located on the Speed River, just north of the CP Rail’s spur, servicing the 

industrial area to the northwest, and north of King Street (ref. Sheet 1).  The inspection by 

Sanchez was completed in 2008 and the final report was submitted in 2009.  The 2008 inspection 

revealed that the north stop log control structures were in poor to fair condition and the south stop 

log control structure was in need of an emergency repair which was subsequently carried out by 

the City of Cambridge after the inspection in 2009.  The repair was completed as a stop-gap 

measure to stabilize the control structure and in so doing prevent catastrophic rapid failure of the 

dam. 

 

The Riverside Dam was constructed circa 1890 and consists of a rubble filled core, covered with 

a reinforced concrete shell that ranges in thickness from 0.45 m to 0.58 m.  Sanchez reported 

reinforcing steel as being comprised of 12 mm square bars and 11 mm round bars.   

 

Core samples, taken from the crest in 2008 in support of the Sanchez study, determined that the 

concrete had an average strength of 37.3 MPa, based on an average thickness of the concrete 

shell (0.53 m).   Concrete strength was calculated to be as low 29.4 MPa.  The lower value was 

conservatively used in the structural calculations by Sanchez.  The strength of the rubble core 

could not be determined analytically as the samples taken were not considered suitable for 

testing.  The strength of the core was hence estimated as 13.1 MPa based on measurements 

from the nearby Silknit Dam, which was of a similar design and construction, and a similar vintage 

(built in 1906). 

 

The 2009 Sanchez report indicated that the structural factors of safety, based on the foregoing 

information, met the Ontario Dam Safety Guidelines (MNR, Draft 1999) except for sliding under 

ice loading conditions.  The calculated factor against sliding for the Sunny Day – Winter conditions 

was noted to be below 1.0.  However, because the dam was known to experience active flow 
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during the entire winter (i.e. does not freeze solid), it was concluded that it would be unlikely that 

the ice would make direct contact with the dam with sufficient force to develop the entire estimated 

ice force (25 kN/m); this assumption was supported by the fact that the structure has remained 

in-place over the years despite the build-up of ice.  On this basis the dam was concluded to meet 

the requisite factors of safety. 

 

Based on the conclusions in the Sanchez report, which indicated parts of the Riverside Dam were 

in poor condition, and based on the vintage of the dam (> 100 years old) and the form of 

construction of the dam (concrete cap with a rubble core) complemented by engineering 

judgment, the alternative to repair the dam was screened out early in the process of the Riverside 

Dam Class Environmental Assessment, currently being undertaken by the City of Cambridge and 

AMEC.  Due to public resistance to dam removal, the City has commissioned further structural 

investigations to confirm the feasibility of rehabilitating the existing Riverside Dam.   

 

2. Scope of Current Work 

 

As the inspection of the dam, which was completed in 2008 by Sanchez, is now over 6 years old, 

the City of Cambridge has requested AMEC (Engineering Consultants for the ongoing Class EA) 

to carry out an inspection and obtain additional samples through the core of the structure and into 

the foundation, to provide an indication of the durability of the materials in the core and the 

concrete shell, and to provide a better understanding of the founding materials.  

 

The purpose of the work has been to determine the feasibility of potentially rehabilitating the 

existing dam structure and if so, the scope of the possible works.  Based on the Ministry of Natural 

Resources Procedure No. WR.4.03.05.05 for the Administration of Section 16 – Lakes and Rivers 

Improvement Act (LRIA), it is understood that concrete repairs representing greater than 15% of 

the existing concrete surface area (or greater than 15 m2) or have a penetration depth greater 

than 75 mm would trigger the requirement for approval under the LRIA.  These thresholds are 

used to determine the magnitude of works which may affect the dam’s safety or structural integrity 

(ref. LRIA Regulation 454/96 Section 2.1.b).  Where approval under LRIA is required, it is 

understood the overall dam would be required to satisfy the current Provincial dam safety 

requirements (now specified in the Technical Bulletins under the Lakes and Rivers Improvement 

Act, MNR, 2011).  Hence this report provides commentary on these working thresholds as they 

pertain to the repair opportunities identified herein.  It is also understood that where approval 

under the LRIA is required, the MNR will consider other non-structural factors, as required under 

the 2011 Technical Bulletins, including ownership, flood rights, Species at Risk, and other 

environmental considerations. 

 

The current work plan was scheduled to be completed by June 2014, however safety concerns 

associated with inclement weather and elevated flows in the Speed River delayed the inspection 

until August 22, 2014.  The normal summer low flow at the dam site in the Speed River is 3.5 m3/s, 

however for much of the summer (months June to August), flows were considerably higher, 

hovering around 6 m3/s +/- or higher (considered the maximum flow to safely undertake 

inspections). 
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The inspections were carried out by AMEC structural engineers on three (3) separate days: 

 

 May 28, 2014   Inspection of the downstream side of the dam 

 August 22, 2014 Inspection of the crest and upstream side of the dam (underwater 

inspection) 

 August 28, 2014  Coring of the dam and foundation 

 

 

3. Inspection 

 

Stop Log Structures and Retaining Walls 

 

Details associated with the inspection are depicted 

on Sheet 1, attached.  The inspection of the 

downstream face of the dam started at the north 

stop log structure.  The north stop log structure is 

a masonry structure with significant sections of the 

front face missing (ref. Figure 1).  The exposed 

core consists of larger boulder rock with a low 

strength cement mortar. The joints are opened 

and vegetation is growing through the open joints.    

Several large sections are missing and others are 

on the verge of falling off the structure. 

 

The top slab of the structure is cracked in several locations and sloping downstream.  It is not 

known if the top slab was intentionally constructed with a slope.  The top of the south arch is 

severely delaminated and reinforcing steel is exposed.  

 

The timber stop logs shown in Figure 2 are leaking.  This is typical of both raceways (arches 

shown in Figure 1) on the north structure.  The wooden stop logs appear to be in fair condition. 

 

The retaining wall on the north side of the Speed River, just downstream from the dam is in poor 

condition (ref. Figure 3 & 4). The footings are eroded and the joints are open.  Failure of the 

retaining wall could compromise the dam. 

 

Figure 1: North stop log structure 
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Figure 2: North stop log structure –  

South raceway and stoplogs  
Figure 3: North retaining wall  

Figure 4:  North retaining wall  Figure 5:  South stop log structure showing 

emergency repair and high water mark  

 

The downstream side of the south stop log structure has been reinforced with large angular rock 

(0.45 to 0.60 m +/- diameter); this work was recommended as part of the Sanchez study and 

undertaken as an emergency repair and completed in 2009 (ref. Figure 5).   The high water marks 

on the face of the stop log structure are also evident on Figure 5.  

 

The north and south stop log structures both have significant vegetation growing through them 

which continues to deteriorate their integrity.  

 

Dam Structure - Downstream Face 

 

The downstream face of the dam was inspected by a combination of visual observations (where 

turbulent water did not obscure the view) and by physically touching the structure. Physical touch-

based observations were difficult to confirm by photographs due to the turbulent flow obscuring 

most of the details and defects. It is noted that nearly all the significant details/defects were found 

in the turbulent flow areas as shown by the white water in Figure 6.  
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Between the north and south stop log structures, four (4) exposed reinforcing steel rods were 

observed.  Three (3) areas were observed where the concrete shell was eroded and boulders 

within the reinforced concrete shell of the dam were exposed (ref. Figure 7; some detail is 

obscured by the flowing water).   

 

Within the white water zones, the depth of concrete shell erosion typically ranged from 50 mm to 

a maximum of 100 mm (adjacent to the south stop log structure).  At the toe of the dam, erosion 

depths peaked at 150 mm depth.  

 

Figure 8 shows a previous bole hole from 2008 and small boulders, as well Figure 9 illustrates 

typical erosion of the concrete shell on the downstream face. 

 

Figure 6:  Downstream face of dam Figure 7:  Example of exposed rebar and boulders 

in core of dam  

Figure 8:  Previous borehole on crest of the dam Figure 9: Erosion of the concrete shell  

 

Top of Dam and Upstream face 

 

The top of the dam (crest) and the upstream face were inspected on August 22, 2014.  The 

concrete shell was obscured by algae, and as such, the surface was cleaned with a stiff push 

broom to allow for a visual inspection.  Openings/holes in the crest of the dam (100 mm long  x 

50 mm wide x 50 mm deep) were observed at 1.5 m +/- (5 feet) spacing and are believed to be 
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the result  of 2-by-4 timber left in place (since deteriorated and washed away) from the original 

formwork for the dam.  

 

The inspection noted a narrow crack near the middle of the crest extending from the north stop 

log structure for approximately 8 m (ref. Crack ‘A’, Sheet 1).  This crack was visible after scrubbing 

the crest but was not clear in the photos taken and as such a photo is not included in this report.   

 

Also in this area, there were two (2) cracks observed extending from the river bottom on the 

upstream side and across the top and down the back side of the structure; the terminus of the 

cracks on the downstream side were not visible due to turbulent water (ref. Crack ‘B’ and ‘C’, 

Sheet 1).  

 

Crack ‘C’ was detected across the top of the dam and extended down both faces.  The crack was 

not visible beyond the white water region on the downstream side which initiated near the top of 

the dam at this location.   Figure 10 shows Crack ‘C’ near the top of the upstream side of the dam 

where it is 6 mm (+/-) wide.  The crack splits into two (2) cracks as it extends toward the riverbed; 

this can be seen in Figure 11.  Figure 12 shows the north (right) crack extending to just above the 

river bed and the south crack extending into the river bed (the end was not found).  

 

Crack ‘B’ is located approximately 7.5 metres south of the north control structure.  A clear photo 

of Crack ‘B’ could not be obtained and as such is not included herein. 

 

Crack ‘D’ was detected just above the river bed at the north end of the dam (north of the north 

stop log structure). Crack ‘D’ is shown on Figure 13 and located north of the north stop log 

structure.   

 

In the same location, the erosion (ref. Figure 14) and disintegration of the concrete surface on the 

north end of the dam structure was observed.  Figure 15 shows deterioration of the wooden stop 

logs.  It is noted that the main dam adjacent to the south stop log structure has deteriorated 

significantly, similar to the north stop log structure. 

 

Figure 10:  Crack ‘C’ – 6 mm wide, upstream Figure 11:  Crack ‘C’ - Two cracks merging 
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Figure 12: Crack ‘C’ - Two Cracks at base, 

upstream 

Figure 13:  Crack ‘D’ 

Figure 14:  Erosion of concrete on upstream face Figure 15: Wooden stop logs 

 

4. Petrographic Examination 

 

A core sample (borehole) of the Riverside Dam was sample taken to determine the condition of 

the concrete shell and interior fill and to determine the founding conditions of the dam.  The coring 

has been examined and tested by AMEC’s Hamilton office laboratory; the attached letter report 

(Little/Balinski – Meyer, October 14, 2014) summarizes the analytical methodology, results and 

feasibility of concrete rehabilitation.  The core sample was taken through the crest of the dam, 

just north of the south stop log structure (ref. Sheet 1).  It indicated that there is approximately 

620 mm of concrete shell in that location, which is consistent with the results presented in the 

2009 Sanchez report.  The borehole went through the rubble filled core of the dam which 

consisted of boulders with no binding material.   Below the rubble fill, the founding native material 

was observed to be fine silt.   

 

During the coring operation, water was pumped into the hole for cooling and to lubricate the cutting 

edge.  The water stayed in the hole until the coring penetrated through the concrete and into the 

rubble at which point the cooling water disappeared into voids associated with the rubble fill.  

There was no trace of where the water went, however it drained as fast as it was pumped 

indicating significant available void space, consistent with the lack of cementitious material.  
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Following completion of the coring, the borehole was dry and the silt at the base of the hole was 

visible at approximately 2.0 m below the surface of the dam.   

 

The report on the core sample indicated that the concrete in the outer shell was not air entrained 

and that micro cracking had occurred; neither of these conditions is considered unexpected for a 

120 ± year old structure (Note: air entrainment in concrete, only became part of standard design 

in 1958 in Ontario).   

 

The petrographic report concludes that the concrete in the existing structure is deteriorating and 

micro and macro cracking is occurring throughout the concrete however predominately within the 

top 350 mm from the surface.  The macro cracks are considered significant as they range in width 

from 2 to 10 mm.  In addition, the cement showed poor bonding to both the coarse and fine 

aggregates and within the concrete matrix; there were also organic matter consisting of seeds 

and wood fragments present throughout the entire sample.  Further, no cementitious material was 

found on the loosely bound gravel comprising the interior of the dam core.    

 

Regarding options for rehabilitation of the concrete cap, the examination concluded that removal 

of 350 mm (out of 620 mm in total) of deteriorated surface concrete would be required in order to 

reach sound concrete suitable for anchoring new concrete.  The removal of the outer 350 mm of 

the concrete cap would result in, at most, an original concrete cover of less than 270 mm.  As 

only one core has been examined from the dam, it is unclear as to whether or not similar dam 

construction conditions (i.e. thickness of concrete cap overtop of gravel core) are also present in 

other parts of the dam.  Feasibility of this type of repair would decrease with decreasing overall 

concrete cap thickness, or with an increase in the depth of deteriorated concrete. 

 

5. Loading Conditions 

 

The 2009 Sanchez report indicated that the main dam structure (based on a 1 metre section of 

the dam) met the criteria for all required loading conditions except ice loading, as discussed 

earlier, given the assumption that ice would not be in contact with the dam and therefore would 

not be subject to any horizontal loading from the ice. 

 

Figure 16, considered representative of sunny day winter conditions, shows that ice is not typically 

in contact with the spillway portions of the dam, however ice can be seen to contact the north stop 

log structure (similar conditions would exist at the south stop log structure), and as such it is 

AMEC’s opinion that some ice loading would need to be considered at these locations.  Based on 

the analysis included in the Sanchez report, the stop log structures would not provide the required 

factor of safety against sliding when subjected to ice loading conditions. However, the deficient 

factor of safety is considered a moot point given the poor condition of the stop log structures (i.e. 

replacement would be required regardless of the deficient factor of safety; this has also been 

recommended in the 2009 Sanchez report).  The addition of the significant amount rip rap to the 

south control structure (through emergency repair in 2009) and the associated dead load used to 

stabilize the south control structure under summer loading conditions, may be sufficient to off-set 

this additional ice load under existing conditions (this has not been confirmed by analysis), 

however as noted previously, the repair works were not meant to be a permanent measure.  
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Presumably the north stop log structure remains at risk.  Failure of either stop log structure could 

compromise the overall dam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Repair Options 

 

Based on the structural inspection and petrographic examination, two (2) repair options have been 

identified for consideration (ref. Sheet 2, attached): 

 

i. Option A: Concrete Shell Rehabilitation 

ii. Option B: Cap Existing Shell In-Place and Grout Core 

 

Option A: Concrete Shell Rehabilitation 

 

Option A proposes the rehabilitation of 100% of the concrete shell.  Rehabilitation would require 

the removal of the outer 350 mm (+/-) of the dam’s shell and replacement of the concrete and 

rebar.  Photos showing a two examples of a bridge deck rehabilitation are attached.  Construction 

methods would need to minimize the potential for damage to the remainder of the concrete shell.  

As a result, this would be a time consuming and costly procedure requiring significant manual 

labour effort and the use of low impact tools.    

 

Concrete rehabilitation is typically applied to a nominal depth on a larger concrete structure where 

the lifespan of the greater concrete structure can be increased (e.g. rehabilitation of a bridge deck, 

see attached photos).  In the case of Riverside Dam, the depth of rehabilitation would be leave 

less than 270 mm of sound concrete, and no rebar.  As a result, there would, in our opinion, be a 

very high risk of compromising the overall integrity of the shell during construction by causing 

additional cracking.  Given that the core of the dam lacks stability without the shell, compromising 

the shell significantly increases the risk of failure of the overall dam.   

 

The potential to repair the dam by way of rehabilitation of the concrete shell has been identified 

based on petrographic examination of one (1) concrete coring sample.  Overall feasibility of 

Figure 16: Riverside Dam under ice loading 
conditions (March 9, 2009) 

https://ssl.panoramio.com/photo/19841376
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Repair Option A would be subject to further confirming concrete conditions across the balance of 

the dam by way of additional coring.  Should deterioration depths be greater across the dam, 

rehabilitation of the concrete shell, and repair of the dam may be considered infeasible. 

 

Since the concrete rehabilitation required under Option A is greater than 15% of the total concrete 

area, greater than 15 m2 and to a depth greater than 75 mm, the rehabilitation would trigger the 

requirement for approval of the repair under the LRIA.  Further consultation with MNR staff is 

recommended to confirm this requirement. 

 

For the purpose of budget and project planning the estimated cost of Option A is $4M to $5M, 

including access, railway flagging, dewatering and erosion/sediment control, disposal of 

contaminated soil, removals, capital works, restoration, engineering, contingency and taxes. 

 

Option B: Cap Existing Shell In-Place and Grout Core 

 

Option B would involve removing only the crest of the existing dam shell and exposing the boulder 

filled core.  The core voids would then be grouted from the top, to the extent possible, though the 

depth of penetration through the rubble would be expected to be limited.  Boreholes could be 

taken to confirm the effectiveness of the grouting prior to replacing the top slab or crest of the 

dam.   

 

The upstream and downstream side slopes of the existing structure would remain in-place and 

then further covered with 350 mm (+/-) of reinforced concrete that would be dowelled through the 

deteriorated concrete and anchored into sound concrete next to the inner core.  It is envisioned 

that the concrete cap would be extended to bed rock on the upstream side of the dam and 

doweled into the rock.  On the downstream side the concrete would terminate at the construction 

joint between the dam and the apron as shown on sketch “A” (ref. attached).  The slope would 

transition to the apron with a parabolic curve to minimize flow turbulence.  The additional concrete 

and grouting would provide additional mass and hence increased resistance to sliding, including 

possibly achieving a satisfactory factor of safety. 

 

Option B is considered to have a high risk of compromising the greater dam structure during 

construction (i.e. concrete removal would only be required on the crest, therefore relatively lower 

Risk than Option A) and this option would provide improved protection against seepage under the 

structure due to the additional ‘cut-off’ wall created by the concrete on the upstream side.  It is 

noted however that when the existing dam crest is removed and the core of the dam is exposed 

during construction, should temporary dewatering measures be compromised (i.e. due to flood or 

failure), the flowing water forces would pose a significant risk to the integrity of the structure.  

Construction scheduling would need to carefully consider local weather forecasts and the 

operation of upstream flow control structures. 

 

The works associated with ‘capping’ the existing dam under Option B would represent greater 

than 15% of the total concrete area and greater than 15 m2 and as such it is understood that the 

repair would trigger the requirement for approval under the LRIA.  Further consultation with MNR 

staff is recommended to confirm this requirement. 
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For the purpose of budget and project planning the estimated cost of Option A is $4M to $5M, 

including access, railway flagging, dewatering and erosion/sediment control, disposal of 

contaminated soil, removals, capital works, restoration, engineering, contingency and taxes. 

 

7. Conclusions & Recommendations 

 

The following summarizes the conclusions of the investigation: 

 

1. The 2014 structural inspection has determined that the dam has deteriorated further since 

the inspection in 2008 completed by Sanchez. More concrete erosion has developed 

resulting in more exposed reinforcing steel bars, more boulders visible on the surface of 

the dam (primarily on the inclined surfaces), and more cracks.  

 

2. Based on the advancing deterioration in the past 5 years, it is estimated that within 2 to 

10 years the risk of concrete pop-out would be high, and that with a significant local failure, 

the integrity of the dam would be compromised.  On this basis, it is recommended that 

inspection of the dam be carried out annually in the spring, at minimum, with consideration 

for inspection every 6 months, in order to monitor the dam’s condition and assess short-

term risk.  

 

3. The petrographic examination has determined that the exterior of the concrete has 

deteriorated due to the freeze-thaw cycles that the structure has been subjected to over 

the 120± year service life.  The petrographic examination has also revealed micro and 

macro cracking in the exterior 350 mm of the shell. The examination further revealed an 

absence of cementitious material leaving the dam’s interior rubble/gravel fill loosely bound.   

 

4. Due to the poor condition of the stop log structures, should the dam be repaired, the 

structures would need to be removed and/or replaced with a new section of the dam 

designed to withstand ice loading.   

 

5. Repair Option A is considered to present significant risk of comprising the concrete shell 

during construction.  Further, even with additional corings across the dam, the depth of 

concrete removal required cannot be fully predicted.  Therefore, there is a high risk that 

the scope of work and associated cost could become larger than anticipated during 

construction.  In a worst-case scenario, Option A could be determined to be infeasible 

during construction.   Given that the potential for success of the concrete rehabilitation 

effort is considered uncertain, and the high risk for cost variances, Option A is not 

recommended. 

 

6. Repair Option B is considered to be somewhat more feasible albeit several assumptions 

would need to be validated prior to adopting this option.  It is difficult to establish the 

lifespan of the structure; an estimate cannot be made until further intrusive investigations 

are completed and detailed design is initiated. The estimate may need to be adjusted 

during construction based on the conditions of the dam.  It is anticipated that anything less 
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than 50 years would not be considered ‘acceptable’ or ‘cost effective’.  The estimate of 

dam lifespan will need to consider the existing degraded concrete and expectation of 

future degradation due to continued exposure to freeze-thaw cycles.  Flowing water forces 

would pose a significant risk to the dam during construction. 

 

7. The feasibility to repair the dam has been estimated based on review and petrographic 

examination of only one (1) coring sample.  Overall feasibility of repair would be subject 

to confirming current conditions across the balance of the dam by way of additional coring.  

Additional boreholes should collect information on the bedrock, overlying strata and the 

condition of the concrete (crest and side slopes) and the inner core. 

 

8. Based on AMEC’s understanding of MNR Procedure No. WR.4.03.05.05 for the 

Administration of Section 16 – Lakes and Rivers Improvement Act, both repair options are 

expected to represent a repair of a magnitude that would trigger the requirement for 

approval under the LRIA.  This would trigger the need for the Riverside Dam to meet 

current Provincial dam design requirements under the LRIA, as well as ownership, flood 

rights, Species at Risk, and other environmental considerations.  Based on the design and 

condition of the existing structure, it is AMEC’s opinion that this would not be feasible and 

that full re-design and construction of the dam would continue to be required as reported 

in the Class EA (Draft).  Further consultation with MNRF staff is hence considered 

necessary to confirm this understanding. 

 

AMEC does not recommend that repair of the dam be advanced considering the following: 

 

1. Multiple indicators of accelerating deterioration; 

2. The substantial capital cost of dam repair relative to the expected additional life span and 

relative to replacing the dam; 

3. Potential impacts to the integrity of the dam during construction and associated increased 

risk of failure; and,  

4. The repair options identified would trigger the need for the overall dam to meet current 

LRIA design guidelines which may not be feasible due to other non-technical constraints 

(similar to replacing the dam).  Clarification on application of the LRIA has been requested 

from MNRF. 

 

 

DM/AB/RBS/ll 
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