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APPENDIX D – HYDROGEOLOGICAL SUPPORT DOCUMENTATION 
 
This appendix summarizes aspects of the existing hydrogeological environment pertinent 
to design of the realigned channels. 
 
The physical and chemical characteristics of the geology, pedology, climatology, 
hydrology, hydrogeology and GWSI within the study area have been documented within 
the Phase 1 ESA (CBCL, 1999), Phase II ESA (JDAC, 2001), Phase III ESA (JDAC, 
2002) and Nolan Davis et al (1990) for the Coke Ovens Site.  The MAID Site was 
assessed by JDAC (2001), Cape Breton Environmental Group (CBEG) (1999), Nolan 
Davis and Associates (1986 and 1988) and Vaughan/GEMTEC (2001). 
 
D-1.0  GEOLOGY 
 
D-1.1 Regional Overview 
 
Regionally, the study area is positioned within the Sydney Coalfield, a Carboniferous 
aged, sedimentary basin, forming part of the larger Maritimes Basin.  The sediments were 
deposited from mid Devonian (380 MY) to Permian (250 MY). 
 
D-1.2  Bedrock Geology 
 
The bedrock underlying the site comprises fine-grained sandstones, with minor mudstone 
lenses of the South Bar Formation within the Morien Group representing a distal, braided 
stream environment of deposition. The beds dip eastward at approximately 10 degrees. A 
box fold emanating northeastward from the Coxheath Hills extends under the site.  This, 
coupled with the major Bridgeport Basin anticlinal axis some 6 km north of the site, has 
resulted in the development of a well-defined orthogonal joint system, which is relatively 
frequent, open, well developed and interconnected. 
 
D-1.3  Glacial Geology 
 
The coalfield was glaciated from at least three different directions during the last 
(Wisconsinan) ice advance.  This emplaced a relatively thin (2 to 4 metres thick), 
compact to dense, non-calcareous, moderate to dark yellowish brown, stony, sandy silt to 
silty sand basal till over the project area.  During de-glaciation, no large-scale outwash 
sand/gravel deposits were formed over the Coke Oven Brook valley floor.  However, a 
number of intrusive points provided evidence of wetland development, which were 
subsequently removed, or covered over by industrial operations. 
 
D-1.4  Pedology 
  
Since glacial retreat some 10,000 years ago, Podzol soils profiles were developed over 
the surface of the till.  On-site, however, they were either removed by site operations, or 
appear as compacted, buried profiles at depth, due to infilling. 
 



D-1.5  Man-Made Fill 
 
D-1.5.1 Operations/Infrastructure 
 
Since commencement of coking operations, the land surface has been covered by fill 
ranging from 1 to 8 metres in thickness to create a surface configuration suitable to 
operations. Embedded within this unit is an extensive maze of subsurface piping 
associated with coking and ancillary facilities. Since this fill will be the first unit 
intersected by the realigned channels, pertinent information has been summarized on 
Drawing D-1 and discussed below. 
 
Three Coking Plants have been operational over different parts of the site at various times 
from 1901 to 1988.  The extent of the various surface and subsurface facilities associated 
with these plants are summarized in Appendix D-Drawing D-1, Figures A and B, 
respectively.  Three areas exist where these facilities maybe encountered including the 
South Channel at the upper end of the Mullins Coal Bank infrastructure (Figure A-1), the 
West Channel along a reach adjacent Coke Plant No. 3 (Figure B-1), and in the North 
Channel along a reach adjacent Coke Plant No. 1 (Figure B-2). 
 
D-1.5.2  Fill Thickness 
 
The fills exhibit a wide range in thickness, texture, composition and extent of 
contamination.  The thicker (2 to 8 metres) zones of Fill (Figure C) are found associated 
with the three Coke Plants.  It is these zones which exhibit the greatest chance of 
contamination and which, for the most part, the realigned channels are diverted around.  
The areas of concern are for the thicker fill found along the West Channel near its 
confluence with the Coke Oven Brook, as well as the North Channel throughout the 
downstream reach south of the railine. 
 
D-1.5.3  Presence of Product 
 
Locations where product was observed in subsurface soils through wells, test pits and 
boreholes are presented in Figure D.  The major zones are associated with Coke Plants 
No. 1 and 3 and the Domtar Site. However, localized occurrences may pose potential 
problems for the northern realignment just south of the railine and the western 
realignment adjacent one of the former benzol storage tanks. 
 
D-1.5.4  Surface Soil Chemistry 
 
The most comprehensive analysis of soil chemistry for the site was undertaken by JDAC 
(2003) as part of the Phase II/III ESAs.  These programs sampled 407 surface soils over 
the Coke Ovens Site, 362 of which provided full coverage on a 50 x 50 metre grid.  
Samples were analyzed for three groups of chemicals including Group 1 - metals, Group 
2 -TPH/BTEX and Group 3 - PAHs.  Indicators were selected then contoured (Drawing 
D-2, Figures E to J inclusive) to represent the distribution of each Group. 
 



D-1.5.4.1 Group 1 - Metals 
 
For Group 1, arsenic (Figure E) exceeded the 12 mg/kg CCME (2001A) commercial 
clean up criteria, with eight localized zones above the urban background (72 mg/kg).  
Most of the area exhibited lead (Figure F) values within the 260 mg/kg CCME criteria, 
with eight areas above the 320 mg/kg urban background. Elevated zones for both 
indicators were outside the realigned channels. 
 
D-1.5.4.2 Group 2 – TPH/BTEX 
  
For Group 2, most of the site was less than 5 mg/kg CCME limit for benzene (Figure G), 
except for one large area around the Benzol Plant, which is outside the realignment.  
Most of the area is less than urban background of 220 mg/kg for TPH (Figure H).  Six 
areas exceeded the 1740 PIRI clean up guidelines; the largest of which, associated with 
the Domtar Site, extends outward to be of concern to both the West and North  Channel 
realignments at their confluence with Coke Oven Brook. 
 
D-1.5.4.3 Group 3 – PAH 
 
For Group 3, most of the site exhibited less than 100 mg/kg of total PAH (Figure I) for 
which there were no CCME or background criteria for comparison.  Three elevated zones 
appear around the Domtar Site, as well as Coke Plants No. 2 and 3. Benzo(a)pyrene 
(Figure J) notes a large portion of the site above the 0.7 mg/kg CCME criteria, and the 
1.2 mg/kg urban background.  Potential areas of concern for both indicators include the 
South Channel reach between Mullins Bank and Coke Oven Brook, as well as the North 
Channel between the railines and Coke Oven Brook. 
 
D-1.6 Physiography 
 
The geomorphic expression of the coalfield has evolved principally from differential 
erosion associated with subaerial exposure since late Tertiary time.  Glacial erosion and 
deposition had only a secondary effect.  All hills and valleys are low and well rounded 
over the Morien lowlands and are primarily bedrock controlled.  The coastline is a deeply 
indented shoreline of submergence, which heavily dissected the coalfield with saline 
embayments, as exemplified by the Muggah Creek Estuary (Tar Ponds), positioned some 
0.8 km downstream from the proposed realignment. 
 
The resultant topography positioned the site within the Coke Oven Brook watershed, 
some 10.2 km2 in size above Victoria Road.  The study area is located over the Coke 
Oven Brook valley floor, bounded by valley flanks, which rise to an elevation of 80 
metres to the north and 30 to 40 metres to the south.  The valley floor is narrow (200 
metres) at the upstream eastern end, at an elevation of approximately 30 metres, 
gradually widening to almost 1000 metres at the western end at an elevation of 
approximately 5 metres. 
 
 



D-2.0  HYDROGEOLOGY 
 
D-2.1  Setting 
 
The coalfield lies within the Northeastern Appalachian Hydrogeological Region of North 
America (Heath, 1988).  Within Cape Breton Island, the study area is positioned within 
the Lowland Hydrological Region, River Valley Hydrological District (Baechler, in 
progress).  Generally, it is characterized by glacial till over bedded sedimentary rock; 
Setting 7A within the glaciated Central Region of Aller et al (1987). 
 
D-2.2  Hydrostratigraphic Units 
 
Three hydrostratigraphic units (HUs) are pertinent in controlling the groundwater flow 
field, including the Lower Morien HU, Till HU and Fill HU. 
 
D-2.2.1  Lower Morien HU 
 
The Lower Morien HU comprises the bedrock underlying the site.  This fractured 
sandstone exhibits transmisivity in the range of 300 to 500 m2/d with storage coefficients 
of 2 to 5 x 10-4.  The JDAC numerical model recognized three distinct layers: shallow 
(i.e., 0 to 5 metres below top of rock), intermediate (5 to 15 metres) and deep bedrock 
(>15 metres). Hydraulic testing noted a decreasing trend in hydraulic conductivity (K) 
with depth.  An estimated mean K of 2.9 x 10-3 cm/sec was used to represent the shallow 
bedrock.  Primary permeability testing of the inter-fracture blocks produced a mean 
conductivity of 2.7 x 10-8 cm/sec.  In summary, this unit can be characterized at a 
macroscopic scale as an isotropic, homogeneous, consolidated, fractured, secondary 
permeability dominant media. 
 
D-2.2.2  Till HU 
 
The Till HU comprises the basal till developed over the bedrock surface.  Hydraulic 
testing and grain size analyses were used to provide an estimated mean K of 1.7 x 10-4 

cm/sec for the JDAC numerical model.  In summary, this unit can be characterized at a 
macroscopic scale as an isotopic, heterogeneous (clasts), semi-consolidated, non-
fractured, primary permeability dominant media. 
 
D-2.2.3  Fill HU 
 
The Fill HU is positioned at surface over the entire site.  It comprises a wide variety of 
materials including bricks, slag, coke breeze, asphalt, concrete, reworked till, buried 
soil/peat horizons, general fill and a maze of drains and subsurface infrastructure.  The 
JDAC model utilized an estimate mean K of 2.1 x 10-4 cm/sec.  In summary, this unit can 
be characterized at a macroscopic scale as an anisotropic, heterogeneous, unconsolidated, 
non-fractured, porous, primary permeability dominant media. 
 



D- 2.3  Hydrologic Regime 
 
D-2.3.1 Water Balance 
 
The large annual water surplus developed in the water balance (Figure D-1) arises in two 
distinct wet seasons.  Warming trends in March and April release the snowpack and frost 
cover, creating the “Spring Recharge Window” and peak groundwater head levels.  
Summer recession begins in the May/June period, declining to minimums in September.  
The fall rains received from October to December, inclusive, create the “Fall Recharge 
Window”, after minor soil moisture deficits are replenished.  Winter conditions of 
snowfall and frost usually create a minor recession in head levels in February.  However, 
the extent is dependent upon moderating conditions creating snowmelt and rain on snow 
events. 
 
The elevated water surplus combined with the relatively low K of the Till HU creates a 
water table within the Fill HU, which is in direct connection with embedded piping and 
Coke Oven Brook.   
 
D-2.3.2 Groundwater Flow Field 
 
The groundwater flow field within the Till/Fill HU and Lower Morien HU was modelled 
by JDAC (2002) using Visual MODFLOW, Version 3.0 (Waterloo Hydrogeologic Inc).  
The equipotential profile for the overburden is provided on Drawing D-2, Figure A, and 
the shallow bedrock on Drawing D-2, Figure H.  Groundwater flowpaths were similar in 
these two layers, which represent the HUs that contain the large majority of the 
contaminated groundwater at the site and will possibly be intersected by the realigned 
channels.  Flow paths were similar between the low, moderate and high flow scenarios.   
 
The shallow bedrock “quick-release-pathway” flow field is generally onto the valley 
floor from the valley flanks where it is then directed downvalley toward the Muggah 
Creek Estuary.  From the northwest edge of the Coke Ovens Site it is directed eastward, 
discharging to Muggah Creek, under low and moderate flow conditions, but reverses and 
is captured by Domtar Brook under high flow.  The model output indicates that 
groundwater from the southwest edge of the Coke Ovens Site flows westward off-site, 
but is captured downstream by Coke Oven Brook.   
 
In the Fill under low flow conditions, there is minimal groundwater flow, and most of the 
flow is captured by nearby brooks within the Coke Ovens Site.  
 
D-2.3.3 Groundwater Stream Interaction 
 
A total of nine GWSI sites were established throughout Coke Oven Brook between the 
MAID Site and Victoria Road.  The total monitoring effort included 42 monitoring wells, 
nine stage level recorders (SLRs), two seepage meters, monitoring of channel baseflow at 
the inflow and outflow points of four reaches, monitoring of stream discharge and 
chemistry up to eight times over a range of flows between September 2000 and 



November 2001, and assessment of 550 metres of streambed at 17 sites to assess nature 
of streambed materials and to delineate springs/seeps. 
 
Generally, the stream banks, and at times the bed, are comprised of the Fill HU, used to 
achieve site grade.  The streambed is generally founded in the Till HU, with the 
exception of the reach between the MAID and Coke Ovens Site, where it is either at or 
into the lower Morien HU.  Downstream from the Benzol Plant it is comprised primarily 
of coal tar. 
 
The extensive infilling has altered the morphology of the channel cross section confining 
higher flows instead of overflowing, thereby elevating head during peak flows.  The low 
drainage density and meandering ratio over the site minimizes access of Fill HU 
groundwaters to the stream, thereby maximizing infiltration in the inter stream zones. 
Positioning of the channel through the middle of the site implies contaminant transport 
influx from both sides of channel. 
 
In summary, physical and water quality groundwater and surface water interaction data 
indicate a variety of gaining (effluent) and losing (i.e., influent) reaches within stream 
channels and underdrains over the Coke Ovens Site.  These conditions change with 
hydrological conditions.  Generally, the brook immediately below the MAID Site and for 
approximately 50 to 100 metres downstream exhibit gaining conditions.  This allows 
direct interaction between shallow bedrock groundwater (MAID Site contaminant plume) 
and streamflow.  Immediately downstream of this reach, adjacent to the upper third of the 
Coal Pile Runway, losing conditions prevail for an approximate 150 to 200 metre reach.   
 
The Whitney Pier Brook underdrain showed no inflow or outflow.  The Cagney Brook 
underdrain exhibited groundwater inflow specifically under Coke Plant No. 3 facilities. 
The Domtar Brook underdrain noted a gaining reach during summer low flow, which 
changed during moderate flows, but varied in magnitude and direction depending upon 
hydrological conditions. 
 
The Coke Oven Brook channel at the confluence of the North and South realigned 
channels is characterized by high banks of fill with 1.5 metres of till under a bed covered 
with coal tar. Monitoring indicated a variable GWSI depending upon flow condition, with 
more inconsistency evident along the north bank. Only low flow indicated inflow to the 
stream from groundwater.  During moderate and high flows, the south bank continued to 
show inflow while the north bank showed outflow, possibly due to the old channel being 
positioned farther to the north than the present channel configuration.  During low and 
high flows there was a net gain to streamflow from groundwater, during moderate flows 
there was a net loss. 
 
Numerical modelling assessed three events over low to high flow. In all cases, the 
particle tracks indicate substantial discharge of groundwater to Coke Oven Brook and its 
tributaries.  Evaluation of vertical gradients by the model was also consistent with 
groundwater discharge along most of the length of the brooks, in the vicinity of the site. 
 



D-2.3.4 Extent of Contamination  
 
Water chemistry was analyzed at approximately 170 monitoring wells over the Coke 
Ovens and NOCO Sites (Phase II/III ESAs), augmented with monitoring on the MAID 
Site by CBEG (1999), JDAC (June 2002a, 2002b), Dillon/ADI (2003), 
Vaughan/GEMTEC (2001). To provide an overview of contaminant transport the data 
has been reviewed, collated and visually presented in Drawing D-2.  The reviewer should 
consider that: 
 
1. There was no one time when all wells were sampled simultaneously for water 

chemistry, therefore, data selected for processing came from samples collected 
primarily during the summers of 1999 to 2002 to provide higher concentrations. 

 
2. Analysis is provided for two discrete levels, including the Fill HU and shallow 

bedrock portion of the Lower Morien HU.  The former represents the water table 
condition directly under and/or within the contaminant source areas and in direct 
contact with surface streams, and potentially the realigned channels.  Since work 
to date has concentrated on the bedrock system, there is a portion of the Fill HU 
area not investigated, primarily where it is thin.  The shallow bedrock exhibits the 
higher permeability, forming the “quick-release-pathway” for contaminant 
transport off-site, and potentially intercepted by deeper portions of the realigned 
channels. 

 
3. Indicator parameters selected for plotting included: 1) Total dissolved solids 

(TDS) (Figures B and I), sulfate (Figures C and J), total iron/manganese for the 
acid drainage plumes; 2) TDS, total nitrogen (Figures D and K), iron/manganese 
for municipal solid waste (MSW) leachate; 3) benzene (Figures F and M) for 
Benzol Plant light non-aqueous phase organics; and 4) naphthalene (Figures G 
and N) for coal tar releases.  These were not the SSTLs for CoCs; they are, 
however, used for plume tracking to provide worse case conditions. 

 
This database has been used to verify the optimum channel locations, reduce the chance 
of inducing contamination, delineate areas where liners will be required and determine 
how to deal with underliner drainage. 
 
D-2.3.4.1 Fill HU 
 
Contouring of TDS and sulfate notes three plumes associated with coal storage operations 
over the MAID Site and the Coke Plant No. 1/Coal Pile Runway, and a secondary zone 
associated with Coke Plant No. 3. The latter zone is downgradient of the Mullins Bank.   
Of these sites, active acid drainage development (pHs < 5) was only present within the 
Marsh Dump portion of the MAID Site.  However metals, as indicated by 
iron/manganese, are still elevated (>10 mg/L) in all three areas. 
 
Elevated nitrogen, primarily as ammonia, is primarily associated with the landfill portion 
of the MAID Site.  A secondary localized plume was associated with Coke Plant No. 1’s 



by-products facility under the western end of the coal pile runway, related to use of 
ammonia liquers. 
 
Benzene was elevated under the former Benzol Plant production area and storage tanks, 
with a secondary plume near the administration and processing area of the Domtar Site. 
 
Naphthalene, as indicator of coal tar production and release, noted two major plumes 
associated with Coke Plant No. 3, waste by-product storage at the Benzol Plant and the 
Domtar Site.  A secondary plume was associated with Coke Plant No. 1’s by-products 
facility.  
 
Overall, the realigned channels are positioned to miss the areas of deep fill and, therefore, 
major contaminant plumes.  However, it is contaminant transport within this HU that 
offers the greatest probability of entering the realigned channels.  In two areas the 
combination of no data and potential historical operations gives cause for concern, 
specifically, the North Channel south of the railine (Stations 0+050 to 0+270) and the 
South Channel between Stations 0+000 and 0+350. 
 
D-2.3.4.2  Lower Morien HU 
 
The overall TDS and sulfate plumes delineate four zones of elevated concentrations 
corresponding with operations at the MAID Site, Mullins Bank, Coke Plant No. 1/Coal 
Pile Runway and Coke Plant No. 2/coke storage area. The zones within the TDS sites in 
which sulfate, as well as iron/manganese, are elevated and expected to be related to 
development of acidic drainage.  However, even in these core areas the pH is not acidic, 
thought to be a function of the inherent buffering capacity afforded by the aquifer.  One 
additional anomaly is present primarily with iron/manganese, less so with sulfate.  It is 
positioned between the MAID and Coke Ovens Site (Stations 0+600 to 0+700), which 
may be related to Mullins Bank transportation facilities.   
 
Total nitrogen and iron/manganese concentrations typifying MSW leachate noted the 
landfill portion of the MAID Site exhibited the highest concentration over the largest 
area.  A secondary area was also present under Coke Plant No. 2/coke storage area, 
probably as a result of ammonia liquers used in by-products plant operations.  Elevated 
iron/manganese are also noted in the Marsh Dump portion of the MAID Site.  
 
Benzene indicates the presence of a major plume under and downgradient of the primary 
Benzol Plant for all three Coke Plants.  Two secondary plumes appear under the Final 
Scrubbers associated with Coke Plant No. 3 and the Domtar Site.   
 
Naphthalene exhibited two large plumes are associated with the Domtar Site and Coke 
Plant No. 3, with secondary localized plumes around storage of waste by-products at the 
Benzol Plant and under the MAID Site.   
 
The presence and transport of these plumes raises concern for selected reaches of the 
realigned channels as summarized below: 



 
1. TDS notes the plume leaving the MAID Site is confined and forced to the north 

valley wall, suggesting that the upper portion of the North Channel could 
intercept such drainage.  The headwaters of the South Channel are removed from 
this area, however, it potentially can intercept the sulfate plume under the Mullins 
Bank.  The reach of the North Channel, south of the railine appears to miss the 
plume under Coke Plant No. 1, although it is potentially within the contaminant 
transport path. 

 
2. Nitrogen and iron/manganese plumes should miss the realigned channels for the 

most part, although concern is for both the North and South Channel at the  
downstream end of MAID Site, Mullins Bank and between the Maid and Coke 
Ovens Sites. 

 
3. In regards to benzene, the only concern for the realigned channels is at one point 

along the West Channel from Station 0+000 to 0+200. 
 
4. Naphthalene plumes generally miss and/or are downgradient of the realigned 

channels.  One anomaly, however, does exist along the North Channel at its 
confluence with Coke Oven Brook. 

 
Overall, the lower reaches of both the North and West Channels are downgradient of the 
main plumes within the Coke Ovens property and, therefore, at risk if they have to 
bottom within or close to bedrock. 
 






