
Nova Scotia Department of Transportation and Public Works 
Phase II – Detailed Design and Construction Oversight for Coke Oven Brook Realignment  
100% Design Report                                                                             Page 10  
 
 

 

 (24) 0962-074.1 

3.0 REALIGNMENT OF COKE OVEN BROOK 
 
3.1 Channel Hydrology and Determination of Design Flows 
 
In order to ensure that the proposed channel realignments of the watercourses that cross the Coke 
Ovens property provide an acceptable level of service (i.e., are designed to convey storm flows 
without incurring an unacceptable risk of flooding either upstream or downstream), appropriate 
design flow magnitudes have to be selected as the basis for the hydraulic design.  The selection 
of the design flow magnitudes ideally balance the cost of the hydraulic control structures (such 
as channels, culverts and bridges) against the risk and consequences of flooding, and requires an 
appropriately detailed understanding of the hydrology that would produce the design flows.  This 
section of the report presents the hydrologic analyses that were performed as part of this project, 
along with the results obtained and the design flow recommendations (to be used as the basis for 
the hydraulic channel design) that were made based on these results.  
 
Due to the large amount of hydrologic analyses and computer simulations that were performed, 
the information presented in this section of the report is limited to a summary of selected results. 
For a full summary of the analytical results refer to Appendix A.  
 
3.1.1  Hydrologic Design Objective 
 
The hydrologic design objective for the channels that cross the Coke Ovens property would be 
the recommendation of design flow magnitudes (peak instantaneous flows rather than daily 
average flows) for the realigned channels and culverts that are proposed as part of this project. 
The selection of the design flow magnitudes ideally balances the cost of the hydraulic control 
structures against the risk and consequences of flooding (as stated above), and should consider 
the following variables: 
 
• Risk of flooding; 
• Consequences of flooding; 
• Variability (uncertainty) of the climate data upon which the hydrologic designs are based; 
• The degree of development or urbanization of the watersheds associated with the 

channels to be realigned; 
• The hydraulic restrictions associated with existing hydraulic structures (i.e., the degree of 

peak instantaneous flow magnitude reductions due to flood flow attenuation and storage 
associated with existing development); 

• The effects of antecedent moisture conditions (degree of ground saturation at the start of 
the design storm event); and 

• The potential effects of climate change. 
 
The effects of the above variables on the hydrologic design scenarios, and the manner in which 
the potential magnitudes of these effects were evaluated as part of this project, are discussed 
below. 
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The risk of flooding is generally expressed as either a probability of occurrence or a return 
period. The probability of occurrence is expressed as the percentage chance of a flood event 
occurring during any given year (i.e., 1%, 10%, etc.). The return period is the average length of 
time in which a flood event is expected to either occur or be exceeded (i.e., a flood event with a 
1% chance of occurring during any given year, would on average occur or be exceeded once 
every 100 years). Hydraulic structures are generally designed to return periods that range from 
10 years for situations where a high risk of flooding is acceptable (such as culverts under private 
driveways or tertiary roads), to 100 years for situations where a low risk of flooding is required 
(culverts under emergency access roads, or major highway bridges). The flow magnitudes 
resulting from precipitation events with return period ranging from two years (frequent 
occurrence) to 200 years (rare occurrence) were estimated as part of this project.  
 
The selection of the acceptable risk of flooding is generally based on the flooding consequences. 
For example, frequent flooding of undeveloped land that would not result in environmental or 
financial damage or risk to human life could be considered acceptable, while the flooding of 
developed areas or the temporary loss of use of emergency access roads or response facilities 
(such as hospitals) would be unacceptable.  
 
The climatic design data that is used to calculate design flow magnitudes (generally expressed as 
rainfall depths and intensities for a given return period or probability of occurrence) has a degree 
of variability (or uncertainty) due to the limited availability and measurement accuracy of the 
rainfall data upon which the climatic design data is based. In order to quantify this variability, 
upper and lower confidence limits are presented along with the mean values for climatic design 
data. Hydrologic and hydraulic designs are generally based on the mean values of the climatic 
design data. In order to evaluate the effects of the climatic design data variability on the 
magnitudes of the design flows, the design flows were estimated for both the mean values of the 
climatic design data, as well as the upper and lower confidence limits.  
 
The degree of development of a watershed affects the magnitude of the flood flows that would be 
generated by a storm event of a given return period. For example, the flow magnitude resulting 
from a 20-year return period precipitation event from a heavily developed area (such as 
downtown Sydney) would be drastically higher than the flow magnitude resulting from this same 
precipitation event over an undeveloped area (such as the upper reaches of Radar and 
Background Brooks). In order to evaluate the sensitivity of the flow magnitudes throughout the 
channels to be realigned as part of this project to changes in development, the flood flow 
magnitudes were estimated for both the existing level of development, as well as the expected 
level of development up to 20 years from now, as best estimated by CBRM’s Planning 
Department.  Given the state of flux in the Island’s economy, this was felt to provide the best 
reasonable estimate for the future development.  This approach is common for large-scale 
hydrotechnical and municipal design and planning projects that have to anticipate future changes 
in a watershed (such as logging or urbanization).  The 20-year time horizon is generally 
considered the maximum time period over which accurate predictions can be made. 
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The magnitudes of flood flows from a watershed can be affected by storage (such as wetlands, 
lakes and ponds) and hydraulic restrictions (such as narrow channel sections or culverts). The 
larger the amount of storage within a watershed and the more severe the hydraulic restrictions, 
the smaller the magnitudes of the flood flows from this watershed. As there are a number of 
hydraulic restrictions within the Coke Oven Brook watershed (especially the developed sections 
of Domtar Brook, Whitney Pier Brook and Cagney Brook), both unrestricted flood flow 
magnitudes (ignoring the attenuating effects of existing channels and culverts) and restricted 
flood flow magnitudes (a more realistic representation of the actual flows) were evaluated. 
 
The antecedent moisture conditions of a watershed (the degree of ground saturation) can affect 
the magnitudes of flood flows that would result from a precipitation event of a given magnitude. 
A precipitation event that occurs following a long drought will produce substantially smaller 
flood flows than a precipitation event of the same magnitude that occurs following a wet period 
that results in wet ground conditions prior to the start of this storm event. In order to account for 
this effect, antecedent moisture conditions in hydrologic analyses can be varied from dry 
(antecedent moisture condition or AMC I), to average (AMC II), to wet (AMC III). Standard 
design practices generally utilise AMC II or average antecedent moisture conditions. In order to 
assess the effects of antecedent moisture conditions on the design flow magnitudes, the analyses 
that were performed as part of this project used both AMC II (average conditions) and AMC III 
(wet conditions).   
 
Based on the results from a number of global climate models, climate change is expected to 
gradually alter the magnitude of climatic design data in the future. The latest estimates of these 
effects for Atlantic Canada predict an increase in the magnitude or frequency of storm events 
that would result in a general doubling of the flooding risk (or a halving of current return 
periods) by the year 2050. In other words, the magnitude of a precipitation event that currently 
has a 100-year return period is expected to have a 50-year return period by the year 2050. In 
order to assess the effect of this predicted change on flood flows associated with a 100-year 
return period precipitation event, the flood flows associated with a 200-year return period were 
estimated (thus allowing for a halving of the return period by the year 2050). The approach 
described in this paragraph represents the most recent results of climate change predictions for 
eastern Canada.  Although these predictions are broad in nature, they are recommended for use 
on hydrotechnical projects by the federal government and a number of provincial governments. 
 
3.1.2  Analytical Methodology 
 
In order to ensure that the hydrologic analyses appropriately represent the hydrology of the 
watercourses that cross the Coke Ovens property, and in order to facilitate the comparison of 
these analytical results to the various pieces of historic information that are available, the 
following four independent analyses were employed.  
 
1. Drainage area based proration of flows from McAskill Brook. The methodology was 

used to obtain flow-duration values to confirm selected boundary conditions of the 
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hydrogeological model, and obtain peak instantaneous flows for comparison against the 
results from the runoff models. 

 
2. Rational Method: This (conservative) method was used to obtain a “feel” for the likely 

upper limits of the peak instantaneous flows. The method ignores the effects of channel 
and culvert restrictions and does not account for the attenuating effects of storage.  

 
3. HEC-1 runoff model. This model is more refined (less conservative) than the Rational 

Method and easier to use than the SWMM model when trying to obtain a “feel” for the 
variability of runoff coefficients and the effects of development.  The model ignores the 
effects of culvert restrictions and does not account for the attenuating effects of storage. 

 
4. SWMM hydrology and hydraulics model. This model is more refined (less conservative) 

than both the Rational Method and the HEC-1 runoff model, and is best suited for 
calibration against real flow measurements. Results from this model most closely 
represent field conditions as they include the effects of channel and culvert restrictions, as 
well as backwater effects. Effects of storage were not modelled as part of this exercise as 
the effort required would not lead to further refinement of the design scenarios.  The level 
of effort required to properly evaluate the effects of storage on the magnitude of the flood 
flows within the project area would be substantial (likely a doubling or tripling of the 
project expenses related to hydrology).  Due to the fact that the selection of the hydraulic 
design flows (for culverts and channels, etc.) is a function of a number of variables, all of 
which have a degree of uncertainty (such as precipitation input, soil moisture conditions, 
effects of future urbanization, climate change, as well as the effects of storage), the 
refinement of the effects of storage alone on the magnitude of flood flows within the 
project area is not expected to significantly reduce the magnitude of the hydraulic design 
flows. 

 
No models other than those listed above were considered for use during this project.  Based on 
the following considerations, the reliability of the modelling results obtained for this project was 
considered to be acceptable. 
 
Details on the assumptions made and the variables used as part of the above analyses are 
presented in Appendix A.  
 
The instantaneous peak flows obtained using the above methods are summarized in Appendix A 
for both the existing, as well as the proposed channel sections, for a range of hydrologic 
scenarios intended to evaluate the effects of the variables identified and discussed in Section 
3.1.1.  Interpretation of the information presented in Appendix A shows that the results from 
these independent methods are in reasonably close agreement, and it is recommended that the 
results of the SWMM model be used to estimate the magnitudes of the design flows for the 
proposed realignment channels. This recommendation is based on the fact that the SWMM 
model allows a better calibration against real flow measurements and best represents actual field 
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conditions as it includes the effects of hydraulic channel and culvert restrictions, as well as 
backwater effects.  
 
Using the results of the SWMM model presented in Appendix A, it is recommended that the 
hydrologic design scenario be based on the following: 
 
• A 100-year return period design flow magnitude. The consequences of flooding are 

insignificant for the majority of the proposed realignment channels (with the exception of 
sections of the North Channel near Frederick Street), no developed property will be 
flooded, and flooding of the Coke Ovens property is not expected to significantly effect 
the proposed leachate collection and treatment system).  However, it is felt that this low 
risk of flooding is appropriate due to the high profile of this project and potential impact 
on remedial activities.  

• The use of mean climatic design data. The use of the upper confidence limits of this data 
would result in unrealistically large design flows (predicted flows would exceed the 
discharge capacity of existing hydraulic infrastructure within the developed sections of 
the Coke Oven Brook watershed), and the ADI Team feels that the uncertainty associated 
with the climatic design data is adequately accommodated by the selection of the low 
100-year return period flood risk.  

• The use of the expected level of development within the Coke Oven Brook watershed 
predicted for 20 years from now.  

• The use of existing channel restrictions. As the existing channel restrictions are widely 
dispersed throughout the developed sections of the Coke Oven Brook watershed, it is 
extremely unlikely that these hydraulic restrictions would be significantly reduced in the 
future. 

• The use of average antecedent moisture conditions (AMC II). This is consistent with 
standard design practice, and the use of wet antecedent moisture conditions (AMC III) 
would result in unrealistically large design flows. 

• The explicit accommodation of the effects of climate change is not recommended. It is 
felt that the effects of climate change are indirectly accommodated by the selection of the 
low 100-year return period flood risk and the use of the level of watershed development 
predicted for 20 years from now.  

 
3.1.3  Recommended Design Flow Magnitudes 
 
Using the hydrologic design scenario presented above, the following design flow magnitudes are 
recommended.  
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Table 3.1-1:  Recommended Channel Design Flows 
Channel  Reach Station Design Flow (m3/s) 

North Channel NCA - Whitney 0+360 to 1+497 8.04 

Domtar Brook NCD - NCE Not applicable 5.47 

North Channel Lingan Rd/SPAR culvert 0+215 to 0+360 16.70 

North Channel NCE - NCF 0+000 to 0+180 20.10 

West Channel SCF - SCE 0+523 to 0+680 11.80 

South Channel SCA - SCE 0+000 to 0+800 8.95 

West Channel SCE - SCH 0+000 to 0+523 20.70 

Combined   40.30 
Note: 

-Reach indicated in above table are shown on Figure 2-2. 

-Stations indicated in above table are shown on attached drawings following appendices.

 

The design flows listed above will be used in Section 3.5 of this report to size the various 
sections of the new channels.  Design flow depths for the various channel cross sections will be 
calculated and the minimum channel depth determined by adding 600 mm for freeboard to the 
design flow depth as discussed in Section 3.5. 
 

3.1.4  Comparison to Historic Information 
 
In order to evaluate the “acceptability” of the design flows recommended above, they are 
compared against historic information. The independent historic information related to the 
hydrology of Coke Oven Brook appears to be limited to: 
 
• Discharge capacity of the Inglis Street culvert on Coke Oven Brook; 
• Acres, 1985 and 1991; 
• GEMTEC, May 2001; 
• CBCL August 2004 (single station frequency analyses); and 
• Dillon and Franz Environmental (2004) (preliminary OTTHYMO and HEC-RAS 

modelling).  
 
The discharge capacity of the Inglis Street culvert on Coke Oven Brook (located downstream of 
the current project site) was reported as 21.0 m3/s.  
 
The 100-year return period flow of 12.8 m3/s predicted by Acres is a peak daily flow based on a 
drainage area of 8.4 km2. Using a Fuller ratio of 2.0 to estimate the peak instantaneous flow from 
the peak daily flow, and increasing the drainage area to 9.97 km2 (Victoria Road culvert and the 



Nova Scotia Department of Transportation and Public Works 
Phase II – Detailed Design and Construction Oversight for Coke Oven Brook Realignment  
100% Design Report                                                                             Page 16  
 
 

 

 (24) 0962-074.1 

downstream boundary of the current project area), the peak instantaneous flow with a 100-year 
return period is approximately 30.4 m3/s. As this flow does not account for the level of future 
development, it is based on a data set that does not include 1999 and 2000 (both of these years 
contained high return period flow events) and is prorated from a watershed with a larger drainage 
area (McAskill Brook, 17.3 km2), it is expected to underestimate the existing and future flows in 
Coke Oven Brook.  
 
The rational method that was used by GEMTEC to estimate the combined design flows from the 
MAID Site and Background and Radar Brook was 15.7 m3/s for an instantaneous peak flow with 
a return period of 100 years.  
 
The single station frequency analyses performed by CBCL on McAskill Brook (1978 to 2000) 
predicts a peak daily flow with a 100-year return period of 32.5 m3/s (Freshet distribution). 
Using a Fuller ratio of 2.0 to estimate the peak instantaneous flow from the peak daily flow, and 
prorating this flow from McAskill Brook (drainage area 17.3 km2) to Coke Oven Brook at 
Victoria Road  (drainage area 9.97 km2), the peak instantaneous flow with a 100-year return 
period is approximately 37.5 m3/s.  
 
The OTTHYMO and HEC-RAS simulations that were performed by Dillon and Franz 
Environmental predict a peak instantaneous 100-year return period flow from the South Channel 
of 24.7 m3/s, and a peak instantaneous flow from the North Channel of 27.7 m3/s. Assuming the 
peak flows to be additive, the total peak instantaneous 100-year return period flow at Victoria 
Road is predicted to be approximately 50 m3/s. This analysis ignores the effects of culvert 
restrictions and does not account for the attenuating effects of storage. In the interpretation of the 
Dillon data, it should be noted that no information was available regarding the values of the 
hydrologic variables that were used in this analysis.  
 
A comparison of the flow magnitudes presented above indicates that the 100-year return period 
peak instantaneous design flow of approximately 40 m3/s at the Victoria Road culvert compares 
well with the historic information, and is slightly larger and thus more conservative. We believe 
that this comparison validates the recommended hydrologic design scenario and the peak 
instantaneous design flows thus obtained for the proposed realignment channels.  
 
3.2 Aquatic Habitat Enhancement Options and Priorities 
 
The newly created channels are to be enhanced to provide fish habitat. The process to develop 
aquatic habitat enhancement features commenced with a field inspection of Coke Oven Brook 
and its tributaries by Dr. J. Foulds (ADI Team) and Craig Hominick and Shayne McQuaid of the 
Department of Fisheries and Oceans (DFO) in November 2004.  This was supported by 
information provided to DFO of the extent of degraded habitat on the existing Coke Oven Brook 
channel.  This evidence included photographs taken during and immediately after operations in 
the late 1980’s, as well as electrofishing results over the same reach by Dr. J. Foulds in June 
2001, as summarized on Drawing 3-1, included in Appendix F. 
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Based upon this assessment, it was deemed that a Harmful Alteration, Disruption or Destruction 
of fish habitat (HADD) would not be invoked (Record of Determination, P. Boudreau, DFO, 
January 13, 2005). It also established priorities for habitat enhancement, based upon the potential 
for fish habitat within the realigned channels. 
 
The prioritization for enhancement activities involved an analysis of the entire watershed and 
included water quality, habitat characteristics of the headwaters, as well as the possibility of 
groundwater contamination. Table 3.2-1 summarizes the different sections of new stream 
channels and the pros and cons of enhancing the channels for fish habitat. As can be seen in the 
table, two priorities were established and will be pursued contingent upon available funds.   
 
The first priority (Green) will be the North Channel running from the old Coke Oven Brook near 
the Victoria Street Overpass to the confluence of Radar and Background Brooks (Figure 2-2).  
This prioritization is based primarily on the non-urban watersheds in the upper headwaters, as 
well as the presence of adjacent watersheds (Whitney Pier, Frederick Street and Domtar Brook).  
 
The second priority (Gold) will be the West Channel running from the old Coke Oven Brook to 
where the new channel joins the existing Cagney Brook (Figure 2-2). This section is a second 
priority mainly because of the highly urbanized watercourse, immediately upstream of the Coke 
Ovens Site.  
 
The South Channel, running from the West Channel to the outlet from the Maid Pond was 
deemed not suitable for habitat enhancement. 
 
Enhancement activities will be done to provide adequate habitat for Brook Trout Salvelinus 
fontinalis.  This is a species that is typical in other watersheds in the area (e.g. Wash Brook). 
This is being done within the general context that, after the remediation of the Tar Ponds, there 
will be clear, clean fish passage from Sydney Harbour into these channels. 
 
3.2.1 General 
 
The fish habitat enhancement plan for the newly created channels will involve several elements 
that meet the basic requirements for fish habitat. These include the addition of substrate, the 
creation of hydraulic habitats, establishing riparian vegetation and the design of culverts that are 
“fish friendly”. 
 
Typical channel design cross sections and planar views are shown in Figures 3.2-1 and 3.2-2. 
The channels have been designed to carry a 1:100 year flow event without flooding, but as part 
of the design, aquatic habitat enhancement features will be added to encourage the establishment 
of freshwater fish populations such as Brook Trout.  The channels are typically V-shaped with a 
smaller, 2 to 3 metres wide V-shaped channel in the mid-line. The entire channel is lined with a 
500 mm thickness of rip rap material designed to withstand 1:100 year flows. GCL and 
Geotextile impervious liners underlie the rip rap where groundwater contamination may occur. 
 



* Sections referred to are shown in Figure 2-1 

 
Table 3.2-1.    Analysis of Aquatic Habitat Enhancement for Channel Sections: Pros and Cons – Shaded Sections to be 

enhanced for fish habitat with Priority 1 indicated in Green , Priority 2 indicated in Gold. 
 
Channel  Section * Length (m) Pros Cons 
North E to F 240 None Leads to highly urbanized watershed 

with many underground sections.  Not a 
good potential for fish habitat. 

 C to F 350 Leads to non-urban watersheds (Radar 
and Background Brook) in upper 
headwaters. 
Leads to urbanized Whitney Pier, 
Frederick Street, and Domtar Brook 
watersheds. 

Close to groundwater contamination on 
either side of the channel. 

 F to G 850 Leads to non-urban watersheds in 
upper headwaters.  Space for channel 
meander. 
Leads to urbanized Whitney Pier and 
Frederick Street Brook watersheds. 

Potential groundwater contamination 
from the South between the confluence 
of Whitney Pier and Frederick Street 
Brooks. 

 G to upstream 205 Leads to non-urban watersheds in 
upper headwaters (Radar and 
Background Brooks) 

Bedrock channel with high potential for 
leachate plume infiltration – 205 metre 
culvert required. 

West C to B 520 Leads to urbanized Cagney Brook 
watershed with Cossit Lake in the 
headwaters. Space for channel 
meander. 
Present lower reach of Cagney Brook 
overflow channel is developing well 
on its own. 

Cagney Brook, upstream of Point D, is 
periodically culverted and channelized 
as it runs through urbanized portions of 
Sydney, around the racetrack and up to 
Cossit Lake. Main alignment leads to 
MAID pond and drainage from the Dry 
Waste Management area and the 
Incinerator. 

 B to D 180 Forms the furthest downstream reach 
of Cagney Brook which ends up at 
Cossit Lake. 

Cagney Brook, upstream of Point D, is 
periodically culverted and channelized 
as it runs through the urbanized portions 
of  Sydney, around the racetrack and up 
to Cossit Lake. 

South B to H 790 Low probability for groundwater 
contamination. 

Leads to urban, restricted, watersheds in 
upper headwaters – e.g., long box 
culvert to Maid Pond, incinerator brook, 
and drainage from Dry Waste 
Management Area & Incinerator Site. 
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Table 3.2-2 summarizes the North and West Channels with respect to surficial geology, gradient, 
side slope ratios and bottom widths throughout their length. The North Channel is approximately 
1500 metres in length and passes through till and bedrock deposits as it passes upstream from the 
former Coke Oven Brook to the confluence of Background and Radar Brooks.  Till deposits 
make up 713 metres (48%) and bedrock is intercepted over 450 metres (30%). There are three 
circular, concrete culverts of 145 metres (2.4 metre diameter), 120 metres (2.1 metres), and 60 
metres (2.1 metres), respectively. These represent 22% of the total channel length (325 metres). 
 
The West Channel is 690 meters in length and passes through till and bedrock as it passes 
upstream from the former Coke Oven Brook to Cagney Brook. Till deposits make up 384 (56%) 
and bedrock is intercepted over 306 metres (44%).  
 
Flow predictions indicate that, for typical low flow conditions (75% exceedance), channel depths 
will range from 0.09 metres to 0.16 metres and flows from 0.23 m/s to 0.49 m/s (see Table 3.5-2 
in Section 3.5).  
 
3.2.2 Substrate 
 
Habitat enhancement will involve the placement of a layer of clean gravels, approximately 200 
mm thick, over the 2 to 3 metres wide, triangular bottom section of the open channels. These 
gravels will be well-graded, granular material, composed of clean, uncoated particles, free of 
clay, silt, or other deleterious materials. 100% of gravel will pass an ASTM sieve size of 125 mm 
and 50% should be larger than 18 mm. These gravels will work their way into the larger rip rap 
material and, thereby, create a dynamic, natural aquatic habitat that is well suited to Brook Trout 
and the benthic invertebrates they feed on. 
 
3.2.3 Hydraulic Habitats 
 
In sections of channel that do not intersect bedrock, pools and riffles will be created in a ratio of 
approximately 1:1 by the placement of large boulders (≈ 900 mm) or by the installation of rock 
sills (Newbury and Gaboury, 1993). Boulders and rock sills will create scour and plunge pools, 
respectively, on their downstream side, which will then create riffle habitat at the bottom end of 
each pool. They will be placed at intervals of every 6 bankfull widths, based on estimates of two-
year return discharge rates. Boulders simulate Large Woody Debris (LWD) in the channel and 
will be placed on alternate sides of the thalweg (centerline), embedded within the rip rap. See 
Figure 3.2-1 for boulder placement design. 
 
In stream channels that intersect bedrock and with higher slope (e.g., 2.159 and 2.46%), pools 
will be created at every 6 bankfull widths by the construction of rock sills. These pools will be 
approximately 1 metre deep. Typical rock sill details are shown in Drawing 2-4. 
 
Table 3.2-3 summarizes the hydraulic characteristics of the channels, the two-year return flow 
estimates, and indicates the number of structures (e.g., rock sills or boulders) required for every 6 
bankfull widths in each section of channel. The location of in-stream structures is indicated on 



Table 3.2-2   Channel Design Characteristics Along the Length of Channels to be Enhanced (for 
Typical Sections, see Drawing 2-4 for the North Channel and Drawing 2-5 for the West 
Channel) 

 North 
Channel             

Section Start Stop Length Surficial Geology 
Gradient 

% Slopes 
Typical 
Section 

Bottom 
Width 

1 0 215 215 till 0.928 3 : 1 G 3 
2 215 360 145 2.4 m concrete culvert 0.5 n/a H   
3 360 573 213 till 0.5 3 : 1 D 3 
4 573 717 144 till 0.5 2 : 1 C 3 
5 717 790 73 till 2.159 2 : 1 C 3 
6 790 1109 319 bedrock 2.159 1 : 1 B 2 
7 1109 1150 41 bedrock 1.9 1 : 1 B 2 
8 1150 1270 120 2.1 m concrete culvert 0.5 n/a H   
9 1270 1360 90 bedrock 1.162 1 : 1 B 2 

10 1360 1420 60 2.1 m concrete culvert 0.5 n/a H   
11 1420 1488 68 till 0.5 2 : 1 A 3 

      1488           
         
West 
Channel         
1 0 130 130 till 2.46 3 : 1 B 3 
2 130 152 22 till 1.157 3 : 1 B 3 
3 152 370 218 bedrock 1.157 2 : 1 A 3 
4 370 500 130 till 1.157 3 : 1 B 3 
5 500 550 50 till 0.9 3 : 1 F 3 
6 550 638 88 bedrock 0.9 3 : 1 F 3 
7 638 690 52 till 0.9 3 : 1 F 3 
   690      
         

 
 
 
 



  

Table 3.2-3   Hydraulic Characteristics of the New Channels Indicating 2 Year Return Conditions 
(Bankfull Widths) and Resultant Number Of Hydraulic, In-Stream Structures. 

North Channel 

Section Start Stop Length 
Bottom 
Width 

Gradient 
% 

Bankfull 
Width 
(BFW) 

6 X 
BFW

Theoretical 
# of 

Structures 
Rock 
sills Boulders

1 0 215 215 3 0.928 8.84 53.0 4 0 4 
2 215 360 145 culvert 0.5           
3 360 573 213 3 0.5 6.53 39.2 5 0 5 
4 573 717 144 3 0.5 5.48 32.9 4 0 5 
5 717 790 73 3 2.159 4.43 26.6 3 4 0 
6 790 1109 319 2 2.159 3.03 18.2 18 17 0 
7 1109 1150 41 2 1.9 3.73 22.4 2 1 0 
8 1150 1270 120 culvert 0.5           
9 1270 1360 90 2 1.162 3.73 22.4 4 0 3 

10 1360 1420 60 culvert 0.5           
11 1420 1488 68 3 0.5 5.48 32.9 2 0 3 

    TOTALS 1488         42 22 20 
           
West Channel 

1 0 130 130 3 2.46 6.73 40.4 3 3 0 
2 130 152 22 3 1.157 7.66 46.0 1 1 0 
3 152 370 218 3 1.157 6.31 37.9 6 0 6 
4 370 500 130 3 1.157 7.66 46.0 3 0 3 
5 500 550 50 3 0.9 7.99 47.9 1 0 1 
6 550 638 88 3 0.9 7.99 47.9 2 0 2 
7 638 690 52 3 0.9 7.99 47.9 1 0 1 

  TOTALS 690     17 4 13 
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the plan and profile views of the new channels (see Drawing 2-7 and 2-8 for the North and West 
Channels, respectively). 
 
3.2.4 Riparian Vegetation 
 
All areas along the length of the open channels will be hydroseeded (6 metres wide) as soon as 
possible after channels have been created and all in-stream habitat enhancements have been 
carried out. Poplar trees, 2 metres high, will be planted on 2.5 metre centers along the entire 
length of the channels on both sides. For the North Channel, this represents approximately 1200 
trees. 
 
No woody vegetation will be planted on the side slopes inside the 1:100 year channel profile. 
These areas will vegetate, over time, with local aquatic species such as grasses and bull rushes.   
 
3.2.5 Culverts 
 
Culverts in the North Channel are designed as circular and made of concrete. The first culvert, 
from Stations 0+215 to 0+360 is 2.4 metres in diameter. The second, from Stations 1+162 to 
1+282 is 2.1 metres in diameter as is the third, from Stations 1+372 to 1+432.  Each will be 
installed to facilitate fish passage according to DFO guidelines (Savoie and Haché, 2002). 
Specifically, each culvert will be set at a 0.5% gradient and will be embedded into the streambed 
to a depth of 0.2 culvert diameters. Culverts are designed to always contain water depths of 0.2 
times their diameter. This will result in minimum culvert depths of 0.48 and 0.42 metres for the 
2.4 metre and 2.1 metre culverts, respectively. There will be an energy dissipating pool 
constructed at the outlet of each culvert. The pool will be 3 culvert diameters in length and 2 
culvert diameters in width, be a minimum of 1000 mm in depth, and contain at least three 
boulders (approximately 1 metre diameter) placed in a triangular pattern. The invert of the pool’s 
outlet will be 0.2 culvert diameters higher than the culvert’s outlet invert. A profile and plan 
view of a typical culvert installation is shown in Drawing 2-4. 
 
The first, second and third culvert will have a skylight at or very near the mid point of their 
length (see Drawing 2-6). 
 
3.2.6 Stocking 
 
Brook Trout, Salvelinus fontinalis, will be stocked into the stream after the channels have 
reached a dynamic, hydraulic equilibrium and an in-stream benthic community has become 
established. Therefore, before stocking is carried out, testing will be required to determine if the 
conditions are suitable for introduction of fish.  A local community group, the New Waterford 
Fish and Game Association would be a good community partner for this work. They have a lot of 
experience stocking streams with Brook Trout, specifically Northwest Brook. 
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3.2.7 Monitoring 
 
The new channels will be monitored annually to determine the state of all hydraulic habitat 
features and to describe the natural development of in-stream plant and animal benthic 
communities. Riparian plant communities will also be monitored annually to measure the 
success of their establishment. After fish are introduced to the system, a yearly monitoring 
program will be established for the first five years to ensure the fish populations have become 
established in the watershed. 
 
3.3 Groundwater Modelling 
 
3.3.1 Approach 
 
A numerical groundwater flow model was utilized to support channel design.  The primary 
objectives were to assist in identifying channel reaches that may require lining, evaluate the 
potential for leachate to move northward from the MAID Site and discharge into the eastern 
realigned portion of the North Channel; as well as to estimate the distribution of gaining and 
losing reaches in all brooks and assess the quantity of water discharging from or recharging to 
the groundwater flow system along these reaches. A detailed discussion of all the modelling 
runs, calibration and analysis are provided in Appendix C.  Additional modelling was also 
completed to assess interaction of metal contamination in the shallow bedrock under the Mullins 
Bank with the two proposed channel alignments. 
 
The model was based upon that developed by JDAC (2002) for the Coke Ovens Site, then 
subsequently refined by Dillon and Franz Environmental (2004) for the preliminary channel 
realignment design.  For this assignment, further refinements were made incorporating 
Background and Incinerator Brooks, culverted reaches, increased infiltration through capped 
areas of the landfill, the bentonite cut-off wall around the MAID Pond and revised centerline for 
realignments.  This latter version is referred to as the Phase II Updated Option 3 Model. 
 
The modelling objective was to optimize the amount of realigned channel that required lining.  
The goal of optimization was to line as few channel reaches as possible, while preventing 
leachate from discharging to the channels.   
 
3.3.2 Identification of Potential Reaches for Lining the Channels 
 
An assessment was undertaken to delineate the extent of groundwater contamination in the Fill 
and shallow bedrock under the Coke Ovens and MAID Sites.  The results are discussed in text 
form in Appendix D and summarized on Drawing D-2 (in pocket in back).  This delineated six 
reaches where additional modelling was required to determine the potential groundwater stream 
interaction (GWSI) and, therefore, need for liners, as summarized below and on Figure 3.3-1. 
Note that modelling for the landfill leachate study had already identified interaction and, 
therefore, lining requirements for Reach S-1 of the South Channel. 
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South Channel 
 
Location S-2 The reason for considering lining this reach of the channel resulted from 

the position of a plume of elevated metals in the shallow bedrock.  This 
plume is delineated by the iron plus manganese indicator on Drawing D-2, 
Figure L. 

Location S-3 The reason for considering lining this portion of the South and West 
Channels results from the position of a plume of elevated metals in the 
shallow bedrock, as delineated by the iron plus manganese indicator on 
Drawing D-2, Figure L.  Figure 3.3-1 also delineates the position of an 
alternate channel alignment around the western perimeter of the Mullins 
Bank in an attempt to position the channel upstream from the plume 
(Drawing D-2, Figure H).  

 
West Channel 
 
Location S-4 An organic plume in the shallow bedrock was delineated in this area by 

the benzene indicator in the fill and shallow bedrock (Drawing D-2, 
Figures F and M); therefore, modelling was required to determine if lining 
was necessary. 

 
North Channel 
 
Location N-1 Inorganic plume indicators in the shallow bedrock of total dissolved solids 

(TDS) (Drawing D-2, Figure I), sulfate (Drawing D-2, Figure J), nitrogen 
(Drawing D-2, Figure K), as well as iron plus manganese (Drawing D-2, 
Figure L) suggest the MAID Site plume could move off-site to the north 
into the eastern end of the north alignment.  This would suggest possible 
lining of this area, prior to having to move the channel farther to the north 
to account for land easements. 

Location N-3 Initial modelling for the 60% Design Report noted potential plume 
movement in the shallow bedrock under this area, directed toward the new 
channel, suggesting lining may be required. 

Location N-5 Plume delineation suggested that this reach may be impacted by organic 
plume transport within the fill and shallow bedrock, as defined by the 
benzene and naphthalene indicators (Drawing D-2, Figures F, G, M and 
N). 

 
3.3.3 Groundwater Contaminant Plume Interaction with Realigned Channels 
 
To model these areas in further detail, the movement of leachate was represented by particles 
placed within the Till and Bedrock of the Sydney Landfill and the Coke Ovens Site, which 
indicates the direction of groundwater flow.  Locations of particles and their tracking are 
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presented in Figure 3.3-2 as modelled under long-term, average, steady state flow conditions.  
Details are provided in Appendix C, with pertinent points summarized below: 
 
South Channel 

 
• The shallow leachate collector captures the bulk of the leachate in the fill from the 

Sydney Landfill. 
• The MAID Pond Outlet channel captures some leachate from the southwestern portion of 

the landfill. 
• Leachate from the northwestern portion of the landfill is captured by the MAID Pond 

Outlet extension (north of SC-A). 
• Some of the leachate from the western end of the Sydney Landfill flows below the 

shallow leachate collector and the MAID Pond Outlet extension and is captured by Coke 
Oven Brook. 

• In the SC-E area, a small portion of the plume adjacent the Cagney Brook underdrain 
would be transported into that drainage course and be diverted to the north and into 
Cagney Brook.  However, the remainder of the Mullins Bank site west of the underdrain 
is directed to the northwest and eventually into Coke Oven Brook downstream of the site.  
In this situation, the western perimeter alignment would be downgradient and, therefore, 
intercept this plume, thus require lining. However, this flow field does not agree with the 
absence of the plume at two monitoring sites along the western perimeter.  Therefore, 
either the model is correct and natural attenuation in the flow field negates impact on the 
wells, or the plume is not as large as delineated, remaining close to the underdrain.  In 
that case, particle tracks would divert it into the underdrain and lining the western 
perimeter channel would not be required.  Additional wells were installed and sampled in 
an effort to resolve this issue, as discussed in Section 3.4.1.3. 

 
West Channel 
 
• Particle tracks show that the organic plume at SC-G will move into the new channel. 
 
North Channel 
 
• Some of the groundwater from the north side of the MAID Site flows northward to 

Frederick Street Brook.  However, plume particles do not discharge into the reconfigured 
eastern end of the North Channel.  Plume particles, however, do appear to interact with 
Background Tributary upstream of NC-A. 

• Plume particles originating under the Coal Pile Runway and Coke Plant No. 1 do not 
discharge into the realigned North Channel, as long as the current Fredrick Street Brook 
channel is retained. 

• Plume particles from the western end of the Coal Pile Runway and Coke Plant No. 1, as 
well as part of the Domtar Site enter the north realigned channel between NCE and NCF. 
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Having outlined the GWSI during average conditions, it was necessary to address the issue of the 
impact of climate change and future urbanization on these flow conditions, as well as the 
resultant safety factors to employ in designing the length of lined reaches.   
 
3.3.4 Impacts of Climate Change on Groundwater-Stream Interaction 
 
At present, there are no established protocols for modelling groundwater systems under proposed 
climate change scenarios. The surface water modelling approach was discussed in Sections 3.1.1 
and 3.1.2.  In summary, it noted that the impact of climate change would be felt in an increased 
frequency of transient storm events, such as 1:100 year return period storm.  The JDAC 
groundwater flow model was calibrated to long-term average steady state, not such short-term 
duration storm events.  The groundwater approach, therefore, modelled the shallow bedrock flow 
field under “low” and “high” flow conditions to bracket potential changes induced by climate 
change and increased urbanization.  The results are summarized below and discussed in detail in 
Appendix C. 
 
Low Flow  
 
The low flow scenario was generated by assuming that no recharge occurred across the model 
domain. The model was run until steady state flow conditions were achieved.  This was 
considered a useful indication of the effects of a prolonged dry period.  Due to the lack of surface 
recharge, many of the stream reaches became influent (lost water to the groundwater flow field) 
and potentially dried up.  In this situation changes of note include:  
 
• Leachate from the Sydney Landfill passes below the toe drain and MAID Pond Outlet 

extension to discharge into Coke Oven Brook further downgradent.  
• In the S-3 area, the plume now passes under the Cagney Brook underdrain and migrates 

to the west. 
• There is no change in the N-1, N-3 and N-5 areas; no interaction occurs. 
• There is no change in the S-1, S-2 and S-4 areas. 
 
High Flow 
 
The high flow scenario was generated by assuming that recharge was 10 times higher than the 
average scenario.  This range reflects the modeling approach accepted in the Phase II and III 
ESAs.  It is also far in excess of the maximum increase in total annual precipitation measured in 
the Sydney area over the last 110 years (range form 1300 to 1800 mm).  The model was run until 
steady state was achieved.  This scenario results in a high water table that causes many stream 
reaches to become groundwater discharge zones.  It also causes an increase in contaminant 
discharge in many areas of concern.  In this situation changes of note include: 
 
• There is no change in the N-1 and N-5 area. 
• A small amount of contaminated groundwater (represented by one plume particle) 

bypasses the current Fredrick Street Brook channel and discharges to the N-3 area. 



Nova Scotia Department of Transportation and Public Works 
Phase II – Detailed Design and Construction Oversight for Coke Oven Brook Realignment  
100% Design Report                                                                             Page 24  
 
 

 

 (24) 0962-074.1 

• At S-1 the MAID Pond Outlet extension captures much of the MAID leachate. 
• The S-2 Reach captures all of the particles from the southern half of the plume. 
• At S-3, the Cagney Brook underdrain captures most of the plume present within the 

Mullins Bank area. 
• There is no change at S-4. 
 
3.3.5 Realigned Channel Reaches to be Lined 
 
Review of this analysis resulted in the following recommendations for lining reaches of the 
channels: 
 
South Channel 
 
• The channel from the MAID Pond Outlet to SC-A should be lined. The gravel below the 

box culvert on this channel may be collecting some leachate from the Sydney Landfill 
and should be diverted away from the South Channel. 

• The South Channel, near its eastern extension, does not require any lining. 
• The MAID Pond Outlet extension does not require lining. 
• The South Channel at S-2 will not require lining to accommodate the high flow scenario. 
• The need for lining of the South and West Channels at S-3 was resolved based upon 

additional field installations (see Section 3.4.1.3). 
 
West Channel 
 
• The channel in the area of S-4 requires lining. 
 
North Channel 
 
• The North Channel in the N-1 and N-2 Reaches does not require lining. 
• The North Channel at N-3 does not require lining.  The low probability of interaction 

during the high flow scenario will be further reduced by the construction of the cutoff 
wall scheduled for the northern boundary of the Coal Pile Runway during the large clean 
up. 

• The North Channel at N-5 requires lining. 
 
To provide a safety factor for the length of “lined” channel sections, it is recommended that the 
length of “lined” sections be increased by 20% of the length determined by the groundwater 
modelling exercise (i.e., 10% extension at each end of “lined” channel sections). 
 
3.4 Modifications to Proposed Alignment 
 
The Preliminary Channel Design supplied by Dillon and Franz Environmental (2004) formed the 
base for this assignment.  The final channel design included refinements based upon 
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consideration of land use/ownership, groundwater modelling of GWSI, test pitting along the 
channel centerline, presence of surface/subsurface infrastructure, mapping of groundwater and 
soils contamination (Section 3.8), volume of rock excavation, CEAA screening and detailed 
surface water modelling to finalize design storm flows. 
 
As a result, a total of nine refinements were made to the preliminary channel plan and profiles.  
These refinements conservatively require lining of some 985 metres of channel.   The 
refinements are summarized below and on Figure 3.4-1.  These do not include aquatic habitat 
enhancement features previously outlined in Section 3.2. 
 
3.4.1  South Channel 
 
3.4.1.1 Refinement S-1   
 
Groundwater modelling during this investigation verified previous modelling during the pre-
design phase, which noted the potential for contaminant transport into the 115-metre reach of 
channel between the existing MAID culvert and commencement of the South Channel at Station 
0+800.  The results of the modelling with particulate tracking are provided on Figure 9, 
Appendix C, under average flow, steady state conditions.  Subsequent modelling runs assume 
this reach of channel is lined. 
 
The MAID culvert is a box-lined structure, which eliminates contaminant inflow predicted by the 
groundwater model from entering the channel.  However, it is doubtful the gravel base was 
designed to restrict underflow, which could potentially discharge into the channel downstream of 
the culvert.  Therefore, the liner underdrain for the 115 metre section should be combined with 
the culvert underflow and diverted to the existing realignment north of Station 0+800 for final 
discharge into the existing Coke Oven Brook channel, some 235 metres downstream.  Options 
for lining this 115 metre long existing MAID Pond outlet channel are discussed in Section 3.7.7. 
 
Groundwater modelling noted the potential for transport into the above 235 metre reach of 
unlined channel along the western perimeter of the MAID Site under average flow (Figure 3.2-
2), as well as low and high flow conditions (Appendix C, Figures 11 and 12, respectively).  
Under low and average conditions, some flow passes under this reach of channel to daylight in 
Coke Oven Brook.  This reach of channel will be physically separated from surface flow directed 
into the South Channel.  It will, however, remain open to act as a passive groundwater collector 
for liner underflow, as well as flow out of the MAID Site. 
 
3.4.1.2 Refinement S-2 
 
The preliminary design placed the channel centerline through a notable topographic high, 
requiring a deep cut to maintain grade. Mapping of historical surface infrastructure also 
suggested the presence of buried infrastructure in this area; subsequently verified by test pitting.  
The channel centerline was, therefore, shifted slightly to the north.  As well in this area a small 
bridge will be built to accommodate pedestrian and ATV traffic. 
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Modelling predicted the channel would interact with a plume of elevated metals in the shallow 
bedrock only during high flow conditions. However, lining of this reach of channel was not 
deemed to be justifiable, given the extreme nature of events required to provide consistent 10 
times average recharge patterns, the resultant elevated dilution within the channel and the minor 
extent of the metal plume upgradient of the new channel. 
 
3.4.1.3 Refinement S-3 - Mullins Bank 
 
The existing database for the Mullins Bank delineated the presence of a dissolved metal plume in 
shallow bedrock groundwaters, attributable to coal storage operations.  This was characterized by 
iron plus manganese concentration as the indicator parameter (Drawing D-2, Figure L).  
Concentrations in this area peaked at 100 mg/L, compared with background of <2.5 mg/L.  This 
necessitated lining of the realigned West and South Channels through this area of the Mullins 
Bank.   
 
However, monitoring wells positioned along the western perimeter noted a rapid decline in 
concentration to background levels.  Consideration was, therefore, given to re-routing the West 
Channel around the perimeter and eliminate the need for lining (Figure 3.4-2).   
 
The initial modeling runs to verify the validity of this concept noted groundwater flow 
transporting the plume to the north under high flow, but to the west under low and moderate flow 
scenarios.  The latter two cases implied the perimeter and, therefore, downgradient wells, should 
exhibit contamination, which was not apparent.  The scenarios, which were developed to explain 
this discrepancy, included: 
 
• The modeling was not correct; 
• The plume was moving toward the perimeter as the modeling predicted, but due to 

natural attenuation and/or slow transport was not detectable; or  
• The areal extent of the plume as contoured was incorrect (given the absence of 

monitoring well data between the underdrain and the western perimeter) and that the 
plume was concentrated around and discharging into the Cagney Brook underdrain. 

 
In an attempt to determine which scenario was correct, three shallow bedrock monitoring wells 
were installed in the shallow bedrock between the underdrain and the western perimeter in 
February 2005 (monitoring well locations are shown in Figure 3.4-2).  The wells were logged 
and piezometers installed (Appendix B).  Subsequently head levels were monitored in these plus 
eight additional nearby wells.  Water chemical samples were taken in these, plus three existing 
wells. 
 
The head level data confirmed the modeling results.  The water chemistry data confirmed that the 
plume was as large as expected, specifically: 
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1. Water chemistry of the three existing wells noted similar elevated iron plus manganese 
concentrations as found previously, although at somewhat reduced concentrations, as 
summarized below: 
• COMB-004 MW: previously 100.9 mg/L, now 77.1 mg/L 
• COMB-003 MW: previously 4.73 mg/L, now 3.38 mg/L 
• PN88-7: previously 1.35 mg/L, now 0.674 mg/L 

 
2. The indicator concentration at the new wells noted: 

• COMB05-01 -  42.38 mg/L 
• COMB05-02 – 75.7 mg/L 
• COMB05-03 – 3.52 mg/L 

 
In conclusion, it would appear the plume is not confined to the proximity of the Cagney Brook 
underdrain, but does extend out to the west.  The lower concentrations that still exist along the 
western perimeter, therefore, imply natural attenuation in the flow field and/or slow transport.  
Therefore, lining of the western perimeter channel would be required.  It was, therefore, decided 
to retain the initial realigned profile since it required less distance and, therefore, a reduced cost 
for construction. 
 
3.4.1.4 Refinement S-4 
 
Mapping of groundwater contamination in the shallow bedrock indicates the potential for the 
realigned channel to intercept an organic plume being transported downgradient from the Benzol 
Plant.  Groundwater modelling has indicated GWSI will occur in this area and, therefore, lining 
will be required. Some 220 metres of channel will require lining between Stations 0+000 and 
0+220.  The liner underdrain should be diverted into Coke Oven Brook channel upstream of the 
alignment, to be picked up at a later date by the proposed treatment plant scheduled for this area. 
 
3.4.2  North Channel 
 
3.4.2.1 Refinement N-1 
 
The preliminary design saw the North Channel pick up Background and Radar Brook adjacent 
the rail line at Station 1+497.  The centerline of the channel was then diverted adjacent to and 
north of the rail line down to Station 0+450.  In this scenario, the upper portion required lining 
due to potential interaction with the MAID bedrock contaminant plume and a drainage easement 
would be required from the rail line owner and private landowners.   
 
To reduce the requirements for drainage easements from private landowners, the channel 
centerline was shifted northward onto government owned property, which also had the advantage 
of being further from the MAID contaminant plume.  Groundwater modelling has shown that no 
lining is required along this centerline.  Two culverts will be required as the channel route 
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transits the Frederick Street reserve, as well as the easement for its proposed installation and 
maintenance. 
 
Modelling was also used to address the concern that the reaches of channel incised into bedrock 
may become influent (loss of stream flow to groundwater), thus dry up the stream bed.  
However, particle tracking confirmed an effluent condition with groundwater discharging into 
the channel. 
 
Upstream of N-1 in the area designated NC-A (Figure 2-2), particle flow tracking under average 
conditions (Figure 3.3-2) noted groundwater transport north from the MAID Site.  This flow 
could potentially interact with Background Tributary upstream of where the North Channel 
realignment begins. 
 
The impact of this potential inflow is presently felt to be low, given that the interaction zone will 
be diffused through a wetland in which the present channel is positioned along the northern 
perimeter.  Further field inspections have not delineated any discrete high flow springs. 
 
This conceptual model will, however, be verified with stream monitoring at the upstream end of 
the North Channel during operations.  Should unacceptable concentrations be noted, the remedial 
action plan would entail constructing a shallow leachate collection system along the northern 
boundary of the MAID Site, similar to the leachate collection system presently in place around 
the former Sydney Landfill.  This drain would discharge into the existing DWMA drain and thus 
be directed through the LCTS to the Battery Point Treatment Plant. 
 
3.4.2.2 Refinement N-2 

 
The preliminary design centered the channel adjacent the rail line for the entire routing to the 
main culvert at Station 0+360.  However, springs exist with heavy iron precipitate discharging 
into the existing channel at Station 0+680 from shallow groundwaters moving off the Coal Pile 
Runway.  This necessitated keeping the realigned channel further to the north, while allowing it 
to still intercept tributary flow from Frederick Street Brook at Stations 0+680 and 0+860.  A new 
diversion channel will have to be constructed to direct rail line drainage into the new channel 
between the Frederick Street inflows. 
 
Modelling indicated that as long as the existing Frederick Street Brook channel is present, it 
would intercept plume movement off the Coal Pile Runway prior to it entering the new channel.  
This would occur under low and average flow conditions.  During high flow modelling there was 
a low probability that some flow might still reach the new channel.  At this time no lining is 
recommended.  The high flow event transport should be accommodated by the cut-off wall 
scheduled for completion along the northern perimeter of the Coal Pile Runway during the larger 
clean up effort. 
 
The present concept would see the reach of the existing channel, into which the springs 
discharge, diverted into piping toward the culvert at Station 0+360.  From that point, it would be 
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directed in separate piping under the rail line and SPAR to discharge into the existing 
underground two culvert system, which directs flow into Coke Oven Brook via the old Whitney 
Pier Brook channel. 
 
3.4.2.3 Refinement N-3 
 
The discussion provided above is relevant to this area.  Since Frederick Street Brook will remain, 
modelling for the shallow bedrock suggests lining is now not required in this reach. 
 
3.4.2.4 Refinement N-4 
 
The preliminary design diverted Domtar Brook eastward to join Whitney Pier Brook, with 
combined flow then diverted under the active transportation corridor comprising two rail lines 
and the SPAR near the base of Lingan Road.  However, significant technical difficulties became 
apparent in installing the new channel, due not only to disruption of service, but interference 
with extensive new subsurface infrastructure recently installed in the same area associated with 
the rail crossing signals and traffic signals at the intersection of Lingan Road and the SPAR.   
 
Discussion then turned to whether the present culvert could be used.  Hydraulic analysis of the 
existing culvert at Station 0+360 indicated it was sufficient to carry the 1:100 design storm flow 
only for Frederick and Whitney Pier Brooks, with no aquatic enhancement and not considering 
the flow from Radar and Background Brooks.  
 
Therefore, the new design incorporates the following features: 
 
1. The existing 2.1 metre culvert will be utilized. 
 
2. Domtar Brook has been rerouted separately across the transportation corridor prior to 

joining the realigned channel (two options investigated in Section 3.5.3). 
 
3. A separate 2.4 metre diameter culvert will be excavated under the transportation corridor 

(SPAR) to accommodate fish passage and high flows. 
 
4. Additional small piping will be laid adjacent the new culvert to accommodate spring 

underdrainage and to direct flow into Coke Oven Brook via the old Whitney Pier Brook 
channel southwest of the Coal Pile Runway. 

 
An investigation was carried out into the feasibility of using the wetland north of Frederick 
Street for storage of peak flows in the North Channel to potentially eliminate or downsize the 
requirement for installation of the new 2.4 metre diameter culvert under the SPAR.  The results 
of this investigation are included in Appendix I. 
 
In summary, it was found that the volume of storage available north of Frederick Street and in a 
proposed pond to be constructed south of Frederick Street was not large enough to significantly 
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reduce the peak flow at the SPAR culvert.  The peak flow was found to only decrease from 16.7 
m3/s to 14.8 m3/s, which still exceeds the capacity of the existing 2.1 metre diameter culvert of 8 
m3/s (without fish baffles).  Therefore, the second culvert under the SPAR will be required. 
 
3.4.2.5 Refinement N-5 
 
The preliminary design called for this 215 metre reach between Stations 0+000 and 0+215 to be 
lined.  Mapping of the contaminant plumes in the fill and shallow bedrock confirm that this reach 
is prone to receipt of contaminant transport off the Coke Plant No. 1 facilities and Coal Pile 
Runway, as well as the Domtar Site in the Fill and/or shallow bedrock.   
 
The liner underdrainage should be diverted into the Coke Oven Brook channel upstream of the 
confluence with the North Channel for eventual pick up by the proposed treatment plant. 
 
3.4.3 Domtar Brook Realignment 
 
Finally, two routing options for the realignment of Domtar Brook were investigated as indicated 
on Figure 3.4-3.  Option A is north of the double rail lines and cuts under these tracks and the 
SPAR, and finally into the new North Channel at Station 0+215.  Option B intercepts Domtar 
Brook on the south side of the SPAR and runs parallel to the SPAR just outside of the Coke 
Ovens Site fence, and discharges into the North Channel at Station 0+180. 
  
The pros and cons for each option are listed as follows: 
 
Option A – Pros 
 
• Route is away from Coke Ovens Site; therefore, less potential for excavating 

contaminated materials. 
 
Option A – Cons 
 
• Requires relocation of utility poles and site fencing; 
• Is located close to residential properties; 
• Is approximately $100,000 more expensive than Option B; and 
• Requires crossing under two rail lines and the SPAR. 
 
Option B – Pros 
 
• It is 46 metres shorter than Option A; 
• It eliminates crossing under two rail lines and the SPAR; 
• The route is along an existing gravel access road; 
• It does not involve the relocation of power poles and fencing as for Option A; 
• The construction area would be further from the residential area; and 
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• It is approximately $100,000 less expensive than Option A. 
 
Option B – Cons 
 
• Route is closer to the Coke Ovens Site and there is more potential for excavating 

contaminated material. 
 
The recommendation to proceed with Option B because of the benefits of this option was 
accepted at the 60% Design Report stage.  To design this storm sewer, a test pit investigation 
was carried out on 06 February 2005 to locate the existing underground Domtar culvert to the 
south of the SPAR at location D-1 on Figure 3.4-3.  This test pit uncovered a concrete slab, 
which is believed to be over the culvert; and likely served to provide support for the former rail 
lines, which crossed the culvert at this location.  From the elevation of the top of this concrete 
slab, the invert of the existing concrete culvert was estimated and found to be deeper than 
required to provide positive slope to the North Channel.  The calculated grade was 
approximately 0.1%, or basically flat assuming a 300 mm thick slab. 
 
Another test pit was carried out at location D-2 on Figure 3.4-3 to expose the top of the existing 
Domtar concrete culvert at a point between the SPAR and the double rail lines.  At this location, 
the culvert is 1 metre higher in elevation, and a grade of 0.292% can be provided to the North 
Channel as shown on Drawing 2-3, Sheet 4.  At this location, a 45-degree transition can be 
installed at the connection point, which will provide better hydraulic flow characteristics than the 
previous 90-degree connection. 
 
The one drawback for this option is that the new culvert route crosses the SPAR.  Since location 
D-1 was found unacceptable due to lack of grade, it is recommended that the Option B design 
should proceed from location D-2 as shown on Figure 3.4-3. 
 
3.5 Channel Hydraulics, Cross Section and Details 
 
The SWMM model was utilized to calculate the required sizing of the various branches of the 
channels considering the variables for each channel (i.e., design flow, channel gradient, channel 
cross section, etc.).  Table 3.5-1 summarizes the channel sizing for the different reaches of each 
channel.  It also indicates the high flow depths and the nominal size rip rap stones for erosion 
protection considering channel hydraulics. 
 
The channel design drawings have been laid out to ensure that a 600 mm freeboard depth is built 
into the channel design (i.e., the channels are constructed 600 mm deeper than the open water 
flow depth associated with the 100-year return period design flows).  This amount of freeboard is 
consistent with standard engineering practice to accommodate ice, snow, debris, etc., and 
matches the design criteria used for the MAID Site channel. 
 
The various culverts for each channel were sized to accommodate the design flows.  A summary 
of the culvert sizing is as follows: 



Table 3.5-1
Summary Table for Channel Sizing Different Reaches for Different Scenarios

Reach Description Mapping Chainage Q 100 YR Slope Side-slope Bottom Depth Top Width d50
(%) (H:V) (m) (m) (m) (mm)

NCA-Whitney U/S of Whitney Pier Brook North Channel 0+360 to 1+497 8.04 0.500 2:1 2.0 1.61 7.26 150
(Dwg No. 2-3 Sht 1) 3.0 1.46 7.64 150

2.20 2:1 2.0 1.22 5.67 260
3.0 1.09 6.16 260

Whitney - NCC D/S of Whitney Pier Brook North Channel 0+215 to 0+360
(Dwg No. 2-3 Sht 1)

NCD - NCC Domtar Brook Domtar Culvert
(Dwg No. 2-3 Sht 4)

NCC-SCH North Channel Total North Channel 0+000 to 0+215 20.10 0.928 2:1 2.0 2.05 - 260
(Dwg No. 2-3 Sht 1) 3.0 1.87 9.29 260

3:1 2.0 1.85 - 260
3.0 1.73 11.57 260

VULCAN-SCF Cagney Brook Box culvert REFER TO CULVERT SIZING

SCF-SCE Cagney Brook at Mullins Bank West Channel 0+510 to 0+689 11.80 0.907 3:1 2.0 1.53 9.36 150
(Dwg No. 2-3 Sht 3) 3.0 1.41 9.68 150

SCA-SCE MAID Pond outlet + South Channel 0+000 to 0+810 8.95 0.601 2:1 2.0 1.62 7.30 150
 Incenerator Brook (Dwg No 2-3 Sht 2) 1:1 2.0 1.88 5.17 150

0.959 2:1 3.0 1.34 7.15 150
3:1 3.0 1.26 8.76 150

SCE-SCH South Channel Total West Channel 0+000 to 0+510 20.70 0.907 3:1 2.0 1.88 11.45 150
(Dwg No. 2-3 Sht 3) 3.0 1.45 11.71 150

1.157 3:1 2.0 1.79 10.96 260
3.0 1.67 11.23 260

2:1 2.0 1.98 8.71 260
3.0 1.81 9.03 260

2.462 3:1 2.0 1.56 9.58 330
3.0 1.45 9.88 330

Note:
Q100 YEAR  - this is the magnitude of the design flow in cubic metres per second with a 100 year return period (a flow with this magnitude would on average
occur or be exceeded once every 100 years).
Slope - this is the slope of the channel profile in percent.
Side-slope – this is the steepness of the side slope (expressed as horizontal run over vertical rise, H:V) for a trapezoidal channel.
Bottom – is the width of the channel bottom in metres for a trapezoidal channel.
Depth – is the depth of flow in metres associated with the 100 year design flow and a trapezoidal channel with the channel slope, side slope and bottom widths shown.   This depth is 
measured from the invert of the low flow triangular channel.
Top width – is the width of the flow associated with the 100 year design flow and the channel parameters shown. 
d50 - the equivalent spherical diameter of a stone that has 50% of the rip rap gradation finer by weight

REFER TO CULVERT SIZING

REFER TO CULVERT SIZING
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1. Domtar Culvert 
 
$ No fish passage baffles 
$ Slope: 0.30% 
$ Concrete 
$ Length = 222 metres 
$ Diameter = 1.8 metres 
$ Headwater/Diameter (HW/D) = 0.9 
 
2. SPAR/Lingan Road Second Culvert (use existing 2.1 metre culvert and a new 2.4 metre 

culvert) 
 
Option 1        Option 2 
 
$ With fish passage baffles    • No fish passage baffles 
$ Slope: 0.9%      • Slope: 0.5%   
$ Concrete      • Concrete  
$ Length = 145 metres     • Length = 145 metres 
$ Diameter = 2.4 metres     • Diameter = 2.4 metres 
$ HW/D = 0.9      • HW/D = 0.9 
 
3. South Channel at the Site Access Road 
 
$ No fish passage baffles 
$ Slope = 1.84% 
$ Concrete 
$ Length = 155 metres 
$ Diameter = 2.1 metres 
$ HW/D = 1.0 
 
4. North Channel – North of Metro Sanitation 
 
$ No fish passage baffles 
$ Slope = 0.5% 
$ Concrete 
$ Length = 120 metres and 55 metres 
$ Diameter = 2.1 metres 
$ HW/D = 0.9 
 
In order to evaluate the suitability of the proposed realignment channels for fish habitat purposes 
(e.g. will the channels allow fish to pass upstream and downstream, will the channels be suitable 
for fish spawning and will the channels provide overhead cover and food to fish and aquatic life), 
the magnitudes of flows were calculated that would be more representative of average conditions 
when fish are active (the hydraulic design flows are conservative in nature and occur very 
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infrequently). The flows selected for this purpose have probabilities of exceedence of 75% and 
50%. A flow with a 75% exceedence probability would be larger than 25% of the flows during 
an average year, or smaller than 75% of the flows during an average year. As the flows during an 
average year would include the large flows during the spring melt and the low flows during the 
summer, a flow with a 50% exceedence probability is considered to be representative of an 
average annual flow, while a flow with a 75% exceedence probability is considered to be 
representative of average non-spring flows. As the vast majority of fish activity occurs during the 
summer and fall seasons, the flow with a 75% exceedence probability was considered to be most 
appropriate to evaluate the suitability of the proposed channels for fish habitat purposes.  
 
The parameters that are generally used to evaluate the suitability of a channel for fish habitat 
purposes include depth of flow, flow velocity and top width of the flow. These parameters are 
presented for both the flows with a 75% and a 50% exceedence probability in Table 3.5-2. 
 
3.6 Geotechnical Investigation and Recommendations 
 
3.6.1 Investigation Procedure 
 
A geotechnical engineering investigation and site reconnaissance for the realignment of Coke 
Oven Brook and the LCTS was conducted in November and December 2004.  This section of the 
report includes a summary of the investigation procedure and findings, along with geotechnical 
engineering recommendations for design and construction of the proposed realigned channels.  
The Site Plan and Channel Alignments are shown on Drawings 2-2 and 2-3 (Sheets 1, 2, 3 and 
4). 
 
The proposed brook realignment measures approximately 3300 metres in length.  The 
construction will include excavations to a depth of approximately 2.0 to 6.0 metres deep and 
above grade berms to approximately 2 metres in height.   
 
The Existing Conditions Site Plan (Drawing 2-1) includes a topographic survey of the site 
showing the ground surface elevation along the proposed channel realignment, which ranges 
between 13.0 and 30.0 metres (geodetic datum).   The site survey shows that the topography 
profile consists mainly of sloping terrain in an east to west direction. 
 
A review of previous reports and background information pertaining to the Coke Ovens Site was 
completed prior to beginning the subsurface investigation (Cape Breton Environmental Group, 
1999; JDAC Environment, 2001; JDAC Environment, 2002; and Nolan Davis and Associates 
and Jacques Whitford and Associates, 1990). 
 
The subsurface conditions at the site included advancing 35 test pits between 23 November and 
03 December 2004.  The layout of the test pits is shown on Drawing 2-2.  The test pits were 
located at important alignment locations and areas where there was limited or no previous 
geotechnical investigation information. 
  



Table 3.5.2:  Expected depths for different flows and channel sizes along reaches of Coke Oven Brook

75% Exceedance Flows 50% Exceedance Flows 2 year return period flows
Reach Chainage Slope Side-slope Bottom width Flow depthA velocity Top width Flow depthA velocity Top width Flow depthA velocity Top width

(%) (H:V) (m) (m3/s) (m) (m/s) (m) (m3/s) (m) (m/s) (m) (m3/s) (m) (m/s) (m)
U/S of Whitney North Channel (Dwg 27-Jan-05) 0.500 1:1 2.0 0.016 0.14 0.26 0.91 0.041 0.19 0.32 1.29 3.14 1.16 1.13 3.73

 Pier Brook (0+350-1+485) 3.0 0.12 0.23 1.17 0.17 0.29 1.67 0.96 1.10 4.32
2:1 2.0 0.14 0.26 0.91 0.19 0.32 1.29 1.07 1.05 5.06

3.0 0.12 0.23 1.17 0.17 0.29 1.67 0.92 1.02 5.48
3:1 2.0 0.14 0.26 0.91 0.19 0.32 1.29 1.01 0.98 6.24

3.0 0.12 0.23 1.17 0.17 0.29 1.67 0.89 0.96 6.53
2.208 1:1 2.0 0.016 0.10 0.45 0.69 0.041 0.15 0.56 0.98 3.14 0.81 1.97 3.03

3.0 0.09 0.41 0.89 0.13 0.52 1.26 0.67 1.86 3.74
2:1 2.0 0.10 0.45 0.69 0.15 0.56 0.98 0.78 1.84 3.91

3.0 0.09 0.41 0.89 0.13 0.52 1.26 0.66 1.77 4.43
D/S of Whitney North Channel (Dwg 27-Jan-05) 0.500 2:1 3.0 0.028 0.14 0.27 1.44 0.071 0.20 0.34 2.05 5.87 1.21 1.21 6.64

Pier Brook, (0+180-0+350) 3:1 3.0 0.14 0.27 1.44 0.20 0.34 2.05 1.15 1.13 8.11
U/S of Domtar Brook 
North Channel Total North Channel (Dwg 27-Jan-05) 0.500 2:1 3.0 0.036 0.16 0.29 1.59 0.094 0.23 0.36 2.27 8.50 1.42 1.34 7.50

(0+000-0+180) 3:1 0.16 0.29 1.59 0.23 0.36 2.27 1.34 1.25 9.24
0.664 2:1 3.0 0.036 0.15 0.32 1.51 0.094 0.22 0.40 2.16 8.50 1.35 1.47 7.20

3:1 0.15 0.32 1.51 0.22 0.40 2.16 1.27 1.37 8.84
0.918 2:1 3.0 0.036 0.14 0.36 1.41 0.094 0.20 0.46 2.03 8.50 1.25 1.67 6.79

3:1 0.14 0.36 1.41 0.20 0.46 2.03 1.18 1.56 8.30
SCF-SCE Cagney Brook at Mullins Bank 0.907 3:1 2.0 0.014 0.12 0.31 0.78 0.037 0.17 0.39 1.12 4.33 1.02 1.32 6.30

West Channel (Dwg Issue 11-Mar-05)
(0+510 to 0+689) 3.0 0.10 0.28 0.99 0.14 0.36 1.43 0.92 1.31 6.59

SCA-SCE MAID Pond outlet + 0.601 1:1 2.0 0.014 0.13 0.26 0.84 0.036 0.18 0.34 1.20 3.31 1.14 1.23 3.68
Incinerator Brook 2:1 0.13 0.26 0.84 0.18 0.34 1.20 1.05 1.14 4.99

South Channel (Dwg Issue 11-Mar-05) 0.959 2:1 3.0 0.014 0.10 0.29 0.99 0.036 0.14 0.37 1.40 3.31 0.81 1.32 5.05
(0+000-0+810) 3:1 0.10 0.29 0.99 0.14 0.37 1.40 0.79 1.24 5.97

SCE-SCH South Channel Total 0.907 3:1 2.0 0.029 0.15 0.37 1.02 0.076 0.22 0.47 1.46 7.60 1.26 1.52 7.76
West Channel (Dwg Issue 11-Mar-05) 3.0 0.13 0.34 1.31 0.19 0.43 1.88 1.13 1.51 7.99

(0+000-0+510) 1.157 2:1 2.0 0.029 0.14 0.46 0.92 0.076 0.20 0.58 1.32 7.60 1.29 1.79 5.96
3.0 0.12 0.42 1.18 0.17 0.53 1.69 1.13 1.77 6.31

3:1 2.0 0.14 0.46 0.92 0.20 0.58 1.32 1.20 1.67 7.42
3.0 0.12 0.42 1.18 0.17 0.53 1.69 1.08 1.65 7.66

2.462 3:1 2.0 0.029 0.13 0.54 0.85 0.076 0.18 0.69 1.21 7.60 1.04 2.22 6.45
3.0 0.11 0.49 1.08 0.16 0.63 1.56 0.92 2.19 6.73

A Depth of water from the invert of the low-flow triangular channel
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The test pits were completed with an excavator.  As each test pit was advanced, the stratigraphic 
profile was logged for soil type, moisture content and relative density.  Test holes were advanced 
to competent bedrock where possible.  Groundwater conditions were assessed at each location. 
 
Soil samples were recovered from selected test pits and analyzed mainly for moisture content.  
Grain size analysis was only performed on selected samples, given the extent of existing 
information.  Samples were placed in plastic bags and double wrapped to preserve as close to 
field conditions as possible for lab analysis.  No chemical analyses were carried out at this time. 
 
The Test Pit Logs are included in Appendix B of this report.  The logs include groundwater table 
and bedrock contact elevations, as well as the sample location.  Tables B-1 and B-2 are included 
in Appendix B to summarize the test pit log findings.  Table B-1 provides a summary of the 
elevations and thickness of the geologic units logged in the test pits.  Table B-2 summarizes 
general comments and observations for each test pit.  The ground surface elevation at each test 
hole location was referenced to the topographic survey.       
  
3.6.2 Subsurface Geologic Conditions Along Channel Alignments 
 
The Coke Oven Brook realignment consists of three sections, namely the North Channel, South 
Channel and West Channel.  The following sections summarize the subsurface geologic 
conditions by combining existing information, site reconnaissance and the test pitting program.  
Selected soil samples were collected and tested in the ADI’s soils laboratory.  The results of the 
laboratory testing are included in Table B-3 in Appendix B.  Supporting geological information 
is provided in Appendix D. 
 
In general, the overburden soils along the North Channel alignment include a common fill layer 
over an organic layer, which overlies competent glacial till.  The fill has been excavated from 
local sources and has a similar texture to the native Glacial Till. At various locations the fill 
contains debris that would be associated with the former industrial use of the property.  The 
overburden soils along the South and West Channels consist of a loose sandy coal fill. 
 
The glacial till is a poorly graded mixture of clay, silt, sand and gravel with occasional cobbles 
and boulders.  The till is in a compact to dense state of relative density.  The clay and silt content 
of the till increases in the northeast portion of the project site, toward Whitney Pier. 
 
The sedimentary bedrock underlying the site is comprised of the Morien Group South Bar 
Formation. The bedrock in the test pits consisted mainly of a fine to medium grained sandstone 
of moderate hardness, with minor lenses of a weak, fractured mudstone.  
 
3.6.2.1 North Channel 
 
The North Channel of the realignment is approximately 1500 metres in length.  The overburden 
soils encountered in the test pits along this section include Fill and Native Glacial Till. 
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Between Stations 0+000 and 0+400, the test pits encountered common fill approximately 0.5 to 
1.8 metres in thickness.  The native till included a compact reddish brown glacial till with a 
minimum thickness of 2.5 metres.  There was some minor surface water seepage through this 
section.  Bedrock and groundwater were not encountered, therefore, construction conditions are 
considered favourable for the channel excavation. The fill and native till in this area should be 
suitable for reuse if chemical analysis confirms that contamination levels are under the Site 
Specific Target Levels (SSTLs).  At Station 0+140, Test Pit 32 encountered a 300 mm diameter 
concrete pipe at approximately 3.0 metres depth. 
 
Station 0+400 to 0+800 included a low lying area with ponding water and poor drainage 
characteristics.  This fill layer is approximately 0.9 to 1.8 metres thick.  It contains debris and is 
very moist to wet, and likely not suitable for reuse.  The moisture content through this section 
ranged from 11 to 17%. The higher range is above the optimum moisture content for till. 
 
The section between Stations 0+800 and 1+000 included shallow, at times outcropping bedrock.  
The bedrock was generally rippable to approximately 0.3 to 0.6 metres and competent below this 
depth.  A mechanical breaker will likely be required through this section of the channel 
excavation. 
 
Between Stations 1+000 and 1+509, the fill and glacial till are approximately 3.0 metres thick. 
This material will be suitable for reuse.  The bedrock through this section is hard and may only 
be rippable to 0.3 to 0.6 metres.  Groundwater was encountered at the till-bedrock interface. 
Surface water seepage (minimal) was reported in the upper layer of the native till. 
 
3.6.2.2 South Channel 
 
The South Channel of the realignment is approximately 800 metres in length.  The overburden 
soils encountered in the test pits along this section included Fill and Native Glacial Till. 
 
Between Stations 0+000 and 0+350, this section of the realignment is relatively level. The 
alignment is located near the former coal storage area for the Coke Ovens Site (Mullins Bank).  
This area has been regraded on at least one occasion and has poor drainage characteristics. 
 
The test pits encountered shallow fill and till layers between Stations 0+000 and 0+100 (less than 
2.0 metres).  There was groundwater seepage through the loose fill material and at the till-
bedrock interface.  Test Pit COBR04-09-TP included significant groundwater inflow.  The 
moisture content of the fill and till through this section ranged from 11 to 12%, therefore, the 
native till should be suitable for reuse, pending chemical analysis. 
 
Surface drainage will be required in this area due to the wet soil conditions.  Ditches can be 
directed toward the West Channel.  This section should be over excavated (approximately 0.5 
metres) to remove very moist to wet soils near the surface. Construction along this portion of the 
realignment would be preferably carried out in the summer season. 
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The overburden soils consist of a thin fill layer followed by reddish brown glacial till.  Coal 
debris was found near surface in this area.  The native till is suitable for construction of side 
slopes. 
 
Between Stations 0+300 and 0+500, the ground surface slopes to the west.  There is a buried 
culvert in this section of the channel alignment. Bedrock quality changes abruptly through this 
section.  It consists of weak friable mudstone to approximately Station 0+300 (i.e., TP 007), then 
is interbedded with hard, competent sandstone.  A mechanical breaker may be required in this 
area to excavate the sandstone bedrock. 
 
The section between Stations 0+500 and 0+800 has been infilled and regraded. There is a former 
coal dumping station located near Station 0+600.  The fill layer varies in thickness, density and 
texture and is not suitable as structural fill.  Groundwater was encountered at the fill-glacial till 
interface and at the bedrock contact.  Test Pits COBR04-03-TP and COBR04-04-TP included 
significant groundwater inflow. 
 
Bedrock type and depth to contact varies significantly through this section of the South Channel. 
 
3.6.2.3 West Channel 
 
The West Channel of the realignment is approximately 700 metres in length.  The overburden 
soils encountered in the test pits along this section included Fill and Native Glacial Till. 
 
The section of the alignment between Stations 0+000 and 0+200 is located near the confluence 
of the North and West Channels and near the existing Coke Oven Brook channel. Test Pits 
COBR04-28-TP and COBR04-29-TP encountered 1.2 to 2.2 metres of loose, poorly graded fill 
over competent glacial till.  Test Pits COBR04-34-TP and COBR04-35-TP were excavated to 
determine the extent of the loose relative density fill units.  Grain size analysis indicated that the 
till has a relatively high “fines” content. These soils are susceptible to deterioration upon 
exposure to heavy equipment traffic and wet conditions. 
 
Between Stations 0+200 and 0+500, the fill layer ranges between 0.5 to 2.4 metres thick.  There 
is a layer of competent glacial till below the fill layer.  Test pitting revealed remnants of the 
former Coke Ovens facilities through this area.  Test Pit COBR04-26-TP uncovered a concrete 
floor and a 300 mm diameter concrete pipe at a 2.44 metre depth. 
 
Groundwater inflow to test pits through this portion of the West Channel was minimal. 
 
Station 0+500 to 0+700 is a relatively level area of the realignment.  There were no new test pits 
advanced in this area.  Information provided through earlier site investigations was used to assess 
the excavation conditions in this area (refer to test pits COMB-006-TP, COMB-007-TP and 
COMB-008-TP and Monitoring Wells COMB-003-MWB and COMB-004-MWB).  This section 
includes minimal fill material.  The glacial till is relatively shallow ranging in depth from 0.6 to 
2.3 metres. 
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3.6.3 Conclusions and Design Recommendations  
 
3.6.3.1 Geotechnical Soil Conditions 
 
The general overburden soil within the site includes a fill layer underlain by a competent Till 
layer.  The fill consists of a saturated loose fine-grained coal with some cobbles, which varies in 
depth from 0.25 to 0.5 metres in the vicinity of the South and West Channel.  The fill in the area 
of the North Channel is mostly comprised of a thin, saturated organic layer underlain by a well 
graded SILT and SAND with some Clay and Gravel. This fill overlies a native organic layer, 
which is underlain by the native Till. As previously mentioned, the till ranges from compact to 
dense and varies in water content and percent fines. Where the till is saturated with a high 
percent fines, the shear strength is reduced.  The bedrock is comprised of an easterly dipping 
sandstone, which is highly fractured at the surface. 
 
The geotechnical investigation consisted of test pitting, where the soil profiles were logged for 
soil type, moisture content, relative density, water table and bedrock elevations.  Moisture 
content, sieve analysis and atterberg limits were conducted on a limited number of samples due 
to the extent of existing information. 
 
The in-situ native till was found to primarily consist of slightly plastic fines.  The sieve analysis 
determined 48.17% passed the No. 200 (0.075 mm) sieve.   The soil displayed a Liquid Limit of 
24.1 and Plastic Limit of 18.31, resulting in a Plastic Index of 5.79.   Therefore, the fines portion 
is classified as a CL-ML, inorganic silty or clayey fine sands of slight plasticity. 
 
3.6.3.2 North Channel 
 
1. The fill layer between Stations 0+400 and 0+800 contains debris and is very moist to wet, 

making it unsuitable for reuse. 
 
2. Rock excavation will likely be required between Stations 0+800 and 1+497, particularly 

between Stations 0+800 and 1+300.  The main bedrock type in this area is moderately 
hard, fine-grained sandstone.  The sandstone will be difficult to excavate by hydraulic 
excavator only.  A mechanical breaker will likely be required to excavate bedrock along 
this section of the alignment.   

 
3. Excavated native glacial till soil can be reused for site grading or stockpiled for future 

use.  The glacial till is susceptible to deterioration of “workability” characteristics if 
exposed to wet climate conditions. 

 
4. Based on the test pit observations, the volume of groundwater seepage into the channel is 

expected to be low.  Seepage will occur at the interface of the glacial till and fill and at 
the glacial till and bedrock. 
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3.6.3.3 South Channel 
 
1. The initial portion of the South Channel between Stations 0+000 and 0+300 is relatively 

level and poorly draining. Pre-construction drainage will be required to achieve a stable 
foundation for berm construction in this section. 

 
2. Fill materials should be excavated below the embankment berms between Stations 0+000 

and 0+300 (approximately 0.5 metres of excavation is required to remove very wet soils 
near the surface).  Construction along this poorly draining area should preferably be 
carried out in summer. 

 
3. A limited volume of glacial till soil will be available for berm construction in this section 

of the South Channel (i.e., between Stations 0+000 and 0+300).  Excavated native glacial 
till soil from the south end of the West Channel will provide a good source of borrow 
material for the berm construction if the moisture content is maintained at the existing 
condition (i.e., 10 to 12%). 

 
4. Excavation for the culvert between Stations 0+345 and 0+505 will encounter both weak 

and hard bedrock types.  The fine-grained sandstone bedrock will likely require 
mechanical breaking prior to excavation. 

 
5. The culvert pipe between Stations 0+345 and 0+505 should be supported with 

NSDOT&PW Type 2 granular to the “spring-line”.  Excavated native till can be used 
above the granular fill. 

 
6. Fill materials between Stations 0+500 and 0+800 are in a loose state of relative density. 

However, the fill layers are relatively thin and should not affect overall stability. 
 
7. High groundwater levels were encountered between Stations 0+600 and 0+800.  

Excavated native till from this area will be suitable for building the embankment berms 
between Stations 0+000 and 0+300. 

 
3.6.3.4 West Channel 
 
1. Excavation of the West Channel should encounter relatively deep deposits of common fill 

and native glacial till. 
2. Low shear strength and high moisture contents were noted in the soils between Stations 

0+000 and 0+200.  There should be a contingency made to rock line the side slopes in 
this section of the channel. 

 
3. Excavation of the West Channel will encounter remnants of the former Coke Ovens 

facilities, particularly between Stations 0+200 and 0+400. 
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4. The fill layers are in a varying state of relative density and contain varying amounts of 
debris associated with the former Coke Ovens facilities.  Excavation through the fill 
materials should be made at a grade of 3(H):1(V). 

 
Groundwater seepage potential appears to be low except near the existing Coke Oven Brook 
channel.  Based on the test pit observations, seepage can be expected at the bedrock contact. 
 
3.7 Channel Details 
 
3.7.1 Introduction 
 
The objective of this analysis was to determine the stability of the excavated slopes for the 
channels and the required berms for the realignment of the Coke Oven Brook. The realignment 
requires the excavation of the channels to a depth of 2 to 6 metres and the berms constructed to a 
height of 2.5 metres. 
 
The analysis and factor of safety recommendations outlined in the US Army Corps of Engineers 
Engineering and Design Manual, EM 1110-2-1902 (1970), Slope Stability were implemented 
during this design. The factor of safety for each cross section was determined using the force-
equilibrium Morganstern and Price (1965) Method.  The Morganstern and Price Method satisfies 
all boundary and equilibrium conditions and the failure surface can be any shape. 
 
The factors of safety were generated using Slope W (Version 3.04) computer program, produced 
by Geo-Slope International.  The channel slopes will be subject to channel flow conditions, 
therefore, the channel slope stability was analyzed for the following channel slope conditions: 
 
1. High water;     
2. Low water; and 
3. Rapid drawdown from high water. 
 
The US Army Corps of Engineers, Engineering and Design Manual, EM 1110-2-1902 (1970), 
Slope Stability, recommends/outlines the following minimum factors of safety for the following 
channel conditions: 
 
1. End of Construction    1.3   
2. Normal Conditions    1.5 
3. Rapid Drawdown From High Water  1.3 
 
Since the slopes are excavated slopes and not significant embankment fills, large excess pore 
water pressures will not be generated during construction.  Therefore, the end of construction 
factor of safety, outlined above, does not apply.   In addition, the minimum factor of safety of 1.5 
for the normal conditions was used for the high water and low water conditions. 
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The following minimum factors of safety of 1.5 for high water, 1.5 for low water and 1.3 for 
rapid drawdown from high water, were met or exceeded for all designed channel configurations.  
 
3.7.2 Slope Stability Analysis and Design Considerations of Unlined Sections 
 
The excavated channel will pass through fill material and native glacial till.  The slope stability 
analysis was conducted using an internal angle of friction of 30 degrees and a unit weight of 
2125 kg/m3 for the native till.  The loose fill was assumed to have an angle of friction of 26 
degrees and unit weight of 1960 kg/m3.  The berm will be constructed with the native till as 
outlined in the geotechnical recommendations.  The recompacted till material was assumed to 
have an internal angle of friction of 30 degrees and a compacted density of 2160 kg/m3.  The 
assigned soil property values were developed from previous experience and investigations where 
standard penetration values were obtained. 
 
Groundwater during the geotechnical investigation was found generally at the top of the till layer 
or at the bedrock elevation.   In the vicinity of the North Channel, water was found seeping in at 
the surface and in the native organic layer over top of the native till. 
 
Since channel banks are subject to fluctuations in water level, the consideration of rapid 
drawdown is of prime importance.  The design of the excavated slopes for the channel 
realignment was largely controlled by this condition. 
 
Where the channel passes through the competent native till with channel depths ranging from 2 
to 6 metres and bedrock at depth, the channels can be sloped 2 to 1 and covered with 500 mm of 
rip rap stone and extended to the crest of the slope, as shown in typical rip rap channels in Figure 
3.7-1, Section A.  The rip rap is required to eliminate sloughing and erosion of the slopes and, 
therefore, will minimize siltation. A factor of safety of 1.65 was achieved during stable high 
water and 1.3 under rapid drawdown.  Where the Native Till is overlain by the loose sandy coal 
Fill, the fill should be removed 2 metres beyond the crest of the slope. 
 
Where the channel bottom intersects bedrock, the competent bedrock can be sloped at a slope of 
1 to 1.   The native till overlying the bedrock should be sloped 2 to 1 with 500 mm of rip rap 
extending to the slope crest, as shown in Figure 3.7-2, Section B.  A factor of safety of 1.7 was 
determined for all conditions. 
 
The above grade berm sections can have a design slope of 2 to 1 lined with 500 mm of rip rap.    
This is shown in Figure 3.7-3, Section C.  The foundation soil will have to be excavated to a 
depth of 0.5 metres and a geotextile placed prior to backfilling.  The determining design 
parameter was during a rapid drawdown condition, where a factor of safety of 1.4 was 
determined. 
 
These configurations were based on test pit logs and previous experience with the Native Till. 
Conditions along the channel may change, which may require different design slopes or 
precautions. 
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3.7.3 Geosynthetic Clay Liner Versus HDPE Geomembrane 
 
In the conceptual design outlined in the Realignment of Coke Oven Brook, Phase I Evaluation 
and Conceptual Design, Dillon and Franz Environmental (2004), four liner options were 
considered for lining the channels.  The initial liner options were identified as concrete, HDPE, 
GCLs and compacted clay. 
 
All the options were evaluated in terms of various physical properties and cost.  From the 
analysis, Dillon and Franz Environmental concluded that the use of GCLs or HDPE were best 
suited for this project.  ADI has reviewed this finding and agrees with the initial conceptual 
design and recommendations put forth in the Phase I Evaluation and Conceptual Design.  ADI 
has further reviewed the initial two lining options and has determined that a GCL liner would be 
the best lining option. 
 
For the application of the liner system, the GCL is best suited for numerous reasons, but 
primarily because of the ease of installation and cost.  The GCL is much easier to install and 
does not require any special personnel.  The liner is installed using an excavator and a labour 
crew.  Sealing of the seams is not temperature dependent and can be sealed in colder weather. In 
addition, the installation and preparation of the sub-base requires less quality control and quality 
assurance. 
 
GCLs are used as channel liners, as the sole hydraulic barrier.  The most commonly used 
application is to reduce water loss from the water channel, which is similar to the purpose in this 
role, to eliminate existing groundwater contaminates from entering the channel.  When GCLs are 
used as channel liners, they can be subject to high water pressures, which has to be analyzed 
carefully.  During low channel flow conditions, the protective gravel layer and rip rap layer over 
the GCL liner will provide considerable resistance against hydrostatic uplift. 
 
To address hydrostatic uplift, the groundwater inflow rates into the lined channels were 
estimated with the use of the groundwater model.  From this information, the underliner 
perforated drain piping was sized to handle the expected inflow rates to ensure release of the 
hydrostatic pressure under the liner. 
 
The GCL is suitable for use in areas that are subjected to repetitive freeze-thaw conditions.  The 
GCLs are only slightly affected by freezing and thawing; but upon thawing, the GCL returns to 
its initial hydraulic conductivity.  GCLs also possess a self-healing quality when punctured by an 
object. 
 
The angle of friction between the GCLs geotextile coating and the soil is higher than that 
between the HDPE liner and soil, which gives more stability to the slopes and, therefore, the 
GCL will be more stable when used in a slope environment.  The midplane shear angle of the 
GCLs can range from 30 to 43 degrees depending largely on type of GCL, degree of hydration, 
confinement and type of hydrating liquid.  The design is governed by the soil-to-geotextile 
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friction angle and the tensile strength.  With the properly specified GCL, these properties can be 
easily obtained for a 3 to 1 slope for the depths encountered in this channel realignment project. 
 
Both systems offer the required hydraulic conductivity for the purpose of the project and both 
systems require careful installation so as not to damage the liner.  The GCL will require at least 
300 mm of a compacted granular layer above the liner, but does not need a protective overlay 
sand layer, as is needed for the HDPE liner system.  Both systems would require tie back 
trenches. 
 
Soil-to-geomembrane friction is very important when lining side slopes.  Often cover soils slide 
over geomembranes or the membrane fails, due to low friction angle with the soils beneath.   For 
this reason, the HDPE is usually sandwiched between a geotextile.  This requires three layers to 
be placed in the channel. The sand geomembrane friction angle varies around 17 to 18 degrees, 
the geomembrane-to-geotextile friction angle is approximately 18 degrees and the sand-to-
geotextile varies close to 23 to 24 degrees (Koerner, 1997).  Therefore, the design is largely 
dependent on the interface between the geotextile and the geomembrane or the tensile strength of 
the system. 
 
Based on the above, the GCL has many more attractive properties than the HDPE liner, which 
will result in a system that is more cost effective, easier to install, provide the required hydraulic 
conductivity and will shorten the construction schedule. 
 
The GCL liners can be supplied giving a warranty on material defects from 5 to 25 years.  It is 
typically specified to provide a 10-year warranty. 
 
Both the geotextile fabric and the bentonite which make up the GCL liner have a long life span.  
The first to deteriorate when buried underground in an oxygen starved condition would be the 
geotextile fabric layers which sandwich the bentonite together.  This fabric would last over 200 
years before the first signs of deterioration start as stated in one suppliers literature. 
 
3.7.4 Slope Stability Analysis and Design Considerations of Lined Sections 
 
Where the channel passes through the competent Native Till with channel depths ranging from 2 
to 6 metres and bedrock at depth, the lined channels must be sloped 3 to 1.  The GCL will have 
to be covered by 300 mm of compacted granular followed by 500 mm of rip rap stone as shown 
in Section D and E (Figure 3.7-4 and 3.7-5, respectively).  The granular backfill is required as a 
protective fine-grained layer, which will apply a uniform pressure to the GCL.  The design also 
calls for a sand underdrain, which is separated from the in-situ soil by a geotextile.  The 
geotextile is required to avoid the sand drain from becoming contaminated with fines from the 
native soil, and to allow contaminated groundwater to flow beneath the GCL. 
 
The GCL and the geotextile will have to be anchored at the top of the slope in a tie back trench.  
The tie back trench is to be placed 1 metre from the crest and is 1.5 metres deep by 0.5 metres 
wide. 
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These configurations were based on test pit logs and previous experience with the Native Till; 
conditions along the channel may change, which may require different design slopes or 
precautions. 
 
3.7.5 Pedestrian Bridge Crossing 
 
In order to prevent damage to the South Channel from recreational use by hikers, motorcycles 
and ATVs, a crossing in the form of a pedestrian bridge has been proposed.  The bridge will be 
located at Station 0+665, which is at the location of the existing pathway that crosses the site 
(Drawing 2-3, Sheet 2).  
 
A performance specification (Section 02850, Appendix G) has been developed for the bridge in 
which span, width and loading requirements are detailed and the design codes and qualifications 
required to be held by the engineers, fabricators and erectors of the bridge are stipulated.  Key 
features of the bridge design requirements are: 
 
• The bridge must be designed to the Canadian Highway Bridge Design Code CAN/CSA 

S6-00. 
• Bridge use is intended for pedestrian and small recreational vehicles with a maximum 

individual weight of 680 kg.  Load limit signage will be posted at both ends of the bridge. 
• Bridge dimensions shall be 1.83 metres wide by 21.0 metres long, with a minimum side 

height of 1.37 metres above deck surface as per Drawing 2-5. 
• Aluminum or galvanized steel (unpainted) will be accepted as options for materials of 

construction in order to enhance durability and limit maintenance requirements. 
• In order to promote economic competition, a variety of bridge constructions will be 

accepted including single span H and pony truss types and modular panel styles. 
• A wooden deck will be provided on the bridge since it will be more economical than 

galvanized or aluminium grating or concrete. 
• Safety fencing will be installed on the bridge and will run the length of the bridge on both 

sides. 
• Highway guardrail will be installed at both ends of the bridge to direct pathway traffic to 

the bridge and away from the channel. 
 
Several established bridge manufacturers have been investigated and are indicated in the 
specification as being pre-approved. 
 
3.7.6 Coke Oven Brook Pedestrian Bridge Foundation Requirements 
 
The proposed location of the pedestrian bridge crossing is adjacent to the site of a former Coal 
Dumping Station for the Coke Ovens. The Site Plan includes the topographic survey information 
near the crossing and shows the ground surface elevation in the area of the bridge ranges 
between 28 and 29 metres (Geodetic Datum).    
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This area of the Coke Ovens property has previously been reworked including excavation and 
regrading of the native glacial till surface. The reworked Till has been used for common fill. 
Some industrial debris material is also included in the fill stratum.   
 
The fill material in this area consists mainly of stockpiles of reworked native till, which is in a 
loose state of relative density.  Test Pits COBR04-02 and 03B are the closest excavations to the 
proposed crossing.  
 
The test pits revealed conditions that are typical with the former industrial use of the property, 
including remnants of the former coal stockpiles. The depth of common fill and coal remnants 
was relatively thin (< 1 metre) in the test pit excavations. The common fill was in a loose state of 
relative density and not suitable for foundation support.  
 
The native Glacial Till is a poorly graded mixture of silt, sand and gravel with occasional 
cobbles and boulders.  However, the Till is in a compact to dense state of relative density.   
 
Bedrock was encountered in the two test pits (Test Pits COBR04-02 and 03B).  The bedrock in 
the test pits consisted mainly of a fine to medium grained sandstone of moderate hardness.  
 
Groundwater seepage was detected at the interface of the Fill and Glacial Till, and in the bedrock 
stratum. The static groundwater elevation in the test pits was located within the bedrock stratum. 
The following is the recommended foundation design procedure for the bridge: 
 
1. The existing fill materials and organic vegetation layers must be removed to a point 

approximately 1.5 metres beyond the edge of the concrete foundation. 
 
2. The overall minimum depth of excavation should be 1.65 metres below original grade. 

Additional excavation may be required and should be included as a unit price item in the 
contract. The excavation depth should penetrate into the Native Till (if the till is not 
encountered at time of construction, the designer must be notified immediately). 

 
3. The depth of soil cover over the foundation base should be a minimum of 1.35 metres to 

provide frost penetration protection. 
 
4. The excavation for the foundation should be taken to a depth of 300 mm below the 

founding level of the foundation. The “over excavation” should be backfilled with 
NSDOT&PW Type 2 Granular Fill. The backfill compaction specification should be 
100% of the maximum Standard Proctor Density. 

 
5. A shallow concrete foundation structure consisting of a conventional base and pedestal 

configuration will provide satisfactory support for the bridge. 
 
6. The recommended Allowable Bearing Capacity for the foundation base is 175 Kpa (3.5 

Kips per sq. foot). 
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7. The recommended coefficient of friction for the concrete/compacted Type 2 granular 
interface is 0.4. 

 
8. Groundwater seepage can be expected at the interface of the Fill/Till, however, if 

drainage is provided the design will not need to consider hydrostatic uplift. 
 
9. The concrete abutments should be backfilled with NSDOT&PW Type C-1 Clear Stone to 

provide positive drainage around the structure. The recommended “at-rest” coefficient of 
lateral earth pressure for the clear stone is 0.5. 

 
10. Erosion protection should extend the full height of the exposed channel slope and 

horizontally 2 metres beyond the edge of the structure.   Erosion protection should meet 
NSDOT&PW Type C-3 Clear Stone. 

 
3.7.7 Options for Lining of MAID Pond Outlet Channel 
 
As discussed in Section 3.4.1.1, a 115 metre length of the existing MAID Pond outlet channel 
from the end of the existing box culvert to the start of the South Channel requires lining to 
prevent contaminated groundwater from entering this section of channel which will discharge 
into the realigned South Channel.  Two options were investigated for lining this section of 
channel as follows: 
 
• A GCL lined channel as illustrated on Figure 3.7-6 
• A concrete lined channel as illustrated on Figure 3.7-7. 
 
The findings of the review of these two options conclude that the concrete lined option has the 
following benefits over the GCL lined option: 
 
• The entire existing rip rap layer does not require removal from the existing channel.  It is 

only required to remove 300 mm depth of the existing 600 mm thick rip rap layer. 
• The concrete liner option does not require the removal of bedrock which exists under the 

existing 600 mm thick rip rap layer, as the concrete channel will be constructed 300 mm 
into the existing 600 mm thick rip rap.  By comparison, the GCL liner option requires the 
removal of approximately 600 mm of additional bedrock to deepen the channel for the 
installation of the 300 mm sand underdrain, the GCL liner and the 300 mm thick 
protective granular layer. 

• The concrete channel can be extended into the South Channel to enable the clean water 
flow to enter the South Channel without the requirement for constructing a diversion 
berm across the existing channel. 

• The potentially contaminated underflow will be allowed to flow in the existing rip rap 
layer below the concrete lined channel and flow down the existing MAID Pond outlet 
channel to Coke Oven Brook.  A low permeable fill plug will be required for the concrete 
channel option at the start of the South Channel to prevent the underflow from entering 
the South Channel. 
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• The concrete channel option can be constructed during a low flow period (i.e., August) 
and can be built above the water level, which will flow in the existing rip rap layer below 
the concrete.  By comparison, the GCL liner option requires working in the water to 
install the sand underdrain, GCL liner and the protective granular layer. 

• The concrete liner option is approximately $27,000 more economical to construct than 
the GCL liner option (i.e., $114,270 versus $141,275). 

 
Based on the above benefits, it is recommended to proceed with the concrete lined option.  
Accordingly, Drawing 2-6 has been prepared to show the details for this concrete lined channel.  
 
3.7.8 Other Considerations 
 
The West Channel will be located where the existing Cagney Brook surfaces and flows overland 
to Coke Oven Brook.  This overland channel has occurred due to a blockage or collapse in the 
old Cagney Brook box culvert, which has caused the water flow to back up and surface.  During 
construction of the West Channel, it will be necessary to re-establish the Cagney Brook flow in 
the existing underground box culvert so that the West Channel can be constructed in the dry.  An 
investigation to locate the blockage and recommendations for re-establishing or re-routing 
Cagney Brook during construction was carried out.  The findings of this investigation are 
included in Appendix M. 
 
Also, an investigation was completed to consider options for making the realigned channels more 
aesthetically pleasing and natural looking.  This investigation is documented in a separate report, 
included as Appendix N. 
 
3.8 Environmental Management Plan 
 
The EMP is based upon discussions with STPA, review of comments on the 95% Design Report, 
incorporation of SSTLs for human and ecological receptors from Conestoga-Rovers & 
Associates (2003), as well as ADI’s experience on-site. 
 
A separate Environmental Management Plan document, accompanied by one Culvert Mitigation 
Plan (CMP) Drawing and eight EPP Drawings are included in Appendix L. 
 
3.8.1  Reaches Where Contamination May Potentially Be Encountered 
 
3.8.1.1 Soils/Product 
 
The ESAs defined “contamination” by comparison of concentrations against background values 
and the Canadian Council of Ministers of the Environment (CCME) guidelines for commercial 
sites.  The Nova Scotia Department of Environment and Labour (NSDEL) has not defined 
guidelines for waste disposal at the time of preparation of this report. 
 



Nova Scotia Department of Transportation and Public Works 
Phase II – Detailed Design and Construction Oversight for Coke Oven Brook Realignment  
100% Design Report                                                                             Page 47  
 
 

 

 (24) 0962-074.1 

To determine whether areas of contamination may be present along the realigned channel 
centerlines, a set of nine indicators were delineated in Appendix D-Drawing D-1 along with 
supportive text in Appendix D, including: presence of surface and subsurface infrastructure 
(Figures A and B), as well as concentrations in surface soils of arsenic (Figure E), lead (Figure 
F), benzene (Figure G), total petroleum hydrocarbons (TPH) (Figure H), total polycyclic 
aromatic hydrocarbons (PAHs) (Figure I) and benzo(a)pyrene (BaP) (Figure J). 
 
Overall, the realigned channels have been positioned to minimize the probability of encountering 
thick zones of fill, subsurface infrastructure and large zones where extensive product was noted 
in the subsurface.  However, a total of nine areas have been delineated (Figure 3.8-1) covering 
some 1440 metres in which there are concerns, as summarized below: 
 
West Channel 
 
Station 0+000 to 0+150: In this zone, elevated TPH concentrations were noted in surface 

soils.  Elevated TPH, PAH and metal concentrations were noted in 
streambed sediments at Station 0+000. 

Station 0+150 to 0+250: Hydrocarbon product lines and product were noted in the 
subsurface during the Phase II/III ESAs.  These were associated 
with distribution lines leading from the Benzol Plant to the two 
above grade storage tanks positioned behind the berms. 

Station 0+350 to 0+550: Elevated metals and BaP were found in surface soils; may include 
remnants of the Coke Plant No. 3 facilities. 

 
South Channel 
 
Station 0+000 to 0+100:  Elevated metals and BaP were found in surface soils. 
 
North Channel 
 
Station 0+390 to 0+490:  Heavy metal precipitates may be found in the bed sediments of the 

existing Whitney Pier/Frederick Street Brooks. 
Station 0+000 to 0+230: Product may be present in surface and subsurface soils.  

Infrastructure from Coke Plant No. 1 may be intersected.  Fill is 
thick and elevated TPH, PAH and BaP may be encountered.  
Elevated organics and metals will be encountered in streambed 
sediments at Station 0+050. 

Station 0+600 to 0+750: Fill used to in-fill wetland may exhibit elevated metals. 
 
Domtar Brook: Realignment along the south side of tracks may encounter organic 

contamination associated with historical Domtar operations. 
 
LCTS: A portion of the LCTS pipeline west of the Domtar Brook 

underdrain will have to move off the roadside embankment and 
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possibly encounter fill contaminated with organics associated with 
historical Domtar operations. 

 
3.8.1.2 Groundwaters 
 
The ESAs defined “contamination” through comparison with background values and CCME 
guidelines for commercial sites. NSDEL have not delineated criteria for disposal at the time of 
preparation of this report. 
 
To determine whether GWSI could allow contaminated groundwater in either the fill or shallow 
bedrock to enter the realigned channel, a set of seven indicators were used in each of the Fill 
hydrostratigraphic unit (HU) and shallow bedrock Lower Morien HU, as delineated in Appendix 
D, Drawing D-2 and supportive text in Appendix D.  These included groundwater flow field 
(Figure A and H), TDS (Figures B and I), sulfate (Figures C and J), nitrogen (Figures D and K), 
iron plus manganese (Figures E and L), benzene (Figures F and M) and naphthalene (Figures G 
and N).  
 
These indicators identified six broad areas with a high probability of GWSI, as summarized 
below. 
 
South Channel 
 
Station 0+600 and 0+700: Possibility exists of a plume of elevated metals, as identified by 

iron plus manganese in the shallow bedrock entering the channel. 
Station 0+000 and 0+150:  Possibility exists of a plume of elevated metals, as identified by 

iron plus manganese in the shallow bedrock entering the channel. 
 
West Channel 
 
 Station 0+400 and 0+600: Possibility exists of a plume of elevated metals, as identified by 

iron plus manganese in the shallow bedrock entering the channel. 
Station 0+000 and 0+200: Possibility exists of a organic contaminant plume in the shallow 

bedrock, identified by elevated benzene concentrations, entering 
the channel. 

 
North Channel 
 
Station 0+400 and 0+600: Possibility exists of a plume of elevated metals in the shallow 

bedrock entering the channel. 
Station 0+000 and 0+230: Possibility existing of an organic plume in the shallow bedrock, as 

identified by elevated PAH compounds, entering the channel. 
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3.8.2 Waste Soils Management Plan 
 
3.8.2.1 Overview 
 
The Waste Soils Management Plan utilized a risk based approach outlined by Conestoga-Rovers 
and Associates (2003), supported by an intensive field and laboratory program by ADI. 
 
A preconstruction test pit program was undertaken between 4 and 11 March 2005 along those 
portions of the route where soils contamination was suspected, as delineated above.  Surface and 
subsurface soil samples were submitted for analytical testing and compared with COCs, which 
had SSTLs for site specific receptors identified in the risk assessment.  This delineated the extent 
and nature of soil contamination. 
 
Soils under the SSTLs were defined as “clean”, above the SSTLs defined as “contaminated” and 
sent to the appropriate disposal and/or temporary storage areas on-site.  
 
Field and laboratory data are presented in Appendix J. The details of the management plan are 
summarized in Sections 3.8.2.2 to 3.8.2.5. 
 
3.8.2.2 Defining Unacceptable Levels of Risk 
 
Section 3.8.1.1 identified nine areas where soils “contamination” could potentially be 
encountered.  The definition of unacceptable risk associated with this contamination was 
determined through reference to Conestoga-Rovers & Associates (2003), which defined the 
SSTLs for relevant COCs as related to specific receptors, within five defined risk areas over the 
Coke Ovens Site. 
 
The risk areas within which soils contamination could be found are outlined in Figure 3.8-1. 
 
For the purposes of this work, two receptors were chosen, one human (construction worker) and 
one ecological.  The lowest SSTL concentration provided for the various receptors in each 
category was utilized to provide a conservative approach.  For those reaches to be lined, only the 
construction worker SSTL was used to define an unacceptable level of risk.  For unlined reaches, 
the large number of parameters with lower SSTLs associated with the ecological receptor was 
utilized. The relevant risk based acceptable concentrations are provided in the tables within 
Appendix J and used to highlight exceedances. 
  
3.8.2.3  Field Program 
 
The field program consisted of excavating 53 test pits along 1345 meters of channel. Five could 
not be excavated, primarily due to health and safety concerns arising from the steep 
embankments adjacent Coke Oven Brook.  Experience to date noted that the dominant 
contamination was found in the fill.  Test pits were advanced through the fill and 0.3 to 0.5 
metres into the till, with predominance of samples collected in the fill. The level-of-effort 
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designed into the intrusive survey was one test pit per cross section at approximately every 50 
meters, with three at each section where deeper excavations were expected. 
 
All sites were surveyed in for horizontal and vertical control to accommodate inclusion in the 
site digital database. Test pit logs are provided in Appendix J, at locations identified in Drawing 
J-1.   
 
A total of 66 soil samples were collected (plus 10% for QA/QC) and submitted to Maxxam’s 
Sydney laboratory, a CAEAL accredited facility. Laboratory analytical techniques incorporated  
“Environmentally Available” analysis on total samples defined by CCME protocols.   This same 
protocol was employed by JDAC (2002) to define the extent of soils contamination over the 
Coke Ovens Site which was subsequently used to form the basis for the risked based assessment 
supporting development of the SSTLs. 
Selection of samples for analysis was based upon presence of product (visual or olfactory), as 
well as head space analysis of soil samples and degassing from the test pits using a MultiRAE 
PLUS five gas monitor. 
 
3.8.2.4 Disposal Methodology 
 
Based upon existing information, as summarized in Section 3.8.1.1, it was expected that soils 
excavated during preparation of the channels would be capable of being divided into four 
disposal groups including: 
 
Type 1 Soils:  Visually heavily contaminated with coal tar and emitting vapours. 
Type 2 Soils:  Exhibiting organic contamination above SSTLs for the receptor in 

question. 
Type 3 Soils: Exhibiting metal contamination in excess of SSTLs for the receptor in 

question. 
Type 4 Soils:  Clean 
 
This approach was agreed to prior to sampling, and formed a key component in program design. 
 
Identification of Type 1 soils would be based upon visual and olfactory evidence; no laboratory 
analyses required.   
 
A specific disposal area has been delineated for each of the four soil types (Figure 3.8-1), 
reasoning for which is summarized below.  No contaminated soils were designated for disposal 
at the CBRM landfill. 
 
The design for the Type 1 and 2 soils disposal area is provided within the Environmental 
Management Plan (EMP) Drawing EPP 6, presented in Appendix L.  Disposal Areas for Type 3 
and 4 soils is provided in EPP 7. 
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Type 1 Soils 
 
This material is expected to be incinerated with other such soils during the larger clean up.  
These soils will be stored above grade, over an area where heavy organic contamination has been 
proven to exist in at least near surface soils.  Given the potential release of volatiles from this 
type of waste, proximity to nearby residents, particularly downwind to the north-northeast, was a 
factor accounted for in site selection.  The site chosen for temporary storage was the former 
Benzol Plant located in the center of the site; specifically the southern half where the facilities 
were located.   

 
The site will be prepared by importing a 400 mm thick layer of clean fill for levelling the surface 
and providing for trafficability.  This will ensure trucks will not track contaminated soils off the 
site.  This method was chosen rather than digging to achieve grade given the presence of 
extensive subsurface facilities and existing contaminated soils.  Details of the lay down area 
construction and operation are provided in EPP 6. 
 
Drainage will be directed northeast to the existing Benzol Plant drain that continues to receive 
dissolved phase organics from the site and directs them into the original Coke Oven Brook 
channel.  The materials will be covered to prevent release of volatiles. 
 
Type 2 Soils 
 
These will be stored above grade in an area where similar soil organic contamination has been 
proven to exist and in an area where the larger clean up effort recommends land farming to 
enhance bioremediation.  The site selected is the former Benzol Plant, specifically the northern 
half.   

 
If grading is required, it will be accomplished with a thin layer of clean fill as with/and for the 
same reason as the Type 1 disposal area. Piles will retain a low profile to reduce windage loss 
and the materials will be covered to prevent release of volatiles. Drainage will be directed to the 
same Benzol Plant drain as with Type 1 Soils.  Details for this lay down area are also included on 
EPP 6. 
 
Type 3 Soils 
 
These soils will be stored on-site where similar contamination has been proven to exist and 
where no soil land farming is planned.  The disposal site selected for these soils is positioned 
over the central part of the former Coal Pile Runway and Coke Plant No. 1 facilities. In the main 
stream clean up, these soils will be graded and capped.  

 
The soils can be used to achieve the required grade around the existing plant abutments.  The 
piles will be kept low to reduce windage loss, however, these materials will not be a concern 
with regard to vapours.  Details are provided on EPP 7. 
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Type 4 Soils 
 
These “clean” soils will be used as backfill material, or stockpiled on-site for future use, such as 
regrading and capping of the Coke Ovens Site.  The disposal area designated for these soils is the 
present brick storage area at the eastern end of the Coal Pile Runway.   This area was chosen for 
its on-site location, position outside the perimeter fence and facilities for Coke Plant No. 1, as 
well as site drainage, which is directed to Coke Oven Brook. 

 
The existing bricks were derived from Coke Plant No. 3, Batteries 5 and 6. They were tested by 
CBEG (1997).  Analysis for dioxins, furans, EPA 624, PCBs and TPH/BTEX were compared 
against CCME Industrial/Commercial Site Soils and CCME Fresh Water Aquatic Life for Water.  
Dioxins and furans were marginally over the soil guideline (0.00129 versus 0.001 mg/kg).  All 
11 phenolic compounds and BaP exceeded guidelines due to elevated detection limits.  The 
recommendation was to provide an earthen cover.   
 
The present design will incorporate a 0.3 to 0.5 metre lift of bricks over the site, then covered 
with a geotextile and thin surface fill for trafficability.  This would provide a permeable base to 
control ground and surface water drainage, directing it into Coke Oven Brook along the east side 
of the access road adjacent the perimeter fence.  Details are provided on EPP 7. 
 
3.8.2.5  Results of Field Program  
 
Assessment of the soil chemistry data collected during the field program to designate soil type 
for disposal employed the following protocols: 
 
1. The initial delineation of waste type accounted for the risk area the samples were located 

in, the four disposal categories and which ecological receptor was relevant. 
 

2. A conservative approach was used requiring only one chemical parameter to be in 
exceedance in any one soil type to move the entire surrounding soil mass into that 
disposal category.  

 
3. Calculation of the representative volume of soil to be removed was based upon half the 

distance to the next sampling site. 
 
4. Since testing occurred during cold weather, the slightest noticeable odour was sufficient 

for identifying it as Type 1.  It was assumed that during hot summer weather the odour 
could be much more noticeable. 

 
5. No test pits could be excavated under or in the immediate vicinity of the SPAR and rail 

lines.  Since the southern perimeter of this area recorded Type 1 soils, it was 
conservatively assumed that it extended throughout this zone.  If during excavation visual 
evidence is not encountered, then fills can be expected to be Type  2 and Till Type 4. 
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6. No samples were collected of bedrock.  It was assumed that where excavation was 
necessary, the groundwater plume conditions as noted in Drawing D-2 would determine 
the nature of contaminants present.  Volumes were calculated, but were kept separate 
from soils in the same disposal category. 
 

7. In most areas, the fill was contaminated and the till relatively clean.  The depth of fill 
used the largest depth available from the test pitting.  During construction the contractor 
will be directed to remove to the “top of the till”. 
 

8. Worst-case conditions controlled till sampling by selecting sample locations within 0.5 
metres of the fill/till interface. 

 
The resultant volumes of soil per waste disposal category are: 
 
• Type 1     5,624 m3 

• Type 2   36,074 m3 

• Type 3     7,946 m3 

• Type 4   16,967 m3 

  
TOTAL:     66,611 m3 (Soil) 

 
The resultant volumes of rock per waste disposal category are: 
  
• Type 1           none 

• Type 2         681 m3 

• Type 3     1,414 m3 

• Type 4     6,452 m3 

 
TOTAL :           8,547 m3 (Rock)

 
The total soil and rock volumes above are only for the areas of the channels where contamination 
is expected to be encountered as defined in Figure 3.8-1.  From the remaining areas of channels, 
there is an additional 46,672 m3 of Type 4 soils and 1,800 m3 of Type 4 rock material to be 
excavated.  Some of the Type 4 materials will be utilized as fill to construct the channel berms 
and the base pads for the stock pile areas for Type 1 and Type 2 contaminated soils.  Some 
additional Type 4 clean soils will be used to cover the contaminated soil Type 1, 2 and 3 piles 
before covering with top soil and vegetation. 
 
The volumes of all excavated materials required for reuse were determined to established the 
required size of the Type 1, 2, 3 and 4 soils storage areas as shown on EPP 6 and EPP 7. 
 
Pertinent points of note, which became apparent during assessment of the distribution of waste 
soil types, are provided below: 
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1. Type 1 soils originate primarily along the Domtar Brook realignment, given its new 
southern location immediately adjacent to the northern boundary of the Domtar Site.  It 
also included part of the North Channel between Stations 0+180 and 0+360, where it 
abuts close to the edge of Coke Plant No. 1 facilities.  A third, much smaller zone occurs 
along the West Channel between Stations 0+170 and 0+200, adjacent the former Benzol 
Tanks. 

 
2. The underlying till is for the most part “clean”, as expected.  However, in localized areas, 

minor PAH/BTEX contamination was present above ecological receptor guidelines, 
necessitating a Type 2 category.  

 
3. In a number of instances the till exhibited metal concentrations in excess of the SSTL’s 

for ecological receptors, primarily for iron and aluminum.  Therefore, these materials 
were designated as a Type 3 soil.  However, background till samples collected and 
analyzed by JDAC report natural exceedances for these two parameters, meaning they 
will occur naturally in most channels within the coalfield.  To maintain a conservative 
approach, these materials were designated as Type 3 soils. 

 
4. According to the criteria for waste typing, the material is reported as “clean” if not 

exceeding the SSTL for the receptor in question.  However, in those areas where liners 
are involved and the receptor is construction worker, the fill and, at times, till may exhibit 
ecological exceedances yet still be regarded as clean.  This could still allow it to be used 
as common fill over the site but not for use in constructing anything in contact with 
channels and aquatic life.  To keep a conservative approach, these materials have been  
designated as Type 2 soils. 

 
3.8.3 Waste Material Management Plan 
 
Waste materials will encompass the minor amount of man-made debris expected to be 
encountered in excavations, i.e., piping, concrete foundations, creosote timbers, waste steel, 
culverts and possibly part of the concrete box culvert for the Cagney Brook underdrain. 
 
If these materials exhibit visual and/or olfactory evidence of organic contamination, they will be 
temporarily stored with the Type 1 Soils.  If there is no visual and/or olfactory evidence of 
contamination, they will be disposed of in the existing foundation of Coke Batteries 5 and 6, as 
illustrated on EPP 6. 
 
3.8.4 Waste Water Management Plan 
 
Although the realigned channels will be kept separate from the upstream channels until 
construction is complete, water may still be encountered in the excavations due to groundwater 
inflow, rainwater and/or surface runoff.  Therefore, it will be necessary during construction of 
the new channels to occasionally pump water from the excavations. This necessitates developing 
a plan to address both chemical and sediment contamination as outlined below. 
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The plan was supported by observation of groundwater inflowing to test pits in conjunction with 
selected water sample analyses (tabulated in Appendix J). 
 
3.8.4.1 Chemical Control Plan 
 
The chemical nature of these waters will dictate how they will be dealt with.  Given that 
decisions may have to be made quickly, the format outlined below is designed to be practical, not 
necessarily scientifically rigorous. 
 
Scenario 1: 
 
Although there is a low probability of encountering free product, any Light or Dense Non-
Aqueous phase product (LNAPL, DNAPL) will require removal by vacuum trucks and shipment 
to an approved disposal facility.  No designated facility has been determined at this time.  The 
decision will be based upon visual and olfactory presence of LNAPL and/or vapours. 
 
The recent geochemical soil sampling program referenced in Section 3.8.2 noted the presence of 
such groundwaters inflowing to the test pits only along reaches of the Domtar Brook realignment 
and the North Channel immediately south of the SPAR. 
 
Scenario 2: 
 
If product is not noticeable, then field measurement of conductivity will dictate how the water 
will be handled.  If the conductivity is less than 300 umhos/cm, it will be assumed to be 
rainwater and/or surface runoff.  In this case, the water can be pumped directly into any nearby 
watercourse; ensuring suspended solids do not exceed guidelines established for the sediment 
control plan. 
 
The 300 umhos/cm cut off was established through review of conductivity in background surface 
water stations (JDAC, 2002).  
 
Scenario 3: 
 
If product is not noticeable and conductivity exceeds 300 umhos/cm, it will be assumed to be 
groundwater, which may exhibit elevated concentrations of various chemical constituents.  This 
limit was verified by samples collected and analyzed from groundwaters inflowing to the test pits 
(Appendix J).  All samples in contaminated areas exhibited conductivities 300 umhos/cm.  In this 
case, the water will be pumped to adjacent areas with thick, loose, contaminated fill.  This 
pumped water will be allowed to infiltrate through a diffuser pipe down to the water table within 
this fill and eventually to Coke Oven Brook. 
 
This does not apply for those channels outside the Coke Ovens Site, where inflowing 
groundwaters can be expected not to be contaminated.  In this situation Scenario 2 applies. 
Details are provided in the EMPs included in Appendix L. 
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3.8.4.2 Sediment Erosion Control Management Plan 
 
The goal of the Sediment Erosion Control Management Plan is: to achieve effective and 
reasonable sediment control by utilizing the best combination of procedures, practices and 
people. 
 
This was accomplished by founding the plan upon the following three principles: 
 
Safe Fail Design:  This concept implies not relying solely on one large installation, i.e., 

sedimentation basin, since no system is “fail safe” and once breached 
there are no backups.  The “safe fail” system implies safety even with 
failure by building in numerous backup systems. 

Debris Cycle: The plan addresses all three aspects that control the movement of               
sediment off-site, namely: contributing area, erosion rate and sediment    
delivery. 

Flexibility: The control plan is left flexible enough to allow for further refinements 
and enhancements to the design through inspections during construction. 

 
The principle design components utilized in formulating the plan included: 
 
Hydrology 
 
The realigned channels will cut across a number of subwatersheds.  However, the flow in 
existing channels will be kept separate from the realigned channels to ensure water in the latter 
can be controlled and diverted where and when required. 
 
The erosive agents, which will have to be controlled, include rainfall, in-channel flow, bank 
seepage and snowmelt, which may cause storm saturated overland flow. Due to the permeable 
fill present over the site, minimal overland flow occurs, with most rainwater infiltrating to the fill 
till interface. To ensure the minimal volume of flow entering the realigned channels during 
construction, small berms will be emplaced along the outer edge of the channel were necessary 
to limit any surface runoff from entering the channel.   

 
Timing/Areal Coverage 
  
The duration during which controls are required is relatively short, occurring predominately 
during the least erosive time of the year (i.e., late spring, summer and early fall); thereby 
minimizing exposure to more erosive rainfalls and maximizing vegetative control on surface 
runoff.  The areal coverage, by nature of the project, will be minimized to a narrow corridor, 
which for the most part already has established access roads and minimal tree cover. 
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Erodibility 
 
The material to be open to erosion includes the widely variable fill and the underlying glacial till.  
Both have a relatively low percentage of fines, limiting the need for any flocculants and 
enhancing the effectiveness of sediment traps and basins. 
 
Contributing Area 
 
The nature of the project minimizes the contributing area where soils will be exposed to rainfall 
erosion.  The zone exposed will include the channel itself, as well as access roads along its banks 
for construction equipment.  Even in the channels, the length of time material will be open will 
be minimized with positioning of the rip rap cover. 
 
Erosion Rate 
 
During the construction period, very little can be practically accomplished in reducing the 
erosion rate by raindrop impact on the grubbed surface.  However, the combination of channel 
lining (natural or man-made), coupled with hydroseeding of the surface prior to fall rains will 
reduce the erosion rate.  The other aspect is channel flow.  This will be minimized by reducing 
the length and degree of slope prior to installation of sediment traps and pumping sites. 
 
The erosion process of mass wasting will be handled through slope stability analysis of channel 
side slopes and by maintaining low profiles in the temporary storage areas to reduce windage 
loss. 
 
Sediment Delivery 
 
For the sediment that will still be eroded off the contributing areas and in the channels, a further 
series of controls will be emplaced to reduce the probability of the sediment reaching the 
receptor streams and being discharged off-site.  The controls include establishment of sumps at 
various points along the channel bottom to act as sediment traps for settling out coarse 
particulates. 
 
The determination in the field of where to pump water from the sumps for sediment purposes 
will initially be made upon samples collected and sent to the CAEAL lab for suspended sediment 
concentration.  Simultaneously, visual samples will be prepared for each sample analyzed until a 
series of samples is available for a range of suspended sediment concentrations up to 50 mg/L.  
After that time, the visual samples will be used to facilitate real time decision making. 
 
Water entrained in the sumps will be pumped according to one of the following options.  If the 
samples exceed 50 mg/L, the water will be diverted into contour drains constructed as trenches 
into loose permeable fill, allowing water to infiltrate into the groundwater flow field, trap the 
remaining suspended sediment and divert flow toward Coke Oven Brook.  If samples are less 
than 50 mg/L, the water will be diverted to the nearest underdrain or stream channel. 
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The details of the Sediment Erosion Control Management Plan are provided on the EPP 
drawings. 
 
3.8.5 Air Emissions Management Plan 
 
3.8.5.1 Overview 
 
The preliminary design for this management plan is based upon the following key concepts: 
 
Components:  The plan must deal with dust, vapours and noise during excavation, 

transport and temporary storage of contaminated materials described 
above.  At this time, dust and vapours are considered the key components 
of concern. 

Receptors: Wind rose diagrams note the dominant wind direction is from the west-
southwest.  During the winter and spring, there is also a definite north 
component during March, April and May.  This indicates that the 
community of Whitney Pier is the primary recipient of airborne emissions, 
with Ashby a secondary concern. 

Source Areas: The source zones for potential vapour release will be areas of product as 
defined in Section 3.8.1.1, as well as the Type 1 disposal area, as defined 
in Section 3.8. The key zones of dust source will be the channel 
alignments, access roads and all four disposal areas, as defined in Section 
3.8. 

Monitoring: The existing, extensive STPA airborne monitoring network will form the 
base program for monitoring and responding to the impact of any such 
emissions.  It will be augmented with detailed monitoring on-site. 

 
3.8.5.2 Initial Testing Protocol 
 
The determination of where vapours may be encountered during channel construction and, 
therefore, the extent of vapour release at the temporary disposal areas was determined by the 
initial soils test pit sampling program discussed in Section 3.8.2.  This includes vapour release 
from both soils and inflowing groundwater. 
 
3.8.5.3 Air Monitoring 
 
Three types of air monitoring will be employed during the construction period, as summarized 
below: 
 
Ambient Trend: The STPA will continue to employ an independent consultant to monitor 

the ambient air at the boundaries of the properties and at the air 
monitoring stations.  Ambient samples are collected on a 6-day cycle over 
a 24-hour period with a 6-day minimum turnaround time frame for results.  
Values will be compared against the Ontario Ministry of Environment 
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Guidelines as noted in Appendix K.  Should exceedences be detected by 
the STPA’s Consultant, all works will be ceased until engineering controls 
have been implemented. 

 
Real Time: To ensure the Ambient Trend Monitoring described above will meet 

criteria, real time monitoring of selected indicator parameters using hand 
held equipment would be undertaken by STPA’s Consultant at 
predetermined locations at the perimeter of the construction work area.  
The exact locations will be decided prior to the start of each work day 
considering such factors as the prevailing wind direction, wind speeds, 
type of work, level of activity and location of work area.  The real time 
measurements will be compared to site action levels developed 
specifically for this project. This information will allow site supervisors to 
immediately modify site operations to prevent potential exceedances of 
ambient air criteria at the fixed station reference sites. 

 
Health and Safety: The contractor will be required to hire an independent consultant to 

perform continuous monitoring within the work site.  Monitoring will be 
consistent with the measurement of ambient air for the presence of 
Volatile Organic Compounds and PM10 particulate.  All readings will be 
recorded and made available to the STPA and Project Manager on a daily 
basis for review.  Results collected within the work area will be compared 
against the American Conference of Governmental Industrial Hygienists 
(ACGIH) guidelines, as documented in the Threshold Limit Values for 
Chemical Substances and Physical Agents and Biological Exposure 
Indices reference guideline. 

 
In addition to real time readings, periodic samples for the presence of 
benzene, toluene and naphthalene will be required using Dragger Tubes.  
In areas were a worker is required to enter trenching, monitoring of the 
ambient air within the trench must be completed prior to entrance. 

 
Should exceedences of the ACGIH guidelines be detected within the work 
area, all works in this area must be stopped immediately, the appropriate 
engineering controls and personnel protective equipment (PPE) be 
implemented, and the STPA and the Project Manager be contacted. 

 
Transportation of materials deemed to be contaminated will require careful excavation.  
Stockpiles will require periodic monitoring to ensure the mechanisms used to suppress 
contaminants by the contractor are sufficient in nature. 
 
Further information on the Ambient and Real Time Air Monitoring Plan is included in the 
Environmental Management Plan in Appendix L. 
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3.8.6 Decontamination of Construction Equipment 
 
In accordance with the Master Health and Safety Plan for the Muggah Creek Remediation 
Project (June 2003, Conestoga-Rovers & Associates Limited), Standard Operating Procedures 
shall be followed for the decontamination of all equipment and vehicles used on-site.  All 
equipment and vehicles used on-site shall be properly decontaminated prior to being removed 
from the site. 
 
The existing wash down pad area operated by the STPA, complete with pressure wash 
equipment, will be operated by STPA personnel and available for the decontamination of 
contractors vehicles and equipment.  Personnel shall wear appropriate PPE when carrying out 
decontamination of equipment. 
 
Also, equipment should be decontaminated before moving from one area of the site to another, to 
avoid spreading/moving contamination around the Coke Ovens Site. 
 
The STPA’s fixed and mobile decontamination trailers will also be made available to the 
consultants and contractors for personal clean up. 
 
ADI and its subconsultants will follow the Project Specific Health and Safety Plan developed for 
the “Phase II – Detailed Design and Construction Oversight for Realignment of Coke Oven 
Brook” (ADI, 2004) while carrying out this project. 
 
3.9 Proposed Construction Schedule 
 
This project consists of over 3,300 metres of new channel, which includes approximately 780 
metres of culverted sections and approximately 140,000 m3 of excavation.  Several of these 
channel segments are in the 2 to 6 metre depth range and some include the installation of GCL 
liners and underdrain systems. For these reasons, as well as dealing with the contaminated 
excavated material (and potential for odours and vapours), ADI recommends that this project be 
constructed under one contract and performed over a two-year period.  This will enable the 
project to be scheduled to allow time for dealing with unknowns such as vapours, odours, 
underground pipes with contaminated flows, underground structures, etc.  ADI has prepared the 
attached schedule (Figure 3.9-1) to divide the project into two approximately equal amounts of 
work, as itemized below: 
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Table 3.9-1 Schedule 
 
Year One:  North and West Channel Construction 
 
Area Station Length (m) 
North Channel Station 0+680 to 1+400 

Station 0+000 to 0+215 
720 
215 

West Channel Station 0+000 to 0+500 
Station 0+500 to 0+693 

500 
193 

TOTAL  1,628 
 
Year Two:  North and South Channel and Domtar Culvert Construction 
 
Area Station Length (m) 
North Channel Station 0+215 to 0+680 

Station 1+400 to 1+509 
Extend Existing 2135 ∅ Culvert 

465 
109 
  70 

Domtar Culvert Station 0+000 to 0+222 222 
South Channel Station 0+000 to 0+820 820 
Total  1,686 
 
The scheduling for the first year permits the construction activities in potential odour/vapour 
problem areas (in the North and West Channels) to be performed in the fall.  The discovery of 
such problem areas in the heat of the summer could possibly, and more readily, result in 
odours/vapours being released that are unpleasant and might cause alarm to the general public. 
 
The scheduling for the second year targets construction through wet areas.  The tie in of the new 
channel systems is to be performed, for the most part, during seasonal periods that are drier, with 
lower channel flows. 
 
3.10 Preliminary Construction Cost Estimate 
 
A preliminary construction cost estimate for this project has been developed based on the 
engineering design work completed as part of this project.  The costs of the various components 
have been estimated by applying unit prices obtained from suppliers, contractors and previous 
tenders for similar work to estimated quantities of work calculated with an earthworks software 
package.  The unit prices used are based on an early spring tender call to obtain competitive bids 
from the contractors.  A detailed spreadsheet for this cost estimate is included in Appendix H. 
 
The cost estimates are based on final design, drawings and specifications and, therefore, are 
considered to be accurate within ±15% of the final tendered costs.  The total project cost estimate 
is as follows: 
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Table 3.10-1 Construction Cost Estimate 
Item Description Cost 
1 South Channel $1,230,000
2 Concrete lined channel in MAID Pond Outlet $   115,000
3 West Channel $1,750,000
4 North Channel $2,750,000
5 Domtar Brook Replacement $   325,000
6 Miscellaneous $   150,000
Sub Total $6,320,000
Contingency (10%) $   630,000
Total (before HST) $6,950,000
 
Our investigation has determined that directional drilling for large diameter culverts under rail 
lines/highways is very expensive and unpractical.  Therefore, our cost estimates have been 
developed assuming that the rail line service can accommodate a four to five day shut down to 
remove the tracks, ties and ballasts; excavate for installation of culverts, backfilling and reinstate 
rail line. 
 
A complete Tender Package, including the detailed drawings and specifications listed in 
Appendix F and G, respectively, have been finalized to enable the Tendering and Construction 
Phase of this Project to proceed. 
 
3.11 Property Easements 
 
To enable the construction of the realigned channels to proceed, the STPA will require 
easements for the culverted and open channel areas that travel through lands owned by other 
parties, generally outside the Coke Ovens Site boundary. 
 
These other landowners include the private, federal, provincial, municipal, and railway 
properties that the channels and culverts will cross.  The main areas of concern are for the North 
Channel along Frederick Street and for the new culvert installation under the SPAR and rail lines 
near Lingan Road. 
 
The property easements are included in Appendix O to this report. 
 




